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Preface

We intend this book to address the major occupational health issues in hospitals. In this book, we have 
assembled the best available current information about well-known hazards such as back injuries, anti-
neoplastic agents, anesthetic gases, and ethylene oxide as well as laboratory safety and some newer con-
cerns. Th e increasing number of patients with human immunode ciency virus has heightened public 
awareness of infectious waste hazards and needlestick injuries. Health care personnel need to be aware 
of the risks associated with new treatments such as pentamidine, ribavirin, and lasers. Th e broad scope 
of chapters on staffi  ng needs, safety committees, and employee training provides a context for the chap-
ters on the more speci c hazards.

We hope that the various authors’ extensive experiences in the health care industry will be used to 
prevent hazardous exposures, reducing the incidences of occupational injuries, disabilities, and diseases 
associated with employment in health care. We thank Jon Lewis, Brian Lewis, and Janet Tarolli, RN, of 
Lewis Publishers for their support and encouragement in making this book possible.

Th e health care industry has multiple potential injury and disease hazards.1,2 Hospital workers’ inju-
ries tend to be both severe and costly. For example, back injuries are one of the most expensive hazards in 
all U.S. industry.3 Th e health care industry has multiple problems; occupational health issues are but one 
symptom of these growing crises. A recently released study by the Joint Commission on Accreditation 
of Healthcare Organizations (JCAHO) highlights the convergence of occupational health and pat ient 
care issues. More than 40% of 5208 hospitals surveyed from 1986 to 1988 by the JCAHO had less than 
signi cant compliance with published safety standards such as electrical wiring and hazardous waste.4 
Th e same survey found serious problems with quality of patient care issues. For example, 51% did not 
have adequate procedures for reviewing surgery to determine whether the surgery should be done or if it 
was done correctly, and 35% did not always review blood transfusion requests and procedures to evalu-
ate the objective need or whether whole blood or blood components were needed. Th is last problem is 
important because blood components carry less risk of infection from viruses. Why are all these critical 
problems surfacing in the health care industry? In explaining these  ndings, the president of the Joint 
Commission, Dennis O’Leary, cited lack of resources and  nancial pressures.5

Many of the chapters discuss U.S. rules and regulations governing occupational safety and health. 
It is not comprehensive in this regard. Th e reader with responsibilities for hospital environmental and 
occupational health should make an independent eff ort to de termine the latest applicable federal and 
state regulations. Only a continuous search will off er the reader any security in the rapidly changing 
legal context for this work. New and rapidly changing federal and state regulations governing medical 
and infectious wastes are an example.

Th ere a re solutions to a ll t he problems described i n t his book; however, some may be more easily 
arrived at than others. It may be easier to persuade administrators to adopt solutions requiring capital 
expenditures than to adopt s olutions requiring increased labor costs, such as more staff  or more edu-
cation a nd t raining programs. Most hazards described can be solved w ith eng ineering controls. Th e 
technology to create improvements in ventilation and to engineer out technological hazards is fairly well 
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developed. Th ese  oft en can be considered as one-time capital investments. Other hazards that include 
back i njuries, sh ift  w ork, a nd u nderstaffi  ng a re not s o e asily s olved w ith te chnical  xes a nd c apital 
improvements. Th ese problems will require additional staff  costs, either directly through new employ-
ees or indirectly through increased training time.

Many hospital administrators can be expected to re sist increased labor expenditures as a me ans to 
resolve the hazards of chronic understaffi  ng, back injuries, and rotational shift  work. To appreciate the 
reasons for this apparent stubbornness, we need to develop an understanding of the economic context 
in which these health care industry managers operate. Himmelstein and Woolhandler have written a 
quantitative, historical introduction to the economics of the U.S. health care industry, highlighting the 
tension between the economic forces shaping the organization of health care and a rational health care 
delivery system.6 Th ey report that the production of goods for the health care industry is more pro table 
than providing health care services. In 1983, the pro ts of proprietary hospitals ($1.2 billion) were less 
than those of the drug industry ($5.6 billion) and the suppliers of medical equipment ($2.8 billion). Th is  
may be not only because the growth of proprietary hospitals is a recent phenomenon, but also because 
there may be some intrinsic economic advantages to creating value-added, marketable products for the 
ill when compared with providing care for the ill, however that care may be organized.

Th rough pa rticipation i n c ollective ba rgaining f or h ealth c are w orkers i n Wi sconsin, I re cognize 
employers’  nancial incentive to resist increased labor costs. From the labor perspective, it is oft en dif-
 cult to convince employers that hiring and retaining quali ed workers will save money and human 
resources in the long run. Th ese labor cost issues will remain diffi  cult to resolve until the true impacts 
of economic decisions on employee health and patient care are more widely appreciated. Recently, for 
example, an analysis of 3100 U.S. hospitals found that private not-for-pro t hospitals were associated 
with lower patient mortality rates than for-pro t hospitals. (Other institutional factors associated with 
lower mortality r ates i nclude h igher percentages of board-certi ed physicians a nd re gistered nurses, 
higher occupancy rates, technological sophistication, and greater size.) Lower mortality rates were also 
associated with higher payroll expenses per hospital bed.7 Quality care costs money. I f resources a re 
available to h ire and retain quali ed staff  (resources that, in a for-pro t setting, might be required for 
investors’ dividends), then patient care seems to bene t.

Bailar and Smith have evaluated statistical data on cancer in the United States from 1950 to 1982 
from an epidemiologic perspective and found that the “war on cancer” has largely failed to reduce can-
cer mortality.8 Th ey interpret these data to mean that more emphasis needs to be placed on prevention 
and less on t reatment. Si nce t he associations between exposures a nd health outcomes a re c learer for 
occupational injuries and illnesses than for most cancers, there is an even greater need for prevention to 
dominate treatment. Unhappily, under the current system of health care delivery in the United States, 
most routine payment mechanisms are established for treatment, not for prevention. It is our hope that 
any light shed by these chapters on hazard identi cation and control will also help to illuminate the path 
toward prevention of injury and disease.
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Introduction

Working in health care is certainly dangerous to your health. Every day in the United States, 9000 health 
care workers sustain disabling injuries on the job.1 Every 30 seconds a h ealth care worker is stuck by 
a needle, and one out of every 10 health care workers has developed an allergy to latex. Th is is just the 
beginning of the roll call of exposures. In many states, health care workers incur more lost time due 
to a v iolent act committed against them than law enforcement personnel. According to a nother book 
just published, Th e Epidemic of Health Care Work Injury: An Epidemiology, working in health care is 
more d angerous t han working i n a c oal m ine.2 A nd a s a s tudy c onducted by t he M innesota Nurses 
Association has recently proved,3 managed care with its associated downsizing and de-skilling is turn-
ing an already bad/epidemic situation worse.

Th e Handbook of Modern Hospital Safety has been compiled to not only outline the problems that 
health care workers face, but also to show that there are solutions to the problems. Th is book covers the 
major exposures health care workers face; however, si nce t he medical technology i s a lways evolving, 
new problems have surfaced that did not make it into this book. For example, sonographers (ultrasound 
technicians), according to a necdotal information, have developed high rates of ergonomic injuries. In 
fact, t he m ajority o f t he me dical a nd c linical me thods em ployed to day w ere de veloped w ithout a ny 
thought or a priori testing for occupational eff ects. And now, as there seems to be ever-increasing peer 
review evidence de ning the occupational threats to health care workers, there are ongoing obstacles to 
the implementation of the solutions that are both economic and political.

Economics of Health Care Safety

Over the past century, medical care has evolved f rom a sm all cottage industry and a lmost charitable 
public service to an enormously pro table and increasingly private business.4 Medicine has become one 
of t he largest i ndustries i n t he United States, a nd economics now readily competes w ith science a nd 
humanitarian concerns in shaping medical care.4 Th is paradigm is transferable to the problem of fund-
ing for hospital health and safety programs. Too oft en safety is made to compete for budgets with other 
capital funding needs. For example, a le ad abatement program will not b e funded because the system 
needs another ambulance. It is one or the other.

One of the major economic blockades is the workers’ compensation system and its downstream eff ects 
on the implementation process. Health care institutions are either self-insured or part of an overall 
external compensation system. Th erefore, the real cost of the injuries suff ered by health care workers is 
not seen by the CEOs. CEOs are so insulated from the cost of the injuries and the medical costs incurred 
that to persuade them to allocate budgets for prevention when they are not paying the costs of the injuries 
is extremely diffi  cult and sometimes impossible. Concurrently, since the health care provider system is 
an integral part of the “free market” system, “pro tability” and “cost–bene t” are two important consid-
erations that have to be met by the safety design criteria. Th is creates a dynamic dilemma for the safety 
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offi  cers of any health care system: to not only design a safety system but also design one that either pays 
for itself or is pro table in order to meet the criteria of the “master system.”

Hospitals and their systems do not p erform a professional cost–bene t analysis when a que stion of 
safety i s i nvolved. Th e purchasing systems compare only t he cost of one item against t he cost of t he 
safety item. Oft en the safety item is more expensive. But this is a super cial analysis because without an 
evaluation of the injury cost data, the downstream savings cannot be calculated. A good example of this 
is replacing latex gloves with nonlatex gloves. Th ere is an initial changeover expense, but the cost sav-
ings of preventing health care worker allergies and lost time is not calculated into the initial assessment 
by most institutions. Th e same is true with the needle safety device. A safety device is at this stage more 
expensive than a t raditional nonsafety device. However, the real cost of a needlestick is not integrated 
into t he cost–bene t a nalysis. O ft en, hospital systems do not even have the capability to retrieve or 
assess their injury costs.

Another type of example of this con ict is the back injury and ergonomic problems faced by health 
care workers and their institutions. On the nat ional average, back injuries account for approximately 
33%–50% of workers’ compensation costs in each facility. Depending on the size of the facility, when 
hidden costs and replacement costs are included, this can amount to an expenditure of half a million 
dollars to millions of dollars for each hospital system. Prevention of these injuries includes either funding 
a “lift  team,” which traditionally costs only 10%–20% of the injury cost, or providing the proper amount 
of mechanical equipment so all the total body transfers can be done mechanically. However, getting the 
funding for either of these proven programs is acutely diffi  cult as the institutions are insulated against 
the injury cost dollars.

Political Obstacles

Political p roblems f or t he i mplementation o f s afety p rograms i n h ospitals a lso a bound. Th e average 
“shelf life” of a hospital CEO is 5 years. Th e priorities of the CEO, in order to maintain career advantage, 
are oft en short term and most oft en do not include safety concerns. Th e average CEO is bureaucratically 
protected f rom t he safety probes by layers of managers a nd departments a nd rarely even k nows t hat 
safety exists unless a safety problem becomes a disaster.

Politically, health care worker injury is not on the agenda. Less than 2% of all inspections done by state 
or federal OSHAs are done in the hospital sectors. Th ere are few, if any, lobbyists for health care work-
ers on a national level in Washington, and it was not until June 1998, when the governor of California 
signed i nto l aw a b ill m andating t he u se o f ne edle s afety de vices, t hat a h ealth c are s afety p roblem 
reached suc h a h igh p olitical p lateau on t he s tate le vel. O n a nat ional le vel, only 10% of health c are 
workers are organized in unions, and those unions that have been successful in organizing the health 
care sector have a diffi  cult time pushing a health and safety agenda in an atmosphere of downsizing and 
corporate control.

As the atmosphere in hospitals becomes more corporate due to mergers and “big” being seen as “bet-
ter” and more diffi  cult, so too have the occupational health and safety professionals in hospitals become 
more corporate in their thinking and approaches. Hospital safety professionals function within speci-
 ed roles largely created and shaped to meet the needs of the corporate class.5 I have oft en had to argue 
more strenuously with occupational health and safety professionals setting themselves up as “gatekeep-
ers” than I have had to argue with management to get a certain program implemented. Th is class rela-
tionship between occupational health and safety professionals in the hospital sector and management 
makes it more diffi  cult to put forward another form of political thinking within the structure of health 
and safety.

Th e Handbook of Modern Hospital Safety does not off er a panacea for the problems stated above, but 
a reference point. Its 1000-plus pages are all points of demarcation. Th e information contained in these 
chapters, each written by k nowledgeable people in t he  eld, is ammunition that can help to begin to 
correct hazardous conditions that have been taken for granted for too long. Th e handbook is a reference 
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book that has compiled the  rst three volumes of Essentials of Modern Hospital Safety and then added 
a fourth volume, in one single volume. It contains resources on the major areas of health care delivery, 
acute care, long-term nursing home care, and the growing  eld of home health care.

Health care worker safety is in a crisis, parallel to the crisis of the health care delivery system in 
the United States. Saving money seems to b e the “bottom line.” Janitors are now being asked in some 
facilities to do some patient bedside care. De-skilling of the workforce is a myopic formula that puts the 
health care patient as well as the health care worker at r isk, which in the long run will drive up c osts 
and not save money. In the last 10 years, health care worker injuries have doubled in the nursing home 
industry and have risen by 40% in the acute care setting. Not many people are paying attention to this. 
Th e handbook i s de signed to a ssist i n t he overall a nalysis, not c reate t he ac tual a nalysis. It c ontains 
enough information to allow the reader to shape a system of intervention and to provide enough data to 
persuade hospital systems to implement safety programs.
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Introduction

Health care workers, by the very nature of their work, have both unique and common health hazards in 
the workplace environment. Many of these hazards are obvious while others are diffi  cult to recognize and 
include physical risk factors and agents such as communicable diseases, exposure to chemical and bio-
logical toxins, carcinogens, ionizing and nonionizing radiation, and ergonomic/human factor hazards; 
as well as psychological risks, stress-induced disorders, chemical dependency, marital dysfunction, and 
suicide. Paradoxically, these same workers are responsible for the health care of others. Many of these 
health problems may also be brought home and be transmitted to their families. Meanwhile, the cost of 
health insurance for health care practitioners and their employers in the United States is increasing.

Health care facilities themselves represent a situation, where the facility and operational needs to sat-
isfy health care requirements serve as the source of occupational hazards. Th e health care environment 
is diverse and includes hospitals of all types, outpatient clinics and other provider services, emergency 
medical treatment centers (stationary and mobile), dental clinics, pharmacies, testing and research lab-
oratories, patient rehabilitation (physical therapy), as well as veterinary facilities.

Selected examples of health care facility operations that may have a health impact on personnel include 
operating rooms, patient and treatment areas, sterilization areas, pharmacies, and support laboratory 
facilities.37 Th ese a reas m ay h ave s ources of c ontaminants suc h a s toxic ga ses a nd v apors (anesthetic 
gases—nitrous o xide, e thane, h alothane; s terilant ga ses—ethylene o xide; a nd a ntineoplastics); physical 
hazards ( radiation, no ise, ergo nomic); a nd i nfectious m icroorganisms.25 I nvestigations of op erating 
room, s terilization, a nd ot her speci c exposed personnel have shown s ymptoms r anging f rom ac ute 
eff ects of fatigue, headache, and skin irritation, to adverse reproductive and cancer outcomes.1–13,29,30,35,77 
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Maintenance a nd de terioration o f t he f acility a nd e quipment c an e xpose no n-health c are s taff  to 
toxic69 and infectious agents.14 Disposal of hazardous chemicals, radioactive, and infectious waste is a 
proven potential health hazard to health care personnel, non-health care staff , the community, and the 
environment.15,19

Th e s tress o f providing health c are a lso h as ps ychological i mpacts, w hich m ay b e a ssociated w ith 
increased chemical dependency, lifestyle, and family diffi  culties.16 High stress situations may also lead 
to increased accident rates as well as physiological upsets, which may reduce tolerance to ot her toxic 
exposures.16,31,36 Violence toward health care workers is well documented in psychiatric wards, but is 
becoming more prevalent under other routine health care settings such as the emergency room, pediat-
ric clinics, medical surgery units, and long-term care facilities.78

An aspect, which in the past has not typically been a concern, although it is now oft en a major consid-
eration, is the building design decisions in new buildings and renovations. Proper venting of work areas 
such as laboratories,28,65 operating rooms, and pharmacies, as well as speci c equipment, is crucial to 
the health of the general patient population and the employees. Improper design, installation, operation, 
or maintenance may be responsible for i nsuffi  cient removal or spread of toxic a nd i nfectious a gents. 
With ongoing energ y conservation and cost-cutting measures, building ventilation and maintenance 
are oft en the  rst ones to suff er, but may have one of the greatest consequences.26,27,65

Energy conservation in buildings, hospitals included, has concentrated on reducing ventilation. 
Hospitals, because of special potentially hazardous conditions, are even more prone to problems than 
other bu ildings.25 Any energ y conservation strategy must seek to g uarantee reasonable a ir quality in 
hospitals. Other design aspects of growing concern are properly designed, or ergonomically acceptable, 
work stations, and appropriate lighting.22,23

Th e issue of health and safety for health care providers has been growing in not only professional con-
cerns, as shown by the abundance of articles in the professional and scienti c journals2–11,14,15,25–27,29–33,35–37 
and books,16–20,28,34 but also by the increasing regulatory requirements.21

Yet, d espite t he u biquitousness d ocumentation c oncerning h azards of  work  i n ho spitals, ho spital 
workers, especially those considered well educated, have been identi ed as one of the workforces ranked 
with the greatest diff erence between proportion of workers exposed to workplace hazards and the num-
ber perceiving risk to themselves and coworkers.44 Hospital workers, who have been shown to be highly 
exposed to various hazards, such as radiologic technicians, have low awareness of their own exposure.45 
Th e diversity and complexity of hospital exposures may be one reason why awareness of hazard is low. 
Hospital workers may be well informed concerning their speci c responsibilities, but may be unaware 
of other exposures that may be directly related to their work.

Although c ontinuing e ducation a nd t raining awareness a re re quirements for mo st workers ei ther 
under the Occupational Safety and Health Administration (OSHA) Hazard Communication Standard 
(HCS) or  ot her s peci c s tandards t hat v arious health c are f acilities must c omply w ith, t he le vel a nd 
quality is variable and, unfortunately, is typically ineff ective. Programs are most oft en brief and infre-
quent a nd tend to b e routine a nd w ithout hands-on components. Individuals in technically oriented 
skills are oft en, by virtue of their training, considered already educated in the recognition of such haz-
ards, and instruction is passive. In certain hospital services, participants may have poor education, be 
minimally literate, and/or speak English as a second language. Th e utilization of education and training 
programs not designed or does not address appropriately the problems to speci c worker populations 
is of questionable value.46

Th e early years of hospital administration in the 1900s centered on ways to attract middle class (pay-
ing) patients, keeping the census high and the costs low. To this end, visual appearances were important 
and led to health and safety improvements primarily in infectious control by improved housekeeping, 
use of  ooring materials in wards and operating rooms, which were easy to clean and, by chance alone, 
were aseptic. On the other hand, cost-cutting techniques contrary to health and safety were also pro-
moted, such as cleaning and reuse of soiled gauze and reduction in surgical instrument use to re duce 
cleaning and sterilization costs.47,61 Th e  cost–bene t approach to hospital management has not changed, 
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particularly i n t hese t imes of r apidly r ising health c are c osts. C ontinuing e ducation a nd t raining of 
employees in a manner that would ensure appropriate awareness of hazards and engineering methods 
of control are examples of numerous areas that have suff ered.

Selected Hazards in the Health Care Profession

Health care workers have traditionally been viewed as accepting certain risks as part of patient care. 
Th e worker compensation acts, which a ll states have, were to el iminate the concept of acceptance of 
risk a s pa rt o f employment, a nd b ecause t he health c are s ervices a re t hought o f a s pa rt o f t he s er-
vice industry, health care is considered less hazardous than the manufacturing industry. In contrast, 
the incidence of lost workdays per 100 full-time workers per year for health service workers in 1987 
was 66.7, compared with 45.8 for all service workers combined.24 In addition, the Centers for Disease 
Control and Prevention (CDC) report that among the 10 highest statistically signi cant proportionate 
mortality ratios (PMRs) by occupation, industry and cause of death are malignant lymphomas (PMR 
of 216 with p < 0.01) for males over 20 years of age employed in health diagnosis and treatment occupations; 
and m alignant mel anoma o f t he s kin ( PMR o f 188 w ith p < 0. 05) f or f emales o ver 2 0 ye ars o f a ge 
employed in health service occupations.40

Th e h ighest i ncidents o f i njuries a re re ported i n c ustodial/housekeeping p ersonnel,67 fol lowed by  
food services/nutrition employees, nurses, and laboratory technicians, as compared to all job classi ca-
tions. Needlestick injuries, typically by used needles, were the most prevalent type of injury followed by 
strains and sprains, over half of which are related to the back from lift ing and twisting; lacerations; and 
contusions. Chemical and biologic exposures are also a large component of reported injuries.38–49

Needlestick i njuries e xpose p ersonnel to blo odborne pat hogens a nd ot her b ody  uids wi th th e 
increased potential for such serious i nfections as human i mmunode ciency v irus (HIV), hepatitis C 
virus (HCV), hepatitis B virus (HBV), and others. It is also estimated that there may be underreporting 
of injuries ranging from 40% to 60%.39,49,62,66,73

Housekeeping and custodial personnel are routinely exposed to c leaning solvents and disinfectant 
agents of industrial strength, as well as refuse that may contain biologically contaminated items such 
as needles, gauze, and broken glass improperly disposed. Because of the work environment and varied 
tasks, typical industrial engineering controls are rarely feasible, resulting in regular exposure to dermal 
irritants as well as inhalation of suspect and known systemic toxins, placing this group at high risk to 
chemically induced skin diseases and chronic illnesses.

Maintenance workers are a lso found to h ave similar exposures as housekeeping and custodial per-
sonnel and are at increased risk.38,39 For example, the simple repair of broken blood pressure machines, 
which is seldom performed, has been shown to lead to elevated exposure to mercury of maintenance 
workers and those in the vicinity.

Musculoskeletal injuries, the sprains, and strains rank second among all work-related injuries, with 
the g reatest prevalence, ac cording to t he National I nstitute for O ccupational a nd S afety a nd Health 
(NIOSH), among those employed in the health care industry.63 Th is is no surprise given the require-
ments of lift ing, pulling, sliding and turning of patients, transfer of patients, moving of equipment, and 
standing for long hours.

Potential exposures and adverse health outcomes of personnel in the operating rooms have been 
an area of concern and controversy. Although exposure to anesthetics has been recognized for years, 
the methods of control can be costly, and exposure to a nesthetics cannot be regarded as a p roblem 
solved.34 Percutaneous injuries during surgical procedures occur regularly a nd i ncrease t he r isk of 
infection to surgical personnel.73 Electrocautery surgery produces aerosols and smoke, which may be 
mutagenic,74 as well as blood-containing aerosols,75 and pose a potential respiratory infection hazard 
to operating personnel. Th e electrosurgical devices, as well as other operating room equipment, pro-
duce microwave and other nonionizing radiation, which may be of concern, particularly for ocular 
exposure to surgeons.70
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Antineoplastics, although of therapeutic value to patients, have mutagenic, carcinogenic, and terato-
genic p otential. Health c are p ersonnel suc h a s ph armacists, physicians, nurses, a nd ot hers h andling 
these drugs have been shown to be potentially at risk.71,72,81 Oft en used laminar  ow hoods are more use-
ful in protecting the integrity of the drug than personnel. Antineoplastics have been measured within 
rooms outside of the hoods where they are handled,71,80 posing a risk to the users and other occupants 
in the room.

Elevated levels of noise capable of producing noise-induced hearing loss are common in large hospital 
facilities. Noise levels over 80 dBA and up to 1 10 dBA have been measured in food preparation areas, 
medical laboratories, mechanical and power plant rooms, medical records offi  ces,  oor nursing units, 
print shops, and maintenance areas.76

Use o f h igh-technology me dical de vices f or d iagnosis a nd t reatment i s c ommon. Th e se devices, 
depending on the conditions of use, have potential health risks associated. For example, the use of mag-
netic resonance i maging (MRI) a s a d iagnostic procedure i s i ncreasing i n use. M RI devices produce 
magnetic  elds, radio frequency radiation, noise, and vibration. Although at t his time there is no evi-
dence on adverse health eff ects of technicians associated with the proper use of MRI devices, it has been 
suggested that surveillance continue with the continued increased use.68

Government and Professional Association 
Impact on the Health Care Profession

Government regulatory agencies are in a large part responsible for the manner in which health care is 
managed and priorities are set.47 Acceptance of federal funds allowed for acquisition and use of state-
of-the-art d iagnostic e quipment,  nancing f or u ninsured pat ient c are, a nd ot her s ervices. H owever, 
also acquired were regulatory standards with which to comply, ranging from burdensome documenta-
tion and reporting paperwork to re quirements associated w ith building construction and equipment 
speci cations for hospitals and medical facilities.48 Selected governmental agencies and standards are 
discussed below.

Governmental Agencies

Diversity of t he health c are environment brings i t u nder t he compliance requirements of many gov-
ernmental regulatory agencies. Th e primary agency responsible for employee health and safety is the 
OSHA, established in 1970 in the U.S. Department of Labor. OSHA is responsible for the promulgation 
and enforcement of workplace safety and health standards. Almost all of the OSHA standards are not 
workplace speci c, but apply to all workplaces, except where exempt, to protect the majority of healthy 
workers. Examples of relevant standards associated with health care include the list of permissible expo-
sure levels (PELs) to gases, vapors, and particles, as well as speci c requirements for ethylene oxide, mer-
cury, formaldehyde, noise, bloodborne pathogens, hazard communication, and laboratory standard.

Probably the OSHA standard that has had the greatest impact in all work places has been the OSHA 
HCS, which came into full eff ect as of March 1989. Among the requirements, employers are responsible 
for p erforming in ventory a nd l abeling a ll h azardous c hemicals, m aintaining, r eviewing, a nd u pdat-
ing Material Safety Data Sheets of a ll hazardous chemicals, and training/educating all employees as to 
the hazards, health eff ects, and protective measures for all hazardous chemicals they may contact. Th e 
requirement alone of educating all employees, when performed appropriately, has brought forth both an 
increase in awareness that many workers did not have of the hazards associated with their work, as well as 
a decrease in anxiety over work conditions wrongly perceived as hazardous due to lack of information.

A related standard that also applies to most hospital facilities is the Laboratory Standard, which was 
speci cally designed to deal with the use of small quantities of multiple chemicals and procedures that 
are not part of a production process. In the hospital environment, this would apply to the medical labo-
ratory diagnostic support facilities, pharmacy, and all chemical research activities.
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Th e Bloodborne Pathogen Standard is the  rst standard OSHA has promulgated speci cally for the 
protection of health care workers. Compliance with this standard became eff ective as of March 1992. 
OSHAs Bloodborne Pathogen requirements are based on the guidelines from the CDC, which were  rst 
available in 1982 and consolidated with recommended practices for universal precautions in 1987.49,50

Discharges to t he en vironment suc h a s t hrough i ncineration, w astewater d ischarge, h azardous a nd 
biological waste disposal, and fugitive (uncontrolled) emissions are regulated under standards by the U.S. 
Environmental Protection Agency (EPA). Th e Resource, Conservation, and Recovery Act (RCRA) is admin-
istered by the EPA and is basically a p ermit system requiring inventorying and tracking of all hazardous 
chemicals from the time they are considered waste products through their storage, treatment, and disposal. 
Th e OSHA HCS and Laboratory Standard requiring hazardous chemical documentation and worker edu-
cation, along with the relevant EPA standards such as RCRA, have been instrumental in the recognition of 
potentially hazardous substances and situations. Regulation is the  rst step in hazard control.

Th e CDC is charged with the surveillance and investigation of infectious disease outbreaks in hos-
pitals, and as such, the regulations are mostly in the form of reporting requirements. Th e CDC is also 
responsible f or p reparing re commendations a nd g uidelines f or t he c ontrol o f i nfectious d isease.51 
NIOSH is a similar agency within the U.S. Department of Health and Human Services (USDHHS). Th is  
agency conducts research and investigates workplace hazards toward the preparation of recommenda-
tions and guidelines for their evaluation and control.52

Th e Nuclear Re gulatory C ommission (N RC) re gulates s ources a nd i sotopes t hat produce ionizing 
radiation. Th ese i mpact on a reas suc h a s d iagnostic x-rays, nuclear me dicine, a nd re search-utilizing 
radioactive sources. Th e Federal Drug Agency (FDA) impacts in the hospital environment through reg-
ulation of drug products, medical devices, on food services handling and certain food products related 
to infectious disease.

State a nd lo cal go vernments a re t ypically i nvolved w ith t he en forcement o f f ederal re gulations 
through equivalent state programs, such as a state OSHA, state and local health departments, and other 
state and local agencies with varying titles in areas such as radiation, infectious disease control, biologi-
cal and hazardous waste, and food handling. State and local governments may adopt other agency and 
association guidelines and standards and/or generate their own in regard to regulatory standards and 
licensing requirements.52,60

Hospital Accreditation and the JCAHO

Accreditation is a voluntary procedure and, on its own, it is an overhead few administrators would put 
forth the t ime and expense to c omply with. With the passage of the Medicare Act in 1965, accredita-
tion by the Joint Commission on Accreditation of Hospitals (JCAH) (known as the Joint Commission 
on Accreditation of Healthcare Organizations, JCAHO, as of 1987), among others, was promoted as a 
means of compliance with the Medicare and Medicaid program reimbursement requirements.53–57 In 
addition, many state licensing programs accept accreditation by the JCAHO for hospital certi cation. 
Insurance companies have also added incentive toward accreditation. Certain insurers require accredi-
tation for reimbursement certi cation requirements and off er discounts for physician, and other staff , 
for malpractice, liability, and other hazard insurance.55

Requirements for ac creditation have b een, a nd s till a re, however, primarily i n supp ort of i mprov-
ing and maintaining the quality of health services that hospitals and other health care organizations 
provide. Health and safety concerns of the patient are at the forefront, and those of the employees (the 
health care workers and supportive services personnel) are a secondary concern.

Professional Associations

Professional a ssociations p lay a l arge role i n t he de velopment o f re commendations a nd g uidelines, 
which oft en a re adopted a s regulatory requirements a nd/or accreditation a nd l icensing s tandards by 
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federal, s tate, a nd lo cal a gencies. F or e xample, s ections o f t he N ational F ire P rotection A ssociation 
(NFPA) code for safety to life from  re in buildings and structures, and other NFPA codes, have been 
adopted by OSHA, JCAHO, and HRSA for hospitals. Th e  rst OSHA PELs were mostly adopted from 
the ACGIH 1968 TLVS, and much of the OSHA safety standards sections were adopted from National 
Safety Council (NSC) recommendations. Table 1.1 contains a short list of selected associations, among 
many more, which have a relevant impact on hospital and health care worker health and safety.

Unions

Employee unions are not t ypically given credit for health and safety reform. However, in many cases, 
they have been a d riving force through membership on health and safety committees, through griev-
ances a nd g rievance c ommittees a nd c ontract ne gotiations. Th e Blo odborne Pat hogen St andard w as 
initiated by petitioning of OSHA to i ssue an emergency temporary standard to p rotect workers from 
bloodborne p athogens by  s everal ho spital e mployee u nions.50 Although an emergency s tandard was 
never issued, this led ultimately to the revision of the CDC guidelines of 1988 and development of the 
present OSHA Bloodborne Pathogen Standard. Probably the greatest union activities with the most suc-
cess have come from working women, who make up approximately 46% of the U.S. work force and 80% 
of all hospital employees, represented by such unions as the Service Employees International Union and 
the Coalition of Labor Union Women, which advocates on behalf of women’s issues and rights.44,58

Growth of the Health Care Profession

Th e demographics of health care workers are unclear. A 1988 report by the Bureau of Labor Statistics 
(BLS) found that there were approximately 4.5 million hospital employees out of 8 million health care 
workers in the United States, about 4% of the total U.S. workforce.41 Another report from NIOSH only 
gave the number of health care workers in the United States to be 6.5 million in 1983.64 More recent data 
from the BLS using only Standard Industrial Code (SIC) 806 for hospitals (Table 1.2) indicate approxi-
mately 3.8 million employees in hospitals as of 1993, where 80% of these individuals are women and 
92% of all employees serving in nonsupervisory positions.42 Th is may leave out up to 1 million support 
employees who fall under diff erent SIC numbers. Also, according to these statistics, in 1981, there were 
only 2.9 million individuals employed in hospitals. Th is is an increase of almost 1 million people over 
the past 10 years employed in hospitals alone.

TABLE 1.1 Selected Professional Associations with Health Care 
Worker Health and Safety Interest

American Association of Occupational Health Nurses
American College of Occupational and Environmental Medicine
American College of Physicians
American Conference of Governmental Industrial Hygienists
American Hospital Association
American Industrial Hygiene Association
American Medical Association
American Nursing Association
American Society for Heating, Refrigeration, and Air Conditioning Engineers
American Society for Safety Engineers
American Standards for Testing and Materials
NFPA
NSC
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Th e American Hospital Association (AHA), using statistics only from member hospitals (Table 1.3), 
estimated approximately 4.2 million hospital employees as of 1991, with 22% as registered nurses and 
4.6% as l icensed practical nurses. A tot al expenditure for hospital operations of over 250 billion dol-
lars per year for 1991 was estimated.43 Th e data f rom t he A HA over t he previous four decades show 
an i ncrease of a lmost 1 m illion add itional hospital employees e very 10 ye ars si nce 1950. Th is  corre-
sponds with the statistics from the BLS. Th e hospital expenditures indicate an increase of 30%–40% 
each decade. It is expected that the health care workforce in the United States may exceed 10 million by 
the year 2000.42

Conclusions

Health care work and the facilities in which the work is performed pose an adverse health risk to t he 
health care workers and support personnel. Th ese individuals deserve, and should demand, healthy and 
safe conditions in which to work. Necessarily, because of the type of work performed,  exible controls 
need to be instituted to achieve and maintain a healthy and safe work environment.

Th e majority of health and safety controls and management procedures observed in the health care 
profession a nd facilities a re for t he protection of t he pat ient, not t he worker. I n many i nstances, t he 
health a nd safety practices serve to p rotect both t he pat ient a nd worker. However, t his i s not a lways 
the case. For example, surgical masks, intended to protect the patient, have been used by the health 
care workers to protect against airborne aerosols, such as droplet nuclei tuberculosis, for which it is not 

TABLE 1.2 Number of Employees in U.S. Hospitals for Selected Yearsa

Year
Number of 

Employees (×103)
Number of Females 

Employed (×103)
Nonsupervisory 
Positions (×103)

Number in General 
Med. and Surg. 
Hospital (×103)

1991 2904.2 2348.7 2661.9 2856.4b

1991 3655.1 2956.1 3352.6 3359.2
1993 (Feb.) 3806.7 3056.2 3492.8 3500.2

Source: BLS. Employment Hours, and Earnings, United States, 1981–93: March 1992 Benchmark Revisions 
and Historical Corrections. US Department of Labor, Bureau of Labor Statistics, Washington, DC, 1993.

a Derived from BLS 1993 Employment, Hours, and Earnings for SIC number 806.42

b For year 1982.

TABLE 1.3 Number of Hospitals, Employees, and Total Expenses of Selected Years for Member 
Hospitals of the American Hospital Associationa

Year
Number of 
Hospitals

Full-Time 
Equivalent 

Employees (×103) Expenses (×106) Number of RNs Number of LPNs

1950 6,788 1,058 3,651 — —
1960 6,876 1,598 8,421 — —
1970 7,123 2,537 25,556 — —
1980 6,965 3,492 91,886 — —
1991 6,634 4,165 258,508 925,947 193,507

Source: AHA. American Hospital Association hospital health statistics. AHA 1991 Annual Survey of Hospitals, 
Chicago, IL, 1993.

a Derived from AHA 1991 Annual Survey of Member Hospitals.43

—, indicates information is not available.
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eff ective.84 Th e CDC and NIOSH have proposed guidelines for more eff ective respirator use. However, 
the respirators recommended are not de signed for health care worker–patient interaction in terms of 
size, convenience and looks, and have met resistance.83 Th is is one example of the numerous issues, only 
some of which have been included in this chapter, which must be addressed properly to protect workers 
in the health care environment.

Other issues of concern that need to b e addressed as well include the lack of health and safety 
education and training within the certi cate and degree-granting programs for doctors, nurses, medi-
cal laboratory technicians, and others in the health care environment who will be exposed to poten-
tial hazards on a daily basis; the impact of the Americans for Disability Act; and health care reform. 
Th ese issues need to be addressed on a proactive, not reactive, basis.
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Overview of Workplaces and Occupations in Health Care

James M. Boiano and John P.E. Sestito

Health care is part of Health Care and Social Assistance (HCSA) sector, de ned by North American 
Industry Cl assi cation System (NAICS) S ector 62.1 Industries in this sector are arranged on a con-
tinuum starting with those establishments providing medical care exclusively, continuing with those 
providing health c are a nd social a ssistance, a nd  nally t hose providing only social a ssistance. Many 
of t he i ndustries i n t he s ector a re de  ned ba sed on t he e ducational de gree held by t he practitioners 
included in the industry. Th is sector is comprised of four subsectors: ambulatory health care services 
(621), hospitals (622), nursing and residential care facilities (623), and social assistance (624) and their 
respective constituent four digit industries; the  rst three subsectors collectively represent Health Care 
and are the focus of this section.

Health Care includes both employer (i.e., with paid employees) and nonemployer (i.e., without paid 
employees or self-employed) establishments, with the exception of hospitals that does not i nclude the 
latter. Based on the most recent Economic Census  gures (2002), there are over 564,000 employer estab-
lishments and over 739,000 self-employed establishments in Health Care, representing 8.2% and 4.2% 
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of all establishments, respectively (Table 2.1). Ambulatory health care services represents over 91% of 
all establishments in Health Care. Establishments of the self-employed far outnumber employed estab-
lishments in home health care services, offi  ces of other health care practitioners, and other ambulatory 
health services. Offi  ces of physicians, dentists, or other health practitioners represent 75% of employer 
and 66% of self-employed establishments. Hospitals represent less than 2% of all establishments in Health 
Care; over 80% of hospitals provide general medical and surgical services.

Employment and Forecast

Th ere are over 14 million private, government, and self-employed workers in Health Care, representing 
over 10% of all employment (Table 2.2). Ambulatory health care services and hospitals account for over 
82% of employed persons. Hospitals account for nearly 40% of employed persons and the largest num-
ber of government workers (0.74 million). Over half of the employed persons in ambulatory health care 
services represent offi  ces of health practitioners (physicians, dentists, etc.).

TABLE 2.1 Number of Employer and Self-Employed Establishments by Health Care Subsector 
and Industry, 2002

2002 NAICS Industry

Number of Establishments

Employera
Self-Employedb 
(Nonemployer)

621 Ambulatory health care services 489,021 697,239
6211 Physician offi  ces 203,118 171,497
6212 Dental offi  ces 118,305 33,234
6213 Offi  ces of other health practitioners 104,222 284,314
6214 Outpatient care centers  25,750 7,717
6215 Medical and diagnostic laboratories  11,079 16,461
6216 Home health care services  17,666 132,685
6219 Other ambulatory health care services   8,881 51,331

622 Hospitals   6,411 NAc

6221 General medical and surgical   5,193 NA
6222 Psychiatric and substance abuse   603 NA
6223 Specialty (other than 6,222)   615 NA
623 Nursing and residential care facilities  69,342 42,571
6231 Nursing care facilities  16,568 —
6232 Residential mental retardation, mental 

health, and substance abuse facilities
 28,508 —

6233 Community care facilities for the elderly  17,988 —
6239 Other residential care facilities   6,278 —

62, except 624 Health care 564,774 739,810

All industry sectorsd 6,891,382 17,646,062

Note: Dash (—) indicates that estimates are unavailable.
aSource: From E conomic C ensus 2002, w ww.census.gov/econ/census02/data/us/US000_62.HTM. Includes 

only establishments of  rms with paid employees and subject to payroll tax.
bSource: From E conomic C ensus N onemployer S tatistics 2002,  w ww.census.gov/epcd/nonemployer/

2002/us/US000_62. HTM. Includes establishments of  rms with no paid employees and not subject to pay-
roll tax (typically self-employed individuals). Each distinct business income tax return  led by a nonemployer 
business is counted as a n establishment. Nonemployer businesses may operate f rom a ho me address or a 
separate physical location.

c Not applicable (NA), there are no self-employed establishments in this subsector.
d Excludes public administration, i.e., federal, state, and local government agencies.
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By 2014, Health Care is expected to grow by over 3.5 million jobs (30%), or about one out of every  ve 
new jobs (Table 2.3). Ambulatory health care services leads all Health Care subsectors with a projected 
42% growth, adding nearly 2 .1 million new jobs. Over 1.2 million (59%) of t hese new jobs w ill be in 
offi  ces of health practitioners. Home health care services is leading the growth in this subsector (nearly 
70%), and has the distinction of being the nation’s fastest growing employer by 2014. Residential care 
facilities represent t he second largest projected g rowth (48%), add ing 0.60 m illion new jobs by 2014. 
Although projected g rowth i n hospitals i s a mo dest 16% by 2014, over 0.68 m illion new jobs w ill be 
added, ranking second only to offi  ces of health practitioners. Health Care accounts for 4 of the 20 fastest 
growing industries (Table 2.4) and 5 of the 20 largest growing industries (Table 2.5).

Occupations and Forecast

Workers in Health Care represent a d iverse group of professional, technical, and service occupations. 
Table 2 .6 l ists the 10 largest health care occupations by occupational t itle, as de ned by the standard 
occupational c ode ( SOC), f or e ach o f t he t hree sub sectors. Re gistered n urses c onstitute t he l argest 
occupation w ith ne arly 2 m illion, of w hich over 70% a re employed i n hospitals. O ther predominant 
occupations include nursing aides, orderlies, and attendants (1.2 million); licensed practical nurses and 
licensed vocational nurses (0.6 million); home health a ides (0.5 million); medical assistants (0.3 mil-
lion); and personal and home care aides (0.3 million). Collectively, these  ve occupational groups repre-
sent over 20% of all Health Care workers. Within hospitals, the three largest occupations are related to 
nursing care (registered nurses; nursing aides, orderlies, and attendants; and licensed practical nurses 
and licensed vocational nurses), and account for over 2 million jobs in 2005.

Rapid g rowth i s p rojected f or m any o ccupations i n H ealth C are f rom 2 004 to 2 014. Th ir teen of 
the 30 fastest growing occupations are in Health Care, 6 of which are in the top 10 (Table 2.7). Home 
health aides, with an expected growth of 56%, are the nation’s fastest growing occupation. Health Care 
accounts for 5 of the 30 largest growing occupations by 2014 (Table 2.8). Th e number of registered nurses 

TABLE 2.3 Employment and Forecast by Health Care Subsector and Industry, 2004–2014

2002 NAICS Industry

Employment (in Th ou sands)

Percent Growth2004 2014

621 Ambulatory health care services 4,946 7,031 42
6211, 6212, 

and 6213
Offi  ces of health practitioners 3,337 4,561 37

6216 Home health care services 773 1,310 69
6214, 6215, 

and 6219
Outpatient, laboratory, and other 

ambulatory health care services
836 1,160 38

622 Hospitals (private) 4,294 4,982 16

623 Nursing and residential care facilities 2,815 3,597 28
6231 Nursing care facilities 1,575 1,757 11
6232, 6233, 

and 6239
Residential care facilities 1,240 1,840 48

62, except 624 Health care 12,055 15,610 30

All industry sectors 145,612 164,540 13

Source: From Berman, J.M., Mon. Labor Rev., 128(11), 45, 2005, http://www.bls.gov/opub/mlr/2005/11/art4full.pdf
Note: Employment data for wage and salary workers are from the BLS establishment-based Current Employment 

Statistics Survey.
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is expected to g row by 0.7 million, the second largest increase across all industry sectors and ranking 
 rst a mong Health C are occupations. Th e number of home health a ides i s expected to g row by 0. 35 
million, t he n inth l argest i ncrease ac ross a ll i ndustries a nd re presenting t he s econd l argest g rowing 
occupation in Health Care.

Combined e stablishment a nd em ployment  gures y ield t he f ollowing s alient f acts2 a bout H ealth 
Care:

Hospitals account for less than 2% of the health care establishments, but employ 40% of all health • 
care workers.
More than 70% of hospital employees are in establishments with 1000 or more workers.• 
Over 85% of nonhospital health care establishments employ fewer than 20 workers, and about • 
50% employ 5 or fewer workers.
Nearly 70% of nonhospital employees are employed in establishments with 20 or more workers.• 

TABLE 2.4 Industries with Fastest Growing Employment, 2004–2014

2002 NAICS Industry

Employment (in Th ou sands)
Percent Growth

2004–20142004 2014

6216 Home health care services 773 1,310 69
5112 Soft ware publishers 239 400 67
5416 Management, scienti c, and technical 

consulting services
779 1,250 60

6232, 6233, 
and 6239

Residential care facilities 1,240 1,840 48

5612 Facilities support services 116 170 46
5613 Employment services 3,470 5,050 45
7115 Independent artists, writers, and 

performers
42 61 45

5611 Offi  ce administrative services 319 450 41
5415 Computer systems design and related 

services
1,147 1,600 39

6214, 6215, 
and 6219

Outpatient, laboratory, and other 
ambulatory health care services

836 1,160 38

6244 Child day care services 767 1,062 38
6114–17 Other educational services 475 650 37
6211, 6212,

 and 6213
Offi  ces of health practitioners 3,337 4,561 37

5412 Accounting, tax preparation, 
bookkeeping, and payroll services

816 1,100 35

6112 and 6113 Junior colleges, colleges, universities, 
and professional schools

1,462 1,965 34

6241, 6242, 
and 6243

Individual, family, community, and 
vocational rehabilitation services

1,365 1,810 33

487 Scenic and sightseeing transportation 27 35 30
5622 and 5629 Waste treatment and disposal and 

waste management services
206 268 30

5419 Other professional, scienti c, 
and technical services

503 646 28

5414 Specialized design services 121 155 28

Source: From Berman, J.M., Mon. Labor Rev., 128(11), 45, 2005, http://www.bls.gov/opub/mlr/2005/11/art4full.pdf
Note: Bold indicates industries in Health Care.
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TABLE 2.5 Industries with Largest Employment Growth, 2004–2014

2002 NAICS Industry

Employment (in Th ou sands)
Change 

2004–20142004 2014

44 and 45 Retail trade 15,034 16,683 1,649
5613 Employment services 3,470 5,050 1,580
722 Food services and drinking places 8,850 10,301 1,451
6211, 6212, 

and 6213
Offi  ces of health practitioners 3,337 4,561 1,224

23 Construction 6,965 7,757 792
NA Local government educational services 7,762 8,545 783
622 Hospitals (private) 4,294 4,982 688
6232, 6233, 

and 6239
Residential care facilities 1,240 1,840 600

6216 Home health care services 773 1,310 537
6112 and 6113 Junior colleges, colleges, universities, and 

professional schools
1,462 1,965 503

NA Local government enterprises except 
passenger transit

4,216 4,699 483

42 Wholesale trade 5655 6131 476
5416 Management, scienti c, and technical 

consulting services
779 1,250 471

5415 Computer systems design and related 
services

1,147 1,600 453

6241, 6242, 
and 6243

Individual, family, community, and vocational 
rehabilitation services

1,365 1,810 445

NA State government educational services 2,249 2,691 442
713 Amusement, gambling, and recreation 

industries
1,351 1,710 359

5617 Services to buildings and dwellings 1,694 2,050 356
6214, 6215, 

and 6219
Outpatient, laboratory, and other 

ambulatory health care services
836 1,160 324

721 Accommodation 1,796 2,100 304

Source: From Berman, J.M., Mon. Labor Rev., 128(11), 45, 2005, http://www.bls.gov/opub/mlr/2005/11/art4full.pdf
Note: Bold indicates industries in Health Care.
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TABLE 2.6 Ten Largest Occupations by Health Care Subsector, 2005

SOCa Occupation Total Employedb

Ambulatory Health Care Services (NAICS 621)
29-1111 Registered nurses 408,180
31-9092 Medical assistants 306,010
43-4171 Receptionists and information clerks 282,980
43-6013 Medical secretaries 263,710
31-9091 Dental assistants 259,810
31-1011 Home health aides 232,500
39-9021 Personal and home care aides 203,150
43-9061 Offi  ce clerks (general) 184,520
29-2061 Licensed practical nurses and licensed vocational nurses 164,420
29-2021 Dental hygienists 157,150

Hospitals (NAICS 622)
29-1111 Registered nurses 1,424,860
31-1012 Nursing aides, orderlies, and attendants 403,500
29-2061 Licensed practical nurses and licensed vocational nurses 187,420
43-9061 Offi  ce clerks (general) 123,420
37-2012 Maids and housekeeping cleaners 121,850
29-2034 Radiological technologists and technicians 110,710
29-2070 Medical records and health information technicians 97,270
43-6013 Medical secretaries 93,450
11-9111 Medical and health services managers 92,650
43-4111 Interviewers (except eligibility and loan) 81,820

Nursing and Residential Care Facilities (NAICS 623)
31-1012 Nursing aides, orderlies, and attendants 759,650
31-1011 Home health aides 254,340
29-2061 Licensed practical nurses and licensed vocational nurses 234,090
29-1111 Registered nurses 157,870
37-2012 Maids and housekeeping cleaners 116,590
39-9021 Personal and home care aides 102,180
35-2012 Cooks (institutional and cafeteria) 78,130
35-2021 Food preparation workers 68,570
39-9011 Child care workers 50,500
39-9032 Recreation workers 47,970

Note: Estimates do not include self-employed workers.
a Source: From 2000 SOC, BLS.
b Source: From National industry-speci c occupational employment and wage estimates, May 2005: 

http://www.bls.gov/oes/current/naics3_621000.htm,  http://www.bls.gov/oes/current/naics3_622000.htm, 
and http://www.bls.gov/oes/current/naics3_623000.htm
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TABLE 2.7 Th irty Fastest-Growing Occupations, All Industry Sectors, 2004–2014

SOC Occupation

Employment (in Th ou sands)

Percent Growth2004 2014

31-1011 Home health aides 624 974 56.0
15-1081 Network systems and data communications analysts 231 357 54.6
31-9092 Medical assistants 387 589 52.1
29-1071 Physician assistants 62 93 49.6
15-1031 Computer soft ware engineers (applications) 460 682 48.4
31-2021 Physical therapist assistants 59 85 44.2
29-2021 Dental hygienists 158 226 43.3
15-1032 Computer soft ware engineers (systems soft ware) 340 486 43.0
31-9091 Dental assistants 267 382 42.7
39-9021 Personal and home care aides 701 988 41.0
15-1071 Network and computer systems administrators 278 385 38.4
15-1061 Database administrators 104 144 38.2
29-1123 Physical therapists 155 211 36.7
19-4092 Forensic science techniciansa 10 13 36.4
29-2056 Veterinary technologists and technicians 60 81 35.3
29-2032 Diagnostic medical sonographers 42 57 34.8
31-2022 Physical therapist aides 43 57 34.4
31-2011 Occupational therapist assistants 21 29 34.1
19-1042 Medical scientists (except epidemiologists)a 72 97 34.1
29-1122 Occupational therapists 92 123 33.6
25-2011 Preschool teachers (except special education) 431 573 33.1
29-2031 Cardiovascular technologists and technicians 45 60 32.6
25-1000 Postsecondary teachers 1628 2153 32.2
19-2043 Hydrologists 8 11 31.6
15-1051 Computer systems analysts 487 640 31.4
47-4041 Hazardous materials removal workers 38 50 31.2
17-2031 Biomedical engineersa 10 13 30.7
13-1071 Employment, recruitment, and placement specialists 182 237 30.5
7-2081 Environmental engineers 49 64 30.0
23-2011 Paralegals and legal assistants 224 291 29.7

Source: From Hecker, D.E., Mon. Labor Rev., 128(11), 70, 2005, http://www.bls.gov/opub/mlr/2005/11/art5full.pdf
Notes: Employment data f or wa ge a nd s alary w orkers a re f rom the BLS est ablishment-based Current Employment 

Statistics Survey. Bold indicates health care occupations as de ned by two SOC major groups: Health Care Practitioner and 
Technical Occupations (29-0000) and Health Care Support Occupations (31-0000).

a Health-care-related occupations.
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TABLE 2.8 Th irty Largest-Growing Occupations, All Industry Sectors, 2004–2014

SOC Occupation

Employment (in Th ou sands)
Change 

2004–20142004 2014

41-2031 Retail salespersons 4256 4992 736
29-1111 Registered nurses 2394 3096 703
25-1000 Postsecondary teachers 1628 2153 524
43-4051 Customer service representatives 2063 2534 471
37-2011 Janitors and cleaners (except maids and housekeepers) 2374 2813 440
35-3031 Waiters and waitresses 2252 2627 376
35-3021 Combined food preparation and serving workers 2150 2516 367
31-1011 Home health aides 624 974 350
31-1012 Nursing aides, orderlies, and attendants 1455 1781 325
11-1021 General and operations managers 1807 2115 308
39-9021 Personal and home care aides 701 988 287
25-2021 Elementary school teachers (except special education) 1457 1722 265
13-2011 Accountants and auditors 1176 1440 264
43-9061 Offi  ce clerks (general) 3138 3401 263
53-7062 Laborers and freight, stock, and material movers (hand) 2430 2678 248
43-4171 Receptionists and information clerks 1133 1379 246
37-3011 Landscaping and groundskeeping workers 1177 1407 230
53-3032 Truck drivers (heavy and tractor-trailer) 1738 1962 223
15-1031 Computer soft ware engineers (applications) 460 682 222
49-9042 Maintenance and repair workers (general) 1332 1533 202
31-9092 Medical Assistants 387 589 202
43-6011 Executive secretaries and administrative assistants 1547 1739 192
41-4012 Sales representatives 1454 1641 187
47-2031 Carpenters 1349 1535 186
25-9041 Teachers’ assistants 1296 1478 183
39-9011 Child care workers 1280 1456 176
35-2021 Food preparation workers 889 1064 175
37-2012 Maids and housekeeping cleaners 1422 1587 165
53-3033 Truck drivers (light or delivery services) 1042 1206 164
15-1051 Computer systems analysts 487 640 153

Source: From Hecker, D.E., Mon. Labor Rev., 128(11), 70, 2005, http://www.bls.gov/opub/mlr/2005/11/art5full.pdf
Notes: Employment data for wage and salary workers are from the BLS establishment-based Current Employment 

Statistics Survey. Bold indicates health care occupations as de ned by two SOC major groups: Health Care Practitioner 
and Technical Occupations (29-0000) and Health Care Support Occupations (31-0000).



2-10 Handbook of Modern Hospital Safety

Demographic Characteristics of Workers in Health Care

James M. Boiano

By Workplace

Selected demographic characteristics of employed persons in Health Care are provided by subsector, 
constituent industries (where available) and for all industries, for comparison purposes (Tables 2.9 and 
2.10). Th ese characteristics include gender, race and ethnicity, and age.

About 78% (11.2 million) of the workers in Health Care are women, more than any other industry 
sector and about 70% higher than the average for all industries (Table 2.9). Among industries (four digit 
codes), home health c are employs t he g reatest percentage of women (90%), followed by nursing c are 
facilities (85%) and dental offi  ces (80%). Th e lowest percentage of women are employed by other ambula-
tory health care services and offi  ces of other health practitioners (68.6% and 69.3%, respectively).

Available data on sex, race, and ethnicity show that there is a greater percentage of Blacks and Asians 
in Health Care when compared to a ll i ndustries, while t he percentage of Hispanics i s somewhat less 
(Table 2.9). Blacks represent about 16% (2.3 million) of the workers in Health Care, leading all industry 
sectors, and 1.5 times the industry average of nearly 11%. Hospitals employ the largest number of Blacks 
in Health Care (0.94 million), followed by ambulatory health care services (0.70 million). Home health 

TABLE 2.9 Percent Distribution of Employment within Health Care by Sex, Race, and Hispanic or Latino 
Ethnicity, 2006

2002 NAICS 
Codea Industry

Total Employed1 
(in Th ou sands)

Percent of Total

Women
Black or African 

American
Hispanic or 

Latino Asian

621 Ambulatory health care 
servicesb

6,133 77.2 11.5 9.9 6.6

6211 Physician offi  ces 1,785 76.4 6.9 8.7 6.5
6212 Dental offi  ces 852 79.7 3.6 9.6 6.3
6213 Offi  ces of other health 

practitioners
553 69.3 3.2 5.4 4.6

6214 Outpatient care centers 919 78.4 12.2 11.0 5.4
6216 Home health care services 928 90.2 27.0 16.7 4.1
6219 Other ambulatory health 

care services
1,096 68.6 15.8 8.0 6.9

622 Hospitals 5,712 76.6 16.4 7.6 7.0

623 Nursing and residential 
care facilities

2,507 82.0 24.6 8.6 4.1

6231 Nursing care facilities 1,807 85.5 26.7 8.3 4.5
6232, 6233, 

and 6239
Residential care facilities 

(without nursing)
700 73.0 19.1 9.3 3.0

62, except 624 Health care 14,352 77.8 15.7 8.7 6.3

All industry sectors 
(16 years and over)

144,427 46.3 10.9 13.6 4.5

Source: From Current Population Survey, Household Data Annual Averages, Table 18 Employed persons by detailed 
industry, sex, race, and Hispanic or Latino ethnicity, 2006, ft p://ft p.bls.gov/pub/special.requests/lf/aat18.txt

a NAICS, U.S. Census Bureau, www.census.gov/epcd/www/naics.html
b Excludes medical and diagnostic laboratories (NAICS 6215); data are unavailable.
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care services (27%) employ the largest percentages of any industry group within Health Care, while den-
tal offi  ces (3.6%) and offi  ces of other health care practitioners (3.2%) employ the smallest percentages.

Hispanics represent about 8.7% (1.2 million) of the workforce in Health Care (Table 2.9). Ambulatory 
health care services employ t he largest number of Hispanics of any Health Care subsector (0.61 mil-
lion), followed by hospitals (0.43 million). Home health care services (16.7%) and outpatient care centers 
(11.0%) employ the greatest percentages of any Health Care industry group.

Asians represent over 6.3% of the workforce in Health Care, with an employment of 0.90 million (Table 
2.9). Hospitals employ the greatest percentage of Asians of any Health Care subsector (7.0%); ambula-
tory health care services employ the largest number (0.4 million) slightly more than in hospitals.

Percent d istribution of employed p ersons i n Health C are by a ge i s provided for e ach o f t he t hree 
Health Care subsectors and four digit constituent industries, where available (Table 2.10). When com-
pared to all industries, percents within each of the 7 age groups were very similar, with exception of the 
16–19 age group where the industry average was about 2.5 times that in Health Care. Among the three 
Health Care subsectors, the highest percent employed within the 16–19, 20–24, 55–64, and 65 and over 
age groups were for nursing and residential care facilities; in the 35–44 and 45–54 age groups, hospitals 
employed the largest percent; and in the 25–34 age group, ambulatory health care services employed the 

TABLE 2.10 Percent Distribution of Employment in Health Care by Age, 2006

2002 NAICS 
Codea Industry

Total Employedb 
(in Th ou sands)

Percent Distribution of Employment by Age Group

16–19 20–24 25–34 35–44 45–54 55–64
65 and 
Over

621 Ambulatory health 
care servicesa

6,133 1.5 6.9 21.9 25.1 26.1 14.6 3.9

6211 Physician offi  ces 1,785 1.2 6.0 20.9 25.2 27.8 14.3 4.5
6212 Dental offi  ces 852 2.8 8.8 21.4 24.5 24.5 13.8 4.0
6213 Offi  ces of other 

health practitioners
553 1.9 7.3 21.1 22.4 25.0 16.9 5.4

6214 Outpatient care 
centers

919 1.3 7.4 23.4 22.1 27.5 15.5 2.7

6216 Home health care 
services

928 1.2 5.6 18.9 28.5 25.3 15.9 4.5

6219 Other ambulatory 
health care services

1,096 1.2 7.3 25.4 26.1 24.9 12.5 2.3

622 Hospitals 5,712 0.8 7.0 21.4 25.6 27.7 14.9 2.5

623 Nursing and residential 
care facilities

2,507 4.5 10.0 20.0 21.9 24.5 15.0 4.0

6231 Nursing care facilities 1,807 4.7 9.5 20.1 22.3 24.9 14.6 3.8
6232, 6233, 

and 6239
Residential care 

facilities (without 
nursing)

700 4.1 11.2 20.0 20.6 23.6 15.7 4.8

62, except 
624

Health care 14,352 1.7 7.5 21.4 24.7 26.4 14.8 3.4

All industry sectors 
(16 years and over)

144,427 4.2 9.6 21.5 23.9 23.6 13.4 3.7

Source: From Current Population Survey, NIOSH IST D ata Mart Quer y, Quer y 1:  co lumn variable, age; row variable, 
NORA sector (primary job) and Query 2: column variable, age; row variable, industry code (primary job), http://isx-morg1/
dsr/IST/ISTDM2/cps/cpsestimatesresults2.aspx

Note: Values may not sum to the totals due to rounding.
a NAICS, U.S. Census Bureau, www.census.gov/epcd/www/naics.html
b Excludes medical and diagnostic laboratories (NAICS 6215); data are unavailable.
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largest percent. When focusing on industries (four digit codes), nursing care facilities and residential 
care facilities without nursing had the highest percent distributions for young workers (16–19 and 20–24 
age g roups), while offi  ces of ot her health c are practitioners had t he h ighest percent d istributions for 
older workers (55–64 and 65 and over).

By Occupation

Table 2.11 presents sex, race, and ethnicity demographics of the top 2 0 Health Care occupations with 
the l argest number o f w orkers. F or 16 o f t hese o ccupations, t he p ercents o f w omen a re h igher t han 
the industry average. Dental hygienists represent the highest concentration of women (98.6%), whereas 
dentists represent the lowest (22.6%). Registered nurses account for the largest number of women of any 
health care occupation (2.5 million).

TABLE 2.11 Percent Distribution of Women, Blacks, Hispanics, and Asians in 20 Largest Occupations 
in Health Care, 2006

Occupation
Total Employed 
(in Th ou sands)

Percent of Total

Women
Black or African 

American
Hispanic or 

Latino Asian

Registered nurses 2,529 91.3 10.9 4.2 7.5
Nursing, psychiatric, and 

home health aides
1,906 88.9 34.8 13.1 4.0

Physicians and surgeons 863 32.2 5.2 5.7 17.0
Personal and home care aides 703 87.3 22.4 14.9 5.8
Licensed practical nurses and 

licensed vocational nurses
556 94.2 23.2 7.0 3.1

Health diagnosing and treating 
practitioner support technicians

425 80.1 11.8 8.2 5.6

Clinical laboratory technologists 
and technicians

321 78.1 14.2 7.8 9.6

Diagnostic related technologists 
and technicians

281 72.9 7.5 6.3 2.9

Dental assistants 274 95.4 5.4 14.9 4.2
Pharmacists 245 48.9 6.0 5.6 19.5
Physical therapists 198 62.7 5.8 5.0 13.7
Dentists 196 22.6 3.1 4.3 11.4
Emergency medical technicians 

and paramedics
156 31.9 11.9 7.4 2.2

Dental hygienists 144 98.6 1.4 4.6 4.2
Speech language pathologists 114 95.3 8.1 3.6 1.4
Medical records and health 

information technicians
98 92.0 20.5 15.1 1.4

Dieticians and nutritionists 96 91.0 21.2 4.6 7.6
Respiratory therapists 85 66.0 15.3 6.2 4.6
Occupational therapists 78 90.3 3.1 2.0 4.7
Chiropractors 69 23.1 3.3 1.9 1.8

Total (16 years and older) 144,427 46.3 10.9 13.6 4.5

Source: From Current Population Survey (2006), Household Data Annual Averages, Table 11, Employed persons by 
detailed occupation, sex, race, and Hispanic or Latino ethnicity, http://www.bls.gov/cps/cpsaat11.pdf

Note: Data for occupations with fewer than 50,000 employed are not published.
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For half of the listed occupations, the percents of Blacks meet or exceed the industry average of 10.9% 
(Table 2 .11). Nursing, psychiatric, and home health care a ides represent t he occupational group w ith 
the highest percentage (34.8%); dental hygienists comprise the lowest percentage (1.4%). Nursing, psy-
chiatric, and home health aides account for the largest number of Blacks of any health care occupation 
(0.66 million).

Th e percents of Hispanics are higher than the industry average (13.6%) for only 3 of the 20 occupations, 
with medical records and health information technicians representing the highest concentration (15.1%). 
By c omparison, c hiropractors re present t he lowest p ercentage (1.9%). Nursing, ps ychiatric, a nd home 
health aides account for the largest number of Hispanics of any health care occupation (0.25 million).

Th e percents of Asians are higher than and exceed the industry average of 4.5% for 11 of the top 20 
occupations. Pharmacists represent t he h ighest concentration of individuals of Asian decent (19.5%); 
medical re cords a nd health i nformation te chnicians a nd s peech l anguage pat hologists re present t he 
lowest (1.4%). Registered nurses account for the largest number of Asians of any health care occupation 
(0.19 million).

Very l ittle d ata a re a vailable o n a ge d istribution f or mo st o f t he h ealth c are o ccupations l isted i n 
Table 2.11, with the exception of registered nurses. Findings from a 2004 national sample survey1 show 
continual movement to more registered nurses in older age groups and a general decline in the numbers 
of registered nurses in younger age groups (Figure 2.1). Based on data from seven quadrennial surveys 
conducted from 1980 to 2 004, the average age of the registered nurse population continued to c limb, 
increasing to 46.8 years of age in 2004 compared to 44.3 years in 1996. Th e largest age group of regis-
tered nurses in 1980 was 25–29 years of age, 35–39 years in 1992, 40–44 years in 2000, and 45–49 years 
in 2004. By contrast, the numbers of registered nurses in the two youngest age groups (less than 25 and 
25–29 years of age) continued to decline over this 24 year period.

600,000

500,000

400,000

300,000

200,000

100,000

0
<25 25–29 30–34 35–39 40–44

Years of age

1980
1984
1988
1992
1996
2000
2004

45–49 50–54 55–59 60–64 >65

Note: The total numbers in each survey, across age ages, may not equal the estimated  total
         of all  registered nurses due to incomplete information provided by respondents. Only
         those who provided age information are included in the calculations used for this chart.

FIGURE 2.1 Age distribution of registered nurse population, 1980–2004.
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Burden of Injury and Illness in Health Care 
as Documented by Surveillance Systems

James M. Boiano, John P.E. Sestito, Sara E. Luckhaupt, 
Cynthia F. Robinson, and James T. Walker

Th is section presents an overview illustrated by charts and tables that describe the national magnitude and 
trends of occupational injuries, illnesses, and fatalities in the HCSA sector,* as documented by various 
federal a nd s tate-based su rveillance s ystems. Th e d ata focus on t he t hree Health C are sub sectors (i.e., 
ambulatory health care services, hospitals, and nursing and residential care facilities), although data for 
social assistance are also provided, where available. Data are presented for predominant health and safety 
hazards a nd i ssues i ncluding s prains a nd s trains, o verexertion/repetitive t rauma, f alls o n s ame le vel, 
assaults and violent acts, sharps injuries (SIs), and infectious disease. Signi cantly elevated causes of death 
for each of the three Health Care subsectors and for the largest health care occupations are also provided.

Bureau of Labor Statistics National Surveillance Systems Data

National statistics on occupational injuries, illnesses, and fatalities are compiled by the Bureau of Labor 
Statistics ( BLS) i n c onjunction w ith pa rticipating s tate a gencies. N ational e stimates o f t he n umbers 
and rates of i llnesses and injuries are compiled from the annual Survey of Occupational Injuries and 
Illnesses (SOII), which is based solely on private industry employer’s OSHA logs.1 Th e SOII exclude self-
employed persons, public sector workers, and workers employed on small farms, representing 22% of 
the U.S. workforce, and thus may underestimate the true prevalence of injuries, illnesses, and fatalities. 
Numbers of cases and incidence rates are reported by year with 2005 being the most recent year data 
are presented.

For each recordable case, employer’s are required to complete OSHA Form 300 (Log of Work-Related 
Injuries and Illnesses), OSHA Form 301 (Injuries and Illnesses Incident Report), and OSHA Form 300A 
(Summary of Work-Related Injuries and Illnesses).2 C ollectively, t hese f orms a re u sed to de velop a 
picture of the extent and severity of work-related incidents. In Form 300, employers must record infor-
mation about every work-related death and about every signi cant work-related injury or illness that 
involves loss of consciousness, restricted work activity or job transfer, days away from work, or medi-
cal treatment beyond  rst aid. Employers must also classify the case as either an injury or one of the 
following t ypes of i llness: s kin d isorder, re spiratory c ondition, p oisoning, hearing lo ss, or a ll ot her 
illnesses. In Form 301, employers must record information about the employee (name, address, date of 
birth, gender, etc.), information about the treating health care professional, and information about the case 
(date and time of incident, job activity at time of incident, part of body aff ected, object or substance that 
harmed t he em ployee, a nd d ate o f de ath i f em ployee d ied). I n F orm 3 01A, em ployers m ust p rovide 
yearly totals for the following: deaths, total cases with days away from work, total cases with job transfer 
or restriction, and total other recordable cases—total days away from work, total days of job transfer or 
restriction, i njuries, o r o ne o f t he  ve a forementioned i llness c ategories. E stablishment i nformation 
including na me, i ndustry code, a nnual average number of employees, a nd tot al hours worked by a ll 
employees in the last year is also required.

* 2002 NAICS code 62 (see Chapter 1 for more information on NAICS codes for HCSA sector).
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Th e c ircumstances o f e ach c ase a re c lassi ed ba sed o n t he B LS O ccupational I njury a nd I llness 
Classi cation Manual.3 Th e survey uses four case characteristics to describe each incident that led to an 
injury or illness that led to one or more days away from work. Th ese characteristics include the following:

Nature• : Th e physical characteristics of t he d isabling injury or i llness, such as lacerations, f rac-
tures, or sprains/strains
Part of body aff ected• : Part of body directly linked to the nature of the reported injury or illness, 
such as back,  nger, or eye
Event or e xposure• : Th e manner i n which t he i njury or i llness was produced or i n icted by t he 
source, such as falls, overexertion, or repetitive motion
Source• : Th e object, substance, exposure, or bodily motion that directly produced or in icted the 
disabling condition, such as chemicals, vehicles, or machinery

In this section, numbers of cases and incidence rates are reported by year, with 2005 being the most 
recent year where data are presented. Th ese estimates are provided for the HCSA sector as a whole, by 
three digit subsector and four digit industry (where available), with comparisons to all private industries 
and service-providing industries.

National statistics on fatal occupational injuries are from another BLS surveillance system called the 
Census of Fatal Occupational Injuries (CFOI). Unlike the SOII, the CFOI is considered a complete cen-
sus that uses multiple data sources for tracking traumatic workplace fatalities resulting from intentional 
and unintentional injuries.4

Total Nonfatal Occupational Injuries and Illnesses

Of the 4.2 million nonfatal occupational injuries and illnesses reported by private industry employers in 
2005, the HCSA sector represents the second largest share of injuries and illnesses (668,000 or 15.9% of 
total recordable cases)3 (Figure 2.2). In fact, three of the four HCSA subsectors—hospitals, nursing and 
residential care facilities, and ambulatory health care services—are ranked 1st, 2nd, and 12th, respec-
tively, and are among the 14 industries with 100,000 or more injuries and illnesses in 2005 (Table 2.12). 
Hospitals have led this group for the past 3 years, ever since NAICS-based tabulations began in 2003.5 
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FIGURE 2.2 Percent distribution of nonfatal occupational injuries and illnesses by industry sector, 2005.
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Occupational illnesses account for only 7% of all total reportable injury and illness cases in the HCSA 
sector and was not diff erent from private industry as a whole. Compared to injuries, illnesses are oft en 
diffi  cult to relate to the workplace and more likely to be underreported due to the fact that many work-
related d iseases a re a ssociated w ith long l atency p eriods (e.g., c ancers, c hronic re spiratory a ilments, 
etc.). Th e issue of underreporting is discussed later in section.

Figure 2 .3 c ompares i ncidence r ates o f nonfatal o ccupational i njuries a nd i llnesses for t he HCSA 
sector and by subsector for 2003–2005 to those for private industry and to service-providing industries. 
In 2005, the incidence rate of injuries and illnesses in the HCSA sector was 5.9 cases per 100 full-time 
workers, nearly 1.3 and 1.4 times higher than in private and service-providing industries, respectively. 
Injury and illness incidence rates in the sector were driven by nursing and residential facilities and hos-
pitals. Th ese rates declined for all HCSA subsectors, as well as in private and service-providing indus-
tries, for each year since 2003 (when NAICS-based tabulations began), with the exception of the rate in 
the social assistance subsector that increased from 2004 to 2005.

Total Nonfatal Occupational Injuries

In 2005, the overall incidence rate of nonfatal occupational injuries for the HCSA sector was 5.5 cases 
per 100 full-time workers, compared to 4 .4 and 3.9 cases per 100 full-time workers in the private and 
service-providing industries, respectively (Figure 2.4). Th e number of nonfatal injuries for this sector 
(624,000) accounted for 15.7% of the total number of injury cases in private industry.6 Incidence rates 
declined for all HCSA subsectors, as well as in private and service-providing industries, for each year 
since 2003, with the exception of the rate in the social assistance subsector that increased from 2004 to 

TABLE 2.12 Number of Cases and Incidence Rate of Nonfatal Occupational 
Injuries and Illnesses for Industries with 100,000 or More Cases, 2005

2002 NAICS 
Codea Industryb

Total Cases 
(in Th ou sands)

Incidence 
Ratec

622 Hospitals 281.51 8.1
623 Nursing and residential care facilities 209.1 9.1
452 General merchandise stores 147.2 6.7
336 Transportation equipment manufacturing 146.8 8.3
561 Administrative and support services 141.1 3.4
332 Fabricated metal product manufacturing 121.8 8.0
423 Merchant wholesalers (durable goods) 119.5 4.1
2382 Building equipment contractors 117.8 6.7
311 Food manufacturing 114.2 7.7
7221 Full-service restaurants 111.7 3.9
44511 Supermarkets and other grocery (except 

convenience) stores
110.7 6.5

621 Ambulatory health care services 110.6 2.8
424 Merchant wholesalers (durable goods) 110.0 5.7
7222 Limited-service eating places 103.3 4.1

Total (private industryd) 4,214.2 4.6

Source: From Bureau of Labor Statistics, http://www.bls.gov/news.release/osh.t04.htm
Note: Bold indicates health care industry.
a NAICS, U.S. Census Bureau, www.census.gov/epcd/www/naics.html
b Totals include data for industries not shown separately.
c Th e incidence ra tes r epresent the n umber o f in juries a nd illness es p er 100 f ull-time 

workers.
d Excludes farms with fewer than 11 employees.
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FIGURE 2.3 Incidence rates of non fatal occupational injuries a nd i llnesses, HCSA sector a nd pr ivate industry, 
2003–2005. (From Bu reau of L abor St atistics, Table 1 , I ncidence r ates for non fatal o ccupational i njuries a nd 
illnesses by i ndustry a nd c ase t ype: 2 005 d ata = h ttp://www.bls.gov/iif/oshwc/osh/case/ostb1619.pdf, 2 004 
data = http://www.bls.gov/iif/oshwc/osh/case/ostb1487.pdf, and 2003 data = http://www.bls.gov/iif/oshwc/osh/case/
ostb1355.pdf)
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FIGURE 2.4 Incidence rates of nonfatal occupational injuries, HCSA sector and private industry, 2003–2005. 
(From Bu reau of L abor St atistics, Table S NR05, I ncidence r ate a nd number of non fatal o ccupational i njuries 
by industry, private industry, 2003–2005: 2005 data = http://www.bls.gov/iif/oshwc/osh/case/ostb1611.pdf, 2004 
data =  h ttp://www.bls.gov/iif/oshwc/osh/case/ostb1479.pdf, a nd 2 003 d ata =  h ttp://www.bls.gov/iif/oshwc/osh/
case/ostb1347.pdf)
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2005. Nursing and residential care facilities had the highest incidence rate (8.7 cases per 100 full-time 
workers) with nearly 200,000 injury cases, followed by hospitals with an incidence rate of 7.5 and the 
highest number of injury cases (259,000) among the four subsectors (Figure 2.4).6 Th ese two subsectors 
accounted for nearly three-quarters of the total injury cases for the sector.

Nonfatal Occupational Illnesses

In 2005, the incidence of nonfatal occupational illnesses for the HCSA sector was 39.9 cases per 10,000 
full-time w orkers, c ompared to 2 6.7 a nd 1 9.6 c ases i n t he p rivate a nd s ervice-providing i ndustries, 
respectively (Figure 2.5).7 Th e number of nonfatal illnesses for this sector (45,000) accounted for almost 
20% of the total number of illness cases in private industry.8 Incidence rates declined for all HCSA sub-
sectors, as well as in private and service-providing industries for each year since 2003, with the exception 
of social assistance and ambulatory health care services whose rates increased and remained unchanged 
from 2004 to 2005, respectively. In 2005, hospitals had the highest incidence rate (66.2 cases per 10,000 
full-time workers) and number of reported cases (22,900) among the four subsectors. Nursing and resi-
dential c are f acilities ac counted f or t he s econd h ighest i ncidence r ate (40 c ases p er 10,000 f ull-time 
workers) and the third highest number of reported cases (9,200) behind ambulatory health care services. 
Hospitals accounted for over half of the 45,000 total illness cases for the sector.8

In 2005, nonfatal occupational skin d iseases a nd d isorders a nd respiratory conditions represented 
the mo st f requently re ported i llness c ategories i n HCSA, w ith o verall i ncidence r ates o f 7.0 a nd 5. 2 
cases, respectively, per 10,000 full-time workers (Figures 2.6 and 2.7). By c omparison, incidence rates 
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FIGURE 2.5 Incidence rates of non fatal occupational i llnesses, HCSA sector and private industry, 2003–2005. 
(From Bureau of L abor Statistics, Table SNR08, Incidence rates of non fatal occupational i llness by i ndustry and 
category of i llness, pr ivate industry, 2003–2005: 2005 data = h ttp://www.bls.gov/iif/oshwc/osh/case/ostb1614.pdf, 
2004 d ata = h ttp://www.bls.gov/iif/oshwc/osh/case/ostb1482.pdf, a nd 2 003 d ata = h ttp://www.bls.gov/iif/oshwc/
osh/case/ostb1350.pdf)
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in private industry were 4.4 and 2.2, respectively.7 Eighty percent of the illness cases involving skin dis-
orders and respiratory conditions were reported in nursing and residential care facilities and hospitals. 
Nursing and residential care facilities had the highest incidence rate (12.6) and second highest number 
of skin disease cases (2900) among the subsectors. Hospitals accounted for the second highest incidence 
rate (10.6) and the highest number of skin disease cases (3700). Hospitals had the highest incidence rate 
(8.0) and number of cases (2800) of nonfatal respiratory conditions.

Th e incidence rate of nonfatal occupational poisonings in the HCSA sector was 0.2 cases per 10,000 
workers in 2005. Th e social assistance subsector had the highest incidence rate, four times higher than 
the HCSA sector average and the rate in 2004. Th e incidence rate for all other illnesses (primarily repeti-
tive trauma cases) was 27.4 cases per 10,000 full-time workers, accounting for nearly 70% of the total 
illness cases in the sector (Figure 2.8).8 Hospitals had an incidence rate of 47.3, nearly three times higher 
than in private industry, with over half of the “all other ”illness cases for the sector.8

Nonfatal Occupational Injuries and Illnesses 
Involving Days away from Work

Of the 4.2 million nonfatal occupational injuries and illnesses reported by private industry employers 
in 2005, 1.2 million (28%) involved one or more days away from work.9 Th e HCSA sector accounted for 
175,900 (14.2%) of these 1.2 million cases. Within HCSA, health care accounted for 154,940 (88%) of the 
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FIGURE 2.6 Incidence rates of nonfatal occupational skin diseases or disorders, HCSA sector and private indus-
try, 2003–2005. (From Bureau of Labor Statistics, Table SNR08, Incidence rates of nonfatal occupational illness by 
industry and category of i llness, private industry, 2003–2005: 2005 data = http://www.bls.gov/iif/oshwc/osh/case/
ostb1614.pdf, 2004 data = http://www.bls.gov/iif/oshwc/osh/case/ostb1482.pdf, and 2003 data = http://www.bls.gov/
iif/oshwc/osh/case/ostb1350.pdf)
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175,900 cases, and social assistance the remainder (20,960 or 12%).10 Nursing and residential care facili-
ties (66,620 cases) and hospitals (62,930 cases) accounted for over 73% of the total number of injury and 
illness cases involving days away from work.

Figure 2.9 compares incidence rates of selected nonfatal occupational injuries and illnesses involving 
days away from work for the HCSA sector as a whole and by subsector for 2003–2005 to those for all pri-
vate industry and to service-providing industries. In 2005, the incidence rate for the HCSA sector was 
1.6 cases per 10,000 full-time workers, slightly higher than in private and service-providing industries. 
Th ese data show that about one in four of the injury and i llness cases involves days away from work. 
Nursing a nd re sidential c are f acilities a nd, to a le sser e xtent, h ospitals were p rimary d rivers for t he 
increased incidence rates for the sector.

Cases involving days away from work are typically characterized by the nature of the injury or ill-
ness, the part of body aff ected, the source that caused the injury or illness, or the event that leads to 
exposure resulting in i llness or injury. In 2005, sprains and strains (82.3 cases per 10,000 workers) 
were the most likely type of injury or illness in HCSA, nearly 1.5 times more likely to occur among 
workers in HCSA than in a ll private industry and about 5 t imes more l ikely than the next highest 
category of soreness and pain (Figure 2.10). Th e part of the body most aff ected was the trunk (66.8 
cases per 10,000 workers), with an incidence rate nearly 1.5 t imes higher than in private industry, 
followed by lower extremities, upper extremities, and then multiple body parts (Figure 2.11). Th e 
health care patient (47.5 cases per 10,000 workers) was the most likely source of injury or illness 
for the health care worker, followed by  oor/walkways/ground surfaces, and worker motion/position 
(Figure 2.12). Overexertion, falls on the same level, contact with object/equipment, and assaults/vio-
lent acts represent the top events or exposures leading to injury or illness in the sector (Figure 2.13). 
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FIGURE 2.7 Incidence rates of nonfatal occupational respiratory conditions, HCSA sector and private industry, 
2003–2005. (From Bu reau of L abor St atistics, Table S NR08, I ncidence r ates of non fatal o ccupational i llness by 
industry and category of i llness, private industry, 2003–2005: 2005 data = http://www.bls.gov/iif/oshwc/osh/case/
ostb1614.pdf, 2004 data = http://www.bls.gov/iif/oshwc/osh/case/ostb1482.pdf, and 2003 data = http://www.bls.gov/
iif/oshwc/osh/case/ostb1350.pdf)
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FIGURE 2.8 Incidence rates of ot her nonfatal occupational i llnesses, HCSA sector and private industry, 2003–
2005. (From Bureau of Labor Statistics, Table SNR08, Incidence rates of nonfatal occupational illness by industry 
and category of i llness, private industry, 2003–2005: 2005 data = h ttp://www.bls.gov/iif/oshwc/osh/case/ostb1614.
pdf, 2004 data = http://www.bls.gov/iif/oshwc/osh/case/ostb1482.pdf, and 2003 data = http://www.bls.gov/iif/oshwc/
osh/case/ostb1350.pdf)
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FIGURE 2.9 Incidence rates of non fatal occupational injury and i llness cases involving days away f rom work, 
HCSA sector and private industry, 2003–2005. (From Bureau of Labor Statistics, Table R8, Incidence rates for non-
fatal occupational injuries and illnesses involving days away from work p er 10,000 full-time workers by i ndustry 
and selected events or exposure leading to injury and illness, 2003–2005: 2005 data = http://www.bls.gov/iif/oshwc/
osh/case/ostb1664.pdf, 2 004 d ata = h ttp://www.bls.gov/iif/oshwc/osh/case/ostb1518.pdf, a nd 2 003 d ata = h ttp://
www.bls.gov/iif/oshwc/osh/case/ostb1386.pdf)
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FIGURE 2.11 Incidence rates of non fatal occupational injuries and illnesses involving days away from work by 
selected parts of body aff ected, HCSA sector and private industry, 2005. (From Bureau of Labor Statistics, Table R6, 
Incidence rates for nonfatal occupational injuries and illnesses involving days away from work per 10,000 full-time 
workers by selected parts of body aff ected by injury or illness, 2005: 2005 data = http://www.bls.gov/iif/oshwc/osh/
case/ostb1662.pdf)
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FIGURE 2.12 Incidence rates of nonfatal occupational injuries and illnesses involving days away from work by 
selected s ources of i njury or i llness, HCSA s ector a nd pr ivate i ndustry, 2 005. (From Bu reau of L abor St atistics, 
Table R7, Incidence rates for nonfatal occupational injuries and illnesses involving days away from work per 10,000 
full-time workers by i ndustry and selected sources of i njury or i llness, 2005: 2005 data = h ttp://www.bls.gov/iif/
oshwc/osh/case/ostb1663.pdf)
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FIGURE 2.13 Incidence rates of nonfatal occupational injuries and illnesses involving days away from work by 
selected events of exposures leading to injury or illness, HCSA sector and private industry, 2005. (From Bureau of 
Labor Statistics, Table R7, Incidence rates for nonfatal occupational injuries and illnesses involving days away from 
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Th e average incidence rate for assaults/violent acts in the HCSA sector (8.8 cases per 10,000 work-
ers) was nearly four times higher than in all private industry.

In 2005, nursing a nd residential care facilities experienced t he h ighest i ncidence rates (per 10,000 
workers) for illnesses and injuries involving days away from work in the sector for

Musculoskeletal d isorders ( MSDs) w ith a n i ncidence r ate o f 1 31.4 c ases, f ollowed b y ot her • 
ambulatory health care services (89.0) and hospitals (82.7)11

Overexertion i ncluding l ift ing with an incidence rate of 122.8, followed by other ambulatory • 
health care services (90.2) and hospitals (71.9)12

Falls on t he s ame le vel w ith a n i ncidence r ate of 56.5, followed by social a ssistance (34.3) a nd • 
hospitals (30.1)12

Personal assaults and violent acts with an incidence rate of 20.1, followed by social assistance (9.7) • 
and outpatient care centers (9.5)12

Incidence rates for MSDs, overexertion, falls on the same level, and personal assaults and violent acts 
in nursing and residential care facilities were 3.2, 3.7, 3.1, and 12.5 times higher in HCSA, respectively, 
than in private industry and 1.8–2.4 times higher than the sector average.11,12

In 2005, home health care services experienced the highest incidence rates (per 10,000 workers) of 
any one industry in the sector for

Falls to lower level with an incidence rate of 10.9 cases, followed by nursing and residential care • 
facilities (7.7) and social assistance (7.3)12

Transportation (highway) accidents with an incidence rate of 22.4, followed by other ambulatory • 
health care services (20.9) and social assistance (11.9)12

Major Injuries/Illnesses, Exposures, and Sources

Figures 2 .14 t hrough 2 .18 present incidence rates of predominant lost workday occupational inju-
ries and illnesses in Health Care for 2003–2005, including sprains and strains; overexertion/repeti-
tive motion injuries; back injuries; slips, trips, and falls; and assaults and v iolent acts. Overall, for 
each of t hese i njuries, i llnesses, a nd exposures, nursing a nd residential care facilities experienced 
the h ighest i ncidence r ates, f ollowed b y h ospitals a nd a mbulatory h ealth c are s ervices. Wi th t he 
exception of injuries due to assaults and violent acts, the incidence rates for injuries, i llnesses, and 
exposures showed similar trends in magnitude across the Health Care subsectors when compared 
to private i ndustry: about 2–4 t imes h igher for nursing a nd residential care facilities, 1.2–2 t imes 
higher for hospitals, and less than half for ambulatory health care services (Figures 2.14 through 
2.17). I ncidence r ates f or i njuries a nd i llnesses i nvolving a ssaults/violent ac ts w ere a bout 10 a nd 
4 t imes h igher i n n ursing a nd re sidential c are f acilities a nd h ospitals t han i n p rivate i ndustry, 
respectively, and were no diff erent than private industry for ambulatory health care services (Figure 
2.18). Incidence rates for the 3 year period were somewhat lower in 2005 when compared to 2003 for 
these outcomes/exposures, with the exception of slips, trips, and falls in nursing and residential care 
facilities that increased about 7%.

Incidence rates characterized by selected sources of injury and illness are presented by Health Care 
subsector for 2003–2005, with comparison to private industry, in Figures 2.19 and 2.20. For each source 
(i.e., health care patient, worker motion or position, and  oor and ground surfaces), nursing and resi-
dential c are f acilities e xperienced t he h ighest i ncidence r ates, f ollowed b y h ospitals a nd a mbulatory 
health care services. Th e incidence rates for injuries associated with worker motion or position in ambu-
latory health care services showed marked declines from 2003 to 2005 (Figure 2.21). Th e rates in hos-
pitals, by comparison, were similar and in 2005 slightly exceeded that in nursing and residential care 
facilities. Incidence rates for two of the three source categories (worker motion or position and  oor and 
ground surfaces) showed similar trends in magnitude across Health Care subsectors when compared to 
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FIGURE 2.14 Incidence rates of nonfatal occupational sprains and strains involving days away from work, Health 
Care and private industry, 2003–2005.

FIGURE 2.15 Incidence rates of nonfatal occupational overexertion and repetitive motion injuries and illnesses 
involving days away from work, Health Care and private industry, 2003–2005.
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FIGURE 2.17 Incidence rates of nonfatal occupational injuries and illnesses involving days away from work due 
to slips, trips, and falls, Health Care and private industry, 2003–2005. (NAICS codes in parentheses follow industry 
sector name.)
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FIGURE 2.16 Incidence rates of nonfatal occupational back injuries involving days away from work, Health Care 
and private industry, 2003–2005. (NAICS codes in parentheses follow industry sector name.)
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FIGURE 2.18 Incidence rates of nonfatal occupational injuries and illnesses involving days away from work due 
to a ssaults a nd v iolent a cts, He alth C are a nd pr ivate i ndustry, 2 003–2005. ( NAICS c odes i n p arentheses fol low 
industry sector name.)
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FIGURE 2 .19 Incidence r ates of non fatal o ccupational i njuries a nd i llnesses i nvolving d ays away f rom work , 
health care patient as source, Health Care and private industry, 2003–2005. (NAICS codes in parentheses fol low 
industry sector name.)
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FIGURE 2 .21 Incidence r ates of non fatal o ccupational i njuries a nd i llnesses i nvolving d ays away f rom work , 
worker motion or position as source, Health Care and private industry, 2003–2005. (NAICS codes in parentheses 
follow industry sector name.)

FIGURE 2.20 Incidence rates of nonfatal occupational injuries involving days away from work,  oor and ground 
surfaces a s s ource, He alth C are a nd pr ivate i ndustry, 2 003–2005. ( NAICS c odes i n parentheses fol low i ndustry 
sector name.)
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private industry: about 2–3 times higher for nursing and residential care facilities, 1.2–1.3 times higher 
for hospitals, and 40%–60% less for ambulatory health care services (Figures 2.20 and 2.21). Incidence 
rates involving injuries where the health care patient was the source were about 20, 9, and 2 times higher 
in nursing and residential care facilities, hospitals, and ambulatory health care services, respectively, 
than in private industry, a  nding directly attributable to the fact that patients are unique to Health 
Care (Figure 2.19).

Special Populations

Th is section provides data describing the distribution of nonfatal injuries and illnesses for selected spe-
cial populations at risk within the HCSA sector (i.e., those workers who experience a disproportionate 
share of injury and disease due to sex, age, race, ethnicity, etc.).

The section focuses on women, young workers (16–19 year olds), minorities, and older workers 
(45 years and over). Reported  gures are based on 2005 employment and injury and illness data.

Industry Level Data

Table 2 .13 d isplays t he 2 005 p ercent d istribution o f no nfatal i njury a nd i llness c ases i nvolving d ays 
away from work by the sex, race, and ethnic origin of worker in the HCSA sector and private industry. 
Women experienced 80.7% of the lost workday injury and illness cases in this sector compared to 31% 

TABLE 2.13 Percent Distribution of Nonfatal Injuries and Illnesses Involving Days away from Work 
by Industry, Sex, Race, and Ethnic Origin of Worker, 2005

2002 NAICS 
Codea Industry Total Cases

Percent of Nonfatal Injury and Illness Cases Involving 
Days away from Work

Women
Black or African 

Americanb
Hispanic or 

Latinob Asianb

621 Ambulatory health care 
servicesc

25,390 84.2 17.6 7.7 1.1

6211 Physician offi  ces 5,420 91.0 10.5 14.5 0.5
6212 Dental offi  ces 1,010 100 — — —
6213 Offi  ces of other health 

practitioners
900 96.7 30.9 7.1 —

6214 Outpatient care centers 4,380 75.8 29.9 4.2 0.2
6216 Home health care services 9,660 95.3 20.1 5.7 1.0
6219 Other ambulatory health 

care services
3,180 45.6 7.1 8.4 0.8

622 Hospitals 62,930 77.1 17.1 10.3 4.2

623 Nursing and residential 
care facilities

66,620 84.5 29.3 9.2 1.9

624 Social assistance 20,960 75.6 16.5 9.0 0.8

62 Health care and social 
assistance

175,900 80.7 23.0 9.6 2.4

Total (private industry, 
16 years and over)

1,234,680 33.7 11.8 19.0 1.5

Source: From Bureau of Labor Statistics, Table R39, http://www.bls.gov/iif/oshwc/osh/case/ostb1695.txt and Table 
R38, http://www.bls.gov/iif/oshwc/osh/case/ostb1694.txt

Notes: Dash (—) indicates data are unavailable. Because of rounding and data exclusion of nonclassi able responses, 
data may not sum to the totals.

a NAICS, U.S. Census Bureau, www.census.gov/epcd/www/naics.html
b Includes women and men.
c Excludes medical and diagnostic laboratories (NAICS 6215) where data is unavailable.
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private industry. Available data by four-digit industry group reveal that women represented the minor-
ity of cases in only one industry, other ambulatory health care services. Overall, Blacks (both women 
and men) experienced 23% of the lost workday injury and illness cases, nearly twice that of their coun-
terparts in private industry. Blacks accounted for over 29% of the cases in nursing and residential care 
facilities, and about 17% of the cases for each of the remaining three subsectors. Hispanics of both sexes 
experienced 9.6% of the lost workday injury and i llness cases in the sector, about half of that of their 
counterparts in private industry. Th e distribution of cases among Hispanics across the four subsectors 
ranged from 7.7% to 10.3%, with the highest in hospitals. Asians of both sexes experienced 2.4% of the 
lost workday injury and illness cases in this sector, about 1.6 times that of their counterparts in private 
industry. Th e percent distribution of cases among Asians across the four subsectors ranged from 0.8% 
to 4.2%, with the highest percent of cases experienced in hospitals.

Table 2.14 displays the 2005 percent distribution of nonfatal injuries and i llnesses involving days 
away f rom work, by a ge c ategory o f workers i n t he HCSA s ector a nd private i ndustry. I n gener al, 
HCSA workers in the 16–19, 20–24, 25–34, and 35–44 age groups experienced lower percent of lost 
workday injury and illness cases than their counterparts in private industry. However, the reverse was 
true for workers aged 45 and over. When comparing the proportions of cases within each subsector 
to one another, workers in nursing and residential care facilities experienced the highest proportion 
of cases in the age groups of 16–19, 20–24, and 25–34. Workers in hospitals experienced the highest 
proportions in the age groups of 35–44, 45–54, and 55–54 and workers in social assistance experienced 
the highest proportions in the 65 and over age group.

TABLE 2.14 Percent Distribution of Nonfatal Injuries and Illnesses Involving Days away from Work 
by Industry and Age of Worker, 2005

2002 
NAICS 
Codea Industry Total Cases

Percent of Nonfatal Injury and Illness Cases Involving Days away 
from Work by Age Group

16–19 20–24 25–34 35–44 45–54 55–64 65 and Over
621 Ambulatory health care 

servicesb
25,390 0.6 7.4 21.4 25.4 26.7 15.8 2.7

6211 Physician offi  ces 5,420 1.1 3.2 15.6 30.0 36.5 11.6 1.9
6212 Dental offi  ces 1,010 — 18.8 13.9 45.5 16.8 — —
6213 Offi  ces of other health 

practitioners
900 — — 18.9 44.4 26.7 7.8 —

6214 Outpatient care centers 4,380 1.1 10.3 21.9 19.6 24.6 16.7 5.5
6216 Home health care services 9,660 0.3 5.8 17.2 23.1 29.0 21.7 2.9
6219 Other ambulatory health 

care services
3,180 — 12.9 47.8 18.9 10.7 8.5 1.2

622 Hospitals 62,930 0.8 6.5 18.8 26.7 29.0 16.4 1.7

623 Nursing and residential 
care facilities

66,620 3.4 12.1 25.1 24.8 22.5 10.1 2.0

624 Social assistance 20,960 1.7 9.8 20.7 21.5 27.0 14.8 4.4

62 Health care and social 
assistance

175,900 1.8 9.2 21.8 25.2 25.9 13.7 2.3

Total (private industry, 
16 years and over)

1,234,680 3.4 10.9 23.8 25.5 23.1 11.1 2.2

Source: From Bureau of Labor Statistics, Table R37, http://www.bls.gov/iif/oshwc/osh/case/ostb1693.txt
Notes: Dash (—) indicates data are unavailable. Because of rounding and data exclusion of nonclassi able responses, data 

may not sum to the totals.
a NAICS, U.S. Census Bureau, www.census.gov/epcd/www/naics.html
b Excludes medical and diagnostic laboratories (NAICS 6215) where data is unavailable.
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Data by Selected Occupations

Th is section focuses on selected health care occupational groups, those which experienced the highest 
number of nonfatal injuries and illnesses involving days away from work in 2005. Th e se include nursing 
aides, orderlies and attendants, registered nurses, licensed practical and vocational nurses, home health 
aides, personal and home care aides, and child care workers.

Tables 2 .15 a nd 2 .16 d isplay t he 2005 percent d istribution of nonfatal i njuries a nd i llnesses i nvolving 
days away from work by the sex, race, ethnic origin, and the age group of workers in these six occupa-
tions a nd p rivate i ndustry. Women i n t hese o ccupations e xperienced mo st o f t he i njury a nd i llness 
burden, representing 8 4%–98% of t he reported c ases. With exception of registered nurses, Blacks i n 
these occupations also experienced a d isproportionately higher number of cases as compared to t heir 
counterparts in private industry. Registered nurses represented the only occupational group that expe-
rienced a disproportionately higher number of cases for Asian workers, as compared to private industry. 
Th e percents for Hispanics in each of the six occupations were less than their counterparts in private 
industry. When compared to private industry, there was a greater proportion of injury and illness cases 
in the older age groups for many of these occupations, with the exception of nursing aides, orderlies and 
attendants, and child care workers.

Fatal Occupational Injuries

In 2 005, HCSA ac counted for 104 work-related fatalities.13 Fi ft y-six (56%) of t hese fatalities i nvolved 
transportation ac cidents (mostly h ighway ac cidents). A ssaults a nd v iolent ac ts ac counted for 21% of 
the fatal occupational injuries within the HCSA sector, with about an equal number of homicides and 
suicides.

TABLE 2.15 Percent Distribution of Nonfatal Injuries and Illnesses Involving Days 
away from Work by Sex, Race, or Ethnic Origin of Worker for Occupations in HCSA Sector 
with Highest Number of Cases in 2005

Occupation
Lost Day Injury and 

Illness Cases

Percent Distribution of Nonfatal Injuries and Illnesses 
Involving Days away from Work

Women
Black or African 

Americana Hispanic or Latinoa Asiana

Nursing aides, 
orderlies, and 
attendants

52,150 89 31.6 8.6 2.1

Registered nurses 20,100 92 7.8 3.5 6.6
Licensed practical 

nurses and licensed 
vocational nurses

7,190 93 17.1 3.7 1.4

Home health aides 7,110 98 23.4 11.4 1.0
Personal and home 

care aides
4,420 84 33.2 10.2 —

Child care workers 2,560 86 33.9 10.2 —

Total (private 
industry, 16 years 
and older)

33.7 11.8 19.0 1.5

Source: From Bureau of Labor Statistics, Table R42, http://www.bls.gov/iif/oshwc/osh/case/ostb1698. 
txt and Table R43, http://www.bls.gov/iif/oshwc/osh/case/ostb1699.txt

Notes: Dash (—) indicates data are unavailable. Because of rounding and data exclusion of nonclassi -
able responses, data may not sum to the totals.

a Includes women and men.
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In 2005, the incidence rate of fatal work-related injuries in the HCSA sector was 0.7 per 100,000 work-
ers in 2005, compared to an incidence rate of 4.3 in private industry (Figure 2.22). Among the four sub-
sectors, hospitals accounted for the lowest incidence rate (0.4) and ambulatory care services and social 
assistance represented the highest rate (0.9).
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FIGURE 2.22 Rate of fatal occupational injuries, HCSA sector and private industry, 2005. (From Bureau of Labor 
Statistics, Census of Fatal Occupational Injuries, Special tabulation—Number and rate of fatal occupational inju-
ries by selected worker characteristics, 2003–2005, http://www.bls.gov/iif/)

TABLE 2.16 Percent Distribution of Nonfatal Injuries and Illnesses Involving Days away from Work by Age 
for Occupations in HCSA Sector with Highest Number of Cases in 2005

Occupation

Lost Day Nonfatal 
Injury and Illness 

Cases

Percent of Nonfatal Injury and Illness Cases Involving Days away 
from Work by Age Group

16–19 20–24 25–34 35–44 45–54 55–64 65 and Over
Nursing aides, 

orderlies, and 
attendants

52,150 3.1 15.0 26.7 26.3 19.6 8.2 1.0

Registered nurses 20,100 0.6 2.2 0.7 26.6 34.8 17.2 2.6
Licensed practical 

nurses and 
licensed vocational 
nurses

7,190 0.3 2.8 21.3 27.9 30.5 15.8 1.1

Home health aides 7,110 0.4 8.0 18.5 20.3 30.8 19.2 2.7
Personal and home 

care aides
4,420 1.4 12.9 15.2 23.9 25.9 16.4 4.3

Child care workers 2,560 2.3 27.7 27.3 16.8 20.3 4.7 1.2

Total (private 
industry, 16 years 
and older)

3.4 10.9 23.8 25.5 23.1 11.1 2.2

Source: From Bureau of Labor Statistics, Table R41, http://www.bls.gov/iif/oshwc/osh/case/ostb1697.txt
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Other Key Facts9,14

In 2 005, s trains a nd s prains were t he le ading nat ure o f i njury i n e very m ajor i ndustry s ector. • 
HCSA accounted for nearly one in  ve cases of all sprains and strains.
In 2005, HCSA accounted for one in  ve cases of all falls on the same level. Two-thirds of these • 
cases were reported by nursing and residential care facilities and hospitals.
Nursing aides, orderlies, and attendants experienced the third highest number of days away from • 
work in 2005 (52,150 cases) among a ll occupations and the highest among health care occupa-
tions, with the majority (89%) of the cases involving women. Injuries to these workers were attrib-
utable to health care patients 58% of the time and were due to overexertion for 54% of the cases. 
Th e median number of days away from work for this occupation was 5.
Registered nurses accounted for the 11th highest number of injuries and illnesses involving days • 
away from work in 2005 (20,100) among all occupations and the 2nd highest among health care 
occupations. Th e median number of lost workdays for this occupation was 6.
In 2 005, t he c ombined number of i njury a nd i llness c ases i nvolving d ays away f rom work for • 
nursing aides, orderlies, and attendants; and registered nurses (72,250 cases) accounted for over 
40% of all injuries and illnesses involving days away from work in the HCSA sector.
Th e HCSA sector accounted for nearly 20% (• n = 72,780) of all work-related MSDs involving days 
away from work in 2005, exceeding all industry sectors. Nursing aides, orderlies, and attendants 
had the highest number of MSD cases among health care occupations (28,920) and the second 
highest among all occupations. Registered nurses had the second highest number of cases among 
health c are o ccupations (9,060) a nd t he eig hth h ighest number a mong a ll o ccupations. Home 
health aides and licensed practical and vocational nurses had the next highest number of MSD 
cases among health care occupations, ranking in the top 25 of all occupations.
In 2005, two-thirds of personal assaults and violent acts occurred in the HCSA sector.• 

Reported BLS Cases Underestimate Magnitude 
of Occupational Injuries and Illnesses

Studies have shown that the BLS SOII fails to c apture a l arge proportion of job-related injuries and 
illnesses o f private s ector employers.15–17 A re cent s tudy o f i njury a nd i llness re porting i n M ichigan 
found that the SOII missed more than two-thirds of job-related injuries and illnesses,15 while another 
study estimated that the SOII missed between 33% and 69% of all injuries and illnesses.16 Additionally, 
major changes in OSHA recordkeeping rules in 1995 and 2002 have been shown to correspond directly 
to substantial declines in the number of SOII recordable injuries and illnesses.18 For example, starting in 
2002, MSDs were recorded in the “all other illnesses” illness category on OSHA Form 300 that, in eff ect, 
lumped MSDs in with all reported illnesses not categorized as skin disorders, respiratory ailments, 
poisonings, or hearing loss. Th e change has been perceived by many to obscure the magnitude of MSD 
cases in Health Care and other industries where MSDs represent a major problem.

Apart from regulatory changes, causes of underreporting of nonfatal injuries and illnesses are 
many a nd d iverse.17 C auses f or u nderreporting b y em ployers i nclude t he f ollowing: ne glect f or o r 
lack of knowledge of recordkeeping requirements, negative impact of injury records on management 
bonuses, control increase of workers’ compensation/insurance rates, avoid targeted OSHA inspec-
tions, or maintain eligibility for contracts requiring a good safety record. Likewise, workers may not 
report safety or health problems to their employers for many reasons, such as fear of disciplinary 
action, not w anting supervisor to t hink worker was careless, i njury too minor to re port, u nable to 
aff ord lost work t ime, lack of awareness that problem is work related (particularly t rue for diseases 
with long latency periods), injury is considered part of the job (particularly true of health care work-
ers), frustration with workers’ compensation procedures, or negative impact on company goal of a 
perfect safety record (especially when reinforced by incentive programs that inadvertently result in 
peer pressure and are perceived to off er large rewards for hiding injuries). Despite these limitations, 
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the data from the SOII represent the only source of national data on the numbers and rates of occu-
pational injuries and illnesses.

Infectious Disease Data

Sharps Injuries

Two surveillance systems have been developed to measure SIs among health care workers: the Exposure 
Prevention Information Network (EPINet) at the University of Virginia (http://www.healthsystem.vir-
ginia.edu/internet/epinet/about_epinet.cfm) and the CDC’s National Surveillance System for Hospital 
Health C are Workers (N aSH) ( http://www.cdc.gov/ncidod/dhqp/nash.html). C haracteristics o f t hese 
two systems and data derived from them are shown in Table 2.17. Data from EPINet and NASH, adjusted 
for underreporting, have been used to estimate that 384,325 percutaneous injuries are sustained 
annually by hospital-based health care personnel.19 Since almost half of U.S. health care workers work 
outside of hospitals, as many as 600,000–800,000 SIs (Table 2.18) may occur annually among all health 

TABLE 2.17 SI Surveillance Data from Four Sources

Characteristic EPINet NaSH Massachusetts California

Number of sites 48 hospitals 26 hospitals 99 hospitals 316 (of >3000 licensed 
acute care hospitals, 
home health care 
agencies, and skilled 
nursing facilities)

Most recent published 
data

2003 Summary report 
June 1995 to 
July 1999

2004 1998–1999

Number of SIs per 
year reported

1728 1380 (average) 3279 976 (average)

Rate of SIs in most 
recent year available

23.87 SIs per 100 
occupied beds

18.3 per 100 licensed 
hospital beds

Occupations associated 
with injuries

37.9% nurses
22.1% physicians

44% nurses
30% physicians

39% nurses
33% physicians

49% nurses
9% physicians

9.0% surgery 
attendants

5.4% phlebotomist/
venipuncture/
IV team

2.4% clinical 
laboratory 
workers

13% technicians 20% technicians 
(includes surgical, 
phlebotomists, 
and clinical 
laboratories)

10% technologists
9% aides, orderlies, 

and nursing 
assistants

8% phlebotomists 
needles per syringe

8% suture needles
7% butter y needles

Devices associated 
with injuries

32% disposable 
syringes

21% suture needles

34% syringes
16% suture needles
13% butter y needles

31% hypodermic 
needles

22% suture needles 
(56% hollow bore 
needle: hypodermic, 
butter y, vacuum tube, 
and others)

32% disposable

Injuries with safety 
devices

32% 4.3 (195/4569) 33%

Sources: From Perry, J., Parker, G., and Jagger, J., Adv. Expo. Prev., 7, 42, 2005; National Surveillance System for Hospital 
Health Care Workers Summary Report for data collected from June 1995 through July 1999; Sharps Injuries among Hospital 
Workers in Massachusetts, 2004: Findings from the Massachusetts Sharps Injury Surveillance System, published April 2007; 
Cone, J., Calif. Morbidity, September 2000.
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care workers, but l ittle d ata a re available a bout t he o ccurrence o f SIs i n outpatient s ettings.20 A f ew 
states, including Massachusetts and California, have also developed their own SI surveillance systems. 
Based on data from these surveillance systems, it is known that most reported SIs are associated with 
hypodermic syringes or other hollow-bore needles and most reported SIs occur in nursing, medical, or 
laboratory staff , but housekeepers and other health care workers are also at risk (Table 2.17).21–24

Although reported SIs among health care workers are a common occurrence, fortunately, they rarely 
lead to i nfection w ith blo odborne p athogens ( Table 2 .18).20,25,26 U sing m athematical mo deling, t he 
World Health Organization estimated the incidence of infections attributable to percutaneous injuries 
and concluded that 39% of HCV, 37% of HBV, and 4.4% of HIV infections acquired among health care 
workers worldwide in 2000 were attributable to occupational exposure via SIs. Th e occupational attrib-
utable f ractions for t he United States were estimated to b e substantially lower: 8%, 1%, a nd 0. 5% for 
HCV, H BV, a nd H IV, respectively. Th e probability of acquiring an infection depends on the prevalence 
of infection among the patient population, the probability of health care worker exposure, the probability 
of infection occurring aft er exposure, and the proportion of health care workers that are susceptible to 
infection.27 Sepkowitz a nd Eisenberg estimated a nnual death rates for U.S. health care workers f rom 
occupational events to be 17–57 per 1 million workers. Th ey attributed more than half of these deaths 
(between 80 and 260 total deaths in 2002) to infection; 75–250 deaths from HBV, and 5–10 deaths from 
HIV, HCV, and tuberculosis (TB) combined. Th eir estimates were based on reported rates of needlestick 
injuries, infection prevalence among patients, reported infections among health care workers, and the 
risk of dying from infections once acquired.28

HIV

Th e average risk of HIV transmission aft er a p ercutaneous exposure from a k nown positive source is 
estimated to be 0.3%. Risk factors for transmission include exposure to a l arge quantity of blood from 
the source person (e.g., device visibly contaminated with patient’s blood, procedure involving a needle 
being placed directly into a vein or artery, or deep injury), exposure to blood from a source person with 
terminal illness, hollow-bore needles, and, possibly, immunologic factors in the exposed worker.29

Data o n H IV i nfection a nd A IDS a mong h ealth c are w orkers h ave b een c ollected b y t he C DC 
through the HIV/AIDS Reporting System and the National Surveillance for Occupationally Acquired 
HIV Infection System.30 Health care personnel with HIV/AIDS who are reported without any known 
risk for HIV infection are investigated by state and local health departments using the following case 
de nitions. Documented cases of occupationally acquired HIV/AIDS are those in which HIV sero-
conversion is temporally related to an exposure to an HIV-positive source and in which the exposed 
worker has no no noccupational r isk factors for acquisition of HIV (e.g., male homosexual–bisexual 
contact o r I V d rug u se). Possible c ases o f o ccupationally ac quired H IV/AIDS a re t hose i n w hich a 

TABLE 2.18 Frequency Estimates for the United States, 1998

Health Outcome Estimated Number

SIs 600,000–800,000
Occupationally acquired hepatitis B infection 461
Occupationally acquired acute hepatitis B 132
Occupationally acquired acute hepatitis C 70
Occupationally acquired HIV 1

Sources: F rom CDC, NIOSH Alert: Preventing Needlestick Injuries in 
Health C are S ettings, Department of Health and Human Services, CD C, 
Cincinnati, OH, DHHS (NIOSH) Publication No. 2000-108, 1999; Personal 
communication wi th I an Williams, Di vision o f Viral H epatitis (D VH), 
CDC, February 1, 2002 and Annemarie Wasley, DVH, CDC, April 20, 2007; 
Do, A.N., Ciesielski, C.A., Metler, R.P., Hammett, T.A., Li, J., and Fleming, 
P.L., Infect. Control Hosp. Epidemiol., 24, 86, 2003.
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worker is found to be HIV positive, has no nonoccupational risk factors for HIV/AIDS, and has oppor-
tunities for occupational ex posure to blood, body  uids, or HIV-positive laboratory material. More 
than 90% of health care personnel infected with HIV have reported nonoccupational risk factors for 
acquiring their infection.

Between 1981 and 2006, the CDC received reports of 57 documented cases and 140 possible cases of 
occupationally acquired HIV in U.S. health care workers (Table 2.19). Th irty-one (54%) of the impli-
cated exposures occurred prior to 1991. Eight of the documented HIV cases occurred despite antiviral 
postexposure prophylaxis. No documented occupationally acquired cases of HIV infection have been 
reported since 1999, and the most recent possible case of occupationally acquired HIV was reported 
in 2000.

HBV

CDC e stimated a n i ncidence of 17,000 H BV i nfections per ye ar a mong health c are workers i n 1983, 
which declined to app roximately 400 in 1995, aft er widespread immunization of health care workers, 
implementation of universal precautions, and adoption of the OSHA bloodborne pathogens standard. 
In 1983, t he estimated i ncidence of HBV i nfections a mong health care workers was t hreefold h igher 
than the incidence in the general U.S. population (386 per 100,000 vs. 122 per 100,000). By 1995, how-
ever, t he e stimated i ncidence o f H BV i nfections a mong h ealth c are w orkers w as mo re t han  vefold 
lower than the incidence in the general U.S. population (9.1 per 100,000 vs. 50 per 100,000).31 Th e CDC’s 
Division of Viral Hepatitis estimates that 139 cases of acute HBV were occupationally acquired in 1995 
(3.2 per 100,000 health care workers in patient care occupations), which declined to 87 in 2004 (1.6 per 
100,000 workers) (Figure 2.23).25,32

TABLE 2.19 Occupations of Health Care Workers with 
Documented and Possible Occupationally Acquired HIV 
Infection, 1981–2006

Occupation Documented Possible

Nurse 24 35
Laboratory technician (clinical) 16 17
Physician (nonsurgical) 6 12
Laboratory technician (nonclinical) 3 —
Housekeeper/maintenance workers 2 13
Technician (surgical) 2 2
Embalmer/morgue technician 1 2
Health aide/attendant 1 15
Respiratory therapist 1 2
Technician (dialysis) 1 3
Dental worker (including dentist) — 6
Emergency medical technician 

(paramedic)
— 12

Physician (surgical) — 6
Other technician/therapist — 9
Other health care occupation — 6
Total 57 140

Source: From Do, A.N., Ciesielski, C.A., Metler, R.P., Hammett, 
T.A., Li, J., and Fleming, P.L., Infect. Control Hosp. Epidemiol., 24, 86, 
2003.

Note: Dash (—) indicates no reported cases.
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HCV

From 1999 t hrough 2 004, t he percentage of pat ients w ith ac ute hepatitis C c ase who reported being 
health care workers averaged about 2% (range: 1%–4%). Th is increased to 7.2% in 2005. It is unknown 
what proportion of these cases was occupationally acquired.33 It ha s be en e stimated t hat percutane-
ous e xposure le ads to 5 0–150 t ransmissions o f H CV a mong h ealth c are w orkers a nnually, a ssum-
ing that hospitalized patients have the same HCV seroprevalence as the rest of the U.S. population.28 
Seroprevalence studies of HCV in health care workers suggest minimally increased risk compared with 
the general population.34

Tuberculosis

Th e TB incidence in health care workers declined from 4.9 per 100,000 workers in the health care indus-
try in 1994 to 3.0 in 2005 (Figure 2.24).32,35,36 In 2005, 3.1% (420) of nationally reported TB cases for 
whom occupational information was available occurred among health care workers.36

Th e prevalence of TB a mong health care workers in 2006 (3.2 per 100,000 population) was h igher 
than t he prevalence of T B a mong health c are workers i n 2 005 (3.1 per 100,000 population), a nd t he 
prevalence has been slightly increasing since 2001. Th e r isk of occupational acquisition of TB among 
health care personnel has increased due to the emergence of multidrug-resistant and extensively drug-
resistant T B a nd t he ne ed to h ospitalize pat ients not re sponding to t raditional o utpatient a ntibiotic 
regimens. Even though the incidence of TB is decreasing in the U.S. population, health care personnel 
remain at risk without careful adherence to engineering and administrative controls.37,38

Other

A recent review found published case reports of occupationally acquired bloodborne infections for a 
total of 60 pathogens or species: 26 viruses, 18 bacteria/rickettsia, 13 parasites, and 3 yeasts.39

* Patient care occupations include physicians, dentists, nurses, physicians’ assistants, and health technologists
  and technicians.
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FIGURE 2.23 Incidence of acute hepatitis B among health care workers. (From personal communication with Ian 
Williams, Division of Viral Hepatitis (DVH), CDC, February 1, 2002 and Annemarie Wasley, DVH, CDC, April 20, 
2007; CDC, Morbidity Mortality Wkly Rep, 56, 2007; Household Data Annual Averages, Current Population Survey, 
Bureau of Labor Statistics, U.S. Department of Labor, 1995–2005.)
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Disease and Cause-Specifi c Mortality Data

Death cer ti cate d ata i nformation f rom t he N OMS (N ational O ccupational M ortality Su rveillance) 
system, w ith multiple c ause of de ath, coded u sual or l ifetime occupation, a nd i ndustry i nformation, 
were used to assess whether any associations exist between cause-speci c mortality and occupation and 
industry. For this surveillance system, 28 states have provided coded data for this surveillance system 
for the years 1984–1998 and multiple cause analysis was conducted. Th e measure of association used 
most oft en was the proportionate mortality ratio (PMR), de ned as the ratio of the proportion of deaths 
due to a speci c cause for a speci ed occupation or industry during a speci ed time period divided by 
the proportion of deaths due to t hat c ause for a ll occupations or i ndustries during t he s ame period, 
multiplied by 100. A PMR is considered to be signi cantly elevated when its value is greater than 100 
and the lower 95% con dence interval (CI) exceeds 100. A signi cantly elevated PMR suggests that more 
deaths than expected are associated with a given cause of death in a specified occupation or indus-
try. PMRs should be interpreted as  ags or indicators that describe gaps, trends, and elevated risks for 
serious, acute and chronic disease, and fatal injuries. Th e NOMS system is available on the Web as an 
interactive query system for access to precalculated PMRs by occupation or industry.40

NOMS data were analyzed to produce mortality estimates for each of the four HCSA industry sub-
sectors and for 18 major health care occupations (Tables 2.20 and 2.21, respectively). PMRs for the top 
10 causes of death (i.e., most highly and signi cantly elevated causes of death), excluding those associ-
ated with small numbers of deaths, are reported in Table 2.20. Th ree causes of death (AIDS, non-A and 
non-B v iral hepatitis, a nd various cancers) were observed in a ll four subsectors. Drug-related deaths 
were observed in all three health care subsectors. Th e following causes of death were observed in two 
of the subsectors: viral hepatitis B (ambulatory health care services and hospitals), sarcoidosis (hospi-
tals a nd s ocial a ssistance), a nd m alignant mel anoma of t he s kin a nd p olyarteritis no dosa a nd a llied 
conditions (ambulatory h ealth c are s ervices a nd s ocial a ssistance). O f t he top 1 0 c auses o f de ath i n 

*Health care industry includes hospitals and nonhospital health services.
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FIGURE 2 .24 Incidence of T B a mong he alth c are work ers. (From O nline Tuberculosis I nformation S ystem 
(OTIS), National Tuberculosis Surveillance System, United States, 1993–2004, U.S. Department of Health and 
Human Services (US DHHS), Centers for Disease Control and Prevention (CDC), Division of TB Elimination, CDC 
WONDER Online Database, March 2006; CDC, Reported Tuberculosis in the United States, 2005, U.S. Department 
of Health and Human Services, CDC, At lanta, GA, September 2006; Household Data Annual Averages, Current 
Population Survey, Bureau of Labor Statistics, U.S. Department of Labor, 1995–2005.)
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ambulatory health care services, those unique to t his subsector included air and space transport acci-
dents, ot her lung d iseases due to e xternal a gents, a nd myoneural d isorders. O f t he top 1 0 c auses o f 
death in hospitals, those unique to this subsector included asthma, disorders of the peripheral nervous 
system, and diff use diseases of connective t issue and acute myeloid leukemia. Of the top 10 causes of 
death in nursing and residential care facilities, those unique to this subsector included accidents caused 
by nat ure; d iabetes mel litus; en docrine, n utritional, me tabolic, a nd i mmunity d isorders; a nd moto r 
vehicle traffi  c accidents. Of the top 10 causes of death in social assistance, those unique to this subsector 
included neu rotic a nd personality d isorders, mental d isorders a ssociated w ith s olvent e xposure, a nd 
infectious and parasitic diseases.

Table 2.21 presents the top 3 signi cantly elevated PMRs for each of the 18 largest HCSA occupations. 
Infectious diseases (AIDS, hepatitis, etc.) were among the top 3 sig ni cantly elevated PMRs for 11 of 
the 18 occupations, with AIDS being the most prevalent, accounting for thousands of deaths. Several 
cancers (small intestine, female genital organs, pancreas, bone, and Hodgkin’s disease) were also among 
the top 3 sig ni cantly elevated PMRs for 11 of the 18 occupations. Other causes that were observed in 
more than one occupation included lymphatic cancer and multiple myeloma, drug-related deaths, air 
and space transport accidents, sarcoidosis, and mental disorders.

Data Source Limitations

Th e ability to describe the distribution and determinants of occupational injury, disease, and mortality 
has improved since the passage of the Occupational Safety and Health Act. However, occupational safety 
and health surveillance data remain fragmented and have substantial gaps. Th is section is illustrative of 
the fragmented nature of occupational health statistics, though providing the reader with information 
representative of the current statistical and surveillance data sources. As noted recently by Rosenman 
and colleagues, no comprehensive occupational injury and illness (acute and chronic) surveillance sys-
tem exists in the United States, either at the national or state levels.15

Each of the data sources used herein has limitations, particularly those that attempt to quantify 
reports of occupational injury and illness (i.e., disease caused by exposures at work). For example, the 
design of SOII, conducted annually by the U.S. BLS, excludes ~22% of the labor force (self-employed 
workers, public sector workers, and individuals employed on farms employing 10 or fewer workers). In 
1987, the National Academy of Sciences reported on de ciencies in the BLS’s occupational health and 
safety statistical programs.41 Despite improvements to t he SOII, recent studies have reported that the 
SOII substantially u ndercounts acute nonfatal i njuries, a nd i s generally believed to u ndercount both 
acute and chronic illnesses from chronic chemical and other exposures. Recordkeeping and regulatory 
changes have been suggested as explaining recent declines in the magnitude of occupational injuries 
and illnesses.18

Selected data on occupational mortality are presented in this section. Th e strengths and limitations 
of death certi cate data have been discussed at length.42,43 Th e fact that many individuals do not die as 
a direct result of their work-related disease prompts NIOSH to m aintain surveillance for all causes of 
death, underlying and contributing. Certifying physicians typically do not l ist a ll of a de cedent’s dis-
eases on the death certi cate. As with any analysis based on death certi cate data, there is undoubtedly 
some misclassi cation of cause of death, and death certi cates rely on usual industry and occupation, 
which may not re ect lifetime exposure histories.

Data that depend, either directly or indirectly, on physician reporting or recording of occupational 
or work-relatedness can be in uenced signi cantly by the physician’s ability or willingness to su spect 
and evaluate a relationship between work and health. Th ese, in turn, are in uenced by evolving medi-
cal/scienti c information, and by the legal, political, and social environment. Some factors may lead to 
increased diagnosis and recording/reporting (e.g., the Occupational Safety and Health Act of 1970), while 
other factors may reduce occupational disease recognition or reporting by physicians (e.g., long latency 
between a work exposure and disease development, or concern about involvement in litigation).
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Summary

Th e su rveillance d ata de scribed i n t his s ection p rovide i nformation o n t he h ealth s tatus o f w orkers 
in the HCSA sector. National surveillance systems show that this sector is particularly hazardous to 
workers in terms of nonfatal injuries and illnesses; the HCSA sector has the second largest share of all 
nonfatal injury and i llness cases, as well as cases involving days away f rom work. Incidence rates for 
nonfatal i njuries a nd i llnesses i n t his s ector a re d riven by nursing a nd re sidential c are f acilities a nd 
hospitals, with rates nearly double of those in a ll private industry. Predominant injuries and i llnesses 
among health care workers include sprains and strains; injuries associated with slips, trips, and falls; 
overexertion/repetitive trauma injuries associated with pat ient l ift ing and assaults f rom pat ients; and 
SIs. Disease and cause-speci c mortality data show signi cantly elevated causes of death in the sector 
for infectious disease, various cancers, and drugs. Limitations associated with the various reported data 
are a lso provided a nd u nderscore t he i mportance of i mproved su rveillance of ac ute a nd chronic i ll-
nesses and acute nonfatal injuries in this sector.
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Lift Teams: A Proven Method to Reduce Back 
Injury in Health Care Workers

William Charney

Historical Background

Back injuries remain one of the most signi cant inju-
ries in the United States and according to the Bureau 
of L abor St atistics ( BLS) d ata “ health c are w ork” i s 
the le ading i ndustry f or m usculoskeletal d isorders 
(MSDs) if all categories of health care worker exposure 
to pat ient l ift ing are added together. Transportation 
(truck drivers) is offi  cially rated number 1 for MSDs 
at 45,327. However, CNAs, RNs, and LPNs are 44,660, 
12,074, and 5,598 respectively for a total of 62,332 or 
138% above truck drivers.1 Nurses’ annual prevalence 
rate for back injury is 40%–50%.2

Manual l ift ing, tr ansferring, an d r epositioning 
of pat ients a re t he ac tivities a nd job t asks a ssoci-
ated with MSDs in health care workers.3–6 Ma rras7 
showed i n b iomechanical m odeling t hat ma nual 
lift ing and repositioning can put a health care work-
er’s risk for injury at 75% for each task. Most of the 
lift ing of patients, according to t he Marras study, is Lift ing team
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in a c ompressive force range of between 4000 and 12,000 N, well above the recommended National 
Institute for Occupational Safety and Health (NIOSH) Guidelines of 3400 N and some are well above 
the upper limit of the NIOSH Guidelines of 6400 N.

Causes of Back Injury in Health Care Workers’ Compensation

According to Ha iduven,8 t here a re o rganizational 
factors a nd en vironmental f actors t hat i n uence 
the incidence of back injury to health care workers. 
Organizational factors include time pressure to per-
form the task; lack of available lift ing aids; and lack of 
personnel to a ssist with the l ift  task. Environmental 
factors i nclude s pace re strictions; health c are f acili-
ties not e rgonomically designed so mechanical l ift s, 
if available, do not  t into rooms, bathrooms, or bath-
ing rooms.

Another f actor t hat h as le d to t hese h igh r ates o f 
injury is lack of ergonomic legislation that would man-
date use of mechanical equipment to reduce the com-
pressive loads on the health care workers. Voluntary 
prevention programs are not keeping pace with the 
rates o f i njury. I n n ursing h omes i n pa rticular, t he 
rates of back injury have doubled in the last 10 years 
and in acute care the rates have increased by 40%.

A continuing problem is the lack of understanding 
of the cost of these injuries to the health care system.

Few CEOs understand t he science of cost–bene t 
analysis for injury. In most health care facilities, back 
injury accounts for between 35% a nd 60% of work-
ers’ co mpensation cost s. A nd t hat is  co mputed i n 
direct cost  d ollars, co mpensation p remium cost s 
that include workers’ compensation costs, and medi-
cal costs. It is widely accepted now that indirect costs 
are four times the direct costs. Th ese include replace-
ment cost s, r ecruitment cost s, ma nager t ime cost s, 
training and orientation costs, etc.

One c an c onsider t he bac k i njury r ates to w hich 
health c are workers have bee n ex posed t o over t he 
decades as part of the general malaise and problem-
atic in occupational health generally. Th e United 
States is 27th per-capita on occupational health 
spending. A d isservice has been perpetuated on the 
occupational health community in the United States 
in the form of a myth that occupational health pre-
vention is a cost rather than part of the pro t of the 
health care system.

All t he savings generated as part of sound scien-
ti c prevention programs can be reinvested into the 
system to make it more effi  cient and pro table at the 
bedside.

Lift  team member adjusting lift 

Mobilizing bariatric patient
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Health c are w orkers a re c ontinuously 
exposed to MSDs. One study9 showed that 
the a verage w ard n urse l ift s 1 .8 to ns p er 
shift . Another study10 showed that 83% of 
nursing personnel work despite back pain 
and 6 0% fear a d isabling bac k i njury. A n 
American Nurses Association Health a nd 
Safety Survey of 2001 which surveyed a 
cohort of  4 826 n urses re ported t hat 6 0% 
had a f ear o f de veloping a s evere bac k 
injury.11

Goals: Mechanization

Th e goal in the health care delivery sys-
tem i s to me chanize pat ient t ransfers 
and re positionings i n order to re duce t he 
compressive f orces o n t he l umbar s pine, 
and not t urn t he c aregivers i nto pat ients. 
Other industries have mechanized to great 
advantage i n re ducing t heir i njury c laim 
rates. O ne elemen t i n t he me chanization 
process i s t he L ift  Team, a s t hey a re pa rt 
of the overall model that mandates the use 
of m echanical e quipment d uring pa tient 
transfers a nd remo ves n ursing e xposure 
to the manual loads. Lift  Teams put “risk 
where i t c an b e c ontrolled” i n a sm all 
group of teams rather t han i n large nurs-
ing departments.

The health care industry mechanizes 
for pat ient d iagnostics a nd t reatment; 
however, t he s econd p art of  t he e quation of  me cha-
nization for health care worker safety is lagging far 
behind. The manufacturers of l ifting equipment and 
patient move ment t echnology h ave done a c redible 
job in providing t he industry w ith technical opt ions 
to protect health care workers. The research and 
development ph ase of pat ient move ment t echnol-
ogy has produced advanced f loor lift designs; ceiling 
mounted t ransfer de signs; si t to s tand mo dels; l ifts 
that remove patients from cars, baths, and showers 
mechanically; l ateral t ransfer s tretchers; ba riatric 
lifts; b eds t hat c an re position pat ients; a nd re posi-
tioning de vices f rom s lip s heets to h andles o n b eds 
that can position patients (see chapter); and, despite 
peer re view, s cience s howing a n e xtremely p ositive 
cost–benefit a nd pa yback w ithin 1 2–15 mo nths f or 
equipment a nd ot her s hort pa yback p eriods f or p ro-
gram im plementation.10–13 Howe ver, t he i ndustry i s 
slow to implement.

Transferring patient using vertical lift 

Transferring bariatric patient

Lift  team with patient



Back Injury Prevention in Health Care 3-5

What Does Not Work?

 1.  Manual l ift ing: Ma nual l ift ing i s t he c ause of low-back d isorder r isk during pat ient handling. 
According t o diff erent re searchers si mple t wo-dimensional mo dels h ave i ndicated l arge lo ads 
during the various patient transfers (Garg and Owen, 1994). According to research, most, if not 
all manual l ift s, exceed t he recommended l imits of 3400 N of force considered t he safety l imit 
by NIOSH. At 3400 N, we  rst begin to s ee vertebral and cartilage endplate microfractures. At 
between 3400 and 6400 N (upper NIOSH limit), up to 5 0% of population would be expected to 
develop endplate microfractures. And above 6400 N of force, more than 50% of people would be 
expected to develop endplate microfractures. A one-person reposition using the “hook” method 
approaches 9000 N of force. And according to M arras lower-back disorder probabilities ranged 
from 77% to 91% with compressive force ranges of between 3400 and 6400 N of force for manual 
transfer lift s.

 2.  Training in biomechanics: Historically, it was widely accepted that classes in body mechanics 
and training in l ift ing techniques could prevent t hese job-related i njuries. It was usually t he 
 rst and last method attempted at controlling back injury in health care. However, 35 years of 
research disputes this belief.14 Th ese  eff orts have continuously failed at reducing rates of back 
injury i n pat ient c are settings. Modeling for biomechanics was ba sed on research conducted 
with predominately ma le subjects who l ift ed b oxes vertically f rom t he  oor. Unlike lift ing a 
box with handles, a patient lift  is much more problematic. A patient’s weight is not evenly dis-
tributed and the mass is asymmetric, bulky, and cannot be held close to the body. Additionally, 
patient movement is unpredictable with combative patients, patients that lose balance, diff er-
entials in pain thresholds, etc. Th is vertical model does not account for all the lift ing, turning, 
and repositioning of patients on the lateral plane which uses weaker muscles of the arms and 
shoulders instead of legs. Twisting, torquing, awkward positions during pat ient handling are 
20%–30% of working t ime with pat ients, producing stressful compressive forces on the disks 
and muscles i n t he s pine. Biomechanics t raining h as ne ver c ontrolled for a ll t hese v ariables 
and, therefore, is not eff ective in reducing injuries.

 3. Nursing schools a re s till teaching manual l ift ing a s pa rt of t he c urriculum. O wen pointed out 
that in her studies that over 95%15 of nursing schools are still teaching this method. Th is creates a 
discordant paradigm with the new science con icting with the current curriculum.

Lift  team member directing patient
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Lifting Team Strategy

 1.  Lift ing is a skill rather than a random task. Patient transfers and repositions are complex move-
ments due to pat ient individuality, pain thresholds, room spacing, patient weight, etc. Th ere are 
over 20 diff erent types of patient transfers and repositionings that must be learned, from verti-
cal transfers and lateral transfers; sit-to-stand paradigms; walking of patients; dressing patients, 
car t ransfers, toileting pat ients, bat hing pat ients, t urning pat ients, rol ling pat ients; a nd a mbu-
lance transfers. All of which have been shown to create excessive compressive forces on the spine. 
Additionally, there are over 20 diff erent types of mechanical equipment available that one must 
learn to manipulate; including, but not limited to vertical lift s, lateral lift s, sit-to-stand lift s, bath 
lift s, shower devices, ceiling lift s, toilet lift s, and car lift s. All with three or four diff erent type of 
slings are to be used for diff erent patients or t ype of l ift s. A ll t hese maneuvers a nd equipment 

Lift  team member assisting lift 

Lift  team members assisting lift 
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require a specialized skill set to be performed in a safe manner for both patient and health care 
worker. Th en there are even more subsets. Bariatric patients pose another risk-management chal-
lenge and they need to be handled safely and with dignity of care.

   Patients have no handles and a 10 lb load lift ed away from the body exerts a force of 100 lb on 
the lumbar spine.16 Th e average age of U.S. nurses is 45 and many thousands have had a prior back 
episode, which increases their potential for an acute injury. Obesity in patients has increased the 
risk to caregivers who lift  manually and the need for a higher level of training to reach the level of 
risk of exposure has never been mandated by the health care establishments. “Professionalizing” 
the task reduces a ll the variables due to t he expertise of the professional, and this in turn con-
tributes to t he safe movement of patients. Concentrating a s kill level in professional Lift  Te ams 
creates a safety factor for the staff  previously exposed to random lift ing. It guarantees that the lift  
will be done according to all the safest techniques, standards, and the use of equipment, applica-
tions of training and awareness of lift  principles thereby reducing the variables that create injury 
potential.

 2.  Putting risk where it can be controlled. Th is is a r isk-management strategy that considers the 
mathematics of numbers of people exposed and the number of variables that contribute to inci-
dence. In a large nursing department that includes RNs, LPNs, and others exposed to patient trans-
fers, the challenges are formidable that the safety parameters will be followed in ways that reduce 
biomechanical forces. Training of 1000 employees exposed to pat ient transfers in an acute care 
setting, including per diems and others, on all the parameters of a safe patient handling program 
is a r isk-management n ightmare g iven t urnover r ates o f 6 8% (American Hospital A ssociation 
[AHA]), vacancy rates of 8.76% (AHA), per diems, release time for training, etc. Th e variables are 
more controllable in a s et of teams that the criteria such as mandated use of mechanical equip-
ment, previsualization of lift , and coordination of lift  will be followed.

Lift Team Successes

Lift ing teams have been studied for approximately 13 years. Th e  rst published study was by Charney.17 
Th is study was done at San Francisco General Hospital, a 250 bed acute care facility, and, aft er 1 year, the 
rate of injury on the Lift  Team shift  was reduced to zero. Since 1991, at least nine other studies by diff erent 
authors have been published in peer review.8,18–24 Th ese studies have included approximately 30 diff erent 
acute care facilities ranging in size from 200 to 1500 beds. Th ere are also additional unpublished data from 
hospitals showing excellent results. For example, Tampa General Hospital (TGH), a 600-bed facility, has 

Saving nurses 1.5 h per shift 
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been r unning Li ft  Teams f or 2 ye ars 
and is showing pre-Lift  Te am P atient 
Handling injuries in 1999 of 105 inju-
ries t o 3 8 in juries 2  y ears p ost-Lift  
Team. In fact, all the published studies 
have all shown remarkable reductions 
in lost time injury, lost days, restricted 
days, compensation and medical dol-
lars, and even one study (Heft i et al.19) 
shows r eductions in  turn over r ates 
and vacancy rates attributed to the Lift  
Teams. Th ere i s now a mple e vidence 
proving the effi  ciency of Lift  Teams in 
reducing injury rates and statistically 
signi cant data in peer review prov-
ing t he eff ectiveness of Lift  Te ams i n 
most if not all injury categories.

Review of Some Data Published in Peer Review*

 1. Charney, “Ten Hospital Study” 23.5 combined years of Lift  Team Experience: 69% reduction of 
injury rates, 62% reduction of incident rates, 90% reduction in lost days, and 72% reduction in 
workers’ compensation costs.

 2. Charney, “18 Hospital Study” showed statistically signi cant reductions in all categories of risk in 
all hospitals studied, injury rates, compensation dollars, etc.

 3. Kaiser Northern California Data: All hospitals’ 
aggregate data showed a 7% o verall reduction 
in w orkers’ co mpensation cost s i n t he faci li-
ties u sing L ift  T eams a nd a 1 7% i ncrease i n 
workers’ co mpensation cost s i n faci lities n ot 
implementing L ift  Teams. All Kaiser facili-
ties in California are now required to have Lift  
Teams.

 4. New data are now showing a 3 9% decrease in 
workers’ compensation back claims in nursing 
department at Kaiser Lift  Team Hospitals.

 5. Harbor View Medical Center* 400 beds; Seattle 
Washington A necdotal D ata: Li ft  Teams 
reduced lost workdays from 1474 to 470 in the 
 rst year of implementation.

 6. Tri-City Health Systems, San Diego, CA: 3 year 
annual average of workers’ compensation data: 
$242,000 pre-Lift  Team costs were reduced to 
$14,000 aft er 1 ye ar o f i mplementation. L ost 
days, prior to Lift  Team, were reduced from 788 
days to 0.

 7. Sutter H ealth S ystems i n C alifornia: 6 ye ar 
review showed a frequency reduction from 12.9 

Lift  team member preparing patient sling

Lift  team member showing sling

* Unless otherwise noted by “*” as anecdotal.
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to 1.3 and an indemnity reduction from 9.7 to 0.8. Sutter also showed a reduction of workers’ com-
pensation claim dollars from a pre-Lift  Team for patient transfer claims of $2,248,817 to post-Lift  
Team of $1,551,875, reduction of $696,942 over 2 years.

 8. Woodland H ealthcare, a memb er h ospital o f C atholic H ealthcare W est, c rossed t rained a 
Transport Team to a Lift  Team. Restricted days were reduced from an average of 160 days pre-Lift  
Team to 2 days post.

 9.  Th e Mayo Clinic: A 1 500-bed facility reduced restricted days by 361%; a $ 310,000 reduction in 
cost of back injury over 4 years and the Teams performed over 60,000 lift s without an injury to 
staff  or Team members until the Teams were subject to budget cuts.

 10. Alaska Native Medical Center: 5 year comparable data showed Lift  Teams reduced lost days from 
61/100 FTEs to 20/100 FTEs. Th e Teams perform 10,000 patient contacts per year.

 11. Sioux Valley Medical C enter: A 5 00-bed h ospital w ith 2 ye ar d ata re duced i njury c laims b y 
69%, reduced lost days by 95%, reduced restricted days by 88%, reduced average cost per injury 
due to pat ient h andling f rom $9 894 to $ 1099. Medical c ost s avings d irect a nd i ndirect c osts 
$690,504.

 12. University of Chicago Hospital*: A 576-bed hospital performs 30–60 lift s per day: running two 
teams 7 days per week covering 8 a.m. to 9 p.m. Reduced injuries 40% for  rst year.

 13. Tampa General Hospital: A 6 00-bed facility implemented Lift  Teams on day and evening shift s 
7 days per week and installed ceiling l ift s a s their technology. Th ey showed a 6 2% reduction in 
workers’ compensation claims in the  rst year and a reduction in the patient handling injury rate 
from pre-Lift  Team of 2, to post-Lift  Team in 2003 to 0.5. RN injuries went from a high pre-Lift  
Team of 47 in 1 year to 21 post in 2003.

 14. Caska reported on Lift  Teams in three nursing home units in one medical center. Zero injuries on 
units and shift s that had access to Lift  Teams.

 15. Oregon Health & Science University Medical Center*: 1700 lift s are performed each month, cov-
ering all shift s on all days. Th e team uses  oor lift s for total body transfers. 75% of calls are for 
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repositionings. Average re sponse t ime for Team i s 3 min w ith a n average t ime s pent p erform-
ing the l ift  o f 9.1 min. 62% of a ll services were in the intensive care units with medical/surgical 
accounting for the balance of usage.

 16. Donaldson Study in a 296-bed facility showed a 60% reduction in claim frequency in 1 year and a 
90% reduction in claim frequency over 6 years. A 98.6% decrease in incurred loses for the 6 year 
period.

 17. Davis Study, University of Washington Medical Center: 350-bed showed a 62.7% reduction in sick 
calls due to back injury on Lift  Team shift  and an 85.5% reduction in lost workdays.

 

Lift Team Advantages

Lift  Teams have several advantages that have been seen in both peer review science and in anecdotal 
information.

 1.  Th e use of Lift  Teams allows the facilities to return injured nurses back to patient bed-side care 
without fear of being exposed to d angerous compressive loads and without fear of reinjury. 
In the United States, there are thousands of injured nurses who are not working due to severe 
or chronic back pain. Th is group would be able to re turn to t heir careers. Second, Lift  Te ams 
allow previously injured nurses who a re s till working but, who a re at g reater r isk for a mo re 
acute episode, to work without fear of reinjury.

 2.  Lift  Teams are inherently safer for patients. Lift  Teams are professional patient transfer experts. 
In s ubjective  ndings ( Oregon H ealth S cience U niversity M edical C enter), i t w as f ound t hat 
patients have more con dence in Lift  Teams to move them safely and with less trauma than ward 
nurses. Second, there are less patient falls during transfers with Lift  Teams, which reduce hospital 
liability.

 3.  Lift  Teams are saving nurses an average of 1.5 h per shift , w hich can be then used for pat ient 
bed-side care. Th is time saving is cost–bene t and patient bene t.

 4.  Lift  Teams, due to t heir training, are able to a mbulate complex or “dead weight” patients more 
oft en, which can amount to shorter patient stay outcomes for this cohort of patients.

 5. Lift  Teams, as a program design, assist in the recruitment of new nurses.
 a. Lift Teams h ave now s hown i n p eer re view s cience a n a bility to re duce t urnover r ates 

(Hefti et al.19).
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Some anecdotal data from a nurse survey taken at 
TGH in 2004 are as follows:

 For someone w ith a p revious back i njury, t he • 
Lift  Team is a life saver.
 Th e Lift  Team is extremely helpful i n t urning • 
patients for skin checks.
Nurses are less tired at the end of their shift s.• 
 We do not have to pull other nurses from • 
patient care during lift s and repositions.
My back no longer hurts at the end of the day.• 
 Th e Lift  Team is the most valuable resource for • 
the ICU nurses. Pat ients would not b e turned 
as oft en and staff  would experience more strain 
and fatigue.
 I love the Lift  Team. It was one good asset when • 
considering employment at TGH.
Th anks for saving our backs.• 
Patients get out of bed more.• 
Increased patient satisfaction with transfers.• 
More time for other nursing duties.• 

Transfer Team Implementation Steps

 1. Task force committee: Oversees all aspects of implementation
 a. Consists o f n ursing, t ransportation, ad ministration, s afety, ph ysical t herapy, h uman 

resources, etc.
 b. Types of lift s to be performed
 c. Units to be covered
 d . Equipment purchases
 e. Policy and procedures
 f. Budgeting and business plan
 g. Outreach education for facility
 2. Policy and procedures: Written P&P: Creating a commitment that is facility wide with disciplin-

ary procedures for accountability
 a. Nursing must call the Team for all total body transfers
 b.  Th e patient handling specialist (PHS) will mediate any problems that arise
 c. Creation of a bariatric safety system
 3. Equipment inventory and process
 a. Selection of all patient handling equipment
 b. Selection of all slings
 c. Piloting of all new equipment
 4. Appointment of a PHS
 a. Daily oversight and problem solving
 b. Coordinates patient screening and assessment
 c. Reports to Task Force Committee
 5. Screening patients for lift  handling status: Resident assessments
 a. All new admissions
 b. Updating of patient status for lift 

Relieving nurses of lift ing
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 6.  Team administration
 a.  Team management
 b. Team data log collection
 c. Distribution of Teams
 7. Team communications systems
 a . On-call systems
 b. Hospital by rounds
 c. Prioritization of calls
 8. Team hiring and selection process
 a.  Hiring criteria
 b . Selection process
 c.  Shift s
 9. Team training modules
 10. Hospital data analysis: Tracking data systems
 11. Questionnaires for FAC performance evaluations: System evaluations of process
 12. Roles and responsibilities of staff 
 13. Transfer team tracking documentation
 1 4. Quality assurance

Conclusions

Th e Lift  Team mo del h as b een working very suc cessfully for t he l ast de cade i n ac ute c are hospitals. 
Th ere is a wealth of data showing reductions in all categories of injury, as well as data showing the posi-
tive cost–bene t of having this model implemented. Th e risk reduction model of putting “risk where it 
can be controlled” and that “lift ing and transferring patients is a skill rather than a random task” has a 
shown validity in the practice of busy acute care hospitals. Given all the variables within the paradigm 
of patient movement, the transferring of patients needs to be considered a profession with a specialized 
skill set that cannot be applied successfully by busy nursing personnel. Second, the physical design and 
layout of acute care facilities create hazardous conditions within, which to attempt safe lift ing and trans-
ferring; rooms too small, bathrooms not l arge enough to ac commodate mechanical equipment, doors 
too small for bariatric patients, sharp angles, inclines, rugs, etc.; all of which suggests a team approach 
to minimize the danger of exposing this population of nursing caregivers. Since it has been found in the 
American Nurses Association survey of 2001 that 88% of nurses think about leaving the profession due 
to the “physical demands” of the work, it is the responsibility of the health systems that employ them to 
reduce these physical work stresses. “One unique and proven method is the Lift  Team.”

Acknowledgment

Lift  team pictures are courtesy of Oregon Health Science University Medical Center.

References

 1. U.S. D epartment o f L abor, B ureau o f L abor S tatistics, N on-fatal o ccupational in juries. Table 12.  
U.S. Department of Labor, Bureau of Labor Statistics, Washington, DC, 2002.

 2. Edlich RF, Woodard CR, and Haines MJ. Disabling back injuries in n ursing personnel. J Emerg 
Nurs 27(2):150–155, April 2001.

 3. Caska BA, Patnode RE, and Clickner D. Feasibility of nurse staff ed lift  system. J AAOHN 46(6):283–
288, 1998.

 4. Leighton DJ and Reilly T. Epidemiological aspects of back pain. J Occup Med 45:263–267, 1995.



Back Injury Prevention in Health Care 3-13

 5. Owen BD a nd Ga rg A. F our metho ds f or iden ti cation o f most b ack st ressing t asks. Int J Ec on 
9:213–220, 1992.

 6. Stobbe TJ, P lummer RW, J ensen R C a nd Att eld MD. I ncidence o f lo w bac k pa in. J S afety Re s 
19:21–28, 1988.

 7. Marras W. A comprehensive analysis of low back disorder risk and spinal loading during the trans-
ferring and repositioning of patients. Ergonomics 42(7):904–926, 1999.

 8. Haidavan D. Lift  teams in healthcare facilities: A literature review. AAOHN J 51(5):210–218, 2003.
 9. Tuohy-Main K. Why manual handling should be eliminated. Geriaction 15:10–14, 1997.
 10. Worthington K. Stress and overwork top nurses concerns. Am J Nurs 101(12):96, 2001.
 11. ANA Nursing World, Health and Safety Survey, September 2001.
 12. Charney W. How to accomplish a r esponsible cost–bene t back injury analysis in th e health care 

industry. I n: W Cha rney a nd A H udson (e ds.), Back I njury a mong H ealthcare Workers: C auses, 
Solutions, and Impacts, Chapter 5. CRC Press, Boca Raton, FL, 2003, pp. 41–47.

 13. Nelson A. Equipment for safe patient handling and movement. In: W Charney and A Hudson (eds.), 
Back Injury among Healthcare Workers: Causes, Solutions, and Impacts, Chapter 9. CRC Press, Boca 
Raton, FL, 2003, pp. 121–135.

 14. Ergonomics T echnical Advisory G roup. Patient Ca re E rgonomics Re source G uide: S afe P atient 
Handling a nd M ovement, P atient Sa fety C enter (T ampa, FL),  Veterans H ealth Administration, 
October 2001, p. 6.

 15. Owen BD. Magnitude of the problem. In: W Charney and A Hudson (eds.), Back Injury among Healthcare 
Workers: Causes, Solutions, and Impacts, Chapter 2. CRC Press, Boca Raton, FL, 2003, pp. 5–12.

 16. Charney W, Zimmerman K, and Walara E. Th e lift ing team. A design method to r educe lost t ime 
back injury in nursing. AAOHN J 39(5):231–234, 1991.

 17. Charney W. Preventing back injuries to he althcare workers using lift  t eams: Data for 18 hosp itals. 
J Healthcare Safety 1(2):21–29, Spring 2003.

 18.  Charney W. Lift  t eam metho d f or r educing bac k in jury: A 10 H ospital S tudy. AAOHN J  45(6):
300–304, 1997.

 19.  Heft i K et al. Back injury prevention: A lift  team success story. AAOHN J 51(6):246–251, 2003.
 20. Charney W. Reducing back injury in nursing: A case study using mechanical equipment and a hos-

pital transport team as a lift  team. J Healthcare Safety 4(3):117–120, 2000.
 21. Meiteneun E et al.  Eff ects of focusing ergonomic risk fac tors on patient lift ing teams. J Healthcare 

Safety 3(5), 1999.
 22.  Donaldson A. Lift  team intervention: A six year picture. J Healthcare Safety 4(2):65–68, 2000.
 23. Caska B. Implementing and using a nurse staff  lift  team. AOHP, Spring 2000.
 24. Davis A. Birth of a lift  team. J Healthcare Safety 1(2), 1999.

Back Injury to Health Care Workers from Patient Lifting:
The Legislative Solution

Anne Hudson

Overview of Back Injury from Manual Patient Lifting

Th roughout the country nurses continue suff ering debilitating, and oft en career-ending and life-altering, 
back injuries f rom lift ing a nd moving dependent pat ients.1 Th ough modern patient-lift  equipment i s 
available, much of the health care industry continues to rely upon people to do the work of machines.2 
Although the Occupational Safety and Health Act of 1970 pledges “To assure so far as possible every 
working m an a nd w oman i n t he N ation s afe a nd h ealthful w orking c onditions a nd to p reserve o ur 
human re sources,” t here seem to b e no en forced s afeguards a gainst hazardous l ift ing by health c are 



3-14 Handbook of Modern Hospital Safety

workers. Nursing work c an b e c ompared to t he hardest l abor w ith nurses l ift ing weight estimated 
at 1.8 ton, or 3600 lb, per shift .3 In 1992, the Occupational Safety and Health Administration (OSHA) 
investigated a chain of nursing homes in Pennsylvania  nding nurse aides lift ing over 5 ton, or 10,000 lb, 
per shift .4 According to data provided by the U.S. Bureau of Labor Statistics (BLS), three to four times 
as many work-related musculoskeletal disorders (MSDs) occur among nursing aides than among reg-
istered nurses.

In 2006, the BLS reported 357,160 MSDs in a 12-page list of over 650 sources. “Health care patient or 
resident of health care facility” was listed as the source of 40,840 MSDs. Incredibly, patients and resi-
dents are the source of 11.4% of all MSDs occurring among U.S. workers!5 In 2000, “health care patient” 
was given as the cause of missed work time for nearly 11,000 registered nurses and nearly 45,000 nursing 
aides, orderlies, and attendants with “overexertion” and “overexertion in l ift ing” the primary events.6 
In 2002, health care workers, over 90% women, had twice the rate of injuries from overexertion than 
construction laborers.7

In 2 006, BLS d ata s howed t hat health c are workers c ombined su ff ered 4 8,880 work-related MSDs 
requiring d ays away f rom work . L aborers were l isted  rst w ith 28,860 MSDs. Nurse a ides, orderlies, 
and attendants were listed second with 27,590 MSDs, and registered nurses were listed  ft h with 9,200 
MSDs. However, combining the number of MSDS to t he nine categories of health care workers l isted 
(nurse a ides, o rderlies, a ttendants—27,590; r egistered n urses—9,200; E MTs a nd pa ramedics—3,040; 
LPNs a nd LVNs—2,830; home health a ides—2,660; personal a nd home c are a ides—1,770; radiologic 
technicians—670; psychiatric aides—580; and medical and clinical laboratory techs—540) totals 48,880 
or 169% of “ rst place,” and these are only the reported and accepted injuries!8

It is important to note that only reported and accepted claims are re ected and that herniated spinal 
disks are not included (www.bls.gov). Not only is health care worker injury underreported at over 50%,9 
but “data on reported injuries…obscures the incidence and severity of injuries to U.S. healthcare work-
ers.”10 In data on work-related MSDs, separating categories of health care workers, who all suff er similar 
injuries from lift ing and moving patients and residents, is one way that the magnitude of injury related 
to manual patient handling is minimized.

A survey of nurses revealed that 83% work in spite of back pain; 60% fear suff ering a disabling back 
injury; 88% consider health and safety concerns in choosing the type of nursing work and whether to 
remain in nursing.11 An estimated 38% of nurses will require time off  due to a back injury during their 
career.12 An English survey found that 44% of injured nurses may never return, being either unemployed 
or medically retired.13 Twelve percent of nurses leave nursing permanently due to back injury.14

“In the face of a nursing shortage that is fast reaching crisis proportions, injuries are a major contrib-
uting factor to nurses leaving the profession.”15 An important point is that many injured nurses have no 
choice about “leaving,” as many employers terminate back-disabled nurses rather than restructure work 
assignments which do not require heavy lift ing. Th us, 12% of nurses may be forced out aft er they have 
suff ered largely preventable injuries.

With a d iminishing supp ly o f n urses a nd m isguided e ff orts at c ost-cutting, s ome em ployers a re 
replacing registered nurses with unlicensed assistive personnel, which increases the number of patients 
per nurse. Research has shown that with each patient over four added to an RN’s care assignment, risk of 
patient death within 30 days of admission increases by 7%.16 Th us, serious risk to patients may increase 
as some employers force out nurses who have been needlessly disabled by manual patient lift ing.

Back injury to health care workers from lift ing pat ients h as b een s tudied for de cades. L ift ing the 
weight of adult patients greatly exceeds established tolerance limits of compressive force to spinal struc-
tures.17 B ody m echanics t raining ha s p roven i neff ective in  preventing injury w ith lift ing hazardous 
amounts of weight far above safe lift ing limits set by the National Institute for Occupational Safety and 
Health (NIOSH) at 51 lb for men,18 and by the “Snook Tables” at 46 lb for women.19

More recently, the Revised NIOSH Lift ing Equation has yielded 35 lb as the maximum recommended 
weight limit for use with most patient-handling tasks. Th e weight limit for patient handling would be 
even less t han 35 lb “when t he task i s performed u nder le ss t han ideal c ircumstances, such a s l ift ing 
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with extended arms, lift ing when near the  oor, lift ing when sitting or kneeling, lift ing with the trunk 
twisted or the load off  to t he side o f the body, lift ing with one hand or in a restricted space, or lift ing 
during a shift  lasting longer than 8 h.”20

With health care workers remaining at the top for disabling back injuries, the ready solution has been 
repeatedly demonstrated. From 1991, William Charney’s pioneering work with “zero lift ” policy calling 
for use of mechanical lift  equipment either by nursing staff  or by specially trained “lift  teams,” numerous 
studies have proven that safe patient handling is possible.21 One study reported more than 60,000 patient 
transfers without injury to t he transfer team using l ift  equipment or to n ursing staff  working with the 
team.22 In a study of 18 hospitals, none of the members of lift  teams were injured from the reporting facili-
ties. In one facility averaging some 5500 lift s each year, the same lift  team members had worked for 7 years 
without incident.23 Overhead ceiling lift s, which are reportedly required in new hospital construction in 
Denmark and other European countries, have proven to be very successful with injury reduction.24

In spite of abundant evidence over many years that use of mechanical patient-lift  e quipment pre -
vents injuries to nursing staff , many U.S. health c are facilities continue requiring hazardous manual 
lift ing. When nurses become back-disabled from lift ing patients, many employers add i nsult to i njury 
by terminating nurses when they can no longer lift  people. Th e basis for such exploitation is oft en the 
mistaken belief that patient-lift  equipment “costs too much” to provide for nursing staff . Direct costs, 
for medical and compensation alone, for one injured nurse requiring spinal surgery, or multiple surgical 
procedures, easily run into hundreds of thousands of dollars. Replacement costs for a medical/surgical 
nurse are estimated at $ 46,000 and for a critical care nurse at $64,000.25 Out tting one hospital room 
with a ceiling lift  reportedly costs about $5,000; a transfer stretcher/chair costs about $11,000. Safety is 
a proven cost-saving measure, rather than an expense, for preserving valuable health care workers and 
the  nancial resources of employers and workers’ compensation insurance carriers.

No Manual Lift—Safer for Patients

Manual turning to re position has been reported by critically i ll pat ients 18 years a nd older to b e t he 
most pa inful a nd d istressing p rocedure, mo re pa inful t han t racheal suc tioning, t ube adv ancement, 
and wound dressing changes!26 Th us, it seems that nursing staff  themselves may unintentionally cause 
the greatest, most unnecessary pain to patients with manual turning and repositioning. Raising public 
awareness of available safe pat ient-handling equipment would a llow pat ients and families to dem and 
modern friction-reducing devices and repositioning aids such as sliding sheets, in addition to l ift  and 
transfer equipment.

Patients have reported feeling more secure and comfortable with mechanical lift  equipment. 
Evidence is mounting for reduced pain and injury to patients with “no manual lift ” policies. One study 
showed reduction of patient skin tears treated with dressing or medication from 16 preintervention to 
5 postintervention.27 Says Senior Industrial Offi  cer Rob Bonner, in reporting on the Australian Nursing 
Federation (ANF) South Australian branch “No Lift , No Injury” program: “As well as the reduction in 
worker injuries, some of the important outcomes have been the improvement in resident care… Th er e 
was a signi cant level of reporting of decreased skin tears and bruising among residents and signi cant 
reporting of residents being encouraged to t ake a g reater role i n their own movement. Some of these 
outcomes are as important as the implications for nurses and care workers.”28

Measurable evidence is mounting for reduced skin tears, pain, and bruising to patients with “no 
manual lift ” policies. Health care facility records are not re adily available which document additional 
adverse patient events which sometimes occur with manual handling, though nursing staff  may provide 
anecdotal accounts of such events including d islodgement of invasive tubes a nd l ines, ner ve damage 
to the brachial plexus, dislocation of shoulders, fractures of fragile bones, and patients being dropped. 
With availability of gentle repositioning, lift , and transfer equipment, which has proven to decrease risk 
of pain and injury to pat ients, manual handling of patients and residents without assistive equipment 
may come to be considered malpractice.



3-16 Handbook of Modern Hospital Safety

Patient-Handling Policy in the United Kingdom

Nurses in the United Kingdom can be disciplined by their employer if they lift  patients manually, while 
nurses in many areas of the United States can be disciplined if they refuse to l ift  patients. Information 
follows o n U .K. pat ient-handling p ractice h ighlighted f rom Th e Gu ide to th e H andling of P atients: 
Introducing a Safer Handling Policy.29

Rather th an a  s peci c U .K. go vernmental “N o M anual L ift ing” do cument, c odes o f p ractice a nd 
guidelines have been set forth to comply with the Manual Handling Operations Regulations (MHOR) 
1992,30 derived from the European Council Directive (90/269/EEC) on health and safety requirements 
for the manual handling of loads where there is risk of back injury. Foundational for the Directive is the 
Health and Safety at Work Act (HSWA) of 1974.

Lift ing a nd h andling pat ients c omes u nder t he gener al ba nner o f l ift ing a nd h andling lo ads go v-
erned by the HSWA 1974, the MHOR 1992, and other European Community directives. Th ese  direc-
tives require employers to perform assessments on risks to t he health and safety of employees. Where 
risks are identi ed relating to the manual handling of loads, employers are required to avoid hazardous 
manual handling as far as reasonably practicable. Where hazardous manual handling is unavoidable, 
the risk must be assessed according to a number of factors and must be reduced to the lowest reasonable 
practicable level.

Prosecution of employers by the Health and Safety Commission (HSC) may result when provisions 
in the regulations are breached. Employees are also responsible to follow the regulations in performance 
of their duties.

Th e Health and Safety Executive (HSE) Guidance accompanying MHOR 1992 lacks the force of law 
but is taken into account by HSE inspectors in determining the compliance with the regulations. Th e 
HSE Guidance contains guidelines on limits of weight for manual handling which preclude lift ing adult 
patients, w ith l ift ing pat ients over 33.3 kg (73 lb) by two men, a nd over 22.2 kg (49 lb) by two women, 
considered unsafe. A signi cant advance of the MHOR 1992 is requiring assessment before lift ing a load 
which carries a risk of injury.

Th ough “No Manual Pat ient Lift ing” is not a ddressed speci cally by distinct legislation, manually 
lift ing adult pat ients i s considered a gainst U.K. l aw i n compliance w ith t he M HOR 1992, due to t he 
weight of adults, the established risk of injury with lift ing patients, and the requirement for employers to 
assess the risk of injury and to reduce that risk of injury to workers to the lowest practicable level.

Th e Royal C ollege of Nursing (RCN), t he leading professional nursing organization i n t he United 
Kingdom, is looked to f or expert opinion on best practices for patient handling. Th e RCN gives their 
revised Code of Practice for Patient Handling as the framework for implementation of the MHOR 1992, 
stating: “Th e aim is to el iminate hazardous manual handling in all but exceptional or life-threatening 
situations.” “Th ere is no threshold below which handling may be regarded as safe.”31

RCN’s pu blication Introducing a S afer Patient Handling Policy a sks, “Are you s till l ift ing? No one 
working in a h ospital, nursing home or community setting should need to l ift  patients manually any 
more. Hoists, s liding a ids a nd ot her specialized e quipment me an s taff  should no longer have to risk 
injury while doing their job.” RCN’s Safer Patient Handling Policy underscores that there is no accept-
able weight limit for lift ing adults; nurses should not lift  any patient manually, whatever their weight, the 
only exception being babies and very young children.32

Th e RCN Safer Patient Handling Policy has become the gold standard for U.K. employers working to 
prevent back injuries among nursing staff . Health care facilities not working under such a policy are not 
in compliance with the MHOR 1992, which applies to all hospitals, nursing homes, residential homes, and 
the domestic environment, wherever dependent patients and residents require assistance with lift ing and 
movement needs. Dozens of improvement notices have been issued and one prosecution with a £12,000 
 ne. Health care facilities in the United Kingdom are also vulnerable to large civil claims for negligence, 
ranging up to £ 800,000 to a n ICU nurse who su ff ered a lo w-spine i njury f rom l ift ing a pat ient when 
no mechanical hoist was available.33–35 RCN attorneys represent nurse members with patient-handling 
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injuries where failure in the duty of care by the employer can be proven, such as lack of appropriate lift  
equipment. It is reported that such cases are not diffi  cult to win as the principles are so well established.

“Unsafe Lift ing Practices,” given in Chapter 22 of Th e Guide to the Handling of Patients: Introducing a 
Safer Handling Policy (the “Green Book”), details the speci c danger to nurses and to patients for each of 
a number of manual lift ing techniques. Reasons why adult patients must not be lift ed are summarized: 
People weigh too much to safely lift  and they can act unpredictably. It is diffi  cult or impossible for care-
givers to achieve a safe position to lift . All manual lift ing techniques impose a risk of injury to nursing 
staff . Most manual lift s carry a risk of injury to the patient. Manual lift ing is not therapeutic; it does not 
enhance patient mobility.

Suggested weight l ift ing l imits are provided in the HSE Guidance to t he MHOR 1992 which aid in 
identifying manual handling with risk of injury, as on page 96 of the “Green Book.” Th e HSE Guidance 
itself is available online by subscription at http://baldwin.butterworths.co.uk/search/pages/ rstime_
index.htm. If the weight to be lift ed presents risk of injury, which is given as 25 kg (55 lb) capacity for one 
man or 16.6 kg (36 lb) capacity for one woman, additional people may be required to safely lift  the load. 
It is diffi  cult for a load to be shared evenly and safely, especially with patient handling, when the patient’s 
weight oft en falls onto one of the lift ers, creating a high risk of injury. Th e HSE Guidance to the MHOR 
1992 provides suggested capacities requiring more than one lift er, indicating that two people should not 
lift  more than two-thirds of their combined lift ing capacity and that three people should lift  only one-
half of their combined lift ing capacity. With the weight lift ing capacity of 25 kg (55 lb) for one man, the 
combined weight capacity is given for two men lift ing together, in the ideal position, close to the lower 
body, as 33.3 kg (73 lb); for three men lift ing together the weight limit is 37.5 kg (82 lb). With the weight 
lift ing capacity of 16.6 kg (36 lb) for one woman, for two women lift ing together, the combined weight 
capacity is given as 22.2 kg (49 lb); for three women lift ing together, the weight limit is 25 kg (55 lb). 
A notation states that for safety three women lift ing together close to the  oor, and at a distance in front 
of their feet, should lift  only 5 kg (11 lb).

“No Lifting” in Victoria, Australia

Australia’s e xperience w ith le gislation te aches t hat a gener al ergo nomics s tandard, w ithout s peci -
cally addressing the lift ing of patients and residents, will not necessarily reduce nurse injury. Even with 
National Manual Handling Regulations in place for 10 years, Australian nurses still suff ered the highest 
injury rate in the female workforce. Most injuries to nurses were to the back from lift ing and moving 
patients and residents, accounting for more than 50% of WorkCover claims in the health industry, cost-
ing $26 million per year.36

Elizabeth Langford, Coordinator of the Injured Nurses’ Support Group, authored the ground-breaking 
report, Buried But N ot D ead: A Su rvey of O ccupational I llness a nd Injury Incurred b y N urses in th e 
Victorian Health Service Industry, detailing t he extent a nd severity of nurse i njury i n t he Australian 
state o f Vic toria.37 Spurred by nat ional me dia at tention, w ith prime-time tele vision, ne wspaper, a nd 
radio c overage o f nurse i njury e xposed i n Buried b ut Not D ead, a nd w ith e ff orts by A NF Vic torian 
Branch, “No Lift ing” for health care was ignited in Victoria, Australia.

Elizabeth Langford observed that her own injury and injuries to other nurses were serious life-alter-
ing spinal injuries, oft en ending the nurse’s career, but that available data on nurse injury emphasized 
sprains and strains which may be expected to heal in a matter of days or weeks. Research given in Buried 
but Not Dead revealed that 73% of nurse back injury is to the lumbar spine, with the majority of 57% of 
the injuries to spinal disks. It appears that reports  led on nurse injury oft en list only the initial diag-
nosis of back, muscle, or lumbar strain, while diagnostic tests, which may be deferred during an initial 
period of weeks or months of conservative treatment, eventually verify that the majority of nurse back 
injury is actually to spinal disks. Th us, work injury data based on initial injury reports generally do not 
re ect the extremely serious back injuries of nurses, greatly minimizing the severity of injuries caused 
to nurses by manual patient lift ing.
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Only with a collaborative eff ort was nurse back injury reduced in the State of Victoria, when nurs-
ing, health care, and government worked together on the “Victorian Nurses’ Back Injury Prevention 
Project.” Th e $7.7 million costs for the “No Lift  Program” were recovered within 1 year, with lost work 
days due to nurse back injury reduced 74%, WorkCover claims down 48%, and the cost of claims down 
54%, saving $13 million per year by preventing back injuries to nurses.38

“Elizabeth Langford, who has worked t irelessly for over a de cade to p revent what happened to h er 
happening to other nurses, was rewarded with an Order of Australia on June 9, 2003. While Elizabeth 
is extremely pleased that her work in the area of injury prevention for nurses has been recognized, she 
is adamant the Award belongs to the whole team, from Gwyneth Evans who set up the Injured Nurses 
Support Group in 1988, to Jeanette Sdrinis, the current Occupational Health and Safety Offi  cer at the 
Australian Nursing Federation Victorian Branch.”39 Jeanette Sdrinis said: “Prior to the ANF campaign 
for all Victorian health facilities to adopt a No Lift ing Policy, nurses were expected to lift  patients using 
outdated manual l ift ing techniques. Nurses were the hidden v ictims of preventable workplace injury; 
debilitating back pain, career ending injuries and daily chronic fatigue were considered just part of the 
job. We’ve turned a round a c ulture t hat’s been t here for more t han 100 years. Employers a re now 
accepting their responsibilities and nurses now say it is unacceptable to b e injured at w ork and know 
back pain can be prevented.”40

U.S. Model for Back Injury Prevention in Nursing Homes

Th e U.S. C enters f or D isease C ontrol a nd P revention (CDC) N IOSH a nd pa rtners re cognized t he 
“Employee B ack I njuries P revention i n N ursing H omes P roject” w ith t he N ational O ccupational 
Research Agenda (NORA) Partnering Award for Worker Health and Safety 2003. From 10 nomi-
nated projects, the Partnering Award honors teamwork, innovative thinking, and strong science in 
advances for worker health and safety, which are established hallmarks of NORA. Th e biennial award 
goes to organizations collaborating in research partnerships for development of new practices, prod-
ucts, procedures, equipment, or policies for the protection of workers from job-related injury, illness, 
or death.

In 2 003, t he N ORA Pa rtnering Award w ent to a re search p roject w hich f ocused o n re duction o f 
work-related bac k i njuries to em ployees i n a g roup o f nursing h omes op erated b y BJC Health C are. 
Comparison of injury rates was made for the 3 years before and aft er the intervention. Frequency of back 
injuries were successfully reduced by 57%, injury rates were lowered by 58%, and workers’ compensation 
costs were reduced by 71%.41

Th e E mployee B ack I njuries P revention i n Nursing Homes p roject c ombined me asures o n re duc-
tion of causes of injury and evaluation of eff ectiveness of the measures. Employees helped to iden tify 
movements and postures which placed nursing assistants at r isk of back strain, stress, and injury with 
the lift ing and movement needs of residents. Evaluation was performed on the reduction of stress and 
strain with lift ing by use of mechanical lift  equipment. Th e project results, with employee input, led to 
implementation of a “best practices” program.

Project pa rtners receiving t he NORA Pa rtnering Award at t he NORA Symposium 2003 held June 
23–24, 2 003, i n A rlington, VA, i ncluded BJC Health C are, BJC Occupational Health Nurse C ouncil, 
Washington University, West Virginia University, Arjo Inc. (www.argo.com), EZ Way Inc. (www.ezlift s.
com), and NIOSH.

Dr. John Howard, D irector o f N IOSH, s tated: “Everyone b ene ts when partners work together to 
tackle demanding challenges in occupational safety and health.” Th is model shows promise as the nurs-
ing home industry examines new ways to reduce the risk of painful, costly, work-related back injuries 
among employees.

“Th is project is a stellar example of NORA’s value in stimulating new research partnerships to address 
serious work-related injury and illness concerns. Seven years in the national agenda, these results provide 
valuable data for planning our future course.”
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Following the successful project, NIOSH published a user’s guide for broad distribution within U.S. 
health care to facilitate establishment of programs for reduction of back injury with patient and resident 
handling.42 Development on the federal level of this proven model for reducing back injuries in health 
care is an important step toward a national policy banning the manual lift ing of patients.

American Nurses Association (ANA) and Safe Patient Handling

Endorsement by nursing organizations is vital for the success of a national safe patient-handling policy. 
On June 21, 2003, ANA issued their landmark position statement calling for “Elimination of Manual 
Patient Ha ndling to P revent Work-Related Musculoskeletal Disorders.”43 Th is document underscores 
ANA’s c ommitment to i mprove t he h ealth a nd s afety o f n urses, i ncrease pat ient s afety, a nd re duce 
health care costs.

ANA emphasizes that nurses suff er a disproportionate amount of MSDs from the cumulative eff ect of 
repeatedly lift ing patients. Training in “proper” body mechanics does not apply to handling the human 
form and is not useful in reducing injuries caused by lift ing and transferring pat ients. In addition to 
lift ing a hazardous amount of weight, other factors that increase the risk of injury are outlined, such as 
awkward postures and positioning; the unpredictability of patients who might be agitated, combative, 
unresponsive, or with limited ability to a ssist; and limits within the patient care environment created 
by furniture, walls, treatment equipment, etc. An essential note is that the hazard of injury with patient 
handling persists even with the help of additional staff .

Th ere a re m any t ypes o f s pecialized e quipment f or t he l ift ing a nd t ransferring o f pat ients. Th ese  
include a w ide v ariety of f ull-body rol ling  oor lift s, overhead s ling l ift s, si t/stand a ssist l ift s, lateral 
transfer s tretcher/chairs, re positioning a ids, f riction-reducing de vices, e tc. Th e h ealth c are i ndustry 
must incorporate modern technology to reduce injuries caused by patient handling, just as technology 
has been applied to re duce exposure of health care workers to ne edlestick i njury a nd communicable 
airborne disease.

Policies must be adopted by employers committing to implementation of the safest patient handling 
which prioritizes use of assistive equipment. Manual total body l ift s would be el iminated apart f rom 
exceptional or life-threatening circumstances and in caring for infants and small children. Following 
involvement of staff  with selection, adequate amounts of well-maintained readily available equipment is 
essential, as well as training on its use, and a nonpunitive approach so that staff  are not fearful of report-
ing work-related injury.

ANA recognizes that using lift  equipment prevents untoward events to patients that sometimes occur 
with manual handling such as pain with the underarm lift  and injury such as falls, contusions, and skin 
tears. ANA re ects commitment to improving patient safety, comfort, and dignity by its endorsement of 
assistive patient-handling equipment. Employing use of modern technology for patient lift ing reduces 
risk of injury to nursing personnel while improving the quality of care for patients.

Soon a ft er release of A NA’s position s tatement calling for el imination of manual pat ient handling 
was A NA’s a nnouncement on September 17, 2003, of t heir “Ha ndle w ith Care” initiative designed to 
prevent p otentially c areer-ending bac k, ne ck, a nd m usculoskeletal i njuries to n urses (www.ana.org/
handlewithcare/).

ANA’s “Handle with Care” brochure, which was sent to every hospital in the United States, includes 
the experiences of this writer and of Maggie Flanagan, RN, with work-related musculoskeletal injury. 
“Th e c ampaign i s de signed to supp ort t he i ndividual nurse i n t he workplace w ith a p rofession-wide 
eff ort f or g reater e ducation a nd t raining a nd f or i ncreased u se o f a ssistive e quipment a nd pat ient-
handling devices. Th e campaign also seeks to reshape nursing education and federal and state ergonom-
ics policy by highlighting the ways technology-oriented safe-patient handling bene ts patients and the 
nursing workforce.”

ANA believes their “Handle with Care” campaign can dramatically improve the health and safety of 
American nurses, increase the safety of patient care, and reduce health care costs substantially.
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ANA envisions their “Handle with Care” campaign to be similar to t heir “Safe Needles Save Lives” 
campaign from the late 1990s. “Safe Needles Saves Lives” was highly successful for passage of state and 
federal legislation and with institution of cultural changes to prevent needlestick injuries in the health 
care industry.44

Patient Handling in America: A Call for “Safe Patient 
Handling—No Manual Lift” Legislation

Nursing practice today i s expected to b e ba sed on t he best available scienti c evidence. Pat Q uigley, 
President of Florida Nurses Association, declared that the book Back Injury among Healthcare Workers: 
Causes, Solutions, and Impacts45 “…should be in the library for all nursing faculty as you are teaching 
[manual patient lift ing] skills that are not evidence-based.”46 With many nursing schools still teaching 
manual pat ient l ift ing, a nd many employers s till requiring nurses to l ift  manually, a n enormous gap 
exists between the “unsafe nursing practice” of manual lift ing and an overabundance of irrefutable evi-
dence on prevention of injuries to nurses and patients with mechanical patient-lift  equipment.

Back Injury among Healthcare Workers: Causes, Solutions, and Impacts, coedited by William Charney 
and t his w riter, w as rele ased i n J uly 2 003, to e xpose t he u nchecked e pidemic o f bac k i njuries f rom 
manual pat ient l ift ing a nd to p romote le gislation to a ssure t he s afe handling of pat ients. Th e book’s 
dedication states, “Th is book is dedicated to the thousands of back-injured healthcare workers who have 
sacri ced their well-being, and oft en their careers, to painful injuries from manually lift ing pat ients. 
It is the authors’ hope that this book will lead to implementation of No Manual Lift ing of patients in 
hospitals, nursing homes, and home health through the use of technology by nursing staff  or specially-
trained Lift  Teams. We also hope that states will correlate the national nursing shortage with nursing 
injury and will pass Zero Lift  for Healthcare legislation to halt the unnecessary loss of healthcare work-
ers to p reventable d isabling injuries. Finally, we look forward to t he day when nursing organizations 
will negotiate for retention of back-injured nurses, including, when necessary, provision by employers of 
Permanent Light Duty nursing work.”45

Th ree decades of body mechanics t raining; education on “proper” l ift ing techniques; a nd t ime for 
volunteerism of the nearly 6,000 hospitals and 18,000 nursing homes in the country to implement pol-
icy requiring use of safe l ift  equipment, have proven ineff ective in reducing injuries caused by lift ing 
and moving dependent patients and residents. Workers’ compensation insurance carriers are assisting 
some health care facilities reduce patient-handling injuries with  nancial incentives and with assistance 
establishing programs for safe patient handling. Still, these eff orts have not substantially reduced injury 
caused by the manual lift ing of patients and residents. Categories of health care workers combined still 
suff er more work-related MSDs than any other occupation in the nation. Th e hazard with manually lift -
ing outrageous loads in awkward positions cannot be educated or trained away. People simply weigh too 
much for other people to be bending forward across hospital beds, down to the commode, etc., and lift -
ing them. Th e burden of such dangerous lift ing must be removed from the backs of health care workers 
and transferred to modern mechanical equipment designed to safely lift  and transfer people. Enactment 
of i ndustry-speci c, safe patient-handling legislation is essential to halt the epidemic of devastating 
injuries caused by the manual lift ing of patients and residents.

Our country’s needlestick safety legislation may be used as a mo del for rapid enactment of legisla-
tion for health care worker safety. It took only 2 years from passage of California AB 1208 in September 
1998 revising California’s bloodborne pathogen standard, until the Needlestick Safety and Prevention 
Act of 2000 was signed into law by President William Clinton on November 6, 2000, directing OSHA 
to re vise t he nat ional Bloodborne Pat hogens St andard. OSHA published t he re vised s tandard i n t he 
Federal Register on January 18, 2001, and the Needlestick Safety and Prevention Act of 2000 went into 
eff ect on April 18, 2001 (http://www.oshaslc.gov/needlesticks/needlefaq.html).47,48

Needleless IV systems and safety needle devices had been available, and were widely advertised in 
nursing journals, leading nurses to wonder why their hospital did not have them. Meanwhile, though 
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needleless s ystems we re av ailable, m any n urses c ontinued s uff ering p reventable ne edlesticks, s ome 
being fatally infected with blood-borne pathogens. Legislation was required to force most employers to 
provide readily available safety equipment.

Likewise, a wide variety of modern, safe, gentle, patient-lift  equipment and friction-reducing devices 
have been available for many years, with many peer-reviewed studies demonstrating nurse injury pre-
vention by use of the equipment. A national mandate, which may be called “Safe Patient Handling—No 
Manual Lift ,” is necessary to force all health care facilities, with nursing schools following suit, to imple-
ment safe patient-handling programs with “no manual lift ” p olicies re quiring ade quate a mounts o f 
readily available, well-maintained equipment, appropriate to the patient population, which may be used 
by either nursing staff  or specially trained “lift  teams.”

Legislative eff orts by states to eliminate hazardous manual patient lift ing began with introduction of 
legislation for safe patient handling  rst by California in February 2004, followed by Massachusetts in 
December 2004.

“Massachusetts” continues pursuing legislation for safe patient handling with companion bills rein-
troduced in January 2007. Senator Richard T. Moore (D) introduced Senate Number 1294, “An act to 
require t he use of evidence-based practices for safe pat ient handling a nd movement” on January 10, 
2007. Representative Jennifer M. Callahan (D) introduced House Number 2052, “An act relative to safe 
patient handling in certain health facilities,” on January 11, 2007, with the goal of ensuring that qual-
ity nursing s taff  a re not lo st to p reventable i njuries. SB 1294 a nd H B 2052 were re ferred to t he Joint 
Committee on Public Health. A P ublic Hearing was held October 24, 2007, with the bills for the safe 
handling of patients in Massachusetts presently stalled in committee.

If passed, SN 1294 would require every licensed health care facility to implement an evidence-based 
policy for safe handling and movement of patients; and to provide training on use of patient-handling 
equipment a nd devices, pat ient care ergonomic assessment protocols, no l ift  policies, a nd pat ient-lift  
teams. Th e intent of the “No Lift  Policy” is the elimination of manual handling in virtually every patient 
care situation, apart from all but exceptional or life threatening situations. Constituting a pledge from 
administrators that proper equipment, adequately maintained and in suffi  cient numbers, will be avail-
able to care providers, the “No Lift  Policy” is an integral part of a comprehensive safe patient handling 
and movement program in acute care hospitals and long-term care facilities.

If pa ssed, HB 2052 would require a ll health c are facilities, i ncluding but not l imited to ac ute c are 
hospitals, ps ychiatric h ospitals a nd n ursing h omes, to de velop a nd i mplement s afe pat ient-handling 
policies; and to iden tify, assess, and develop strategies to c ontrol r isk of injury to pat ients and health 
care workers with lift ing, transferring, repositioning, or movement of a patient or equipment. HB 2052 
would regulate implementation of policies and would establish credits for costs with implementing a 
safe handling program. (History and text of MA SB 1294 and HB 2052: www.mass.gov/legis)

In “California,” legislation for safe pat ient handling has passed the Senate and the Assembly every 
year since 2004 for 4 years running. But the legislative eff ort to protect health care workers and patients 
from needless pain and injuries caused by manual lift ing h as b een v etoed e very t ime b y C alifornia 
Governor Arnold Schwarzenegger (R). Since his  rst veto message of Assembly Bill 2532, on September 
22, 2 004, G overnor S chwarzenegger p ersists i n m aintaining t hat ade quate s afeguards a re a lready i n 
place and that the  nancial burden to hospitals of “zero lift ” would be too great.

Most re cently, S enate Bi ll 171 “H ospital Pat ient a nd H ealth C are Worker I njury P rotection A ct,” 
introduced on February 5, 2007, by Senator Don Perata (D), passed the California Senate on June 4, 
2007, and the Assembly on September 6, 2007, but was vetoed by Governor Schwarzenegger on October 
13, 2007. Th e bill would have become eff ective on July 1, 2008, providing legal protection against pre-
ventable injuries from manual patient handling.

If G overnor S chwarzenegger h ad not v etoed SB 171, a ll gener al ac ute c are hospitals i n C alifornia 
would have been required to establish a patient protection and health care worker back injury preven-
tion plan; to conduct needs assessments to identify patients needing lift  teams, and lift , repositioning, or 
transfer devices; to use lift  teams, and lift , repositioning, and transfer devices; and to train health care 
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workers on the appropriate use of lift , repositioning, and transfer devices. (For bill text and veto mes-
sages of AB 2532 introduced by Assembly Member Loni Hancock (D) in 2004, of SB 363 introduced by 
Senator Don Perata (D) in 2005, of SB 1204 introduced by Senator Don Perata (D) in 2006, and of SB 171 
introduced by Senator Don Perata (D) in 2007, see www.leginfo.ca.gov)

Interestingly, companion bill AB 371 “An act…relating to health facility  nancing…” was introduced 
on February 14, 2007, by California Assemblyman Jared Huff man (D) and coauthor Assemblywoman 
Sally J. Lieber (D). AB 371 was amended on April 23, 2007, and was referred to the Assembly Committee 
on Appropriations. Per http://www.leginfo.ca.gov, the bill passed out of committee and on January 7, 
2008, went to the Assembly with concurrence in Senate amendments pending. If AB 371 passes, hospi-
tals applying for  nancing from issuance of tax-exempt bonds will be required to provide a copy of the 
hospital’s injury and illness prevention program (IIPP) specifying how the hospital has implemented, 
or plans to implement, a hospital patient and health care worker injury prevention program, including a 
“zero lift  policy” for use of powered patient-transfer devices, patient-lift ing devices, or lift  teams instead 
of manual lift ing and transferring of patients.

Meanwhile, the belief stated by Governor Schwarzenegger and others, that purchasing safety equip-
ment for employees “costs too much,” keeps nursing personnel at the top for disabling back injuries and 
ignores greater costs resulting from the inevitable injuries. Th e ethics of such excuses, which essentially 
promote disabling injuries to health care workers, by permitting lack of safety equipment for lift ing 
dangerous loads, certainly need to be examined.

Used as disposable human lift  equipment, 90% of nursing staff  injured lift ing patients are women.22 Is 
provision of forklift s, hoists, and cranes for use by predominantly male warehouse and construction work-
ers considered too much of a  nancial burden? Nursing staff  are oft en required to lift  equivalent amounts 
of weight without such equipment and will likely be terminated by many employers when disabled by the 
lift ing. Th e majority of back injuries suff ered from lift ing patients cannot rightfully be called “accidents.” 
When nurses are required to repeatedly lift  hazardous amounts of weight, oft en bending forward with the 
back in its most vulnerable position, spinal injury is the expected result rather than an “accident.”

Since initial at tempts by California and Massachusetts for industry-speci c legislation for t he safe 
handling of health care patients in the United States, at least 18 states, 36%, over one-third of states in 
the nation, have passed or have introduced legislation for or related to safe patient handling. Other states 
could be active on safe patient handling of which this writer is unaware. Nine states, nearly one- ft h of 
states in the nation, known at t his writing to have passed legislation for or related to safe patient han-
dling are Ohio, New York, Texas, Washington, Hawaii, Rhode Island, Maryland, Minnesota, and New 
Jersey. Nine ot her states k nown to h ave introduced or reintroduced legislation related to s afe pat ient 
handling w hich h as not ye t pa ssed a re M assachusetts, C alifornia, I owa, N evada, M ichigan, F lorida, 
Vermont, Missouri, and Illinois.

States Which Have Introduced Legislation Related to Safe Patient Handling

Massachusetts rei ntroduced c ompanion b ills S enate N umber 1 294, “An A ct to Re quire t he U se o f 
Evidence-Based Practices for Safe Patient Handling and Movement,” on January 10, 2007, and House 
Number 2052, “An Act Relating to Safe Patient Handling in Certain Health Care Facilities,” on February 
19, 2007.

California reintroduced Senate Bill 171, “Hospital Patient and Health Care Worker Injury Protection 
Act,” on February 5, 2007, which was vetoed for the fourth time on October 13, 2007. It is unknown if 
California has reintroduced again.

Iowa introduced House File 635, “An Act Relating to Manual Patient Handling by Nurses in a Hospital 
Setting,” on March 8, 2005. It is unknown if Iowa has reintroduced.

Nevada introduced Assembly Bill 577, “Requires Certain Medical Facilities to Establish a Program for 
Safe Handling of Patients,” on March 26, 2007.
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Michigan introduced Senate Bill 377, to amend “Public Health Code” regarding each hospital’s estab-
lishment of a safe patient-handling committee and implementation of a safe patient-handling program, 
on March 27, 2007.

Florida reintroduced companion bills SB 508, “Relating to Hospitalized Patients/Safe Lift ing Policies,” 
on October 15, 2007, and HB 471, “Relating to Hospitalized Patients/Safe Lift ing Policies,” on January 
7, 2008.

Vermont i ntroduced c ompanion b ills S enate Bi ll 141, “An A ct Rel ating to S afe Pat ient Ha ndling,” 
on February 27, 2007, and House Bill 421, “An Act Relating to Safe Patient Handling,” on February 28, 
2007.

Missouri introduced House Bill 1940, “Hospital Patient Safety,” on January 31, 2008.

Illinois reintroduced House Bill 5274, “Safe Patient Handling—Tech,” “Creates the Safe Patient Handling 
Act,” on February 14, 2008.

States Which Have Passed Legislation Related to Safe Patient Handling

Ohio House Bill 67 was signed into law on March 21, 2005, by Governor Bob Taft  (R), with Section 4121.48 
creating a p rogram for i nterest-free loans to n ursing homes for i mplementation of a no -manual-lift  
program. Th e law stipulates creation in the state treasury of the long-term care loan fund to be operated 
by the bureau of workers’ compensation “to make loans without interest to employers that are nursing 
homes for the purpose of allowing those employers to purchase, improve, install, or erect sit-to-stand  oor 
lift s, ceiling lift s, other lift s, and fast electric beds, and to pay for the education and training of personnel, 
in order to implement a facility policy of no manual lift ing of residents by employees.” (For text of HB 67 
Section 4121.48 as enrolled, see http://www.legislature.state.oh.us/bills.cfm?ID = 126_HB_67_EN)

New York companion bills, Assembly Bill 7641 and Senate Bill 4929 were introduced in April 2005, 
and were signed into law on October 18, 2005, by Governor George Pataki (R). Th e law created a 2-year 
“Safe Patient Handling Demonstration Program” to establish safe patient-handling programs and collect 
data o n t he i ncidence o f n ursing s taff  a nd pat ient i njury w ith pat ient-handling, m anual v ersus l ift  
equipment. Results will be used to de scribe best practices for improving health and safety of health 
care workers and pat ients during pat ient handling. (See http://assembly.state.ny.us/ and http://www.
senate.state.ny.us)

In Ap ril 2 007, N ew Y ork i ntroduced iden tical b ills, A 7 836 b y A ssembly M ember R ichard N.  
Gottfried (D) and S 5116 by Senator Kemp Hannon (R), “An act to a mend chapter 738 of the laws of 
2005, relating to establishing a safe patient handling demonstration program, in relation to the eff ec-
tiveness thereof.” In June 2007, S 5116 was substituted by A 7836 which was signed into law on July 3, 
2007, by Governor Eliot Spitzer (D), extending the safe patient-handling demonstration program for 2 
years to research the eff ect of safe patient-handling programs in health care facilities across New York 
State. Th e s tudy i s to b uild up on e xisting e vidence-based d ata, w ith t he u ltimate goal of de signing 
“best practices” for safe pati ent han dling in New York State health care facilities. Th e bill also estab-
lishes speci cations for safe pati ent-handling programs. (Summary text A 7836: http://assembly.state.
ny.us/leg/?bn = A07836)

Texas was the  rst state in the nation to mandate implementation of policy for safe patient-handling and 
movement programs by hospitals and nursing homes. Senate Bill 1525, “An Act relating to s afe patient 
handling and movement practices of nurses in hospitals and nursing homes,” was introduced on March 
10, 2005, by author Senator Judith Zaffi  r ini (D) and Sponsor Representative Dianne Delisi (R). SB 1525 
was signed into law by Governor Rick Perry (R) on June 17, 2005, and became eff ective January 1, 2006.

Th e Texas safe pat ient-handling law includes requiring hospitals a nd nursing homes to e stablish a 
policy to identify, assess, and develop methods of controlling the risk of injury to pat ients and nurses 
associated with lift ing, transferring, repositioning, and movement of patients; evaluation of alternative 
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methods from manual lift ing to reduce the risk of injury from patient lift ing, including equipment and 
patient care environment; restricting, to the extent feasible with existing equipment, manual handling 
of a ll or most of a pat ient’s weight to emergen cy, l ife-threatening, or exceptional c ircumstances; a nd 
provision for refusal to p erform patient-handling tasks believed in good faith to i nvolve unacceptable 
risks of injury to a patient or nurse. (Enrolled text SB 1525: http://www.capitol.state.tx.us/tlodocs/79R/
billtext/html/SB01525F.htm)49

Washington was the  rst state to pass legislation requiring hospitals to provide mechanical patient-lift  
equipment as part of their policy for safe patient handling, and was  rst to off er  nancial assistance with 
implementation of mechanical equipment to reduce injuries related to lift ing and moving patients.

House Bill 1672 “An Act relating to reducing injuries among patients and health care workers” was 
originally introduced February 1, 2005, sponsored by Representatives Steve Conway (D), Zack Hudgins 
(D), Tami Green (D), Eileen Cody (D), Sherry Appleton (D), Dawn Morrell (D), Alex Wood (D), John 
McCoy (D), Phyllis Ken ney (D), J im Moeller (D), a nd Maralyn Chase (D). A ft er being s talled i n t he 
House Committee on Commerce and Labor in 2005, HB 1672 was reintroduced on January 8, 2006. HB 
1672 passed the House 85 to 13 on March 7, 2006, and passed the Senate 48 to zero on March 8, 2006. 
Washington St ate’s l aw for t he s afe h andling o f pat ients w as sig ned i nto l aw by G overnor C hristine 
Gregoire (D) on March 22, 2006, and went into eff ect June 7, 2006.

On a timeline between February 1, 2007, and January 30, 2010, Washington hospitals must establish 
a safe patient-handling committee, of which at least half of the members are to be frontline nonmana-
gerial employees who provide direct patient care, and must establish a safe patient-handling program, 
and implement a safe patient-handling policy for all shift s and units. Hospitals may choose among three 
options for implementation of lift  equipment, either one readily available lift  per acute care unit on the 
same  oor, one lift  for every 10 acute care inpatient beds, or lift  equipment for use by specially trained 
lift  teams. Financial assistance will be provided by reduced workers’ compensation premiums for hos-
pitals implementing a safe patient-handling program and by tax credits covering the cost of purchasing 
mechanical lift ing or other patient-handling devices.

Washington hospitals are to develop procedures for employees to refuse to perform, without fear of 
reprisal, patient-handling activities which the employee believes in good faith would involve an unac-
ceptable risk of injury to an employee or patient. An employee who in good faith follows the procedure 
shall not be the subject of disciplinary action for refusing to perform or be involved in the patient han-
dling or movement in question.

Patient-handling h azard a ssessments a re to b e c onducted a nd a p rocess de veloped to iden tify t he 
appropriate use of the safe patient-handling policy based on the patient’s condition and the availabil-
ity of l ift ing equipment or l ift  teams. An annual performance evaluation of the safe patient-handling 
program is to be conducted. Staff s are to be trained at least annually on safe patient-handling policies, 
equipment, and devices. With hospital construction or remodeling, feasibility is to be considered of 
incorporating patient-handling equipment, or of designing to incorporate at a later date.

Signi cantly, Washington State’s law for t he safe handling of pat ients was passed during National 
Patient Safety Awareness Week, which was March 5–11, 2006. HB 1672 states, “Patients are not at opti-
mum levels of safety while being lift ed, transferred, or repositioned manually. Mechanical lift  programs 
can reduce skin tears suff ered by patients by threefold. Nurses, thirty-eight percent of whom have pre-
vious back injuries, can drop patients if their pain thresholds are triggered.” Th e BLS reports that the 
injury rate of hospital employees in Washington State exceeds that of construction, agriculture, manu-
facturing, and transportation. With passage of HB 1672, Washington hospital patients and health care 
workers will be protected from unintentional pain and injuries which sometimes occur with manual 
patient lift ing and moving.

Among chief champions for safe pat ient handling in Washington State is Wi lliam Charney whose 
article, “Th e need to legislate the health care industry in the state of Washington to protect health care 
workers from back injury,” thoroughly documents the epidemic of back injury to health care workers in 
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the state of Washington, which holds true throughout every state in the nation. Additionally outlined is 
the legislative solution calling for implementation of back injury prevention programs by either the “Zero 
Lift ” model, with nursing staff  use of lift  equipment, or the “Lift  Team” model, with use of lift  equipment 
by a specially trained team.50 (Enrolled text HB 1672: http://www.leg.wa.gov/pub/billinfo/2005-06/Pdf/
Bills/House%20Passed%20Legislature/1672-S.PL.pdf)

Hawaii adopte d a re solution o n Ap ril 2 4, 2 006, “Re questing app ropriate s afeguards b e i nstituted i n 
health care facilities to minimize the occurrence of musculoskeletal injuries suff ered by nurses.” House 
Concurrent Resolution No. 16 was introduced on February 3, 2006, by Representatives Marilyn B. Lee 
(D), R ida C abanilla ( D), Ci ndy E vans ( D), M aile S . L . Sh imabukuro ( D), Ro y M . Takumi ( D), C lift  
Tsuji (D), Kirk Caldwell (D), Josh Green, MD (D), Robert N. Herkes (D), Ezra Kanoho (D), Bertha C. 
Kawakami (D), Bob Nakasone (D), Brian Schatz (D), Joseph M. Souki (D), Dwight Y. Takamine (D), and 
Kameo Tanaka (D). Th e report associated with HCR 16 is titled “American Nurses Association’s ‘Handle 
with Care’ Campaign Support.”

Th e resolution recognizes that work-related MSDs are the leading occupational health problem plagu-
ing the nursing workforce; that of primary concern are back injuries, which can be severely debilitating 
for nurses, though musculoskeletal injuries can aff ect other parts of the body such as the neck, shoul-
ders, wrists, and knees; that compared to other occupations, nursing personnel are among the highest at 
risk for MSDs; that the incidence rate for work days lost due to back injuries is twice as great for nursing 
home workers as it is for truck drivers; that nursing home workers and hospital workers incur more lost 
work days due to back injuries than construction workers, miners, and agriculture workers.

HCR 16 recognizes that the risk of nurse injury from manual patient handling crosses all specialty 
areas; that musculoskeletal injuries to nurses is particularly distressing in context of the current nurse 
shortage; and that injuries to nurses from patient-handling compound factors such as the aging nurse 
workforce, declining retention and recruitment rates, and lowering the social value of nursing to worsen 
the shortage.

HCR states that in response to the signi cant number and severity of work-related back injuries and 
other musculoskeletal injuries among nurses, ANA launched the “Handle with Care” campaign to build 
a b etter h ealth c are i ndustry-wide e ff ort f or s afe pat ient h andling, “ to p revent bac k a nd ot her mus-
culoskeletal injuries.” “Th is i s being done t hrough developing partnerships and coalitions, education 
and t raining, i ncreasing u se o f a ssistive e quipment a nd pat ient-handling de vices, re shaping nursing 
education to i ncorporate safe pat ient handling, a nd pursuing federal a nd s tate ergonomics policy by 
highlighting technology-oriented and safe-patient handling bene ts for patients and nurses.”

Hawaii’s resolution states that in 2005 the Council of State Governments’ Health Capacity Task Force 
adopted and supported the policies contained in ANA’s “Handle with Care” campaign, and asked mem-
ber states to also support the campaign. With adoption of HCR 16, Hawaii says, “Be it resolved…that the 
Legislature of the State of Hawaii supports the policies contained in the American Nurses Association’s 
‘Handle With Care’ campaign; and… that certi ed copies of this Concurrent Resolution be transmitted 
to the Council of State Governments’ Health Capacity Task Force and the American Nurses Association.” 
(Text HCR 16: http://www.capitol.hawaii.gov/session2006/Bills/HCR16_.pdf)

Rhode Island addressed musculoskeletal injuries to health care workers with the “Safe Patient Handling 
Act of 2006” which became law on July 7, 2006, “to promote the safe handling of patients in health care 
facilities.” C ompanion bills, S enate Bi ll 2760 a nd House Bi ll 7386, both entitled “An Act Relating to 
Health and Safety—Safe Patient Handling Legislation,” were introduced in February 2006. SB 2760 was 
introduced on February 14, 2006, by Senators V. Susan Sosnowski (D), Beatrice A. Lanzi (D), Rhoda E. 
Perry (D), M. Teresa Paiva-Weed (D), and Juan M. Pichardo (D). HB 7386 was introduced on February 
16, 2006, by Representatives Grace Diaz (D), Paul E. Moura (D), Amy G. Rice (D), Edith H. Ajello (D), 
and Raymond J. Su llivan, Jr. (D). Th e bills were transmitted on June 29, 2006, to G overnor Donald L. 
Carcieri (R), and became law on July 7, 2006, without Governor Carcieri’s signature. Rhode Island’s Safe 
Patient Handling Act took eff ect on January 1, 2007.
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Legislative  ndings l isted i n t he law i nclude g reater r isk of pat ient i njury w ith manual l ift ing and 
moving, and that safe patient handling can reduce skin tears suff ered by patients by threefold and can 
signi cantly reduce other injuries to patients as well. With nurses lift ing an estimated 1.8 tons per shift , 
health care workers lead the nation in work-related MSDs. From 38% to 50% of nurses and other health 
care workers will suff er a work-related back injury; 44% will be unable to return to their preinjury posi-
tion. Eighty-three percent of nurses work in spite of back pain, and 60% fear a d isabling back injury. 
Twelve percent to 39% of nurses not yet disabled are considering leaving nursing due to back pain and 
injuries.

Case studies are cited showing reduction of injuries and costs with use of lift ing equipment. In nine 
case studies, use of l ift  equipment resulted in injuries decreasing 60% to 95%, workers’ compensation 
costs dropping 95%, and absenteeism related to lift ing and handling injuries being reduced by 98%.

“Safe patient handling” is de ned as “the use of engineering controls, transfer aids, or assistive devices 
whenever feasible and appropriate instead of manual lift ing to perform the acts of lift ing, transferring, 
and/or repositioning health care patients and residents.” As a condition of licensure, health care facili-
ties, de ned as a hospital or a nursing facility, shall establish a safe patient-handling committee, chaired 
by a professional nurse or other appropriate licensed health care professional, and with at least half of 
the members hourly, nonmanagerial employees who provide direct patient care.

By July 1, 2007, each licensed health care facility shall develop a written safe patient-handling pro-
gram, to prevent MSDs among health care workers and injuries to pat ients. Th e safe patient-handling 
program is to include implementation, by July 1, 2008, of a safe patient-handling policy for all shift s and 
units to ac hieve t he m aximum re asonable re duction o f m anual l ift ing, t ransferring, a nd re position-
ing of all or most of a patient’s weight, except in emergency, life-threatening, or otherwise exceptional 
circumstances. Pat ient-handling hazard assessments are to b e conducted; and a p rocess developed to 
identify the appropriate use of the safe patient-handling policy based on the patient’s physical and men-
tal condition, the patient’s choice, and the availability of lift ing equipment or lift  teams; and to address 
circumstances when i t would be medically contraindicated to u se l ift ing or  t ransfer a ids or  a ssistive 
devices for particular patients.

A registered nurse or other appropriate licensed health care professional is to be trained to serve as 
an expert resource for training clinical staff  on safe patient-handling policies, equipment, and devices 
before implementation, at least annually, and as needed. An annual performance evaluation of the safe 
patient-handling program is to be reported to the safe patient-handling committee, determining the 
extent of reduction in MSD claims and days of lost work caused by patient handling, with recommenda-
tions to increase the program’s eff ectiveness. An annual report to the safe patient-handling committee 
of the facility shall be made available to the public upon request, on activities related to the identi ca-
tion, assessment, development, and evaluation of strategies to control risk of injury to patients, nurses, 
and other health care workers associated with the lift ing, transferring, repositioning, or movement of a 
patient. Nothing in the law precludes lift  team members from performing other assigned duties.

Protocols shall be established for an employee to report, without fear of discipline or adverse conse-
quences, to the committee being required to perform patient handling that is believed in good faith to 
expose the patient and/or employee to an unacceptable risk of injury. Th ese reportable incidents shall be 
included in the facility’s annual performance evaluation.

Th e health services council shall consider, among other things, the proposed availability and use of 
safe patient-handling equipment in new or renovated space to be constructed, and input from the com-
munity to be served by the proposed equipment and services. Rhode Island’s Safe Patient Handling Act 
of 2006 will increase health care safety by mandating use of modern technology to decrease injuries 
traditionally suff ered by nursing staff , patients, and residents as the result of unsafe manual lift ing and 
movement. (Wording: http://www.rilin.state.ri.us/BillText06/SenateText06/S2760A.pdf)

Maryland passed identical companion bills for safe patient handling on April 10, 2007. House Bill 1137 
“Health Care Facilities a nd Regulation,” sponsored by Delegates Joseline Pena-Melnyk (D), A isha N. 
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Braveboy (D), Melony G. Griffi  th (D), Jolene Ivey (D), and Kris Valderrama (D), was introduced on 
February 19, 2007. Aft er passing the House on March 21, 2007, and passing the Senate on April 1, 2007, 
HB 1137 was approved by Governor Marin O’Malley (D) on April 10, 2007. Senate Bill 879 “Hospitals—
Safe Patient Lift ing,” sponsored by Senator Paul G. Pinsky (D), was introduced on February 21, 2007. 
SB 879 passed the Senate on March 24, 2007, passed the House on March 29, 2007, and was approved by 
Governor Martin O’Malley (D) on April 10, 2007. Maryland’s “Act concerning Hospitals—Safe Patient 
Lift ing” took eff ect on October 1, 2007.

HB 1137 a nd SB 879 de  ne “safe pat ient l ift ing” as “use of mechanical lift ing de vices by hospital 
employees, instead of manual lift ing, to lift , transfer, and reposition patients.” Th e laws require Maryland 
hospitals to de velop a s afe patient l ift ing committee, with equal numbers of managers and employees 
by December 1, 2007, and for the committee to develop a safe patient lift ing policy by July 1, 2008, with 
the goal of reducing employee injuries associated with patient lift ing. Consideration is to b e g iven to 
patient-handling hazard assessment processes; enhanced use of mechanical lift ing d evices; d evelop-
ment of specialized lift  teams; training programs for safe patient lift ing re quired for a ll pat ient c are 
personnel; incorporating space and construction design for mechanical lift ing devices in architectural 
plans for hospital construction or renovation; and developing a process for evaluating eff ectiveness of 
the safe lift ing policy. (Text of HB 1137: http://mlis.state.md.us/2007RS/chapters_noln/Ch_57_hb1137T.
pdf. Text of SB 879: http://mlis.state.md.us/2007RS/chapters_noln/Ch_56_sb0879T.pdf)

Minnesota passed legislation for t he safe handling of dependent health care pat ients and residents in 
May 2007. Companion bills were House File 712 introduced on February 8 , 2007, by Representatives 
Patti F ritz ( D), E rin Murphy ( D), M aria Ru ud ( D), K aren C lark ( D), J im A beler ( R), a nd D avid Bly 
(D); a nd Senate File 828 introduced on February 15, 2007, by Senators L inda Higgins (D), Sharon L . 
Erickson Rop es (D), K athy Sheran (D), Paul E . Koering (R), a nd John M arty (D). M innesota’s “ Safe 
Patient Handling Act” was passed on May 20, 2007, within the second engrossment of a large omnibus 
bill, House File No. 122. HF 122 was approved by Governor Tim Pawlenty (R) on May 25, 2007.

Minnesota’s Safe Patient Handling Act requires implementation of a safe patient-handling program 
by every licensed health care facility in the state, including hospitals, outpatient surgical centers, and 
nursing homes. By July 1, 2008, a written safe patient-handling policy will be adopted with the facility’s 
plan to achieve by January 1, 2011, the goal of minimizing manual lift ing of patients by nurses and other 
direct patient care workers by utilizing safe patient-handling equipment, rather than people, to trans-
fer, move, and reposition pat ients and residents in a ll health care facilities. Th e program will address 
the assessment of hazards with patient handling, acquisition of an adequate supply of appropriate safe 
patient-handling equipment, initial and ongoing training of nurses and direct patient care workers on 
use of the equipment, procedures related to ensuring that remodeling and construction are consistent 
with program goals, and periodic evaluations of the safe patient-handling program.

By July 1, 2008, every licensed health care facility in Minnesota shall establish a safe patient-handling 
committee, with at least half the members nonmanagerial nurses and other direct patient care workers. 
In a health care facility where nurses and other direct patient care workers are covered by a collective 
bargaining agreement, the union shall select the committee members proportionate to i ts representa-
tion of nonmanagerial workers, nurses, and other direct patient care workers. Employees serving on the 
safe patient-handling committee must be compensated by their employer for a ll hours spent on com-
mittee business.

Duties of a s afe patient-handling committee shall include completion of a pat ient-handling hazard 
assessment which includes identi cation of problems and solutions, highest risk areas for lift ing inju-
ries, and recommendations for a mechanism to report, track, and analyze injury trends. Th e committee 
is to make recommendations on the purchase, use, and maintenance of an adequate supply of appropri-
ate safe pat ient-handling equipment, and on training of nurses and other direct pat ient care workers 
on u se o f s afe pat ient-handling e quipment, i nitially a nd p eriodically a ft erward. Th e c ommittee w ill 
conduct a nnual e valuations o f t he s afe pat ient-handling p lan a nd p rogress to ward go als i n t he s afe 
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patient-handling policy, and will recommend procedures to ensure that remodeling and construction of 
patient care areas incorporate safe patient-handling equipment or the design needed to accommodate 
such equipment at a later date.

Th e commissioner shall make training materials on implementation of the safe patient-handling pro-
gram available to all health care facilities at no cost as part of the training and education duties of the 
commissioner. Th e safe pat ient-handling program shall be enforced by the commissioner with v iola-
tions subject to penalties provided.

Th e commissioner may make dol lar-for-dollar matching g rants, not to e xceed $ 40,000, to h ealth 
care facilities to acquire and train on safe patient-handling equipment. Priority for grants may be given to 
facilities that demonstrate  nancial hardship; the 50% match requirement may be waived; and such facilities 
may be granted more than $40,000. Health care facilities experiencing hardship shall not be required to 
meet the safe patient-handling requirements until July 1, 2012.

Provisions are included for studying ways to require workers’ compensation insurers to recognize 
compliance in premiums of health care and long-term care facilities, and for development of on-going 
funding sources, including, but not limited to, low-interest loans, interest-free loans, and federal, state, 
or county grants. Th e commissioner must make recommendations to the legislature regarding funding 
sources by January 15, 2008. A s pecial workers’ compensation fund was to p rovide $500,000 the  rst 
year and $500,000 the second year for safe patient-handling grants, but a line item veto reduced funding 
to $500,000 one time.

Th e Minnesota State Council on Disability shall convene a work group representing clinics, disabil-
ity advo cates, a nd d irect c are w orkers, to a ssess opt ions f or u se o f s afe pat ient-handling e quipment 
in unlicensed outpatient c linics, physician offi  ces, and dental settings; identify barriers to u se of safe 
patient-handling equipment in these settings; and de ne clinical settings that move patients to deter-
mine applicability of the Safe Patient Handling Act. Th e work group is to report  ndings to the legisla-
ture by January 15, 2008.

Omnibus bill HF 122 is very large, over 130 pages, with language pertinent to safe patient handling in 
three separate areas of the bill regarding 1. Initial grant funding in Article 1, Section 6, Subdivision 3, on 
pages 25–26; 2. Th e main body of wording for safe patient handling in Article 2, Section 23. 182.6551 to 
Section 25. 182.6553, on pages 48–51; and 3. Study of ways to require workers’ compensation insurers to 
recognize compliance in premiums and for on-going funding in Article 2, Section 36, and work groups 
on safe patient handling and equipment in Section 37 on pages 58–59. (Wording of HF 122: http://www.
leg.state.mn.us/leg/legis.asp)

On pa ssage of M innesota’s Safe Pat ient Ha ndling St atute, E lizabeth (Bettye) Shogren, R N, Health 
and Safety Specialist, Minnesota Nurses Association, stated, “We had many supporters in the commu-
nity and a comprehensive strategic plan to advance the bill. Over-preparation and realistic expectations 
made this a success.”

On J anuary 17, 2 008, t he M innesota D epartment o f L abor a nd I ndustry a nnounced awarding 67 
grants totaling $500,000 to health care facilities to help purchase patient-lift ing equipment in comply-
ing with the new state pat ient-handling regulations. For a l ist of the facilities in Minnesota receiving 
patient-handling grants see http://www.doli.state.mn.us/pdf/sph_approv_grants.pdf.

In this writing, New Jersey is the most recent state to pass safe patient-handling legislation. Th e new 
“Safe Patient Handling Act” was signed into law by New Jersey Governor Jon Corzine (D) on January 3, 
2008. Identical bills, titled “Safe Patient Handling Act,” were introduced as Senate Bill 1758 on March 
21, 2006, and Assembly Bill 3028 on May 15, 2006. On December 13, 2007, A 3028 was substituted by 
S 1758. Th e Safe Patient Handling Act passed the New Jersey Senate 37 to 0 a nd the Assembly 77 to 3. 
Primary Sp onsors of New Jersey’s S afe Pat ient Ha ndling Act were S enators Joseph F. Vitale (D) a nd 
Loretta Weinberg (D), Assemblymen Herb Conaway, MD (D), Vincent Prieto (D), and Gary S. Schaer 
(D), and Assemblywoman Joan M. Voss (D), plus 20 Co-Sponsors.

New Jersey’s new law for reducing the risk of injury to patients and health care workers with patient-
handling needs went into eff ect i mmediately up on sig ning, c overing gener al a nd s pecial h ospitals, 
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nursing homes, state developmental centers, and state and county psychiatric hospitals. Covered facili-
ties a re to e stablish w ithin 12 months a s afe pat ient-handling c ommittee, c omprised of at le ast 5 0% 
health care workers, and others trained in safe pat ient-handling procedures, for development, imple-
mentation, evaluation, and possible revision of the safe patient-handling program.

Th e s afe pat ient-handling p rogram i s to i nclude p rocedures f or a ssessing a nd up dating pat ient-
handling requirements of each patient, and a p lan for achieving prompt access to, a nd availability of, 
patient-handling equipment and handling aids.

Facilities s hall e stablish a s afe pat ient-handling p olicy on a ll u nits a nd for a ll s hift s, posted i n 
a lo cation e asily v isible to s taff , pat ients, a nd v isitors, w hich m inimizes u nassisted pat ient h an-
dling, and includes a statement concerning the right of a patient to refuse the use of assisted patient 
handling.

“Assisted patient handling” means use of mechanical patient-handling equipment, including, but not 
limited to, electric beds, portable base and ceiling track-mounted full body sling lift s, stand assist lift s, 
and mechanized lateral transfer aids; and patient-handling aids, including, but not limited to, gait belts 
with handles, sliding boards, and surface friction-reducing devices.

Retaliatory ac tion s hall not b e t aken a gainst a ny h ealth c are w orker f or re fusing to p erform a  
patient-handling task due to a reasonable concern about worker or patient safety, or the lack of appro-
priate and available patient-handling equipment. If a health care worker refuses to perform a patient-
handling task, the worker shall promptly report to t he supervisor the refusal and the reason for the 
refusal.

Covered facilities will have 36 months to establish a safe patient-handling program and begin train-
ing em ployees i n s afe pat ient-handling g uidelines. Re commendations s hall b e i ncluded f or a 3 -year 
capital plan to purchase safe patient-handling equipment and patient-handling aids necessary to carry 
out the safe patient-handling policy, which is to take into account the  nancial constraints of the facility. 
(Text: http://www.njleg.state.nj.us/2006/Bills/PL07/225_.PDF)

“Nurse and Patient Safety and Protection Act of 2007” Introduced

With momentum building to legislate the safe handling of patients throughout the country, a national 
bill, House Resolution 6182, was  rst introduced into the U.S. House of Representatives on September 
26, 2006, by U.S. Representative John Conyers (D-MI), “To amend the Occupational Safety and Health 
Act of 1970 to reduce injuries to patients, direct-care registered nurses, and other health care providers 
by establishing a safe patient handling standard” (HR 6182 history and text: http://thomas.loc.gov).

National le gislation f or s afe pat ient h andling w as rei ntroduced b y Re presentative J ohn C onyers 
(D-MI) on January 10, 2007, with HR 378, the “Nurse and Patient Safety and Protection Act of 2007.” 
HR 378 was referred to the Committee on Education and Labor and, also, to the Committee on Energy 
and Commerce where it was subsequently referred on February 2, 2007, to the Subcommittee on Health. 
Th e last ac tion was May 9, 2007, when House Education and Labor referred to t he Subcommittee on 
Workforce Protections.

Section 2 of HR 378 states that the “Nurse and Patient Safety and Protection Act of 2007—Requires 
the Secretary of Labor, acting through the Director of Occupational Safety and Health Administration, 
to establish a Federal Safe Patient Handling Standard to prevent musculoskeletal disorders for direct-
care re gistered nurses a nd ot her he alth c are prov iders work ing i n he alth c are f acilities by re quiring 
the el imination of manual l ift ing of pat ients t hrough t he use of mechanical devices, except during a 
declared state of emergency.”

Section 5 of HR 378 de nes “declared state of emergency” as “an offi  cially designated state of emer-
gency that has been declared by the Federal Government or the head of the appropriate State or local 
governmental agency having authority to de clare that the State, county, municipality, or locality is in 
a state of emergency, but does not include a state of emergency that results from a labor dispute in the 
health care industry or consistent under staffi  ng.”
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Findings of Congress in Section 1 of HR 378

 1. Direct-care registered nurses rank 10th among all occupations for MSDs, sustaining injuries at a 
higher rate than laborers, movers, and truck drivers. In 2004, nurses sustained 8800 MSDs, most 
of which (over 7000) were back injuries. Th e leading cause of these injuries in health care are the 
result of patient-lift ing, patient-transferring, and patient-repositioning injuries.

 2.  Th e physical demands of the nursing profession lead many nurses to leave the profession. Fift y-
two percent of nurses complain of chronic back pain and 38% suff er from pain severe enough to 
require leave from work. Many nurses and other health care providers suff ering back injury do 
not return to work.

 3. Patients are not at optimum levels of safety while being lift ed, transferred, or repositioned manu-
ally. Mechanical lift  programs can substantially reduce skin tears suff ered by patients, a llowing 
patients a safer means to progress through their care.

 4.  Th e development of assistive patient-handling equipment and devices has essentially rendered the 
act of strict manual patient-handling unnecessary as a function of nursing care.

 5. Application of a ssistive patient-handling technology f ul lls an ergonomic approach w ithin t he 
nursing practice by designing and  tting the job or workplace to match the capabilities and limi-
tations of the human body.

 6. A growing number of health care facilities have incorporated patient-handling technology and 
have reported positive results. Injuries among nursing staff  have dramatically declined since 
implementing pat ient-handling equipment a nd devices. As a re sult, t he number of lost work 
days due to injury and staff  turnover has declined. Cost-bene t analyses have also shown that 
assistive p atient-handling tech nology s uccessfully r educes w orkers’ co mpensation cost s f or 
MSDs.

 7. Establishing a s afe patient-handling standard for direct-care registered nurses and other health 
care providers is a critical component in increasing patient safety, protecting nurses, and address-
ing the nursing shortage.

If HR 378 Nurse and Patient Safety and Protection Act of 2007 passes, a Federal Safe Patient Handling 
Standard will be established with which all health care facilities in the nation will be required to 
comply. “Health care facility” is de ned in Section 5 a s “an outpatient health care facility, hospital, 
nursing home , home  he alth c are a gency, ho spice, fe derally qu ali ed health c enter, nurse m anaged 
health center, rural health clinic, or any similar health care facility that employs direct-care registered 
nurses.”

With enactment of HR 378, requirements on all health care facilities will be to purchase, use, and 
maintain safe lift  mechanical devices; input from direct-care registered nurses and organizations repre-
senting direct-care registered nurses in implementing the standard; a program to identify problems and 
solutions regarding safe patient handling; a system to report, track, and analyze trends in injuries, and 
to make injury data available to t he public; training for staff  on safe patient-handling policies, equip-
ment, a nd de vices at le ast a nnually, w ith t raining to a lso i nclude h azard iden ti cation, assessment, 
and control of musculoskeletal hazards in patient care areas, including interactive classroom-based and 
hands-on training by a knowledgeable person or staff ; and annual evaluations of safe patient-handling 
eff orts, as well as new technology, handling procedures, and engineering controls with documentation 
of this process to include equipment selection and evaluation.

Nurse and Pat ient Safety and Protection Act of 2007 includes strong protection for a d irect-care 
registered nurse or other health care provider who may refuse a work assignment if the assignment 
would violate the Federal Safe Patient Handling Standard established under the Act, or who in good 
faith may report a violation or a suspected violation of this Act or of the Standard established under 
this Act.

HR 378 also authorizes $50 million to be appropriated for a grant program for health care facilities 
that c an prove a  nancial need to c over some or a ll of t he costs of purchasing safe pat ient-handling 
equipment. Th e grant funds are to remain available until expended.
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Following is the summary provided at http://thomas.loc.gov of requirements for the safe handling 
of patients which will become eff ective throughout the country if HR 378 is passed into law:

Nurse a nd Pat ient S afety a nd P rotection A ct o f 2 007—Requires t he S ecretary o f L abor, ac ting 
through t he Director of Occupational S afety a nd Health Administration, to e stablish a F ederal 
Safe Pat ient Ha ndling St andard to p revent m usculoskeletal d isorders f or d irect-care re gistered 
nurses and other health care providers working in health care facilities by requiring the elimina-
tion of manual lift ing of patients through the use of mechanical devices, except during a declared 
state of emergency.

Requires health care facilities to (1) develop and implement a safe patient handling plan consistent 
with such standard; and (2) post a uniform notice that explains the standard and the procedures to 
report patient handling-related injuries. Requires the Secretary to d irect the Occupational Safety 
and Health Administration to conduct audits of plan implementation and compliance.

Authorizes health care providers to (1) refuse to accept an assignment in a health care facility if 
the assignment would violate the standard or if such provider is not prepared to ful ll the assign-
ment without compromising the patient safety or jeopardizing the provider’s license; and (2)  le 
complaints against facilities that violate this Act. Requires the Secretary to investigate complaints 
and to prohibit retaliation if violations occur. Prohibits health care facilities from retaliating with 
respect to em ployment against providers for such refusal or against any individual who in good 
faith reports a violation, participates in an investigation or proceeding, or discusses violations.

Authorizes health care providers who have been retaliated against in violation of this Act to bring a 
cause of action in a U.S. district court. Entitles providers that prevail to reinstatement, reimburse-
ment of lost compensation, attorneys’ fees, court costs, and/or other damages.

Requires the Secretary of Health and Human Services to establish a grant program for purchasing 
safe patient handling equipment for health care facilities. (HR 378 status, text, summary: http://
thomas.loc.gov)

More than availability of products, education, and training were required to move the massive health 
care industry to provide safety devices for prevention of needlesticks; it took legislation. Th e same holds 
true for prevention of serious musculoskeletal injuries caused by unsafe manual patient lift ing. Modern 
equipment, methods, and abundant supportive research for injury prevention with patient handling are 
readily available. Yet, the on-going epidemic, of back, neck, shoulder, and other musculoskeletal injuries 
to health care workers, shows that much of the health care industry is unable to self-regulate for protec-
tion of employees against preventable injuries.

Industry-speci c legislation will be required to f orce many hospitals and nursing homes to p rotect 
health care workers from needless physical,  nancial, and career ruin, and to protect patients and resi-
dents from avoidable pain and injury directly caused by manual patient handling. With the rising obe-
sity of patients, with our most critical nurse shortage ever, and with an aging nurse population,51 action 
must be taken to halt devastating injuries caused by the manual lift ing and movement of patients. With 
increasing awareness of the extent and consequences of losing nurses to preventable injuries, the elimi-
nation of hazardous manual patient handling can be accomplished through legislation in our nation.
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Disposable

Anne Hudson

Th is is my story, of how I became back-injured and learned 
that nurses are oft en disposed of when they can no longer be 
used to lift  people. My aim is to help prevent the same from 
happening to others.

When t he nursing i nstructor told o ur c lass, “Your job 
depends o n yo ur bac k,” I, qu ite f rankly, d id not b elieve 
her. Th e startling announcement was made during a pedi-
atrics nursing class, way off  subject. Our instructors said 
nurses are especially prone to cumulative trauma injury 
to the back from lift ing patients and to “take care of your 
back.”

Th e student across from me appeared as alarmed as I was. 
Comparing notes later, we found that both of us saw our 
transcript pass before our eyes. We thought why are we sit-
ting here taking all of these classes, if our job will depend on 
our back?! A c ollege degree made no s ense if being a nurse 
depended on your back. Th e instructor gave no explanation 
of “cumulative trauma injury,” so, I naively chose to believe she meant muscle strain which should quickly 
heal. I thought surely hospitals would not require a nursing degree for work that could permanently dam-
age nurses, and then toss them out. Th at is how little I knew about  oor nursing before becoming a nurse 
myself.

We learned in nursing skills class how to lift  and move people alone and with a partner. At 5 ft  3 in., 
and 115 lb, I le arned that with rocking for momentum, and placing my arms beneath the person just 
so, I could move a supine 160 lb person up the bed by myself. And that was just for starters. We learned 
every manner of manual lift ing, turning, and repositioning which was put to immediate use in clinicals 
at the nursing home.
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“Elizabeth” was my  rst patient at the nursing home. I was to practice my new skills with giving her 
a bed bath. I arrived in my starched white dress with the blue and white “Student Nurse” patch hand-
sewn onto the sleeve. My hair was put up just so, in what I thought was a cute little “do.” I had not been 
prepared to  nd Elizabeth, emaciated and nonverbal, with severely contracted legs. She could use her 
arms though and, when I leaned over to i ntroduce myself, she grabbed my hair, entwining a  stful in 
her bony  ngers. Th ere went my do and, with eff orts to reassure poor Elizabeth, I struggled to bathe and 
turn a stiff  scrawny body that could not unfold.

Somehow, I thought nursing would become more predictable from classroom to practice, but, actu-
ally, few things have gone as expected. One of the reasons I wanted to become a nurse was to demystify 
the whole hospital/medical arena, to le arn more so I c ould help others and my own family. Missions 
accomplished. I learned plenty. And I know I helped a great many people, too.

Th ough it has been a w hile since my back injury in 2000 and leaving the bedside, I s till see people 
in town who recognize me a nd say, “You were my nurse. You were a go od nurse.” Th at is a very nice 
compliment but seems all I pa infully hear is “you were.” “Leaving” hospital nursing was certainly not 
my choice. I had intended to work 25 or more years at the hospital building a nice retirement, but lasted 
only 10 years before herniated lumbar disks from years of lift ing people forced me out. Or, rather, the 
hospital, which had no provision to retain injured nurses with lift ing restrictions, forced me out.

I worked w ith acutely i ll pat ients on medical/surgical, telemetry, a nd i ntermediate care u nits. Th e 
patients were generally very weak and many were also very heavy, requiring much strenuous lift ing, 
repositioning, turning, and even lift ing and carrying upon occasion. Once, a m an had a s troke while 
seated on the toilet in his bathroom. Another nurse and I carried him back to his bed. Th e same nurse 
and I once carried a woman who became unconscious, from her chair across the room, back to her bed. 
Th ough I never saw a pat ient actually get dropped, I was involved in a number of “near misses” when 
nursing staff  almost did not make it when lift ing and carrying someone from the bedside chair or com-
mode back to their bed.

On the units where I w orked, the expectation was for each nurse to do a s much lift ing and reposi-
tioning of patients as possible on their own, before seeking help from others. Being able to do your own 
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work, w ithout a sking for help, w as p erceived a s b eing c apable a nd e ffi  cient. Such independence was 
valued more highly than safety, with few nurses appearing to think much about risk to themselves with 
lift ing pat ients. We had been taught how to p erform t he various l ift s, were required to l ift , a nd were 
given annual body mechanics training as “protection” from injury, if we would only lift  “correctly.” How 
could the vague warning from nursing school to “take care of your back” be applied, when nurses were 
required to lift  dangerous amounts of weight with all sizes of patients throughout every shift ?

Th ere was one rolling  oor lift  in the hospital, with the slings kept in Central Supply on a lower level 
apart f rom t he nursing u nit  oors. It was such a p roduction to w alk t he halls a nd  oors looking for 
the lift , or to call the other units to locate and go get the lift , and then to call the nursing supervisor to 
request the appropriate sling, and to wait for arrival of the sling from Supply, that the lift  was used only 
when it was absolutely impossible for a team of nurses to do a manual lift . I saw the lift  used about once 
every 6 or 8 months. I was involved in a number of patient lift s from the  oor, including times when the 
nursing supervisor herself came to help manually lift , with no one suggesting to go ge t the lift . So, the 
lift  was not used even when it would seem necessary.

All o f t he l ift ing a nd mo ving o f pat ients d id not t rouble me f or t he mo st pa rt. I f elt s trong a nd 
healthy and was eager to keep my patients well-positioned and mobilized. Rather then allowing frail 
elderly pat ients to e xperience i ncontinence, a nd t hen c leaning t hem up, I t ried a s much a s possible 
to get dependent patients up to t he bedside commode oft en, to help them maintain continence, skin 
integrity, and mobility along with their dignity. I was pleased to document measurable output on the 
“Intake and Output” record, hopefully indicating to the next shift  that the patient could maintain con-
tinence if they were assisted up to the commode oft en enough. I was equally glad to help other nurses 
with repositioning and with lift ing and transferring their patients up to the commode or to their chair 
for meals, too.

Th ere were times, however, when I t hought I might need to look for a position on a unit without so 
much lift ing. Once, using the under-axilla lift  to raise a short plump woman in room 2B from the com-
mode to h er feet, I f elt a p op and  eeting sharp pa in in my low spine. Another t ime, using the same 
under-axilla lift  to raise a tall thin man in room 6A to his feet from the bedside, I felt another spinal pop 
with brief sharp pain. I was trained and required to use the under-axilla “drag lift ” to lift  patients to their 
feet or to pull them up in bed, the “cradle lift ” with arms under the patient’s shoulders and thighs to pull 
up in bed, the “hug lift ” to raise the patient to their feet from a seated position with their arms around 
my neck, and so forth, not knowing that such manual lift s have been condemned in other countries for 
many years due to the proven danger to nurses and patients alike.

Th ere was continual patient lift ing and moving with many outrageous events. One of the last, before 
going out with my back injury, was with saving a patient from a fall. I rushed into the room when I saw 
from t he hallway t hat he was about to f all headlong while r ising f rom his bedside chair, pushing t he 
wheeled over-bed table farther and farther away as he rose. Th e man grabbed my r ight shoulder and 
pushed me do wn hard i nto a n “L” shape, now bearing h is weight on my back. Th ere was t hat famil-
iar pop in my low spine. But t his t ime, the sudden i ntense pain lasted and lasted and lasted until my 
screaming for help brought a nursing assistant and a nurse who had “ oated” from another unit to my 
aid. Th ey got the man off  my back and assisted him to bed. When I stood upright, the pain wonderfully 
disappeared. I felt relieved that I had apparently once more escaped without injury, so I t hought there 
was no need to complete an “Incident Report” and went about my work to complete my shift . I was busy 
and thought there was no time for extra paperwork.

Soon aft er, the day came, aft er thousands of patient lift s, with most of the patients heavier than I, that 
such outrageous lift ing caught up with me. On a day off  work, while walking through my kitchen, I had 
sudden, horrible, unrelenting pain across my low back and down my leg. Th e pain was incapacitating. 
I was unable to sit down. I could do nothing except barely shuffl  e a round. Th e bed became my enemy. 
I could not get down onto the bed without great pain, could not turn over or sleep once down, and got 
“stuck” from pain part-way up trying to get out of bed. I kept thinking it would pass and that I would be 
able to work on my next scheduled day. I was in denial that I could be severely injured.
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Well, the severe pain continued and I was not able to report for work. I reluctantly called in with back 
pain. I did not yet know that I had a cumulative trauma spinal injury, with two herniated lumbar disks 
from years of lift ing people, and that my hospital career was over. I refused to think along those lines. 
When I had considered a possible back injury over the years, I had indulged in magical thinking, that, if 
injured, the hospital would help keep me employed. I believed I was a well-respected team member and 
a valued employee and, aft er all, it was “health care.”

I went to the hospital to  ll out the workers’ compensation form. It asked, “What did you do?” “What 
will you do next time to keep this from happening again?” From nursing school on, I had occasionally 
heard that nurses were at risk of cumulative trauma back injury from lift ing pat ients. Now I t urn up 
with a back injury and it began to feel like it was my fault, that the hospital had no responsibility for a 
nurse being back-injured by thousands of pat ient l ift s , that the nurse had done something else to h er 
back apart from lift ing patients.

My primary care doctor diagnosed lumbar strain and lumbar radiculopathy, gave me a p rescrip-
tion for pain medication, and sent me to “ Back School” where I le arned about exercises, hydration, 
etc. I was referred to a neurologist who ordered the  rst MRI, prescribed other medications, and sug-
gested a chiropractor and an attorney for workers’ compensation. I a m grateful that I contacted the 
particular chiropractor and attorney suggested by the neurologist.

Th e chiropractor did manipulations and ultrasound, suggested a m uscle relaxant, and said lumbar 
disks were the problem, not just lumbar strain, and that I needed a discogram. My primary care doctor 
referred me to an orthopedist who ordered physical therapy and, over time, off ered fusion for bulging/
herniation of L4/L5. Physical therapy provided heat, massage, ultrasound, and stretching and strength-
ening exercises. Two discograms con rmed internal disk disruption of L4/L5 and L5/S1 and identi ed 
both levels as pain generators.

Ultimately, after 2 years of conservative measures provided no relief, a neurosurgeon performed 
an a nterior–posterior t wo-level l umbar i nter-body f usion, re placing m y d amaged d isks w ith 
cadaver bone grafts through my abdomen, and stabilizing my spine with titanium screws through 
my back.

During the 2 years leading to surgery, I was permitted only 6 months of light duty, including a total 
of 90 days per workers’ compensation regulations, and a second 90 days obtained through negotiations 
with the hospital, with assistance from the nurses’ bargaining unit.
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When I was initially injured, light duty was quickly arranged by the hospital’s employee health nurse, 
and I was back working within 2 weeks. I had seen other injured nurses working light duty and thought 
it was wonderful that the hospital was helping to keep them working. Now they were doing the same for 
me, helping to keep me working. When other injured nurses disappeared, I thought they had chosen to 
go work someplace else. I knew nothing of the workers’ compensation system, that workers’ compensa-
tion, not the hospital, was paying my light duty wages, and that the clock was ticking off  the number of 
light duty days I would be allowed.

Two months into my injury, about the time I  rst saw the neurologist and had my  rst MRI, a certi ed 
registered le tter requiring my sig nature a rrived s tating t hat workers’ compensation denied my c laim 
of work-related back injury. I had worked 60 days of light duty in Nursing Education, training nurses 
on new medical products, out tting the practice code cart, gathering and documenting data, etc. I had 
done well in l ight duty a nd appreciated a nd enjoyed working. I m anaged my back pa in during work 
with non-narcotic analgesics, position changes with alternating sitting and standing, a rol led towel off  
the linen cart as a lumbar cushion in my chair, analgesic rubs, and an assortment of lumbar supports, 
including one w ith magnets a nd one which held a sm all ice pack. But w hen I re ported for work t he 
morning aft er my workers’ compensation claim was denied, I was dismissed. Th e hospital sent me home 
to use accumulated sick leave and vacation leave until I could return to my position, or until my leave 
time and Family Medical Leave time ran out, and I would be terminated.

Several weeks later I had a consultation with a neurosurgeon and requested a prescription for a back 
brace and a release to return to work. I was afraid for my job and thought if I just tried harder I could 
do the lift ing in spite of the pain. I had read con icting reports on the pros and cons of back supports 
and braces, but I needed to  nd out if I could return to work with my back in its current shape.

Wearing a heavy brace with metal stays, I returned to my regular position in the Intermediate Care 
Unit, but lasted only 3 weeks. I found that the brace felt good to wear, supportive, and secure, prevent-
ing me from bending at the waist or twisting. But I also found, aft er only 3 weeks of wearing the brace, 
that I was weaker because I was not supporting my torso; the brace was doing it for me. I found, too, 
that as supportive and comforting as it was, the brace did nothing to d iminish compressive force to 
spinal disks with lift ing. My damaged low spine hurt badly with lift ing, brace or no brace.

My l ast pat ient w as a 4 25 lb w oman a bout m y s ame h eight. Sh e d id w ell a ft er h er ga stric b ypass 
surgery but still needed a lot of help lift ing and shift ing legs, raising and washing beneath her massive 
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abdominal panus, repositioning and pulling up in bed, etc. Once she got upright onto her feet she could 
shuffl  e-walk into the bathroom, but aft er toileting her arms could not reach around her body to cleanse 
herself. Her torso was so large that it came to within one foot of the  oor when she was standing. Th is  
made it necessary for me to go onto three points, low to the ground, and shove a cloth with much eff ort 
deep between ponderous  esh to re ach the parts needing to b e cleansed. She was working hard to ge t 
better and I do hope she is doing well today. No disrespect is intended in describing some of the strenu-
ous care unique to the bariatric population.

Th e woman with the gastric bypass was my last patient in my position as a hospital  oor nurse. Job 
or no job, the increased pain was too great to go on. I went off  again with back pain and  led a second 
workers’ compensation claim. Again I w as placed into light duty right away, this time in the Business 
Offi  ce and Medical Records. Th is time it took only 30 days, aft er a total of 90 days light duty, to receive 
the workers’ compensation denial, again per certi ed registered letter requiring my signature. Again, 
I was dismissed and sent home to use up my accumulated leave.

I was continuing with conservative treatment for my back and, at this point, through negotiations with 
the hospital, obtained the additional 90 days of light duty mentioned earlier. Th is period of light duty was in 
the pre-op area where it was wonderful to be back working with patients. I d id well in pre-op and enjoyed 
helping prepare patients for their surgery. I also enjoyed working with the staff  and learning about a diff erent 
area of the hospital. When the 90 days were up, again I was dismissed to exhaust remaining leave time.

By this time I had researched back injuries to nurses from patient lift ing and had learned a great deal. 
I wanted to help the hospital learn how they could prevent back injuries to other nurses. I learned that 
the hospital had a Back Injury Prevention Task Force and requested to speak at their meeting. I told the 
small group about research showing safety limits for lift ing, research on spinal injury with patient lift -
ing and preventing injuries with patient lift  equipment, and evidence of tremendous cost savings with 
injury prevention.

Th ey appeared bored with what I had to say and their reply stunned me. Th ey said, “We know all that. 
We’ve been going for three years.” Because the hospital had not implemented a “no lift ing” policy, and 
had not p rovided the patient l ift ing equipment I h ad learned about, I b elieved they must be unaware. 
How could a hospital know that they could prevent staff  injuries and not take the steps needed to do so? 
If they knew that preventing injuries could save money, why were they not aggressive in injury preven-
tion? My injury, that of a si ngle nurse, u ltimately cost about $200,000 in direct costs for medical and 
compensation alone. Some nurses have far more serious injuries incurring far greater costs.

It felt awful to learn that the hospital had known for years how to prevent patient lift ing injuries but 
had allowed me and others to be seriously injured and disabled from our jobs anyway. No remorse was 
expressed, no “we’re sorry,” never even a phone call to ask how I was doing. And it was becoming appar-
ent that I, like others before me, would be terminated if unable to return to lift ing.

By now I had an attorney to help me appeal the hospital’s denials of my two workers’ compensation 
claims. Th e hospital accepted as work-related the lesser “ lumbar strain” injury, which should quickly 
heal, but denied the more serious disk herniations shown by MRI. My appeals of their denials  rst went 
to the workers’ compensation board. When the hospital appealed the board’s decisions in my favor, 
I requested hearings and appeared in workers’ compensation court twice before an administrative law 
judge. Every workers’ compensation board and court decision came back in my favor, con rming that 
my spinal disk injuries were from lift ing hospital patients.

Winning my case was notable because workers’ compensation typically accepts only single-point-in-
time injuries and my case was based on cumulative trauma spinal injury from years of lift ing patients. 
In court, my attorney used research showing the evidence between patient lift ing and spinal injury to 
nurses, especially the review of research on the low back in the Federal Register on the “Ergonomics 
Standard Final Rule,” November 11, 2000. Th ough the Ergonomics Rule itself was rescinded by President 
George Bush, the research stands and can be quite helpful in proving the relationship between patient 
lift ing and cumulative trauma spinal injuries, or “degenerative disk disease,” to nurses and other health 
care workers. Particularly helpful is the explanation of how microfractures to t he disk nucleus and to 
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vertebral endplates occur with the repetitive lift ing of heavy loads without pain, due to t he absence of 
pain receptors in those structures. Insidious extensive damage may have already resulted in degenera-
tive disk disease before severe pain announces extension of damage from the center of the disk to nerves 
in the outer ring of the disk.

One of my physicians, who had treated back-injured nurses for 25 ye ars, was uncertain that l ift ing 
patients by itself was the cause of spinal injury. But, aft er being convinced by my attorney to re ad the 
research, he found the evidence for spinal injury from lift ing patients so compelling that he contacted 
the researchers to learn more. He then wrote a strong letter to the workers’ compensation court on my 
behalf stating that there was no question that my spinal injury was caused by lift ing patients as a nurse.

In court, two nurse coworkers testi ed about the type and amount of patient lift ing we nurses rou-
tinely performed. I submitted line drawings of manual patient lift ing techniques, along with a detailed 
description of the types of manual lift s, and amounts of weight I generally lift ed, on a typical shift . Th is  
was estimated at 3,000 lb which I thought sounded excessive until I located an article estimating nurse 
lift ing at 3,600 lb per shift . My estimate was low!

Th e same evening of my  rst court appearance, of  ghting against the hospital to prove that my spinal 
injury was from lift ing patients, was the annual hospital Employee Awards Banquet. I received my 
10 year pin that night, along with some nice recognition in photo scenes displayed on a big screen. 
It was a lovely dinner aff air with moving speeches by administration highlighting that “employees are 
our most valuable asset.”

A special award that night was the hospital’s  rst-ever “Team Spirit Award,” which two other nurses 
and I accepted on behalf of the nurses’ bargaining unit, for our fund-raising eff orts to help with the critical 
health needs of a fellow nurse’s child. Th ere I was, on stage, accepting with others the hospital’s “Team 
Spirit Award,” while I was off  work, without pay, and apparently barred from returning unless I could 
go back to t he same heavy lift ing. I was not feeling like a “valuable asset.” In fact, I felt like taking the 
microphone and asking, “Can anyone use a good nurse?”

Th ere had been a t ime when I felt I was a valuable team member, receiving Employee of the Month, 
and so forth. Now, I just felt rejected because I was “damaged goods”—damaged by lift ing people and 
rejected by those who required me to do s o. It felt like being used and discarded. Because I c ould not 
return to l ift ing, I w as b eing processed out t he do or. Th e very t hing I t hought w as to o u nethical to 
believe, that hospitals would allow, essentially cause, nurses to be disabled by lift ing and then discard 
them, was now happening to me.

Before my injury, I tried to “ lighten the load” by requesting female urinals, to reduce turning heavy 
women on/off  the bedpan. Male patients were provided urinals. Could we provide female patients with 
a urinal, too? Objections to my request were that another unit had trialed female urinals several years 
ago and they did not like them and that turning for the bedpan was “good activity.”

I a lso requested t hat our unit purchase “monkey poles” 
for patients to pull themselves up in bed. When available, 
nurses on our unit borrowed “bed frames” from the ortho-
pedic unit for our patients who were alert and strong enough 
to pull themselves up. Could we provide more pat ients on 
our unit a device for pulling themselves up, to reduce strain 
on nurses? If I had known about friction-reducing “sliding 
sheets” at t hat time, I would have suggested them, too, but 
such devices were unknown to me and apparently to many 
other nurses as well.

A bed frame is a large, heavy, multiple-piece, metal unit, 
with horizontal pieces bolted by nurses onto the headboard 
and footboard of the bed to support a vertical bar extend-
ing the length of the bed overhead, f rom which dangles a 
metal triangle “trapeze” for patients to pull themselves up 
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in bed. Because a bed frame rises vertically head and foot, and extends horizontally the length of the 
bed, the bed becomes “enclosed.” Th is makes it impossible to roll a patient’s IV pole from one side of 
the bed to the other without removing the IV bag from the pump and passing it across the bed to the 
other side, then moving the pole and pump around the bed to be reunited with the bag, or, I have seen 
the pole, pump with bag and all, lift ed and passed horizontally, through the bed frame, across the bed, 
and patient, to the other side.

A monkey pole is one bent bar attached vertically to the head of the bed extending over the upper por-
tion of the bed with a metal triangle dangling on a chain. Monkey poles are far smaller and lighter than 
bed frames, requiring far less storage space, and do not “enclose” the bed, so there is no impediment to 
moving IV poles from side to side. Plus, our unit only had access to bed frames when the ortho unit had 
extras not in use on their unit. Much lift ing and pulling of patients up in bed could be avoided if patients 
had equipment to move themselves.

Th e two objections to m y suggestion for monkey poles were lack of storage space (How about on the 
bed?) and that some post-op patients should not pull themselves up (How about removing the triangle bar 
for such patients?). It was disappointing that my eff orts to reduce the physical stress from lift ing people 
were rejected. Th ese were the only suggestions I knew to make to reduce lift ing at the time. I had no idea of 
the tremendous variety of lift  equipment and friction-reducing devices which were available, which likely 
could have prevented my injury, and the injuries of others, but which were not provided by the hospital.

At one point, workers’ compensation evaluated me f or el igibility for vocational rehabilitation. Voc 
rehab may be off ered to those with accepted work-related injuries who are unable to perform the “essen-
tial functions” of their position, and those with no work available in their area providing at least 80% of 
their wage at injury. In my case, with permanent lift ing restrictions, I could not return to my position as 
a  oor nurse and there are no other jobs in my small town for which I am quali ed which would provide 
80% of my nurse wages.

Voc rehab determined that I w as eligible for re-training though I d iscovered that nurses were typi-
cally retrained away from nursing into lower-paying non-nursing work. Voc rehab would not help me 
obtain a n advanced nursing degree, but would l ikely approve only a c erti cate program for perhaps 
medical transcription, or other clerical work, which may provide half of my nurse wages.

Th e voc rehab evaluation determined my “transferable skills.” Th at is, they determined that I main-
tained all of the following hospital-based nursing skills, apparently showing that with all of my nursing 
skills intact I could work as a nurse—someplace else.

“Transferable Skills”
“Ability to app ly n ursing a nd h ealth c are te chniques w hich i nclude ad ministering i njections, 

medications, and treatments.
Analyzing medical data, patient activity.
Applying clinical problem solving techniques.
Applying human anatomy, physiology, and biology knowledge.
Ability to app ly i nfectious m aterials p rocedures, i nstitutional c are p rocedures, i nterpersonal 

communication techniques, life support procedures, medical lab techniques, nursing practices 
and procedures, patient observation and care procedures, personal care procedures.

Ability to apply sanitation practices to health care.
Apply uniform tests or procedures.
Assist in examining and treating patients.
Ability to chart medical data, collect blood samples, collect clinical data.
Ability to comprehend body response variations, comprehend composition of drugs.
Ability to c onduct patient assessments, draw blood, maintain medical records, perform routine 

medical tests, routine medical treatments.
Ability to plan and organize work, prepare patient reports, prepare patients for exam and treat-

ments, prepare patients for tests.
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Ability to read and understand operating and technical manuals.
Ability to set up patient care equipment.
Ability to take vital signs.
Ability to comprehend and use medical terminology.
Ability to understand drug products, properties and composition of drugs.
Ability to utilize pharmacological terminology.
Ability to apply principles of gerontology.
Ability to make decisions based on response to care and treatment.”

In my s tate of O regon, workers’ c ompensation op erates to h elp employers re turn i njured workers to 
their pre-injury position. If unable to return to the same duties due to their work injury, workers’ com-
pensation re gulations do not p rovide for a ssisting i njured p ersons to rem ain w ith t heir employer i n 
another position. And the employer has no obligation to retain a worker who is unable to perform the 
“essential functions” of their job, in my case, lift ing.

Th e employer is not prohibited from retaining injured workers, but it was not the general practice of 
my hospital to retain nurses with lift ing restrictions in other non-lift ing nursing work. Of course, they 
said I could apply for any position within my lift ing restrictions. And, I did apply for several positions, 
but was never selected. “We wanted someone with recent experience.” “We hired someone already in the 
department.” “Some patients might need help transferring,” etc.

Th ey never focused on how they could use me, only on why they could not. I h ave since found the 
same has happened to many other back-injured nurses across the country—damaged goods don’t sell. 
When I  nally saw that they were not going to allow me to take any other position, I withdrew my last 
application. I did not want to feel another rejection. At one point I wondered, “Am I still a nurse?” and 
understood how feelings of self-worth can be tied to one’s work.

Attempts at employing the Americans with Disabilities Act were unsuccessful. Apparently, employ-
ers are only required to allow persons with disabilities to discuss potential job modi cations and accom-
modations, but can decline any such suggestions if the employer believes implementation would create 
an “undue hardship.”

Th e lumbar f usion su rgery rel ieved a g reat deal of my pa in a nd I a m g lad I h ad i t done. My legs 
no longer give out on me a nd most of the shooting pains are gone. I s till have pain with sitting, with 
lift ing any amount of weight, with bending forward, 
and with many other activities. A coccyx cut-out seat 
cushion helps a great deal with sitting and driving by 
eliminating direct pressure on the base of the spine. 
Some other helps are analgesics, heat, ice, exercises, 
massage, positioning with pillows for sleep, etc.

Before m y i njury m anifested i tself, I u nknow-
ingly practiced “harm without hurt” with thousands 
of pat ient l ift s causing microfractures I d id not f eel. 
Now I m ust learn to l ive w ith “ hurt w ithout harm,” 
with daily activities causing pain but which may not 
be c ausing f urther d amage. Th e l ast x -ray, w hen I 
was declared “medically stationery” at c losure of my 
workers’ compensation claim, showed one graft  well-
fused a nd t he ot her patc hy lo oking. Th e f uture o f 
my spine is uncertain, with potential collapse of the 
cadaver bone g raft s, and high risk of “adjacent seg-
ment syndrome” w ith deterioration of t he segments 
above and below the fused segments from assuming 
the extra stress. At times, increased back pain tells me 
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I should be seen for it again, but I dread the prospect of reopening my workers’ compensation claim with 
all the related unpleasantries.

I a m very fortunate t hat my husband has a s olid c areer a nd t hat he a nd my family have been my 
mainstay in every way through all of this. Many nurses are their sole support and, when injured beyond 
returning to their position, some must sell, and some lose, possessions, vehicles, and even their homes, 
and some their marriages due to the multiple stressors with a disabling spinal injury.

Aft er healing from spine surgery, a friend recruited me to work for the county public health depart-
ment. Working as a public health nurse has expanded my horizons and allows me to help people and the 
community in new ways. I am grateful to be working as a nurse today, as many back-injured nurses are 
not able to  nd another employer who will accept a nurse who cannot lift . Still, tremendous losses will 
never be regained from losing my hospital career, with seniority and bene ts of longevity, and  nancial 
planning and retirement. Just when I should be at the height of my earning power, I am starting over at 
the bottom, currently making almost $15 less per hour, now with a disabling spinal injury which likely 
could have been prevented by safe lift  equipment. And I am one of the “lucky” ones.

I hope telling my story helps to expose and stop the exploitation of nurses by using them until “bro-
ken” and treating them as disposable. You may email me at anne@wingusa.org.

Anne Hudson, RN, BSN
12-1-07

The Meaning of Safety in Caring for the Larger, Heavier Patient

Susan Gallagher

Lift ing, turning, and repositioning patients—an important part of health care in any clinical environment 
is a high-risk activity that most health care workers provide without consideration of the long-term impact.1 
A recent study indicated that during an 8 h shift  a nurse may lift  a total of 1.8 ton.2 Th is may be one of the 
reasons why health care is considered one of the most dangerous jobs in the United States. Caregivers are 
not the only group at risk for injury in health care settings. Obese patients in the clinical environment are 
reportedly at a higher risk for certain common and predictable complications simply because of their body 
weight and size.3 For instance, patients 45.4 kg (100 lb) or more above ideal body weight have exponential 
increases in mortality and serious morbidities as compared with their nonobese counterparts.4 Because 
of both emotional and physical reasons, some obese people resist pursuing health care and frequently 
defer hospitalization until the last possible moment.5 Th erefore, in many cases, safe care for larger, heavier 
patients can be more complicated, and may be more diffi  cult for health care clinicians.

Safe patient care among obese individuals encompasses all areas of patient safety. For example, as impor-
tant as safe patient-handling and minimal-lift  programs have become, when addressing the larger heavier 
patient t his ph ilosophy only add resses pa rt o f t he s afety e quation. A irway m anagement, pa in c ontrol, 
intravenous (IV) access, urinary catheter placement, basic wound care, and more can pose safety risks not 
only to caregivers but patients as well. Additionally, patients having weight loss surgery (WLS) hold unique 
safety c oncerns t hroughout t heir l ives suc h a s t he t hreat o f v itamin a nd m ineral de pletion, emot ional 
adaptation, a nd ot her long-term needs. Th e medical pat ient ad mitted u nexpectedly t hrough t he emer-
gency department poses a nearly unmanageable task for the unprepared facility. A holistic approach to safe 
management of the obese patient should include preventing caregiver injury and promoting patient safety 
through utilization of tools and resources including preplanning for expected and unexpected events.

What Is Obesity?

From an historical perspective, the word obesity originates from the Latin language and refers to the state 
of becoming fattened by eating.6 Bariatrics is a term derived from the Greek expression “baros” and refers 
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to i ssues p ertaining to w eight.7 In  
some circles, the term “bariatrics” is 
thought to address WLS. However, the 
word comprises much broader mean-
ing; currently, it refers to the practice 
of health care that relates to the treat-
ment of  we ight a nd we ight-related 
conditions. Th is i ncludes w eight-loss 
surgery as well as reconstruction aft er 
massive w eight lo ss, me dical w eight 
management, s afe pa tient-handling 
programs, and more.

Issues rel ated to w eight a re o f 
interest to t he p ublic f or s everal 
reasons. H ealth a nd h ealth-related 
concerns a re at t he f orefront o f t he 
debate, along with the need for addi-
tional and specialized health services 
and o verall ac cess to h ealth c are.8 
Bariatrics a s a s pecialty i s b ecoming 
increasingly im portant in  p ace w ith 
the g rowing n umber o f ob ese a nd 
overweight Americans. From a safety 
perspective, as the weights of patients 
and c linicians in crease in  lin e w ith 
the t rend f or t he o verall p opulation, 
consider the eff ect on the incidence of 
occupational injuries.9

Obesity c omes w ith a sub stantial 
economic b urden: e stimates o f t he 
total economic costs associated with the disease account for 5.5%–7.8% of all U.S. health care expendi-
tures.10,11 Obesity has been found to be associated with a 36% increase in inpatient and outpatient spend-
ing and a 28% increase in medications for obese smokers.12 Obesity-related issues cost Americans nearly 
$150 billion annually—$117 billion is spent on health and health-related issues and $33 billion is spent 
on the largely unsuccessful weight-loss industry.

Recent e stimates su ggest t hat mo re t han 67% o f ad ults i n t he United St ates a re o verweight. O f 
all Americans between the ages of 26 and 75, 10%–25% are obese, 130 million are overweight, and 
more than 9 million are morbidly obese. From 1976 to 2000, the incidence of obesity increased from 
14.4% to 30.9%. Th is increase has occurred regardless of age, gender, ethnicity, socioeconomic status, 
or r ace.13 O verweight a nd obesity a re not l imited to t he United States. Worldwide, nearly 2 b illion 
individuals are overweight, equaling the number of individuals suff ering from starvation.14 To  f ully 
understand the meaning of these statistics it is important to k now how overweight and obesity are 
de ned and measured. Further, standardizing measurements and de nitions ensures all stakeholders 
are speaking the same language. Safety guidelines and protocols may be de ned by these standardized 
assessment tools.

Overweight simply refers to an excess of body weight compared to set standards. Th e excess weight may 
come from muscle, bone, fat, and/or water. Obesity refers speci cally to the abnormal proportion of body 
fat. Many people who are overweight are a lso obese. Both obesity and overweight can be quantitatively 
de ned u sing body mass i ndex (BMI),15 the most common and widely acceptable method of assessing 
overweight a nd ob esity. BMI i s a m athematical formula t hat de scribes rel ative height a nd weight; i t i s 
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signi cantly correlated with total body fat content and 
assigns a certain number to an individual’s relative risk 
for morbidity and mortality. However, caution must be 
exercised when interpreting BMI in a child or patient 
with edema, ascites, in pregnant women, or persons 
who are highly muscular, as an elevated BMI will not 
accurately re ect e xcess ad iposity i n t hese i nstances. 
Normal BMI falls in the range of 18.5–24.9. A person 
with a B MI ≥ 25 is considered overweight; a person 
with a BMI ≥ 30 is considered obese. Within the obese 
classi cation are grades I, II, and III, equaling BMI 
≥ 30, BMI ≥ 35, and BMI ≥ 40, respectively.16

Other a ssessment to ols e stablish c ertain r isk f ac-
tors for comorbidities, such as the waist-to-hip ratio.17 
A c orrelation s tudy b y Re xrode a nd ot hers su ggest 
that individuals with a h igh waist-to-hip ratio are at 
risk for certain cardiac and metabolic conditions; the 
presence of central obesity exacts greater tolls on this 
segment of t he p opulation.18,19 Th e u nderlying i ssue 
with th is i s th at p atients wi th n umerous c omorbid 
conditions are likely to develop deconditioning even 
during short encounters; deconditioned patients pose 

threats to b oth pat ient and caregiver 
safety.

Understanding v ocabulary a nd 
standardizing measurements and de -
nitions help clinicians determine which 
patients m ay de velop t he c ommon, 
predictable, and preventable complica-
tions related to w eight issues and fur-
ther anticipate what tools (equipment) 
and re sources ( clinical e xperts) c an 
best prevent or manage these threats to 
safe pat ient care. A f unctional u nder-
standing of bariatrics serves clinicians 
and patients in this goal.

The Relationship between Willingness to Accommodate and Sensitivity

Modern cu lture idealizes thin and disparages obesity.20 It is possible that in health care settings this 
could be more intense simply because of the challenges in lift ing, repositioning, turning, or in the general 
care of a larger patient. Although, two-thirds of Americas are categorically considered overweight, most 
Americans, including health care workers hold bias toward those who are overweight.21 Th is bias inter-
feres with the willingness to accommodate the health care needs of this special patient population.

Th e A merican S ociety f or M etabolic a nd B ariatric Su rgery ( ASMBS) de  nes t he ter m ob esity a s a  
lifelong, progressive, l ife-threatening, genetically related mulitfactoral d isease of excess fat storage with 
multiple comorbidities.22 In contrast, the National Association for the Advancement for Fat Acceptance 
(NAAFA) does not consider a larger person obese—contending that this disapproving term medicalizes a 
very natural state. NAAFA reminds us that some people are born tall, some short, some skinny, and ulti-
mately some fat, “We are tired of being labeled in a negative light simply for our God-given habitus.”23
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In one sense the cause of obesity is 
straightforward—the state of expend-
ing less energy than the amount con-
sumed. But i n another sense, obesity 
is i ntangible, i nvolving t he c omplex 
individual regulation of body weight, 
speci cally body fat.24 Th is  individual 
regulation i s t he u nknown f actor i n 
the w eight ma nagement en igma.25 
Th e ob ese p erson, t heir f riends a nd 
family memb ers a re l ikely to f eel a n 
economic, ph ysical, a nd e motional 
eff ect in all areas of their lives. Despite 
eff orts at weight loss, Americans con-
tinue to ga in w eight w ith ob esity 
reaching pandemic proportions. An interviewee in the Public Broadcasting Service (PBS) Frontline Fat 
explains, “…I’ve tried Weight Watchers, all kinds of magazine diets, phen-fen…I have even had my jaw 
wired.” Each weight loss experience ended with a regain of the lost weight plus more, creating bounding 
feelings of he lplessness and hopelessness.26 Over 175,000 Americans plan to have bariatric weight loss 
surgery (BWLS) this year. Th e preoccupation with weight control and the human body is pervasive, and 
some argue, for good reason.

Extensive investigation into biases toward obesity in general and the obese person speci cally, suggests 
this prejudice a nd d iscrimination c ross employment, e ducation, a nd ot her i mportant l ife-sustaining 
activities.27 Research suggests prejudice toward obese people develops at a very young age. For example, 
children as young as 6 years old describe silhouettes of obese children as lazy, stupid, and ugly. According 
to this study, prejudice toward the obese child is observed regardless of race or socioeconomic status.28 
Children a re not t he only ones w ho hold a p rejudice d irected toward t he overweight p erson, health 
care clinicians are also oft en b iased a gainst t he l arger pat ient.29 I n u sing t he Br ay Attitudes Toward 
Obesity Su rvey ( BATOS) to me asure at titudes o f d ieticians to ward t he ob ese pat ient, b ias w as e ven 
observed among obese persons themselves.30 Health professionals are far from immune to these cultur-
ally driven views. In one study wherein mental health professionals were asked to evaluate identical case 
histories with corresponding photographs of either normal weight or obese women, the obese women 
were r ated s igni cantly higher on agitation, impaired judgment, inadequate hygiene, inappropriate 
behavior, intolerance of change, stereotyped behavior, suspiciousness, and total psychological dysfunc-
tion.31 Another study incorporated use of the “FAT” suit, which was used to change the appearance of 
patients. Th e same patient was used 
for v ideotaped s ession, however, 
the p erson’s ph ysical app earance 
changed. Medical students reported 
that t he pat ient, w ho was masquer-
ading as the obese person, was more 
defensive, nervous, insincere, seduc-
tive, de pressed, em otional, co ld, 
and u nlikable t han t he no nobese.32 
Despite t he g rowing b ody o f me di-
cal research that suggests otherwise, 
many he alth profe ssionals c ontinue 
to b elieve t hat ob esity i s a s elf-
in icted condition that results from 
a lack of will power.33
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Historically, obesity has been perceived as a p roblem of self-discipline.34 However, recent discoveries 
suggest that this may, in fact, be far from the truth. For example, consider the Pima Indian groups in the 
southwestern United States. Th ey a re t hought to p ossess what James Neel re fers to a s t he t hrift y gene. 
Over centuries of evolution, this group survived in part by very effi  ciently metabolizing t heir c alories, 
providing for long periods of famine. Today, the genetically homogenous group living south of the United 
States/Mexican border maintains an average of 22 h of intense activity each week. Most members of this 
community eat the indigenous diet, and have no problem with obesity. However those living north of the 
border, in the United States, have adopted the western diet—which is high fat, high calories, and high car-
bohydrate. To compound the problem, the group, in general, has adopted the sedentary lifestyle of many 
Americans. Th e Pima Indian people are experiencing profound levels of obesity, diabetes, hypertension, 
and all the complications inherent in morbid obesity.35 Th ere is no debate that weight gain occurs when 
intake, meaning food intake, exceeds output, meaning activity—the real mystery behind balancing body 
weight depends on a number of other factors. Genetics, gender, physiology, biochemistry, neuroscience, as 
well as cultural, environmental, and psychosocial factors in uence weight and its regulation.36 Health care 
clinicians best serve their patients when they recognize obesity as a multifactoral chronic condition.

Obese Americans neither chose to be overweight nor chose to experience widespread prejudice and 
discrimination.37 Failure to provide safe, appropriate health care is oft en based on the premise that inad-
equate policies and procedures are justi ed by blaming the patient for his/her condition. A primary role 
of the health care clinicians in caring for this vulnerable population is to guarantee a safe haven from 
the obesity-related prejudice and discrimination, which oft en stems from misunderstandings. However, 
one s tudy t hat e xamined c aregiver at titudes to ward t he B WLS pat ient suc cessful l inked i nadequate 
tools for providing care with negative attitudes toward the patient. Rather than simply exploring verbal 
prejudice, the focus of this study examined failure to provide reasonable accommodation in the form 
of medical equipment, comfortable surroundings, properly  tting attire, etc. Th is particular study sug-
gested t hat bias exists toward t he morbidly obese pat ient despite t he degree of overweight. A lthough 
many issues were examined, the study also found that most hospital departments treated patients well, 
except for those with equipment that was insuffi  ciently sized to meet the patient’s needs safely.38

Th e c oncern o f p rejudice a nd d iscrimination i s t hat t hese emot ions p ose ba rriers to h ealth c are 
regardless of practice setting or professional discipline. Th e overwhelming misunderstanding of obesity 
is likely to interfere with preplanning eff orts, access to services, and resource allocation. Although this 
misunderstanding is not universal, it is pervasive enough to pose obstacles, and clinicians interested in 
making changes will need to acknowledge this barrier. However, quite interesting, is the fact that the 
department most i ll-prepared to h andle patients was thought to hold the greatest bias. Perhaps intro-
duction of appropriate preplanning eff orts could play a role in improving the level of compassion, sensi-
tivity, and understanding in caring for the larger, heavier, and more complex patient. Clinicians across 
the country and across practice settings recognize that threats to c ompassion, sensitivity, and under-
standing will continue to pose barriers until caregiver-safe strategies are available. Even the most com-
passionate caregiver may be reluctant to provide adequate care because of the threat of caregiver injury. 
Th is re alistic f ear o f i njury, a long w ith t he f ailure to p rovide s atisfactory c are to a c omplex pat ient, 
further perpetuates discrimination toward the obese patient.

Th e value of recognizing these barriers is that before we can even begin the process to preplanning care 
for the heavier, more complex patient it is important to discuss the meaning of obesity in America. Health 
care clinicians, as members of society at large, are likely to carry the same bias toward obesity as the gen-
eral population. Instead of investigating ways to provide the most comprehensive care possible, clinicians 
are faced with colleagues asking why patients a llow themselves to b ecome so heavy or shouldn’t weight 
loss be the primary goal in care. For a well-meaning clinician to suggest weight loss to a person without an 
in-depth knowledge of the many tools available is like asking a carpenter to repair a cabinet with a single 
hammer. Th e etiologies of obesity are complex and multifactoral, and management options should re ect 
this. M isunderstandings such a s t his, suggest t hat a s a c ulture we need to b e more aware of t he many 
dimensions of weight issues and recognize how this ultimately in uences safe patient care.
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Safe Practices in WLS

A number of intestinal surgeries in decades past held the secondary outcome of massive weight loss. 
Th is sparked interest in a surgical approach to weight management.8 Today, two main categories of 
surgery are used to treat morbid obesity. Th ese are gastric restrictive, and combined gastric restrictive 
and malabsorptive. Th e Roux-en-Y Gastric Bypass (RYGB) combines gastric restriction and malabsorp-
tion and is the most common procedure done in the United States today. A stomach pouch is reduced 
to about 15–30 mL to p rovide for the restriction, and a p ortion of the intestine is bypassed providing 
the malabsorptive component. Food the patient eats bypasses 90% of the stomach and duodenum, and 
a l imb of jejunum in varying leng ths, t hus fewer calories are absorbed. W hen high-caloric foods are 
dumped into the limb of the small intestine, a feeling of satiety or even discomfort may result, helping 
to c urb t he appetite.9 Reduced consumption a nd/or absorption of t he food leads to w eight loss. Th is  
procedure can be safely done laparoscopically in certain patients.

Circumgastric ba nding, a re strictive procedure, l imits s tomach si ze by p lacing a n i n atable band 
around the fundus of the stomach. Th e band is connected to a subcutaneous port and can be in ated or 
de ated in the provider’s offi  ce to meet the patient’s need as he or she loses weight. Banding is performed 
laparoscopically.

Th e goal of WLS is to i mprove the pat ients’ quality of l ife and health both short- and long-term.39 
Seventy- ve percent of pat ients are expected to lo se 75%–80% of their excess body weight. Well over 
70% of patients with hypertension will no longer require medications, and more than 90% of patients 
with type 2 diabetes are expected to be free of their medications. Drastically improved if not completely 
resolved are asthma, re ux, fatigue, shortness of breath. Bi-level positive a irway pressure (BiPAP) for 
sleep apnea a nd ot her supp ortive de vices m ay no lo nger b e re quired w ithin just months o f su rgery. 
Patients report an overall sense of well-being. Th ere is an expected reduction in the risks of heart dis-
ease, pulmonary disorders, and cancer. Patients can expect a signi cant improvement in quality of life 
and self-esteem.40

Th e numbers of obese people a re increasing, a nd concurrently surgical opt ions for weight loss a re 
improving. Realistically, while some patients will do poorly aft er WLS, many are experiencing a dra-
matic i mprovement i n qu ality o f l ife. Th e ke y to s afe W LS i s a n i nterdisciplinary te am e ff ort which 
is c omprised o f s pecially t rained c linical e xperts, s pecially de signed e quipment, ade quate re sources, 
policies, procedures, and appropriate patient selection, education, and follow-up. Th e ASMBS, National 
Institutes of Health (NIH), and others have set forth guidelines and recommendations to improve safe 
WLS outcomes.

Candidates for surgery must meet certain criteria. For example, the patient must have a BMI of greater 
than 40, or greater than 35 with signi cant comorbidities such as sleep apnea, type 2 d iabetes mellitus, 
hyperlipedemia, or hypertension.41 Before WLS is considered for reimbursement, most insurance carri-
ers require documentation of three unsuccessful attempts on medically supervised weight loss programs. 
Th e patient needs a thorough physical exam, including health history and weight history. Screening must 
determine a bsence o f ph ysical o r emot ional d isorders t hat m ight b e at t he h eart o f w eight ga in. Th e 
screening process also includes multiple evaluations to assess whether a patient is able to comply with the 
many lifelong changes that are required postoperatively. Sometimes family members are involved with 
this evaluation as families can be a very important part of postoperative adaptation to change.

Patient teaching is a c ollaborative eff ort between the patient, family, and the health care team, and 
should begin on  rst contact. Patients must understand that the surgery itself does not guarantee long-
term weight management. Commitment to lifelong behavioral changes is essential to the success of this 
strategy. Patients will need instruction preoperatively and reinforced postoperatively. Patients will need 
to understand the importance of early ambulation to decrease the likelihood of developing deep venous 
thrombosis (DVT), pneumonia, ileus, or other immobility-related complication. Pain management and 
medication administration should be discussed. Various medications, dosages, and routes can be used 
and patient instructions should be tailored to  t their situation.42
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Dietary teaching will vary according to facility and surgeon preference. A dietician should be involved 
in the multidisciplinary approach to patient teaching. Th e patient must understand the need to consume 
at least three meals daily, chewing food completely before swallowing. Liquids cannot be taken at meal 
times, and at t he  rst indication of fullness the patient needs to s top eating. High-calorie, sugar- and 
fat-dense foods and beverages need to be avoided. Each patient will need his or her own individualized 
dietary plan, with special attention to vitamin, mineral, and protein supplements for a lifetime.

Wound care will vary based on type of surgery performed. A small adhesive covering may be all that 
is necessary for a l aparoscopic procedure. Th e left  t rocanteric site is at r isk for infection because it is 
most likely to have contamination from the internal organs to the skin surface. Th e patient should be 
reminded to report any unusual tenderness at t he site. A d ry dressing over the surgical site and drain 
sites will be used aft er a n op en p rocedure a nd w ill ne ed to b e c hanged d aily a nd a s ne eded. H ome 
health assistance may be necessary for patients if there is complicated wound care required. Th e patient 
needs to understand that discharge instructions will be provided and should include information about 
follow-up appointments, wound/dressing care, drain tube care, activity, diet, medications, and support 
groups. It is imperative that patients follow-up with their primary care provider soon aft er discharge to 
ensure adjustments to medications and procedures due to control of comorbidities.

Some pat ients w ill s till not b e c andidates u ntil u nderlying ps ychological i ssues a re re solved. 
Preoperative ps ychological e valuations a re re quired b y m any i nsurance c arriers, a nd a re t hought to 
serve as a predictor of the candidates’ postoperative success in the face of long-term lifelong changes. 
Some WLS programs and surgeons require a preoperative psychological evaluation of all surgical can-
didates in order to s creen for psychopathology and prepare candidates for the many l ifestyle changes 
expected a ft er su rgery. Bariatric su rgery together w ith medical a nd behavioral follow-up i s t he most 
eff ective clinical approach to managing morbid obesity.43 A ps ychological evaluation is comprised of 
two main parts, the psychological testing and a c linical interview. With regard to ps ychological test-
ing, the Minnesota Multiphasic Personality Inventory-2 (MMMP-2) is a f requently used instrument.44 
Although initially designed to be administered to psychiatric patients, it is used extensively with other 
categories of pat ients. Th e c linical interview is comprised of a c omprehensive assessment of t he can-
didate’s medical, surgical, and psychiatric history; drug or food allergies; history of eating disorders; 
alcohol or tobacco use; both prescription and over-the-counter medications; and more. Th e psychoso-
cial history should also assess the candidate’s family and social situation. Most obese patients are not 
the only obese person in the family or social support system and this may be important for the patient’s 
success in t he long term. Th e pat ient’s k nowledge of t he surgery sought should a lso be assessed. It is 
important to make certain that the patient has the evaluation far enough in advance of the surgery such 
that any preoperative intervention can be well underway and not delay progress. For example, at the sur-
vey and the clinical interview, the results of the psychological tests are reviewed with the candidate. Th is  
is the time that additional questions and concerns are addressed. Any preoperative recommendations 
are made. Some programs require a w ritten contract with the candidate and perhaps his/her support 
person. Th e written contract outlines any agreement, commitment, requirements, or speci c responsi-
bilities necessary before surgery is scheduled.45

Like all patients, immediate postoperative assessment and documentation of vital signs are impera-
tive, especially if a change in the clinical condition occurs. Pain management is a priority. Th is may be 
accomplished by giving pain medications by various routes. Nonnarcotic implantable pain pumps can 
be used to decrease the pain at the incision site without the threat of an adverse respiratory consequence. 
Respiratory consequences such as postoperative atelectasis and pneumonia are common complications 
that can be minimized by early ambulation, repositioning, use of incentive spirometry, and coughing 
and deep breathing.

Th e patient may have a gastric tube; this should be monitored based strictly on the surgeon’s expressed 
recommendations. All other tubes and catheter must be monitored for patency and  uid balance. DVT 
prevention is especially important among obese patients. Sequential compression devices and compres-
sion stockings must be size-appropriate.46 For many post-op bariatric surgery patients, food had become 
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a coping mechanism and part of their support system. Further, personal relationships can change. Th e 
evolution of one’s l ifestyle i s d ramatic a nd supp ort g roups a re ne cessary to c elebrate, a nd cope w ith 
the loss. Long-term follow-up to discuss the physical, social, and psychosocial implications of the new 
lifestyle are the basis of success.

The Challenges of Unplanned Access

Although ne arly 3 % o f W LS pat ients e xperience a s erious o utcome p ostoperatively, i n gener al t his 
patient population has been well screened a nd t herefore experience few adverse sequelae. Unlike t he 
patient having WLS, the larger heavier individual who enters the health care facility for an unplanned 
event can be more complex and time consuming to care for, staffi  ng seldom accommodates this diff er-
ence, and reimbursement simply does not. Clinicians in home, hospital, out-patient, long-term care, and 
acute rehabilitation settings have concerns about safe care for the very large patient. Regardless of the 
practice setting, preplanning becomes an essential component of safe patient care.47 Th e refore, hospitals 
across the country are initiating bariatric task forces in hopes of designing processes to control or pre-
vent some of the untoward complications associated with caring for the obese patient.48 Th e challenge 
to these groups has been the limited availability of resources in which to build on. Adequate nutritional 
support, IV access, skin and wound considerations, appropriately sized equipment, airway and ventila-
tory management, re suscitation a nd d iagnostic te sting, pa in control, s ocial a nd emot ional concerns, 
and the prevention of complications all present special and unique diffi  culties. Practical resources such 
as longer g loves, w ider c ommodes, s pecialized t racheostomy t ubes, heavy duty f urniture, a nd m any 
others a re i mportant to c onsider. Re al-life c hallenges suc h a s physical t ransfers, i ntubation, su rgery, 
skilled nursing placement, home care present threats to safety.

Hospitalized patients complain of lack of privacy and loss of control. Th ose who are independent at 
home oft en become dependent because of unfamiliar surroundings. Many obese pat ients a re embar-
rassed b ecause o f t heir si ze a nd p ersonal app earance.49 B ecause o f p roblems rel ated to i mmobility, 
dependence, a nd emba rrassment t hese needs may be more i ntense once t he pat ient i s hospitalized.50 
Like a ll pat ients, the obese pat ient brings fears, expectations, and emot ional needs to t he health care 
experience.51

One paramedic con ded that the real issue is the amount of time needed to t ransport a very large, 
critically ill patient. EMS services do not want to expend this degree of resources with one patient, and 
without appropriate equipment and preplanning these services can become very costly to the paramedic 
company. In privately run services, dispatchers learn the names and addresses of the very heavy, dif-
 cult patients and might make every eff ort to avoid providing service. Th is is the unspoken but very real 
concern, care may be delayed simply because EMS has become overwhelmed with the unreimbursed 
costs in managing a complex patient. It becomes more diffi  cult to transport patients who cannot cooper-
ate because of pain. Paramedics equipped with standard-sized equipment are not able to obtain accurate 
blood pressure readings, and starting an IV is diffi  cult; however, the most signi cant challenge is lift -
ing the pat ient into the transport van. In the past, pat ients have reportedly been placed directly onto 
the ambulance  oor, but this causes skin trauma. When placed directly on the  oor the patient is not 
secured, and in the unlikely event of a t raffi  c c ollision, the patient and attendant are at r isk for injury. 
Even i f t he pat ient w as s ecured to a s tandard-sized g urney, p roblems c ould o ccur. O ft en t he upp er 
body weight can be so great that the head of the gurney cannot be elevated. In the presence of respira-
tory distress, failure to elevate the head of the gurney could result in respiratory arrest—compounding 
an already complex situation. A larger ambulance may be necessary to safely transport larger patients 
while m aintaining t he d ignity o f b oth pat ient a nd pa ramedic. B ariatric a mbulances u sually i nclude 
both customized stretchers, modi ed suspension/loading systems, and a ramp-and-winch system. Th e 
unfortunate reality is that additional personnel, specialized equipment, and vehicles are costly. A prop-
erly out tted bariatric ambulance could cost as much as $250,000. Retro tting an existing ambulance 
with a r amp a nd w inch c ould c ost roughly $5000. For sm aller E MS s ervices, a bsorbing t he c osts to 
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provide t his t ype of service can be economically u nrealistic. However, some EMS services recognize 
that providing safe patient-handling training and out tting their ambulances with equipment needed 
to h andle ba riatric pat ients w as a n i nvestment i n s afety f or b oth t heir employees a nd pat ients. O ne 
innovative approach, at Southwest Ambulance, uses a ramp and winch system to pull the gurney into 
the ambulance. Stretchers t hat can hold pat ients up to 1 000 lb are used for t he safety and comfort of 
the patient. Design features include specialized air shock/lift s and heavy-duty suspension to lower the 
entire ambulance for a safer loading and unloading angle. A new loading ramp which extends for safer 
loading a nd unloading of pat ients w ith a moto rized pulley system t hat at taches to t he g urney, a nd a 
strengthened, lowered, and widened patient area.52 Some communities are restricted by cost. Experts 
suggest that at a m inimum, every EMS service should address employee concerns on the handling of 
patients at various weight limits. Policies should be developed to identify patient-movement strategies 
and set limits on the minimum number of people required to move a patient over a speci ed weight; and 
require staff  to re quest lift  assistance when confronted with a pat ient who exceeds the lift ing limits of 
the crew on scene. EMS systems should consider creating a special response unit that could be shared as 
a regional resource. Instead of purchasing an ambulance already equipped for bariatric patients, a more 
cost-eff ective solution might be to equip a trailer with such supplemental items as a heavy-rated basket 
or scoop stretcher lined with layers of blankets to be used as cushions and supports to ensure a semifowl-
ers position. Ramps, lift s or air displacement-type lateral transfer device for sliding a heavy patient off  of 
a couch or bed or out of a building and/or into and out of the ambulance.53

Emergency department nurses report diffi  culty in assessment, diagnostic testing, and clinical inter-
vention. Some hospital staff  members report that the obese patient is placed directly onto a mattress on 
the  oor—this is inappropriate for the bariatric pat ient who may need to b e placed in a s emifowlers’ 
position to breathe. Once on the  oor transferring to a g urney is impossible, not to mention the ergo-
nomic challenges. A specially out tted room with a lateral transfer device, gowns, blood pressure cuff s, 
exam table or bed frame, lift  and transfer system, ceiling lift , and more should be considered based on 
the expressed needs of the clinicians.

Pain relief is oft en a consideration early in the emergency department experience. Excess body fat can 
alter drug absorption, depending on the medication. For example, drugs such as diazepam and carbam-
azepine are highly soluble in fat and are therefore absorbed mostly in adipose t issue. Dosage of these 
drugs must be calculated using the patient’s actual body weight. Drugs that are absorbed mainly into 
lean tissue, such as acetaminophen, should be calculated using the patient’s ideal body weight—what the 
patient should weigh.54 Trying to remember which drugs fall into which category is almost impossible. 
A clinical pharmacist can be an important resource to ensure that the drug dose is accurate. Standard 
1–1.5 in. needles may not be able to penetrate past the adipose tissue in a pat ient with especially thick 
hips. In this case, use a longer needle needs to deliver an intramuscular dosage of the intended medica-
tion or consider a drug that uses another route.

A t hick l ayer o f ad ipose t issue i nterferes w ith v isualization a nd lo cation of veins, w hich m akes i t 
technically more diffi  cult to identify common landmarks; therefore, inserting an IV catheter can be dif-
 cult. Some nurses report diffi  culty gauging depth. If it requires more than two attempts, consider using 
a peripherally inserted central catheter (PICC) or a m idline catheter instead of a s tandard peripheral 
catheter. Placement of lines, in a nonemergency situation, can be best achieved using portable bedside 
ultrasound guidance.55 Both types of catheters can stay safely in place for weeks or months at a t ime, 
thereby eliminating the need to repeatedly stick the patient.56

Blood pressure cuff s must be the proper size,  tting the patients correctly. Cuff s that are too small 
and taped to keep them on the arm will display higher readings.57 It is not only important to have the 
oversized blood pressure cuff , but staff  needs to k now where to locate it. Imagine the patient’s embar-
rassment when hearing, “Where is that really big blood pressure cuff …you remember we used it on the 
huge blonde lady last week….” Equipment must be readily and discreetly accessible.

Selecting the proper advanced diagnostic tool will depend not only on the clinical situation but also the 
patient’s weight and body circumference. Although a brain MRI may be the most appropriate technique 
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for e valuating a n ac ute s troke, i f t he pat ient c annot  t o n t he M RI s canner, i t i s o f no p ractical u se. 
Th erefore, before scheduling an obese patient for a diagnostic imaging procedure, it is important to know 
the patient’s weight and circumference, at the largest point, to assess whether the patient will be able to  t 
properly. Table weight limits and aperture diameters for  uoroscopy diff er from those for CT and for MRI. 
Currently, industry standards exist for table weight limits and aperture diameters for each of the imaging 
techniques. In increasing order of cross-sectional diameter, according to current industry standards, the 
imaging techniques are  uoroscopy, CT, cylindric bore MRI, and vertical bore open MRI. Patients who 
exceed the weight l imit of the table as de ned by the manufacturer can potentially damage the table or 
its motor mechanics and injure themselves. Th e table and table motor are insured by manufacturers up 
to a certain weight. Th e cost to repair damage caused by a heavier patient is not l ikely covered under the 
manufacturer’s warranty. In some cases, patients may meet the weight limit of a table but may exceed the 
gantry or bore diameter because of their girth. Typically, the industry-standard aperture in  uoroscopy 
is18 in.; t he ga ntry d iameter i n C T, i ncluding M DCT, i s nearly 28 in.; a nd t he bore aperture i n M RI i s 
24 in. Although the aperture diameters are accurate in the horizontal plane on CT and MRI, they do not 
account for the table thickness entering the gantry or bore and therefore overestimate the vertical distance. 
Typically, in the vertical plane, 6–7 in. must be subtracted from the gantry or bore diameter to account for 
the table thickness. Patients and caregivers should be spared the embarrassment of unsuccessful attempts 
to perform diagnostic examinations with inappropriately sized equipment.

Radiologists and technologists should be aware of weight and aperture limits of all imaging equip-
ment at their diagnostic imaging facility. Weight and aperture limit data should be posted and be made 
easily available w ithin t he department a nd on nursing u nits. Despite t hese i ndustry s tandard l imits, 
some imaging vendors are now recognizing the issue of obesity and have increased the table weights and 
aperture dimensions of their newest imaging equipment.

Physical limitations on equipment are not the only safety challenges. Th e exams themselves may dif-
fer in larger, heavier patients with a h igh degree of adiposity. For example, radiographs are limited by 
x-ray beam attenuation that results in lower image contrast. Also, the increased body thickness through 
which t he x-ray beam must t ravel results in increased exposure t ime and introduces mot ion artifact. 
Th e typical setting to obtain a chest radiograph is a kVp of 90–95 and mAs of 2–2.5. However, in obese 
patients t hese s ettings c an re sult i n i nadequate p enetration of t he x-ray b eams t hrough t he pat ient’s 
body, along with more background scatter.58 Care needs to b e taken when performing and relying on 
diagnostic exams performed on the obese patient.

Depending o n t he pat ient’s w eight a nd d istribution, a s tandard op erating ro om ( OR) t able m ay 
not accommodate the patient properly. Hospitals and outpatient surgical centers need to f actor in the 
accommodation of severely obese patients as part of their surgical table purchase decisions. Suppliers 
and manufacturers have responded to the need for tables that hold higher capacity weight, the OR tables 
will now hold 1200 lb. Manufacturers are also responding to the need for OR tables to be able to be low-
ered very low. When performing surgery on a morbidly obese patient, the incision site is oft en very high 
because the abdomen is so large. Surgeons need the OR table to be as low as possible so that staff  mem-
bers are able to ergonomically reach the patient. One such table can support, raise, and lower patients 
as heavy as 1100 lb. Pat ients as heavy as 600 lb can be fully positioned into various surgical postures, 
and c an a lso b e mo ved a long t he lo ngitudinal s lide o f t he t able top . A nother gener al su rgical t able 
can accommodate pat ients a s heavy a s 1000 lb i n a no rmal orientation a nd 500 lb i n reverse orienta-
tion. Complementing the tables are a complete line of table accessories including table-width extensions 
that expand from 20 to 28 in., and split-leg sections. Modular designs and an abundance of accessories 
means existing tables can be easily upgraded w ith ba riatric capabilities. Bariatric restraints available 
with the some tables help assure secure positioning of the heaviest patients, while bariatric power-lift  
stirrups utilize gas-spring assistive technology to help users easily lift  the legs of patients weighing up to 
800 lb into lithotomy postures. Consider a pressure redistribution surface on the OR table to counter the 
stress of pressure on the soft  tissue. Talk with vendors and seek resources as these products continue to 
evolve based on consumer need.59



Back Injury Prevention in Health Care 3-53

Some hospitals reportedly have created an extension that is placed on the table; however, this could 
interfere with the complex functions of the table. Others report that an oversized bed is used. Although 
this is likely to accommodate size and weight, it too precludes use of the complex functions of a specially 
designed OR table. Care needs to be taken to prevent pressure related injury from straps, supports or 
simply the surgeon’s body resting against any tissue that extends from the table. Prevention or support 
table pads must be considered. A l ateral transfer device may help prevent caregiver injury and reduce 
shearing injury that develops from moving a heavy patient from one surface to another. In fact, the risk 
for caregiver injury is so great with lateral transfers that some hospitals have made the decision to move 
the patient from the OR table directly to frame/bed that will be used for the rest of the hospitalization. 
If the procedure has lasted over 2 h or if any discoloration of intact skin exists over the buttocks area, at 
the very least, a prevention (pressure redistribution) surface should be considered.

In the critical care settings, initial treatment is oft en aimed at managing the most life-threatening con-
ditions. On-going treatment can extend over a prolonged period and prove diffi  cult for the patient to toler-
ate. A comprehensive plan of care designed to address the speci c needs of the larger patient in the critical 
care setting, sets the tone for the remainder of the hospitalization. As in all settings, caring for the patient 
must target his physical, emotional, and social needs.60 A strong collaborative eff ort early on, that includes 
the patient and family members as team members, can provide the most successful outcome.

Many large people are healthy; however, obese patients who are hospitalized for prolonged periods 
of time have probably been aff ected by a cascade of events that occur from a number of comorbidities 
including cardiac or pulmonary complications.61,62 Illness, even relatively minor, in the morbidly obese 
can result in major catastrophes and life-threatening situations requiring urgent medical intervention 
and physiological support.63–65 For example, sleep apnea is found in normal weight individuals, but is 
more prevalent in the obese because of excess upper body weight.66 A diagnosis of sleep apnea is made 
when the patient has  ve or more obstructive apneic episodes per hour of sleep.67 Sleep apnea may be 
obstructive, central or mixed. Coexisting symptoms include restless sleep, snoring, and daytime som-
nolence.68 Hypersomnolence is characteristic and is oft en associated with apneic pauses during sleep, a 
condition that increases with progressive weight gain.69

An overweight patient is not necessarily adequately nourished in that he or she may consume calorie 
dense foods that are nutritionally inadequate. Th erefore, it is essential that nutritional assessment and 
appropriate interventions be accomplished in the critical care area and not erroneously given low prior-
ity. Because of the patient’s body mass, nutritional needs are not e asy to a ssess. Metabolic studies are 
very helpful in determining more speci cally what level of nutritional support is most appropriate for 
the patient.70 Choosing the right type of feeding is important. Th e goal for the patient in the critical care 
is to provide adequate nutritional needs taking care to keep the pCO2 within normal limits.71 A dietitian 
is instrumental in providing assessment and a nutritional plan of care tailored to meet the needs of the 
obese patient. Nutritional assessment includes diet history, BMI, physical exam, medical and social his-
tory, and lab values such as serum albumin, pre-albumin, serum transferrin, and lymphocyte count.72 
In the presence of obesity, the patient’s large, heavy abdominal wall causes substantially greater pres-
sures in the abdomen. In order to safely deliver enteric nutrition, care must be taken to ensure that the 
tube feeding is passing from the stomach and into the small intestines. Th e patient may be at signi cant 
risk f or a spiration, e specially i n t he p resence o f ele vated i ntra-abdominal p ressure a nd h igh ga stric 
residuals. Feeding tubes passed through the pylorus can help to reduce this risk but can be very diffi  cult 
to place in the obese patient.73 Although use of the enteric route is preferred, sometimes this is not pos-
sible, and nutrition must be delivered parenterally.

Obese patients oft en present with atypical pressure ulcers. Pressure within skin folds can be suffi  cient 
to cause skin breakdown. Tubes and catheters burrow into skin folds, which can further erode the skin 
surface. Th e patient needs to be repositioned at least every 2 h, as do tubes and catheters. Tubes should 
be placed so that the patient does not re st on them. Tube/catheter holders may be helpful in this step. 
Commercially available securing devices that can be opened and closed several t imes, and remain in 
place, will reduce the likelihood of skin necrosis.
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Wound healing can be problematic in some obese patients. Blood supply to fatty tissues may be insuf-
 cient to provide an adequate amount of oxygen and nutrients, which can interfere with wound healing. 
A delay in wound healing can occur if the patient has a diet that lacks protein or essential vitamins and 
nutrients. Wound healing can a lso be delayed i f t he wound is w ithin a s kin fold, where excess mois-
ture and bacteria can accumulate. Furthermore, excess body fat increases tension at wound edges.74 To 
reduce the occurrence of abdominal wound separation, some clinicians use a surgical binder to support 
the area. Th e binder will need to be large enough to comfortably  t the patient.

Maintaining a stable airway is a safety challenge. Providing adequate gas exchange and then weaning 
from mechanical ventilation is f raught with diffi  culties. A t hick layer of fatty t issue can make breath 
sounds very hard to hear. Chest x-rays can be poorly penetrated, thus assessment of pulmonary function 
sometimes will rely more on blood gas analysis, ventilatory pressures, amount, appearance and culture 
and s ensitivity re sults of s putum, a nd t racheal suc tioning. P rior to e xtubation or f ull weaning f rom 
mechanical ventilation, the patient’s ability to adequately take deep breaths should be assessed. Knowing 
whether the patient has a history of sleep apnea will be helpful in guiding this phase of pulmonary man-
agement. Optimizing pulmonary function during mechanical ventilation and weaning requires careful 
management. As weaning progresses, ventilatory support is reduced to allow greater patient participa-
tion in breathing. Th e patient’s spontaneous breaths must be suffi  cient to provide a good tidal volume 
thus preventing or reducing atelectasis. Position changes while in bed are vital to help mobilize secre-
tions and to i mprove gas exchange and reduce intrapulmonary shunting. Weaning may be expedited 
by placing the patient in a semifowler’s position.75,76 Many larger patients carry excessive weight in their 
abdominal region. When placed in a high-fowler’s position the fatty tissue compresses against the dia-
phragm, therefore compromising respiratory function. Once hemodynamic stability is achieved, use of 
a chair specially designed for the obese patient is desirable. An oversized reclining wheelchair has been 
helpful in some critical care. Following extubation, increasing activity, and encouraging the patient to 
cough and take deep breaths to c lear secretions is critical. Th ese activities serve to maintain adequate 
gas exchange and to reduce atelectasis. He should avoid both the supine and high-fowlers’ positions as 
both place undue pressure on the diaphragm. Nasal continuous positive a irway pressure (CPAP) can 
be helpful as an adjunct in the long-term management of OSA; however, postextubation, many patients 
 nd this diffi  cult to tolerate. BiPAP as a bridge aft er extubation and at night is especially helpful to pre-
vent sleep apnea and hypoventilation.

During emergen cy i ntubation, i t m ay b e d iffi  cult to v isualize a natomic l andmarks, suc h a s vo cal 
cords, in the morbidly obese patient. An esophageal tracheal double lumen airway is recognized by 
the American Heart Association and the American Society of Anesthesiologists as an alternative to an 
endotracheal tube when obesity-related technical diffi  culties arise.77 Even in a nonemergency situation, 
safe a irway m anagement c an b e c hallenging. St andard t racheostomy t ubes c an b e to o s hort f or u se 
in the presence of a v ery thick neck. Some clinicians use an endotracheal tube, others use a s pecially 
measured and ordered tracheostomy tube. Use of appropriate equipment can complement care, lead-
ing to safer and more eff ective care. Oversized walkers, wheelchairs, commodes, bed frames, specialty 
mattresses such as pressure relief or pressure reduction support surfaces, lateral rotation therapy, and 
lift s can reduce or el iminate complications related to p rolonged immobility.78 Equipment designed to 
assist in moving, transferring, or lift ing obese patients creates a setting more sensitive to t he safety of 
the patient and the nurse.

Following a lo ng critical care experience, pat ients a re oft en physically a nd emotionally exhausted. 
Preplanning is essential when transferring from the critical care area. Lack of appropriately sized equip-
ment creates a multitude of care issues.79 Numerous obesity-related complications are due to the inabil-
ity to move deconditioned patients adequately or because patients are emotionally discouraged, afraid 
of falling or simply weak.80,81 Challenges on the medical-surgical areas stem from this deconditioning. 
Generally, patients having WLS are placed on a specially designed bariatric surgery unit, but what about 
the non-WLS patient? More and more interest has emerged concerning centralizing care of the obese 
patient. Although reasons for admission vary, the question remains: Are there enough universal clinical 
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needs to warrant aggregating patients? How about safety…patient and caregiver safety? Th ose who sup-
port the concept of centralized care argue that caregivers are more comfortable with not only clinical 
problems but the safe patient-handling concerns of larger patients. For example, staff  members become 
comfortable with equipment selection and its use. Th ere is speculation that a higher degree of sensitiv-
ity exists because staff  members are more familiar with the complexities of care. On the other hand, is 
cohorting patients an unnecessary patient distinction based on weight—an already profoundly sensitive 
issue. Th e heart of this debate centers on the facility’s ability to reconcile this concern.

Rooms designed to m anage t he needs of larger pat ients must accommodate for more personnel a nd 
larger equipment. Th ere needs to b e suffi  cient clearance at t he bedside and in patient seating zones. Th e 
American Institute of Architects (AIA) Guidelines for Design and Construction of Hospital and Health Care 
Facilities calls for clearances around the patient bed in a single room to be a minimum of 3 ft . However, in a 
more recent publication addressing design of bariatric rooms, the organization indicates a need for at least 
5 ft  of clearance. Th is clearance is necessary to ac commodate lift s and other equipment, but also patient 
safety in the event of a fall. Adequate spacing of furniture and equipment can mitigate the circumstance of 
the patient striking objects during a fall, and ensure adequate space for a lift  to assist the patient. Th e door 
to the patient’s room needs to be wide enough to allow larger equipment to pass easily. A width of 60 in. is 
considered to be suffi  cient to accomplish this goal. Options for a 60 in. opening include (1) a sliding door 
or (2) a pair of unequal-leaf swinging doors—one door 42 in. wide, the other 18 in. Along with a properly 
functioning climate control system, consider a ceiling mounted fan to help with cooling the room. Wider 
visitor chairs need to be available. A bariatric bed, wheelchair, and lift  system need to be available at a min-
imum. Th e choice of a ceiling lift ,  oor lift , or combination system is entirely facility-speci c. Regardless, it 
best serves planners to recognize the actual needs of their patient population and let that factor drive these 
choices. Additional bariatric equipment can be introduced as the patient’s condition warrants. A walker, 
commode, air-displacement lateral transfer product, slide product, gown, overhead trapeze, power-driven 
product, and more can facilitate patient care in the patient’s room. Th e bathroom should support a patient 
weighing 1000 lb. Consider a room of at least 45 ft 2, a 60 in. door, and waterproof walls and  oor—the entire 
room becomes the shower. Th e  oor-mounted toilet should be mounted with a minimum distance to the 
nearest wall of 21 in. Consider a ba r or similar device accessible in front of the toilet, so the patient can 
reach forward and use both hands to pull himself up, and consider mounting the toilet tissue dispenser in 
front of the toilet to allow the patient ease of access. Th e sink must be structurally suffi  cient to resist pulling 
away from the wall if grabbed by a falling patient.82

Th e goals of discharge planning are to focus on ways to maximize the patient’s physical and emo-
tional t ransition toward independence in the home setting. In developing a p lan of d ischarge care, 
the pat ient, f amily, a nd memb ers o f t he i nterdisciplinary te am s hould b e i nvolved. Th e discharge 
planning ne eds of t he ob ese pat ient a re not u nlike ne eds of t he nonobese pat ient, however, a p ro-
longed hospitalization or numerous comorbidities can intensify complexities. Not all obese patients 
will require special accommodation at home; however, patients who have limited mobility are likely 
to have special needs and therefore require special accommodation. In a recent study, nurses reported 
 ve speci c challenges in the home-care setting: equipment, reimbursement, access to resources, cli-
ent mot ivation, a nd family/signi cant ot her support—the challenges c ited most oft en pertained to 
issues of equipment.83 Although there are currently no statistics to measure injuries at home, family 
members and caregivers may be at r isk for injury when caring for the patient in the home, as fewer 
personnel are available to help.84 Oversized wheelchairs and walkers with greater weight limitations 
than standard equipment are readily available for purchase or rent in major medical supply centers. 
Both items promote independence and dignity. Equipment that nurses  nd most helpful in the home 
are the wheelchair, walker, commode, electronically controlled bed frame, support surface, and lift . 
When planning for oversized equipment in t he home, consider weight l imits, w idth, a nd electrical 
needs. In other words, does the patient have a sliding glass door or extra wide doorway through which 
equipment can be delivered? Or, can the equipment be dissembled, so that it can be delivered through 
a standard-sized doorway?
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Community re sources c ould i nclude ph ysical t herapists, w eight c ontrol c ounselors, a nd ot hers. 
Written instructions for treatments, medication schedules, and follow up appointments will be helpful 
in clarifying dates, times, and events for the patient.85

Creating a Safe Work Environment

Th e human element is at t he heart of health care. Suffi  cient numbers of staff  members, the health and 
safety of staff  members and specialized training are the qualities that move the work place from good to 
great. In the face of caring for obese patients these qualities are essential. Th e questions become “Who 
will move patients? How will the patients be moved? and What equipment and training is needed to move 
patients?”86 Baptiste suggests that at the organizational process level there is even more opportunity. 
Policies and procedures need to be in place from the time of admission through the care plan to include 
the patient’s room—regardless of whether the admission is scheduled or unplanned. For example, there 
needs to b e a p lan in place for how the patient will be transported from the emergency department to 
their ro om, making su re e verything i s s et up to ac commodate t he pat ient.87 Dra ke agrees ex plaining 
that the  rst step to mob ilizing bariatric patients involves analysis and preplanning of the event a long 
with the understanding of goals. Taking the time to plan in advance will improve safety and success.88 
Preplanning is a common theme among experts. Despite support for preplanning eff orts, these activities 
are generally not forthcoming. One recent study suggests that barriers to preplanning for obese patients 
may be related to the complex nature of the patient population. It has become diffi  cult to determine how 
to begin to develop a criteria-based protocol.89 Consider the departments that ought to be involved—it is 
likely that every department in the facility has contact with members of this patient group. For example, 
whether the patient is admitted through the emergency department or through the admitting offi  ce, spe-
cial accommodation is necessary. Failure to preplan can hinder patient movement from one department 
to another therefore leading to further delays in necessary diagnostic and therapeutic intervention.

Although appropriate equipment is essential, other resources are equally valuable. Health care cli-
nicians a nd hospital support personnel need to b e involved in t he preplanning process. Education is 
critical to planning individualized care that complements the criteria-based protocol. Competency tools 
can be a resource to set and maintain standards of care. In managing the complex needs of the bariat-
ric patient, preplanning for equipment has been thought to be the  rst step for intervention; however, 
it si mply i s not eno ugh. R ather, a c omprehensive p rocess f or p replanning i s ne cessary, a nd s hould 
include (1) a ba riatric t ask f orce, (2) a c riteria-based p rotocol, w hich i ncludes p replanning f or si ze 
appropriate equipment and experts, (3) a competencies/skill set, and (4) a surveillance.90,91

Getting s tarted can be t he most challenging aspect of developing a ba riatric protocol. L ittle to no 
research exists to describe best-practice strategies for care. Clinical experts, teamwork, and group par-
ticipation a re critical to emb racing a p roject of t his complexity. Additionally, i n s triving for success, 
frontline employees must be part of the process. Staff  members closest to the patient are in the best posi-
tion to s hare actual safety concerns. For example, staff  members in the emergency department might 
explain t hat t hey need a w ider, smooth-surfaced ramp or walkway to a id in t ransporting t he pat ient 
from their personal car to the department. Additionally, they likely could bene t from a bariatric chair 
(sometimes referred to as a cardiac chair, reclining chair, etc) that transforms a chair on wheels to an 
exam table, gurney, or recliner. Th is chair could also aid staff  members in transporting the patient from 
their personal car to the department; however, it is also useful to safely move the patient throughout the 
hospital for tests or exams. While in the emergency department, the chair can be placed in the exami-
nation position. Th e goal of this type of product is to reduce unnecessary lateral transfers or lift s. For 
more independent patients, an oversized walker can be used to aid in walking to the bathroom or other 
partial weight bearing action.

Change requires strong leadership and administrative support.92,93 I n de veloping p replanning f or 
care, t he value of a n i nterdisciplinary team c annot be overlooked. A te am approach has become t he 
standard of care for many organizations. Th e team can be helpful in two respects. One is to s erve as 
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the team charged w ith developing a C omprehensive Bariatric Plan of Care—which i ncludes t he pre-
planning tool, training, surveillance processes, etc. Th e second responsibility is to provide care confer-
ences on i ndividual pat ients. For e xample, s ome organizations re quire i nterdisciplinary pat ient c are 
conferences within 8 h of admission if the patient meets certain criteria, such as a BMI greater than 50. 
Consider including the patient and/or his/her signi cant other, as this off ers insight into the patient’s 
special needs. Documentation of meetings, individual patient care goals, and corresponding interven-
tion improves consistency and accountability. Th is level of accountability more fully de nes each clini-
cian’s responsibilities.94 (See What is an interdisciplinary team?)

However, this is important to an individual that the presence of a team does not necessarily ensure 
timely access to assessment and intervention.95 A preplanning tool becomes the critical factor in caring 
for more complex patients.

Early in the process, the interdisciplinary team must identify equipment throughout the organiza-
tion suc h a s M RI s canners, OR, or x-ray t ables, w hich t ypically have weight l imitations. Identifying 
the weight limits of diagnostic and treatment equipment house-wide prevents misunderstandings as to 
what resources are actually available to clinicians. Further, talk with staff  members in off -unit areas to 
determine safety concerns. Some facilities have introduced ceiling lift s or  oor lift s to transfer patients, 
some have a de dicated a ir d isplacement/lateral t ransfer device on site. Either or a ll of these products 
serve as tools for clinicians.

Preplanning with manufacturers and vendors to provide equipment for the morbidly obese patient 
is essential. Institutional policies and procedures for obtaining oversized t ransportation and t ransfer 
devices, bed f rames a nd support surfaces, wheelchairs, walkers a nd commodes, or f urniture need to 
be instituted.96 When selecting oversized equipment, it is essential to consider both the weight limits 
and t he w idth of t he equipment. For example, pat ients not e xceeding t he weight l imit for a s tandard 
bedside commode may still be unable to use a standard device due to the size of their hips. Most medi-
cal equipment suppliers rent or sell extra wide wheelchairs, walkers, and commodes that accommodate 
patients weighing up to 1000 lb. Some rental companies provide a number of oversized bariatric items as 
a bundle, providing a price incentive.

Education provided to en sure basic skills or competencies is imperative, and has become a c ritical 
part of any care plan. When addressing patient safety, consider conducting a su rvey to de termine the 
actual learning needs of clinicians. Th e value of a d iverse, interdisciplinary bariatric task force is that 
it serves to p rovide a p ool of experts to de velop lesson plans/education addressing clinical needs. For 
example, assuming clinicians are seeking information pertaining to sensitivity—a social worker, chap-
lain, nurse expert, and patient member of the task force could develop a on-hour module to teach these 
skills. Training should include strategies for not only for patient safety but caregiver safety as well. Many 
authors talk about the need for a paradigm shift  from requiring caregivers to learn body mechanic tech-
niques to requiring the organization to provide a safe environment through ergonomic research, no lift  
policies, and unit-based education and mentoring.97 Experts suggest than an annual safety program is 
simply not eno ugh. For example, the National Institute for Occupational Health and Safety (NIOSH) 
has published l ift ing g uidelines. According to t hese g uidelines, a n average woman should be able to 
safely lift  a bout 46 lb. Th erefore, the average individual is at risk when lift ing only 50 static lb.98 From 
a practical perspective, in working with the obese patient, is it feasible to t hink that 11 caregivers can 
truly l ift  a 5 50 lb w oman? Th e goal simply is not ac hievable without proper training, equipment, and 
assessment. Part of appropriate training is to learn to utilize resources and tools. Consider an ergonomic 
assessment for obese patients who have challenges to mobility.

An ergonomic a ssessment i s helpful w hen c onducted on-unit to add ress t he s afety ne eds of ba r-
iatric patients and their caregivers. One issue is that the environment where caregivers work is oft en 
cramped, requiring t he caregiver to re ach across f urniture to ge t to t he pat ient. Th e pat ient may be 
uncooperative, sedated, or in pain adding to the physical forces against the caregiver.99 Ca regivers 
need to b e aware of the risks and also speci c ideas to m itigate the dangers. For example, consider a 
retractable bed f rame—one which w ill a llow expansion to ena ble t he pat ient to t urn a nd reposition 
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himself yet can narrow to accommodate the ergonomic needs of caregivers who must reach the patient 
to perform tasks such as bathing, wound care or even resuscitation eff orts. An ergonomist can share 
speci c h andling ide as. For e xample, a pat ient w ith a l arge pa nniculus m ay h ave d iffi  culty moving 
from a supine to fowler’s position. Th e ergonomist m ay su ggest u se of a 6 -point l ift  to position the 
patient to the side of the bed and then use a walker to support the patient in ambulation. Experts can 
match available tools with the speci c task to be accomplished. Th is sort of training is best done at the 
bedside on patient-to-patient basis.

In order to en sure long-term success of a c omprehensive ba riatric safety program, it i s essential 
to u nderstand a nd pa rticipate i n su rveillance a nd outcome s tudies. C ost, c linical, a nd s atisfaction 
research c an b e c onducted to me asure t he v alue o f a n o rganizational i mprovement e ff ort. Studies 
examining t ime f rom ad mission to e quipment a vailability, e xpert c onsultant, i ncidence o f s kin 
injury, and others document, from a quality perspective, the value of a comprehensive bariatric care 
plan.100 C onsider pat ient s atisfaction a s a n opportunity, for i nstance, pat ients a re concerned about 
the capabilities and con dence of caregivers. Edwards explains that patients may be thinking, “Are 
these two petite nurses able to help me move”? Th is causes stress for t he pat ient. W hen a s pecially 
trained caregiver or a professional team comes in to help the patient move, it gives the patient a sense 
of security and thus improved satisfaction. On the other hand, when a facility sends the message that 
it i s c oncerned a bout s taff  memb ers a s much a s t he pat ients, i t d ramatically i mproves t he c ulture. 
Given the tools to provide excellent care to the patient, caregivers feel better and their job satisfaction 
rises. Savvy administrators know that the happier the caregiver is, the happier the patient is and this 
is re ected in satisfaction scores.101

Conclusion

With obesity on the r ise, clinicians are increasingly responsible for managing the needs of this com-
plex patient population. Although preplanning for equipment is a helpful adjunct to care, it is never a 
substitute for care. Numerous resources are available to c linicians across practice settings, and use of 
resources in a timely and appropriate manner are thought to improve measurable therapeutic, satisfac-
tion, a nd cost outcomes, coordinating t hese re sources i n t he form of a c omprehensive ba riatric c are 
plan may ensure the most favorable outcome. Th e obese patient holds numerous care challenges, and it 
is in the interest of health care organizations to meet these care challenges in a clinically, ethically, and 
legally sound manner.102

WHAT IS THE INTERDISCIPLINARY TEAM?

Regardless of the reason for admission or practice setting injuries can occur. However, it 
is important to re cognize that appropriately sized equipment is just one aspect of com-
prehensive outcome-driven c are. I n p lanning c are for ob ese pat ients, i t m ay b est s erve 

the institution, caregivers, and pat ients to c onsider the value of a t imely interdisciplinary team 
conference, which identi es appropriate equipment and adequate resources. Many of t he more 
common, predictable, a nd c ostly c omplications c an b e prevented by a n i nterdisciplinary te am 
conference designed to identify early in the admission what the patient’s unique needs are. It is 
critical to patient and caregiver safety to have appropriate-sized equipment, for reasons described 
earlier. Resources within and outside the organization can be identi ed. Th is should also include 
staffi  ng resources to help with the physical care of the patient. Th e purpose of the interdisciplin-
ary team is to provide each discipline an opportunity to identify their speci c goal for the patient, 
along with equipment and resources to meet these goals.
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THE VOICE OF THE PATIENT REPRESENTATIVE 
ON THE BARIATRIC TASK FORCE

As v arious d isciplines a re b eginning to ac knowledge t he r ather s pecial ne eds o f a n 
extremely ob ese p opulation s eeking ade quate h ealth c are s ervices, m any a re  nding 
resources scant. Bariatric care, having much in common with America’s waistline, is one 

of the fastest growing areas of specialty practice.
Th ough research is underway, many providers and institutions  nd a serious lack of informa-

tion pertaining to everyday practicalities or even unique problems this population struggles with 
on a daily basis, some of them as mundane as to escape notice of those who have had little or no 
experience with massive body habitus. I think it is critical that a patient representative be present 
as a memb er of an interdisciplinary Bariatric Task Force, in t hat as a p rimary care provider in 
long-term care settings for over 20 years I h ave myself encountered numerous situations where 
staff  had no idea of how to best approach and plan patient care. Th e patient representative brings 
this unique experience to the team, keeping ideas, and strategies appropriate to the patients’ size 
and emotional well-being.

Typically, members of the interdisciplinary team would include the physician, physical thera-
pist, n urse, o ccupational t herapist, d ietician, re spiratory t herapist, ph armacist, o r c ounselor, 
among ot hers. S ome reh abilitation s ettings i nclude t he pat ient a nd f amily memb ers a s pa rt o f 
the team because t his tends to f ormalize t he commitment between t he pat ient, caregivers, a nd 
the rehabilitation plan. Physical therapists help the patient to t ransfer, ambulate, and otherwise 
increase activity and subsequently endurance. Goals set by occupational therapists oft en entail 
greater i ndependence i n ac tivities of d aily l iving. B athing c an b e a d iffi  cult function for obese 
patients. Skin folds can cause special hygiene problems that the occupational therapist can cre-
atively address with the patient. Clinicians tend to c ollaborate with other disciplines to ba lance 
the patient’s functional, emotional, physical, medical, and spiritual well-being.103

Many overweight pat ients are actually undernourished, especially i f nutrition was neglected 
during the acute episode.104 Th e goal of the dietician is likely to emphasize food choices within the 
context of health and well-being, taking into account any coexisting diagnoses, such as diabetes. 
One of the goals of the respiratory therapist is to help the patient achieve an adequate level of rest. 
Th is is thought to be diffi  cult for larger patients because of sleep apnea, or OHS described earlier.

Some medications are absorbed primarily in adipose t issue, while others in the muscle. Th e 
pharmacist can be instrumental in tailoring a medication plan unique to a patient who may have 
a higher percentage of body fat than most.105 Psychologists or ot her c ounseling s pecialists c an 
guide the patient in identifying behaviors that may interfere with a healthy lifestyle. Many larger 
patients can be depressed, withdrawn, and express feelings of helplessness and hopelessness, espe-
cially a ft er a p rolonged h ospitalization. Th is discipline is skilled at encouraging patients to be 
more accepting of themselves, and more active in meeting their emotional and physical needs.103 
Because of the range of skin injuries that can occur, the WOCN/ET can prove to b e a v aluable 
asset. O ther d isciplines m ay b e adde d to t he i nterdisciplinary te am a s i ndicated; however, t he 
value of an interdisciplinary team is in its t iming—the earlier the better as this provides a w ay 
for caregivers to prevent some of those common complications associated with caring for larger 
patients.
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IDEAS FOR BARIATRIC EQUIPMENT

Ambulatory/mobility a ids—Transfer bench, t rapeze, hover-type lateral t ransfer, s lide sheet, l ift  
and transfer product, ceiling lift , walker, wheelchair, stretcher, reclining wheelchair

Bathing/bathroom—Commode, bedpan, shower chair, handheld shower

Beds—Expandable frame, support surface

Others—Blood pressure cuff , diapers, drape/gowns, diagnostic equipment, scales, tables, binders, 
surgical instruments, tracheostomy tubes, tube holders

TEN TIPS FOR SAFE PATIENT HANDLING

RECOGNIZE THE DANGER

Recognize health care as a d angerous situation where caregivers forego their own safety for the 
safety of others

ENSURE PROPER TRAINING

Annual safety education which includes training in body mechanics alone is not enough

UTILIZE TOOLS AND RESOURCES

Introduce tools (equipment) and resources (experts) in a timely, appropriate manner

PREPLAN FOR CARE

Coordinate a bariatric task force, preplanning document, training and outcomes tracking system 
to meet the actual needs of patients and their caregivers

UNDERSTAND THE ENVIRONMENT

Consider an ergonomic assessment to reconcile risks with suitable solutions

UNDERSTAND THE PATIENT

Assess the patient for pain, depression, fear, or sedation as these pose the threat of immobility

FRONTLINE INPUT

Involve individuals most closely involved with patients. Consider a patient representative who can 
explain best the lived experience of being an obese patient

COHORT PATIENTS

Group like patients when possible, but recognize the entire facility must be prepared to manage 
larger, heavier patients

TRACK INJURIES

Design and implement a uni ed surveillance system to measure cost, satisfaction, and therapeutic 
outcomes, including caregiver injuries

RECOGNIZE ONGOING CHANGE

As products, equipment, and training evolve so does the nature of safe bariatric services
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Patient-Handling Technologies

John D. Lloyd and Andrea Baptiste

Introduction

Patient handling is a common task in health care. With the steady rise in work-related injury costs 
in the nursing occupation, safe patient handling has become a major topic of discussion. The health 
care i ndustry i s g radually ac cepting t hat manually l ifting a nd t ransferring physically dependent 
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patients i s a h igh-risk ac tivity, f or b oth t he c aregiver a nd t he pat ient. T he h ighest-risk elemen t 
of most pat ient-handling tasks t ypically i nvolves either a v ertical or horizontal t ransfer. Vertical 
patient-handling activities include bed to chair, bed to commode, and chair to commode transfers. 
Horizontal or lateral patient-handling activities include bed to s tretcher transfers and reposition-
ing tasks.

Technological solutions are needed to add ress the r ising prevalence and incidence rates of muscu-
loskeletal injuries in nurses related to patient-handling and movement tasks. Direct and indirect costs 
associated with back injuries are estimated to be between $24 billion annually5,13 and $64 billion with 
$20 billion of that attributed to t he health care industry.2 Preventative solutions are needed to control 
the hazards and  nancial burdens associated with patient-handling tasks. Research supports the use of 
assistive devices for nursing staff  to care for patients.1,6,7,9,10,14,15

Th e purpose of t his chapter i s to iden tify, describe, a nd d iscuss technologies t hat make t he work-
place s afer f or n urses a nd pat ients. Ke y te chnologies a re g rouped ac cording to p rincipal f unction. 
Technologies to a ssist w ith vertical t ransfer of pat ients i nclude powered f ull-body s ling l ift s, ceiling-
mounted patient lift s,  oor-based lift s, powered standing lift s, nonpowered standing aids, and gait belts. 
Technologies to assist with lateral transfer of patients include air-assisted systems, friction-reducing 
devices, me chanical l ateral t ransfer a ids, s liding b oards, a nd t ransfer c hairs. O ther ne w a nd emerg-
ing technologies which s tand to p ositively i mpact t he nursing profession, such a s powered t ransport 
devices, are also presented.

Technologies to Assist with Vertical Transfer of Patients

Powered Full-Body Sling Lifts

Perhaps the most commonly used patient-lift ing technology is the powered full-body sling lift . A vast 
number of models and con gurations are available and are typically used with patients who have physi-
cal and/or cognitive impairments. Th e se lift ing devices can be used for almost any type of lift  transfer. 
Powered lift ing devices off er many bene ts over mechanical or manual alternatives, since caregivers do 
not have to physically lift  or reposition patients. Th e patient transfer is accomplished with the powered 
advantage of the patient lift , so there is less risk of injury to the caregiver.

Th ere is a w ide variation in the types of slings available for full-body l ift s. Newer sling designs are 
much easier to install beneath patients or residents. When using full-body sling lift s, patients need to be 
 tted with slings of the right size to ensure no skin shearing or pressure points exist during the transfer. 
Emerging patient-lift  systems are exploring opportunities to i ntegrate the sling into hospital bedding 
or the patient’s clothing. Alternative new technologies for vertical transfer of patients propose sling-less 
patient handling, which poses enormous time and energy saving potential while aff ording appropriate 
considerations to patient safety.

Th e majority of powered full-body sling lift s are mounted on a portable base, however, use of ceiling-
mounted patient lift s is growing dramatically. Th e portable base and the ceiling-mounted devices have 
diff ering advantages. Powered full-body sling lift s can be used to move patients out of beds, into and out 
of chairs, for toileting tasks, bathing tasks, and for any type of lift  transfer. Th e se lift s are available with 
many features and there is a wide variation in the types of slings available. Th e newer sling designs are 
much easier to install beneath the patient or resident.

While mechanical lift ing devices of any type have been shown to be far safer for both nurses and 
patients, several limitations interfere with their use in practice, including diffi  culty using in con ned 
spaces, the extra time required, lack of accessibility or availability, diffi  culty using and storing, and 
poor ma intenance.3 M any of t hese ba rriers c an b e el iminated t hrough t he u se of c eiling-mounted 
lift s over each patient bed. Using a ceiling-mounted lift  decreased internal forces signi cantly when 
compared to operation of a mechanical  oor lift .8
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Ceiling-mounted lift ing s ystems p rovide s olutions f or re ducing w ork-related n ursing i njuries a nd 
enhancing comfort and dignity for persons with spinal cord injury/disorders (SCI/D). Although they are 
not new in Europe and Canada, studies on the capability of these devices to reduce injury have been lim-
ited. Villenueve et al.12 reported a Quebec study that showed a signi cant reduction of injuries attributed to 
the use of ceiling track lift ing devices as opposed to  oor-based devices. In the United States, the pioneer-
ing work of the Veterans Administration (VA) nurses in Florida on the use of the ceiling-mounted patient-
lift  s ystem was  rst reported by Tiesman, Nelson, Charney, and Siddharthan at t he VA Health Services 
Research Annual Meeting in 2002.11 Th e report h ighlighted t he impact of t his new l ift ing and t ransfer 
technology in the reduction of musculoskeletal injuries among nurses as well as the ease and safety of its 
use in a 60-bed long-term care unit. It was also noted in this report that studies performed elsewhere have 
observed a reduction in occupational accidents by 75%–80% and an increase in personnel satisfaction.

A ceiling-mounted lift  is installed with tracks that are secured into the beams to support the weight. 
It has a motor unit powered by battery that is attached to t he track that raises and lowers the patient, 
who can then be moved along the track. Th ere are two available ceiling lift  con gurations: single track 
and t ransverse t rack. A si ngle-track system follows a de dicated pat h; t herefore pat ient care ac tivities 
involving v ertical t ransfers a re l imited to t his s peci c pat h. A t ransverse c overage s ystem p rovides 
broader coverage within the room. Th e type of ceiling track installed depends on the need, frequency, 
patient population, and cost involved. A variety of sling designs and materials are available. According 
to Fragala,4 “this l ift ing and transfer technology addresses two problems: the need to  nd a l ift  when 
and where you need one, and the need to push  oor-based lift s from one place to a nother, sometimes 
over and around dangerous obstacles. Strategically positioned, the ceiling-mounted lift  is designed to be 
available when and where you need it.” Despite the myriad of attributes of this technology, the majority 
of health care facilities are not equipped with ceiling lift s.

Ceiling-mounted patient lift s
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Advantages of the ceiling-mounted patient lift  include (1) ease in training nurses about use, (2) ease in 
maneuvering over  oors and around furniture, (3) no need for storage, (4) conveniently located at bed-
side, (5) increased patient security and comfort, and (6) less strenuous on nurses than traditional  oor-
based lift ing devices. Th ese new devices have a few drawbacks, including (a) cost and (b) geographical 
restrictions of the lift  based on where tracks are installed.

Tiesman et al. found that implementation of a ceiling-mounted patient-lift  system decreased both the 
frequency and severity of injuries on a long-term care unit (in preparation). Th e number of musculoskel-
etal injuries on the unit decreased from 18 to 12, the number of restricted work days decreased from 16 to 
6, and the number of lost work days decreased from 39 to 0 in a 12-month period. In addition, the nursing 
staff  was extremely satis ed with the lift s measured via surveys and focus groups.

Portable bases can be used to suspend full-body sling lift s where overhead tracks are not available or 
practical. However, it is important to know the weight limit on these portable bases as they may not be 
able to handle the weight of a bariatric patient.

Th e bene t of using a ceiling-mounted lift  should be weighed against the cost of alternative options, 
such as powered  oor lift s.

Powered lift s off er ma ny bene ts when caring for patients. One key advantage is that caregivers do 
not have to manually move or reposition patients due to the mechanical nature of such lift s. Th e transfer 

becomes powered versus manual so there is less risk of injury to the caregiver. However, placement of 
a sling underneath the patient still proves to be a challenging task for caregivers. Many functional fea-
tures of powered lift s include transferring patients from bed to chair or repositioning them by simply 
pressing a button. It is imperative that the motor of the powered lift  is compatible with patients’ weight, 
therefore lift  capacities have increased considerably over the past decade. Th e present standard of 270 kg 

Floor-based lift s
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(600 lb) for most  oor-based and ceiling lift  systems aff ords facility-wide coverage that should adequately 
address the needs of all by the most overweight patients. Lift s are now available with expanded capacity 
for morbidly obese patients up to 1000 lb. When using powered lift s, patients need to  rst be  tted with 
slings of the right size to ensure no skin shearing or pressure points exist during the transfer.

A new innovation in the market of powered full-body sling lift s is “powered positioning.” Typically, while 
transferring a pat ient between a sup ine and seated posture, t he caregiver manually d irects t he pat ient’s 
position. Th is can be achieved by exerting a physical force against straps located on the sling, or using a 
positioning handle designed into the hanger bar. Th ese forces can impose a b iomechanical stress on the 
wrist, elbow, and shoulder joints of the caregiver in direct proportion to the weight of the patient. Powered 
positioning aff ords the nurse the facility to change a patient’s posture using the powered advantage of the 
patient-lift  system. Th is new technology is available for both  oor-based and ceiling-mounted patient lift s.

Powered s tanding l ift s p rovide a n a lternative to f ull-body s ling l ift s a nd a re pa rticularly u seful f or 
patients w ho a re c ognitively c oherent, pa rtially de pendent a nd h ave s ome w eight b earing c apabilities. 
Th ese  lift s are excellent for moving patients in and out of chairs and for toileting tasks. Powered standing 
assist lift s have a relatively small base and are therefore easily maneuvered in restricted areas, such as small 
bathrooms. Th ere are some variations in the sling design, but the basic concept is of simple design is very 
easy to place around the patient’s torso. Th is type of sling allows unrestricted access to the patient’s lower 
body for the purpose of toileting. Powered standing lift s should not be used with patients who are at times 
combative, unpredictable, or have cognitive de cits.

Powered standing lift s
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Some patients or residents may only need a little support to stand. In this case, they can help themselves 
if they have a support to grasp. Various types of devices can be provided to assist a patient from a seated to 
standing position by allowing them to hold on to a secure device and pull themselves up, such as demon-
strated in the  gure. Th ese devices may be freestanding or attached to beds.

Standing assist and repositioning aids

Gait/transfer belt with handles
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An object with handles improves the grasp opportunity for the worker and thereby reduces the risk. 
Gait/transfer belts are installed on patients or residents, usually around the area of the waist providing 
handles for a worker to g rasp when assisting or transferring a pa rtially dependent patient or resident, 
as shown. Small handheld slings that go a round the patient can a lso facilitate a t ransfer by providing 
handles. Th ese options are available for patients with weight bearing capabilities that need only minimal 
assistance.

Technologies to Assist with Lateral Transfer of Patients

One of the highest risk tasks in nursing is to transfer a patient from a bed to a stretcher. Th is type of trans-
fer involves the caregiver to reach over the stretcher to the bed where the patient is lying, to then pull the 
patient over to the stretcher. Th is task forces the caregiver into a poor, awkward posture. Lateral transfers 
are typically performed using a draw sheet, which has been proven to cause high shear forces on the nurse’s 
spine. Furthermore, few nurses have adequate shoulder strength to perform this activity safely.6 Use of 
lateral transfer aids have reduced the physical demands required in the horizontal transfer of patients.1,6

Th e use of lateral t ransfer a ids can el iminate t he need for poor postures, t hus reducing t he r isk of 
injury to the caregivers. Lateral transfer aids are devices used for the lateral transfer of patients. Devices 
can be grouped into three categories: (1) friction-reducing lateral sliding aids, (2) air-assisted lateral slid-
ing aids, and (3) mechanical lateral sliding aids. Each will be brie y described.

Th ese are devices where a  exible mattress is placed under a patient in the same manner as a transfer 
board. Th ere is a portable air supply attached to the mattress that in ates the mattress. Air  ows through 
perforations in the mattress and the patient is moved on a cushioned  lm of air allowing staff  members 
to perform the task with much less eff ort. Th ese technologies are particular suitable when performing 
lateral transfers involving patients with special medical conditions, such as pressure sores.

Friction-Reducing Lateral Sliding Aids

Friction-reducing lateral sliding aids can assist with bed to s tretcher type transfers. Th ese devices can 
be positioned beneath the patient or resident similar to a t ransfer board and provide a su rface for the 
patient to be slid over more easily due to the friction-reducing properties of the device. Th e se are sim-
ple low-cost devices, usually made of a smooth fabric that is foldable and very easy to store. Properly 
designed handles can reduce horizontal reach, as shown in the example.

Use of a friction-reducing device for the lateral transfer of patients signi cantly reduced muscle activ-
ity for the spine and the shoulders. While reduced muscle activity can reduce muscle fatigue, observa-
tion of intervention subjects revealed the friction-reducing device was not intuitive in its use, and despite 
training, subjects did not realize the true capability of this ergonomic intervention. Training and com-
petency programs to assure appropriate use are needed to fully bene t from patient care equipment.8

Air-assisted lateral transfer aids
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Friction-reducing de vices s hould 
be u sed whenever t here a de pendent 
patient i s t ransferred l aterally. Suc h 
devices should be provided in suf-
 cient n umber a nd i n c onvenient 
locations to promot e s taff  usage. 
Training i n t he c orrect u se o f a ny 
new device is imperative to successful 
implementation.

One o f t he h ighest r isk t asks i n 
nursing is to transfer a patient from a 
bed to a s tretcher. Th is type of trans-
fer i nvolves t he c aregiver to re ach 
over t he s tretcher to t he b ed w here 
the patient i s lying, to then pull the 

patient over to t he s tretcher. Th is t ask forces t he c aregiver i nto a p oor, awkward posture. Th e u se of 
lateral t ransfer a ids can el iminate t he need for poor postures, t hus reducing t he r isk of injury to t he 
caregivers. Lateral transfer aids are devices used for the lateral transfer of patients. Th ese aids vary in 
types: (1) air-assisted aids, (2) mechanical lateral aids, and (c) manual lateral sliding aids.

An air-assisted device is a  exible mattress, which is placed under a patient and in ated by a portable 
air supply. Th e bottom side of the mattress has thousands of holes allowing the air to get through, while 
the patient is moved on a c ushioned  lm of air, across to the other surface. Th is reduction in friction 
between the bed and bottom of mattress makes the transfer easier for the caregiver. Key strengths of air-
assisted sliding aids are that they provide a good surface for patients with compromised skin integrity 
(pressure sores or burns) and that there is no w eight l imit. Th is type of device is especially useful for 
bariatric patients.

Stretchers a re a vailable t hat a re h eight ad justable a nd h ave a me chanical me ans o f t ransferring a 
patient on a nd off  t he stretcher. Some a re motorized a nd some use a h and crank mechanical device. 
Mechanical means of mechanizing the lateral transfer are also available as independent options able to 
be used with most beds and stretchers, as shown. Th ese devices eliminate the need to manually slide the 
patient, minimizing risk to the caregiver.

Mechanical l ateral a ids a re t hose de vices, which el iminate t he need to m anually s lide pat ients, t hus 
substantially reducing the risk of injury to caregivers. A mechanical lateral transfer aid is one, which may 
be mechanically assisted or motorized. Th e key bene t of these products is the reduction of risk of injury 

to the caregiver. Mechanical lateral 
aids a re h ighly re commended w hen 
treating b ariatric p opulation, gi ven 
the h igher r ange o f w eight c apaci-
ties. Th e mechanical features of these 
products cause them to be more costly 
than ai r-assisted an d m anual l ateral 
sliding a ids. H owever, t he b ene ts of 
purchasing these devices far outweigh 
the cost.

For seated bed to chair or chair to 
toilet type transfers, low-cost sliding 
boards ar e a vailable. S liding b oards 
are u sually m ade o f a smo oth r igid 
material with a low coeffi  cient to fric-
tion. Th e lower coeffi  cient of friction 

Mechanical lateral transfer aids

Sliding boards
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allows for an easier sliding process. Th ese  
boards ac t a s a supp orting b ridge w hen 
seated s lide t ransfers a re p erformed. 
Some, b ut sub stantially re duced, m anual 
lift ing is still required to move the patient; 
however, sliding boards do off er consider-
able i mprovement at a m inimal cost. Th e 
illustrated e xample i s su itable f or i nde-
pendent or assisted transfers from wheel-
chair to bed.

Th e t raditional me thod o f re position-
ing a patient in bed has been to hook under 
the pat ients’ a rms a nd p ull t hem to ward 
the head of t he bed. Th i s posture adopted 
by the caregiver places stress on backs and 
shoulders a s t hey a re re quired to re ach 
excessively i n a f orward b ent p osition, 
subjecting them to a high risk of back and 
shoulder injury.

Repositioning aids are available for patient positioning up i n bed or can be used to t urn a pat ient 
to their side. Repositioning aids are typically made with low-friction fabric either tubular in shape or 
consist of t wo pieces of material t hat s lide one over t he ot her. Th ey are designed to reduce friction, 
thus making it easier to s lide the patient around in bed or in a c hair. Th ere are devices that are used 
for s eated re positioning a nd t hose u sed f or sup ine. A b ene t o f s ome de vices i s t he u nidirectional 
feature, as when engaged by zipping a section, it prevents the patient from sliding down as friction is 
reintroduced.

Transfer Chairs

Some new wheelchairs and dependency chairs can convert into stretchers where the back of the chair 
pulls down and the leg supports come up to form a  at stretcher. Th ese devices facilitate lateral transfer 
of the patient or resident and eliminate the need to perform lift  transfer in and out of wheelchairs. Th er e 
are wheelchair devices that convert to stretchers which also have a mechanical transfer aid built in for a 
bed to stretcher or stretcher to bed type transfer.

Repositioning devices

Patient transport devices
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Transporting a patient in a bed, stretcher, or wheelchair requires signi cant eff ort, particularly over 
uneven terrain, carpeting, or long distances. Th is task typically requires two or more staff  to p erform 
safely.

Powered t ransport de vices h ave re cently b een i ntroduced to t he m arket o f pat ient-handling te ch-
nologies to address this problem. Th ese devices can be attached to the head of bed or stretcher and are 
motorized, thereby assisting in variable-speed propulsion of the patient. Th is low-cost device can be used 
for patient transport throughout a hospital or nursing home, requiring only one caregiver to p erform 
the t ask. S ome ne wer h igher-end s tretchers a nd h ospital b eds h ave i ntegrated moto rized c apability. 
While more convenient and eliminating storage issues, which is otherwise an issue for the independent 
transport devices, the integrated systems can be considerably more expensive and serve only one patient 
at a time.

Use o f p owered t ransport de vices suc h a s b ed a nd w heelchair mo vers a nd p owered s tretchers i s 
becoming a p opular choice as it reduces the r isk of caregiver injury by reducing the push/pull forces 
involved, making patient transport a safer task for caregivers. Th is is especially important in bariatric 
patient care where the mass of the patient, in addition to the weight of the bed is excessive, thus demand-
ing higher push or pull forces during patient transport.

Bariatric Specialty Equipment Needs

Managing ob ese pat ients p rovide s pecial c hallenges to n ursing c are s taff . S ome o f t hese d iffi  cul-
ties i ncluding t he i nability to t urn, t ransfer, o r a mbulate pat ients c an c ontribute to p ressure u lcers. 
Respiratory i nsuffi  ciency c an de velop d ue to o verweight h ypoventilation s yndrome. C olostomy c are 
becomes complicated due to a large abdominal apron of fat. From the caregivers’ perspective, treatment 
of bariatric patients subjects caregivers to an increased risk of injury. To minimize this risk, the appro-
priate use of technology is one solution in managing this special population.

Ambulatory/Mobility Aids

Ambulatory and mobility aids consist of assistive devices for patients who are unsteady in standing or 
walking. In this category, equipment includes but is not limited to walkers, canes, gait training devices, 
and crutches. A ga it t rainer i s a f rame on wheels used to p rovide support to a pat ient when walking 
or ambulating. Th e patient is placed in a s pecialized harness, which is affi  xed to t he gait trainer. Th is  
enables the patients’ weight to be fully supported if needed. Gait trainers are typically utilized in reha-
bilitation until the patient has developed enough strength and can walk independently.

Patient transport devices
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When choosing a mobility aid, it is important to ensure that the device is adjustable in width or wide 
enough to accommodate the user. Th e structural integrity and weight limitation of each assistive device 
also needs to be taken into account to ensure safe use of the mobility aid. If storage is a concern, there 
are bariatric walkers that can be folded and easily carried.

Bathing Equipment

Many slips and falls occur in the shower or bathroom due to poor  ooring and lack of proper equipment. 
By implementing the proper use of appropriate equipment in the bathroom, the probability of a fall is 
reduced. Th e bariatric patient is especially susceptible to falls given the lack of balance and weakness in 
the knees and ankles. Options to improve safety in the bathroom include use of grab bars, elevated toilet 
seats, tub transfer benches, bath benches, and shower trolleys. It is important that grab bars are strong 
enough to support the weight of the user and that they are strategically placed.

Tub transfer benches are devices that assist in the transfer of unsteady patients into the tub. Th ey  are 
seated surfaces that extend over tubs, and are designed to  t standard bath tubs. Weight capacity ranges 
from 650 to 85 0 lb. Another opt ion for those residents steadier on the feet is security rails, which are 
attached to the rim of the tub.

Weight capacity of toilets should be considered as regular toilet capacities may have diff erent weight 
accommodations due to the porcelain used. It is necessary to check with the manufacturer for the maxi-
mum weight. If the toilet is  oor mounted or wall hung, that design diff erence would also have a sig-
ni cant impact on the weight capacity. Some Kohler models will handle weight capacities to 1000 lb if 
the commode is  oor mounted and 500 lb for a wall hung model. Even at these capacities, extreme care 
should be taken not to underestimate the support points needed to support this weight.

Beds and Mattresses

New beds are designed to multitask and accommodate larger weight capacities up to 1 000 lbs. Special 
features o ff ered are turn assist up to 20° to aid in patient positioning, percussion therapy, pulsating 
air su spension t herapy, p ressure rel ief t herapy, a nd c ardiac c hair p ositioning. D ue to e xcessive s kin 
folds, additional body weight, lack of mobility, diffi  culty to clean and treat certain areas, some bariatric 
patients are susceptible to pressure ulcers and thus require specialized surfaces. Low air loss mattresses 
greatly assist i n t he prevention of pressure sores a nd i mprove pat ient outcomes, comfort, a nd safety. 
Some treatment systems and beds are also speci cally made for easier transport of patients.

Turning and Repositioning

Two tasks which prove very challenging and place caregivers at a high risk for injury include insertion of 
patient care slings under bariatric patients and repositioning a patient up in bed or turning to the side. 
Currently, manufacturers are working on designing slings that can be left  under patients who have to 
be moved frequently. Th e advantages to this would be less strain on the caregivers to turn the patient to 
the side or log roll them to insert the sling, less time taken to perform the task of repositioning because 
the sling would already be there and most important, less risk and exposure to injury. Although there 
is no evidence or literature on leaving slings under patients and patient outcomes, this decision should 
be considered carefully.

Transportation

Transport of bariatric patients can be made easier by use of a p owered system. Such powered systems 
may be built into the bed or via a detachable battery operated device.

Th e Intellidrive system is an example of a built-in powered device, which operates by unplugging the 
bed and releasing the brakes. Th ere are two handles at the bed head, which are used to steer and the bed 
is moved by depressing the buttons and applying minimal force to initiate movement.
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An alternative device used for patient is a detachable, battery-operated technology, capable of mov-
ing a patient in bed. It is typically attached to the bed head and powered by batteries. It has an adjust-
able steering angle and docking height and is operated by a toggle switch, similar to that of a scooter.

Inherent in the process of care and management of pat ients is transfers f rom bed to w heelchair or 
bed to toilet. Th ere are several challenges involved in transferring bariatric patients, such as inadequate 
size of doorways, inappropriate-sized beds or commodes, and unavailable  oor-based lift s with ability 
to accommodate weight upper limits. One way of reducing the number of transfers is the use of ceiling-
mounted lift s.

Equipment and Use

Signi cant progress has been made in the area of patient-transfer equipment design in the past 15 years. 
Devices that were nonexistent are now prevalently available to meet the needs of nearly all-patient popu-
lations. Noted improvements include incremental increases in the comfort, lift  capabilities, and style of 
patient transfer devices.

Th e c ollaborative e ff ort a mong he alth c are or ganizations, s taff , a nd m anufacturers h as p roduced 
improvements to t hese devices resulting in a favorable impact on the quality of patient care. However 
continuous improvement is needed in areas of standardization of increased capacities in order to meet 
the needs of our changing patient demographics.
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Safe Patient Handling: Evidence-Based Solutions

Audrey Nelson, Andrea Baptiste, and Mary Matz

Disclaimer: Th e  ndings and conclusions in this report are those of the authors and do not necessarily 
represent the views of the Department of Veterans Aff airs.

Introduction

Despite the high risk associated with many patient-handling tasks, patient care providers oft en rely 
on tradition, rather than evidence when deciding how best to perform these tasks. In the past decade, 
patient-handling technologies have progressed to a new level of safety and ease in use. Further, a signi -
cant body of science has emerged to guide clinicians toward safer patient handling. Th e purpose of this 
chapter is to summarize this new evidence toward supporting or refuting the safety of the most com-
mon approaches to patient handling.

High-Risk Patient-Handling Tasks

Most care providers identify patient lift ing as a high-risk task, while minimizing the risk associated with 
other patient-handling tasks, such as bathing, feeding, or dressing. A h igh-risk patient-handling task is 
de ned as any patient assignment that pushes the limits of human capabilities, including those that require 
lift ing a heavy load, sustained awkward position, bending/twisting when performing the task, excessive 
reaching to get the task done, tasks of long duration that contribute to fatigue, tasks that require exces-
sive force on one or more joints or body parts, and tasks that require standing for long periods of time.

Th e unique patient characteristics and physical environment of each patient care setting contributes 
to the frequency, type, and severity of the risk associated with patient-handling tasks. Table 3.1 outlines 
common high-risk tasks associated with various clinical settings.

Evidence-Based Solutions for High-Risk Patient-Handling Tasks

In the past decade, technology, techniques, processes, and tools have advanced to enhance the safety of 
many of the patient-handling tasks previously identi ed in Table 3.1. Evidence related to the most com-
mon approaches to patient handling will be described, including back belts, equipment/devices, patient 
transport a ids, ad ministrative c ontrols ( e.g., s cheduling, a ssignments), m inimal-lift  po licies, cl ini-
cal de cision-making to ols (e.g., a lgorithms/patient c are a ssessment protocols), s taff  t raining, manual 
patient lift ing, unit-based peer leaders, facility-based champions, and lift  teams.

Back Belts

In an attempt to protect workers from experiencing low-back discomfort or pain, some safety profes-
sionals have subscribed and recommended the use of back belts. However, the use of back belts has been 
controversial as to w hether or not t here is any real bene t of injury prevention. Th is debate has been 
one for many years across the manufacturing and health care industry. A re cent article by Roelofs 
et al.1 studied whether lumbar supports may prevent recurrent back pain in 360 health care workers in 
the Netherlands. Th is randomized controlled trial included an intervention where workers completed a 
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TABLE 3.1

Clinical Setting Common High-Risk Tasks

Medical/surgical ● Transfer from bed to chair
● Transfer from bed to stretcher
● Moving occupied bed or stretcher
● Making occupied bed
● Bathing a confused or totally dependent patient
● Moving a patient up from the  oor
● Weighing a patient
● Applying antiembolism stockings
● Repositioning in bed
● Making occupied bed
● Extensive dressing changes

Psychiatry ● Restraining a patient
● Escorting a confused or combative patient
● Toileting a confused or combative patient
● Dressing a confused or combative patient
● Picking a patient up from  oor
● Bathing/showering confused or combative patient
● Bed-related care in beds that are not height adjustable

Critical care units ● Transporting patients (road trips)
● Lateral transfers (bed to stretcher)
● Li ft ing patient to the head of the bed
● Repositioning patient in bed from side to side
● Making occupied bed
● Applying antiembolism stockings

Perioperative settings ● Standing long periods of time
● Li ft ing and holding patient’s extremities
● Holding retractors for long periods of time
● Transferring patients on and off  operating room tables/beds
● Re aching, lift ing, and moving equipment
● Repositioning patients on operating room beds

Long-term care/nursing homes ● Repositioning in bed
● Making occupied bed
● Transferring patient from bathtub to chair
● Transferring patient from wheelchair to bed
● Transferring patient from wheelchair to toilet
● Li ft ing a patient up from the  oor
● Weighing a patient
● Bathing a patient in bed
● Bathing a patient in a shower chair /trolley
● Undressing/dressing a patient
● Repositioning patient in dependency chair
● Making an occupied bed
● Feeding bed-ridden patient
● Changing absorbent pad

Home care ● Providing patient care in a bed that is not height adjustable
● Providing care in crowded area, forcing awkward positions
● Toileting and transfer tasks without proper lift ing aids
● No assistance for tasks
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short course on healthy work methods including the use of four types of lumbar supports. Results indi-
cated that there were 52.7 fewer days with workers wearing back belts than those who received the short 
course. Th ere was no change in the number of sick days between the groups. Th ere was a small signi -
cant diff erence in pain intensity and function of workers. It should be noted that this study was limited 
as participants were not bl inded and there was missing data which required imputation. Researchers 
concluded t hat i ncluding pat ient d irected u se of lumbar supp orts i n a s hort course on healthy work 
methods m ay de crease t he number o f d ays w hen low-back pa in o ccurs, but not a bsenteeism a mong 
workers with prior low-back pain. In opposition, many studies present evidence which suggests back 
belts are not helpful.2,3

A back belt is a lightweight band, breathable in nature, with double-sided pulls that facilitate varying levels 
of tautness and pressure. Proponents of back belts claim the following: (1) reduction of internal spinal forces 
during forceful exertions of the back, (2) an increase in intra-abdominal pressure, (3) reinforcing the spine, (4) 
limiting bending, and (5) reminder to lift  properly.4 In opposition, some studies have shown that there is no 
relationship between intra-abdominal pressure and abdominal musculature.5,6 Many studies have supported 
that intra-abdominal pressure does not play an important part in relieving intradiskal pressure or tension in 
the back extensors.7–12 In addition to this evidence, Th e Centers for Disease Control and Prevention’s (CDC’s) 
National Institute for Occupational Safety and Health (NIOSH) found no e vidence that back belts reduce 
back injury or back pain for retail workers who lift  or move merchandise.3

Patient-Handling Equipment/Devices

Use of patient-handling technology has proven to be quite an eff ective solution in dealing with high-risk 
tasks in nursing. Evidence is mixed for two reasons. First, because technology is typically incorporated 
with educational programs, which make it diffi  cult to attribute the success to one variable. Second, studies 
rely on retrospective data. More recently, there have been more clinical trials to try to parse out technology 
as an eff ective strategy without confounding variables such as education or training. Some examples of 
eff ective strategies within the patient-handling  eld are described in the next few paragraphs.

Research has demonstrated that using portable mechanical l ift s have a p ositive eff ect on work-related 
injuries and health care workers.13–16 Manufacturing companies are constantly developing and expanding 
their product line in an attempt to ac commodate the growing population. Th ere are more obese patients 
today than there ever was 20 years ago and with the increase in patient weight and more debilitating comor-
bidities, t here i s a n i ncreased i njury r isk to c aregivers. Portable  oor-based lift s c an now accommodate 
higher weight capacities up to 1000 lb. However while increasing the weight capacity of the lift , the caregiver 
now has to maneuver a heavier lift , which requires more push force thus increasing risk (see Figure 3.1).

To avoid this push force use of ceiling lift s are encouraged. An additional bene t is that they are con-
veniently stored on an overhead track and take up minimal space in the room. Newer ceiling lift s have 
tracks and motors that can accommodate up to 1000 lb patients. Research has supported this technology 
because of its ability to f acilitate many tasks by utilizing a v ariety of sling types, making it easier and 
safer for the caregiver and safer for the patient. Ceiling lift s can assist in transferring a patient from the 
chair/wheelchair to the bed, lift  a patient up in bed so the nurse can change the linen, move a patient up 
in bed, turn a patient in bed or even perform lateral transfers (see Figure 3.2).

Some of these patient-handling tasks may seem to be or can be performed faster than if they were 
done manually but the bene ts of these multifunctional devices far outweigh any perceived or actual 
additional time spent performing the activity. As well, the long-term savings in workers compensation 
injury costs are signi cant enough to justify purchasing such units. Many studies have evaluated ceiling 
lift s and have found that they are a good investment.17–21

In addition to  oor-based, portable and ceiling lift s, beds now off er many features that assist caregiv-
ers in h igh-risk tasks. Manufacturing companies have improved surfaces a nd f rames sig ni cantly to 
reduce risks to b oth the patient and the staff . Using height-adjustable beds and fast electric beds have 
reduced t he strain of caregivers during tasks such as bat hing.22–24 New bed technology now provides 
more features such as bed egress, shearless pivot, lateral rotation, t imed percussion, a nd v ibration. 
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One high-risk task that is currently being addressed through technology is repositioning a patient to the 
head of the bed and turning a pat ient on their side. Evidence-based studies concur that repositioning 
with a draw sheet (the traditional method) places caregivers at an increased risk of injuries due to high 
spinal loading.25 Th ere a re t wo t ypes of repositioning a ids, seated a nd supine, t hat a re commercially 
available but g reatly u nderused (see Veterans Administration (VA), Patient Safety Center Technology 
Resource Guide for list of devices http://www.visn8.med.va.gov/patientsafetycenter/safePtHandling/). 

FIGURE 3.2 Ceiling lift .

(a) (b)

FIGURE 3.1 Floor-based lift .
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A clinical trial is in progress to evaluate a new multifunctional device capable of lateral transfers, repo-
sitioning to the head of the bed, and turning a patient on their side. Figure 3.3 illustrates this new technol-
ogy turning a patient on their side. While the evidence to support this emerging technology is evolving, 
the device shows promise.

More clinical trials are needed to evaluate the usability, feasibility, and clinical issues associated with 
new technology. Turning a pat ient has been identi ed as a h igh-risk task as it is done quite frequently 
and places caregivers at a high injury risk.26–28 A new solution to turning a patient on the side is the use of 
clips, which connect to the existing bed sheet by clamps. Th ese clips are intended to assist caregivers to 
turn patients in bed in order to relieve pressure points and to allow access for linen or dressing changes. 
Th ey are then attached to a spreader bar which is connected to either a  oor-based lift  or ceiling lift  to 
facilitate turning a pat ient on the side a s shown in Figure 3.4. A laboratory evaluation was performed 
and results and recommendations were provided to the manufacturing company for improvements to 

FIGURE 3.3 PRS system.

FIGURE 3.4 Clips for turning a patient in bed.
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the design of t he product. Th ere i s a ne ed for more laboratory a nd c linical evaluations to add to t he 
evidence that technology can make a positive diff erence in caregiver burden and reduce risk of injury 
associated with patient-handling tasks.

Th ere has been more research done on the use of lateral transfer aids as a solution to reduce risk of 
injury (Zelenka et al., 1996; Baptiste, 2007).29–32 Laterally moving a patient from a bed to a stretcher is a 
high-risk task due to the following key points: (a) awkward posture the caregiver has to adopt, (b) exces-
sive horizontal reach to grab sheet before the transfer, (c) the weight of the patient, (d) the forces needed 
to exert suffi  cient pull force to move the patient, and (e) poor coupling/no handles.

A laboratory e valuation demonstrated t hat biomechanically, t he best l ateral t ransfer de vice i s one 
made of a parachute-like material with extended pull straps and handles that provides reduction in fric-
tion thereby decreasing the forces on the spine. Close behind in rank order were the air-assisted lateral 
transfer devices (Lloyd and Baptiste, 2004).

Th ere i s a v ariety of lateral t ransfer solutions available: a ir-assisted devices, mechanical a ids, s lide 
sheets or friction-reducing devices, and slide boards. Powered mechanical devices like mechanical lat-
eral transfer aids and ceiling lift s should be utilized as preferable  rst solutions.

Patient Transport

Patient transport is also a task that is done frequently by nurses and the physical demands are usually 
underestimated by most people. Pushing or maneuvering a bed or stretcher is diffi  cult given the com-
bined weight of the bed and patient, narrow hallways,  ooring, and small doorways or elevators. Th er e 
are several technological options to assist in this task.

Figure 3.5 shows an example of a s olution which can signi cantly reduce the push forces involved 
in moving beds. Th is detachable device clamps onto the bed or cart and is battery operated. By simply 
pressing a button on the lever, the device now powers the bed, and the operator is only required to steer, 
not push the occupied bed. Bed movers are of great bene t as they reduce the need to push therefore 
reduce risk of strains by caregivers, however the downside to such devices is that they may not  t into 
the elevator.

Another solution to patient transport is integrated powered systems. Th is is where the power is built 
into t he bed/stretcher making t he device more expensive but less cumbersome as t here is not hing to 
attach. Figure 3.6 illustrates an integrated system.

FIGURE 3.5 Bed mover.
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Evidence has shown that patient-handling technology, such as portable lift s, ceiling lift s, lateral trans-
fer devices, height adjustable and fast electric beds, repositioning devices, and patient transport aids are 
all eff ective solutions for minimizing caregiver risk.

Manual Patient Lifting

Lift ing a pat ient manually has been taught in nursing schools for years and is still practiced in some 
institutions today. Th ese techniques have been banned in Europe33,34 a nd a re u nsafe f or n urses a nd 
patients ac cording to a 1 993 s tudy by C orlett a nd ot hers. I n t he United K ingdom, manual handling 
techniques are outlawed by legislature nat ionally, but some nurses still handle pat ients manually and 
do not use lift  equipment.33,34 In a study by Owen et al., in 1995, 98% of nurses use the “hook and toss” 
method known also as the drag lift . Th is method involves reaching under a patients’ armpits and carry-
ing or transferring them this way. Th is  lift  is also used in the United States as it is taught by 83% of nurse 
educators in schools of nursing.35 Although the drag lift  is unsafe for the patient and for the caregiver, 
it is still being used today and new techniques and safer ways to transfer patients needs to included as 
part of the nursing curriculum in schools. Th e use of patient-handling equipment needs to be taught and 
supported by legislature nationally to protect caregivers and patients.

Administrative Controls

An administrative control is an intervention designed to decrease risk of injury by minimizing exposure 
to a speci c hazard.36 Examples of administrative controls designed to address awkward postures and 
loads involved in patient-handling tasks include use of policies, procedures, training, supervision, and 
communication,37 as well as by scheduling and job rotation.38 Despite the use of administrative controls, 
the hazard is still present and capable of in icting injury,37 and these interventions are rarely eff ective 
when used alone.

A common administrative control for safe patient handling would be distribution of workload away 
from t raditional mo dels t hat f ocus e xclusively o n pat ient ac uity, to ward mo dels t hat a lso t ake i nto 
account patient dependency levels and/or exposure to h igh-risk patients. Th is can be accomplished in 
several ways, i ncluding changing (1) pat ient c are a ssignments to e ven ergonomic exposure equitably 
among staff , (2) pat ient c are del ivery, b y m inimizing t he number o f t imes a v ery de pendent pat ient 

FIGURE 3.6 Powered stretcher.
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needs to be transferred by scheduling multiple procedures during the same time period, or (3) reassess-
ing whether to eliminate some traditional tasks, that are deemed high risk and not critical to quality of 
care (e.g., need for daily weights on all patients).

Another administrative control might include safe patient-handling policies, as well as policies and 
procedures for routine maintenance of patient-handling equipment and allocation of adequate/conve-
nient s torage space. Other ad ministrative controls, which w ill be d iscussed in more depth elsewhere 
in this chapter, include algorithms to standardize decisions related to t he type of equipment used and 
number of staff  needed to perform tasks safely or use of lift  teams as a care delivery option. Importantly, 
thorough staff  training in use of patient-handling equipment, algorithms, identi cation of ergonomic 
risk factors, and other safe patient-handling techniques are administrative controls critical to reducing 
risk of injury in a direct patient care work environment.

Safe Patient-Handling Policies

A safe patient-handling policy is an evidence-based strategy used to reduce risk from patient handling 
and moving in health care. Th ey are known by a variety of names, No Lift , Minimal Lift , or Zero Lift , 
but a ll emphasize t he same critical element—avoiding manual pat ient handling a nd l ift ing except in 
emergency situations. Policies can be w ritten at a ny level, i ncluding local facility, health care system 
(e.g., entire Veterans’ Health Administration), state legislation (e.g., Texas, Washington, Rhode Island), 
or federal mandates (e.g., the United Kingdom, Australia, Canada, the Netherlands)

No-lift  policies have been found to be an essential part of comprehensive programs (Nelson, 2003).39 
Th e American Nurses Association (ANA) issued a position statement that supports policies that elimi-
nate the manual lift ing of patients thus promoting a safe environment of care for nurses and patients.40 
In 2003, the Occupational Safety and Health Administration (OSHA) released ergonomics guidelines 
for n ursing h omes t hat s erve a s adv isory re commendations r ather t han a n en forceable s tandard.41 
Speci c recommendations include

● Ma nual lift ing of residents should be minimized in all cases and eliminated where feasible.
●  If a manual lift  is unavoidable, then the activity should be carefully assessed prior to completion 

to determine control measures for risk.
●  Employers should implement an eff ective ergonomics process that provides management support, 

involves employees, identi es problems, implements solutions, addresses reports of injuries, pro-
vides training, and evaluates ergonomics eff orts.

A facility-level policy template was developed by the VA from 2001 to 2002.42 Th e template can be found 
in the VA/DoD Patient Care Ergonomic Resource Guide (http://www.visn8.med.va.gov/patientsafetycenter 
or Ref. [43]).

Clinical Decision-Making Tools

Historically, decisions related to pat ient handling were ba sed on t radition a nd i ntuition, rather t han 
evidence. Th is led to u nnecessary variations in how tasks were performed. If a pat ient was dependent 
and could not a ssist moving f rom a b ed to a c hair, t he caregiver would assess t he situation and t hen 
make an equipment selection decision based on their nursing experience. Understandably, such deci-
sion making was not consistent, by the individual caregiver or within a group of caregivers. Oft en one 
caregiver m ight c hoose a c ertain t ype o f e quipment a nd a nother s elect a d iff erent t ype or none for 
the s ame pat ient a nd t ask. Not i nfrequently, t he re sult o f suc h de cision m aking le d to ne gative out-
comes for the patient as well as the staff  member. Fortunately, there is evidence that use of standardized 
patient-handling assessments and guidelines, a long with eff ective communication systems to t ransfer 
this information, provide staff  with equipment recommendations that facilitate evidence-based nurs-
ing practice (Nelson et al., 2004).44,45 Such standardized tools include the “Assessment, Algorithms, and 
Care Plan for Safe Pat ient Ha ndling” (Ref. [70], Chapters 5 a nd 6) a nd t he Association of Operating 
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Room Nurses (AORN) guidance statement, Safe patient handling and movement in the perioperative 
setting47 and will be mentioned below.

Nelson et a l.19 successfully implemented a Safe Patient-Handling Program for the VA that included 
the use of the “Assessment, Algorithms, and Care Plan for Safe Patient Handling”, as an integral part of 
their comprehensive program. Th is program element was included in the OSHA’s Ergonomic Guidelines 
for Nursing Homes41 and has been updated.42

Th e i ntent o f t he a ssessment p rotocol, a lgorithms, a nd c are p lan w as to p rovide a s tandardized 
method of giving direction to patient care providers on the most appropriate equipment to use and the 
number of staff  needed for completion of high-risk patient-handling tasks based on cognitive, medical, 
and physical characteristics of each individual patient/resident. In using this program element, it was 
expected that the risk of injury for both staff  and patients would decrease as well as the functional capa-
bilities of patients improve as they would receive assistance appropriate for their functional level.

Th ese tools have been shown to be an eff ective staff  training tool, but unit implementation has some-
times been diffi  cult. On the unit, use of the algorithms is sometimes considered time consuming and 
not practical, and the care plan diffi  cult to update as recommended. However, when successfully imple-
mented, there has been strong support from management, and the bene ts have been great. Suggestions 
for facilitating successful implementation include thorough training on use and incorporating the algo-
rithms into routine practice by prominently displaying them in locations easily accessible to staff .48 But, 
no m atter how t he a ssessment a nd a lgorithms a re ut ilized i n a pat ient c are s etting, t he i nformation 
contained within is invaluable for safe patient handling, and staff  should be trained on the algorithms 
initially and refreshed on an annual basis.

Th e latest t rend i s to c ustomize t he pat ient a lgorithms for various c linical care settings, i ncluding 
perioperative, rehabilitation, orthopedic, imaging, and many other clinical environments. Presently, the 
National American Orthopedic Nurses (NAON) Association is in the process of developing guidelines 
for orthopedic handling tasks, with expected publication late 2008. In 2007, the AORN released their 
guidance statement: Safe patient handling and movement in the perioperative setting.47 It includes ergo-
nomic tools to guide perioperative staff  members in protecting themselves from ergonomic injury.

Use of Unit-Based Peer Leaders and Facility-Based Champions 
to Facilitate Program Implementation

Implementation of patient-handling programs i n health care environments sig ni cantly changes t he 
way patient care is performed. Caregivers are expected to give up manual patient-handling techniques 
they were taught in nursing school and have performed, oft en for years. Suddenly they are asked to take 
a little more time and insert a sling, or locate a piece of equipment, and even though they may have heard 
the science and rationale for moving patients with mechanical assistance, time pressures can jeopardize 
acceptance and adherence with new evidence-based practices. An eff ective strategy to foster acceptance 
and adherence to program elements includes the use of unit-based peer leaders,42,49 and may contribute 
to sustaining the program over time.

Peer le aders a re de  ned a s c redible i nformal le aders50 able to foster positive transformations to 
improve c ircumstances f or ot hers a nd f or t heir c ommunity.51 Re search h as s hown t hat suc h le ader 
behavior can be shared by staff  w ithin a  work place.52 Use of peer leaders showed higher correlations 
with positive performance than formal manager leadership11 as well as an association with a high level 
of organizational performance.52,53 Due to this  nding, experts in management strategies support peer 
leaders as change agents that increase staff  involvement in management issues.54 Additionally, the OSHA 
Ergonomic Guidelines for Nursing Homes41 notes that worker buy-in, and the consequential motivation 
for and acceptance of change, can be improved when employees are involved in the change process.41

Two evidence-based peer leader models, one in the United States and the other in the Netherlands, 
will be discussed. Th e Netherlands has a v ery strong peer leader program that is at tributed for much 
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of the success of their patient-handling initiatives. Th ey are found throughout the Netherlands, with 
around 5000 registered ErgoCoaches. One or two are found on every unit of a hospital with this pro-
gram. T heir re sponsibility i ncludes i mplementation a nd c ontinuation o f s afe pat ient-handling 
programs, but more than that, they see themselves as the owner of their unit program and as the prob-
lem solver. Th ey are nursing staff  who have special training and this additional area of responsibility, so 
their role is considered collateral duty.49

EroCoaches are considered informal leaders and a critical function for them is to act as change agents 
and t he f acilitators of k nowledge t ransfer. Th e Netherlands government e stablished a n E rgoCoach 
National Supp ort Group t hat a ssists i n s haring i nformation b etween E rgoCoaches t hroughout t he 
country. Th rough this venue, they learn about state-of-the-art technology and science and can com-
municate with their peers. As can be seen, ErgoCoaches are actively supported in their eff orts at all 
levels.

Knibbe an d Kn ibbe49 c onducted a c ross-sectional p ilot s tudy to de termine t he e ff ectiveness of 
ErgoCoaches and i f they have a p ositive eff ect on the implementation of safe patient-handling guide-
lines. Th ey found that the majority (81%) were specially trained (2.6 days on average on top of regular 
ergonomic training) and spent 2.1 h per week working on ErgoCoach activities: 76% felt supported by 
management; 89% regularly gave advice to colleagues and 47% were regularly asked for advice by col-
leagues; 88% considered their position to be crucial for long-term change and a signi cant 91% consid-
ered themselves change agents for their unit and their facility. Th e Knibbe’s study found that facilities 
with ErgoCoaches were more compliant with safe patient-handling guidelines and were more successful 
in integrating their guidelines into patient care plans. Th ey also found there was less sick leave taken and 
that equipment was better maintained.

As well, the VA’s unit peer leader model focuses on the importance of knowledge transfer, or sharing 
information with and between coworkers, and in doing so, forging a d irect connection between staff  
and safe patient-handling program goals.19,55 By incorporating knowledge transfer strategies during 
the VA study, the peer leaders were successful in obtaining staff , management, and patient acceptance 
as well a s maintaining t he program over t he t ime of t he s tudy.19 Th e VA peer leaders sha red i nfor-
mation b etween t hemselves a nd m anagement, s taff , a nd ot her p eer le aders. M anagement rel ied o n 
these peer leaders to make them aware of the competence of their staff  in use of new patient-handling 
techniques and in program acceptance. Weekly logs were used to relay the activity of each peer leader, 
the perceived acceptance of staff , management, and pat ients, and the perceived eff ectiveness of each 
program element.

Th e exchanges with coworkers were as simple as brief in-services and one-on-one interactions with 
coworkers. A c ritical k nowledge e xchange s trategy u sed by t he VA p er le aders w as t he A ft er Action 
Review (AAR) process (Matz, 2006a), sometimes k nown as a S afety Huddle. Th e bene t of t he A AR 
was to give staff  a venue for solving problems encountered during program implementation, as well as 
for discussing near miss and injury incidents and safety concerns. Th is 5–15 min facilitated and struc-
tured brainstorming session empowered staff  by asking staff  to raise and importantly, address unit and 
program issues. Peer leaders also incorporated social marketing strategies that allowed them to better 
promote and gain acceptance for the program.

Some peer leader programs were also responsible for staff  t raining. Th is training incorporated the 
rationale f or s afe pat ient h andling, t heir role a s a pat ient-handling p eer le ader, i nformation o n t he 
program, and equipment use. Usually, at t he inception of a s afe patient-handling program, soon aft er 
peer leader t raining, staff  were g iven a n awareness t raining to e ducate t hem on t he problems i nher-
ent in lift ing and moving patients and the technology available to reduce their risk. Staff  training also 
might include information on unit injuries as well as plans for implementing a program and introduc-
tion of patient-handling equipment. Another tool used to educate staff  i s t he u se o f a P erception o f 
High-Risk Tasks. Th is can be found in the VA/DoD Patient Care Ergonomic Re source Guide, Chapter 
3 (http://www.visn8.med.va.gov/patientsafetycenter or Ref. [56]). A lthough a su rvey, it brings to l ight 
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the potential risk involved in each high-risk task staff  are completing. Most importantly comprehensive 
and oft en repetitive staff  training on equipment must be provided, oft en by the peer leader. And, this is 
just initial program training. Peer leaders must continue structured and unstructured training on the 
program elements, equipment, and other necessary information to not only the existing nurse popula-
tion but to new staff  too.

Regular communication between peer leaders was v ital to suc cessful programs. Face-to-face meet-
ings were held on a biweekly basis within a facility, and conference calls were held on a monthly basis 
within a region in order to share best practices and challenges. Peer leaders were connected electroni-
cally as well.

Peer leaders need managerial support to be eff ective. Peer leaders must have time away from direct 
patient care to carry out their roles, and this translates into incorporating staffi  ng strategies that allow 
for coverage. As well, evidence based on expert opinion shows that facility safe patient-handling coordi-
nators with responsibility for “leading” the peer leaders is also a critical element in a successful program. 
In addition, these facility champions are responsible for coordinating equipment selection and purchase, 
tracking slings, equipment maintenance, tracking patient-handling injuries, and more. Essentially, they 
assume responsibility for the development, implementation, coordination, maintenance, and evaluation 
of the program, including integrated programs that cross service lines. As can be seen, unit peer leaders 
along with the facility coordinators are truly the forces of change for implementing safe work practices 
in direct patient care work environments.

Lift Teams

Lift  teams have developed as a result of nursing staff  not being able to perform transfers eff ectively. Th er e 
are many research studies that have been conducted supporting the use of lift s teams.57–65 Th e traditional 
de nition of a lift  team according to Meittunen65 was two physically  t people, competent in lift ing tech-
niques, working together to accomplish high-risk client transfers. However, today, there are lift  teams that 
consists of 10 or more members and there is more patient-handling equipment available for team members 
to safely perform transfers. Th e evidence shows that lift  teams have bene ts but also some disadvantages. 
Lift  teams greatly assist where lift s are uncoordinated, personnel are unprotected, there are diff erences in 
caregiver heights, nurses may have a prior injury, fatigue, lack of knowledge of using mechanical devices or 
may be untrained lift ers. All of these factors contribute to nursing back injuries and use of a lift  team can 
be of great bene t. In a review study by Haiduven64 use of lift  teams were studied in nine programs and all 
reported a reduction in lost time work injuries or injuries related to lift ing and transfer of client. Th er e has 
been some recent work done on lift  teams although not yet published.

Manon Short (RPT) injury prevention coordinator at Tampa General Hospital (TGH) has developed 
a suc cessful l ift  te am si nce 2 002. TGH i s a le vel 1 t rauma c enter, 1000-bed facility. Si nce i ts i ncep-
tion, TGH has reduced employee patient-handling injuries by 62% through use of a l ift  team and has 
reduced cost by 96% from 1999 to 2006. In survey taken at TGH during 2007, 306 surveys were com-
pleted among staff  from 27 departments. Results showed that 52% replied that the lift  team response 
time was less than 15 min, 51% staff  rated service as excellent, lift  team coverage was best at days and 
evenings, and 71% staff  stated that the lift  team program was extremely important. Safer patient trans-
fers were reported by 85 % s taff , followed by 79% of s taff  feeling less back d iscomfort, a nd 49% said 
there was increased patient satisfaction with transfers. Manon Short stated the following as key factors 
for a lift  team.66

What makes a lift  team program successful?

 1.  Adequate lift ing equipment on each unit.
 2. Supportive management/facility champion.
 3. Ample coverage for number of beds: 1 lift  team (2 people) for every 200 beds.
 4. Acceptable response time (15 min).
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 5. Type o f w orkers h ired f or l ift  t eam (mature, ph ysically  t, able to communicate, educate staff  
on culture of safety).

 6. Having the lift  team involved in maintenance and inventory of lift  equipment.
 7. Support from frontline staff  in working with lift  team members.
 8.  Lift  team members do not have other job duties. Primary job duty is to lift  and transfer patients.

One important reason for a lift  team member to be physically  t is that there is a manual component to the 
job. For example, lift ing a leg of a bariatric patient to apply a s ling involves a manual lift  and the worker 
needs to be physically able to perform this task without risk of injury. With an increase in the bariatric 
population, use of lift  teams will assist as these experts know the variety of technology available and how 
to use them quickly and effi  ciently to provide safe patient care.67 Use of technology and proper training on 
equipment use has proven critical in the safe handling of patients and safety of all health care workers.

Conclusions

In summary, the science for safe patient handling has evolved. Th e challenge now is to apply this research 
to practice in support of safer working environments for patient care providers across settings of care. 
Th is means eliminating approaches where is strong evidence that they do not contribute to staff  or 
patient safety, including manual patient handling, use of back belts, classes in body mechanics, or train-
ing programs that focus on techniques for manual patient handling. Rather, health care settings need to 
be more focused on evidence-based approaches, including use of patient-handling technologies, envi-
ronment modi cations, administrative controls (e.g., scheduling, assignments), no-lift  policies, clinical 
decision-making tools (e.g., algorithms or patient care assessment protocols), staff  training on safe use 
of patient-handling equipment, unit-based peer leaders, and/or lift  teams.

Recommendations

While t he pa st de cade contributed s cience a nd new te chnologies toward t he que st for s afer working 
environments for patient care providers, much work is needed on how best to implement this evidence 
into practice. Th e purchase of equipment and designation of staff  to perform as facility champion or 
unit-based peer leader can be costly. Early eff orts to build a business case for patient care ergonomics 
have been successful4,17,68 but more work is needed to move this important program to the forefront in 
health care, where there are many competing demands for time and resources.

Further, re search i s ne eded to add ress s everal h igh-risk t asks iden ti ed, f or w hich t here rem ains 
no evidence-based solutions that have been widely accepted. For example, more research is needed to 
address risks associated with standing for long periods in perioperative settings, or holding a l imb for 
long periods while applying a cast in orthopedics. Of particular importance is  nding safe, yet effi  cient 
technology solutions for repositioning a pat ient in bed (a high-risk and high-volume patient-handling 
task that covers all clinical areas).

In this era of an international nursing shortage, it is time for health care administrators, managers, 
frontline care providers, patient advocates, and policy makers to t ake action,  nding creative ways to 
support evidence-based approaches across all clinical settings.
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An Ergonomic Approach to Reducing Back 
Stress in Nursing Personnel

Bernice D. Owen and Arun Garg

Back pain in health care personnel has been around for a long time! For at least the last 25 years, epide-
miologic studies have documented a high prevalence of back pain in this work group.21 Across occupa-
tions, the highest incidence and earliest appearance of work-related back problems have been found in 
heavy industry workers and nurses.7,19 In fact, nursing personnel rank  ft h nationally for  ling workers’ 
compensation claims; only heavy laborers such as miscellaneous workers, sanitation workers, ware-
house workers, and mechanics surpass nursing.17

Th is problem may b e e ven g reater t han published s tatistics i ndicate b ecause t hrough que stionnaires, 
Owen24 found that 38% of 503 nurses stated that they had episodes of occupationally related back problems 
but only one-third of those with back pain actually  led an incident report with their employer; this group 
also averaged 6.5 days of their own sick days for unreported back pain perceived to be occupationally related. 
Th e units where signi cantly more low-back pain (LBP) episodes occurred than were expected were inten-
sive care, orthopedics, and rehabilitation. Twenty percent of the nurses who said they had back pain stated 
that they had made at least one transfer in order to decrease the amount of lift ing/transferring of patients, 
e.g., they transferred to a d iff erent unit such as from surgical to ob stetrics; changed employment settings 
such as from hospital to clinics or changed positions from staff  nurses to educators. Another 12% indicated 
they were considering making a transfer and 12% stated they were thinking about leaving the profession of 
nursing due to occupationally related back pain. In England, Stubbs, Buckle, and Hudson34 found 12% of all 
nurses intending to leave nursing permanently cited back pain as either a main or contributory factor.

Causes of Back Pain

Many authors believe the back pain problem is resultant from a combination of biomechanical and pos-
tural stressors. Variables such as the heavy load, the distance of the load (patient) from the lift er’s center 
of gravity, the duration of the lift , awkward lift ing positions, con ned work space, unpredictable patient 
behaviors, and the amount of stooping and bending endured in the job, have an impact leading to exces-
sive forces in the spinal area. Study into cause/eff ect relationships is important for this problem.

Lift ing and transferring of patients have been perceived by nursing personnel to be the most frequent 
precipitating factors or causes of back problems.15,16,24,32,36,40,41 For example, Owen24 found that 89% of 
the back injury reports  led by hospital nursing personnel implicated a patient-handling task (PHT) as a 
precipitating factor. (A PHT was any task that involved lift ing, moving, or handling the patient in some 
manner.) Stubbs et al.,36 through questionnaires, reported 84% of the nurses perceived PHTs as impor-
tant factors in their back pain. Jensen16 (through workers’ compensation records) found more than 73% 
of the back strain/sprain cases were reportedly triggered by these tasks.

Epidemiologic s tudies have reported t hat individuals who have more f requent back pa in a re more 
likely to report exposure to forward  exion, rotation, and lateral bending than those who have less back 
pain because i t has been de termined t hat t hese body movements produce large loads on t he lumbar 
spine and can be harmful to the disk.1,9

While ob serving t he b ody mo vements o f n ursing a ssistants (N As), N ordin e t a l.20 f ound t he f re-
quency and degree of trunk  exion to be high. A few studies have found high levels of biomechanical 
stress induced by patient lift ing and transferring tasks.10,12,37,38 In addition, high levels of postural stress 
(standing and stooping) are also cause for concern.2

Approaches to Prevention

Nursing perso nnel o ff ered t heir ide as f or p revention w hen a sked t hrough que stionnaires a nd o n 
incident reports.22 Responses of 244 nurses indicated 89% stated good body mechanics during lift ing 
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and transferring of patients as the most important preventive measure. Th e second most f requent 
suggestion (n = 1 42, 58%) w as t hat nurses b e more w illing to a sk for help w hen t hey h ad judged 
they should not attempt the PHT alone. Only 29 nurses spoke of preventive approaches external to 
themselves, e.g., adequate staff , reduced work load, and increased patient participation with the task. 
Two nurses stated the side r ails of the bed should have been lowered as well as the bed. Th e use of 
mechanical devices or “ lift ing aids” was mentioned but the only device speci ed was that of a draw 
sheet used for lift ing or sliding the patient up in bed. Five nurses indicated eff orts to prevent the LBP 
incident were futile because LBP is an “inevitable” part of nursing. Th erefore, the vast majority of 
these nurses gave responses that focused on themselves such as body mechanics and their ability to 
ask for help.

Education and Training

Is training on body mechanics the answer? Most basic nursing textbooks have chapters pertaining to 
body mechanics. Unfortunately, some of the recommendations are confusing and even contradictory. 
For example, some authors suggest the nurse place at least 1 ft  in the direction of the move when lift ing 
or sliding a patient up in bed;8,18 others say the nurse faces the side of the bed,5,6 another gives no infor-
mation about placement of feet.30

Snook et al.31 studied the eff ectiveness of training as an approach to preventing occupationally related 
back injuries. Th ey found training programs had no eff ect on reducing back injury rates; instead, those 
industries that had training programs had more back injuries than would be expected by chance. Some 
programs have experienced a decrease in back injuries aft er a training program, but with time the injury 
rates have returned to pretraining levels.29

Knowledge and application of body mechanics are important but not the full answer to prevention of 
back injuries in health care workers. Some research is even suggesting that the more body mechanics are 
taught, the higher the injury rate (H. Knibble, personal communication). Apparently when we focus so 
much on teaching nurses how to manually lift  and transfer patients, a message is relayed that nurses can 
do anything with their bodies as long as they do it correctly. However, this message negates the impact 
of characteristics of the patient such as weight and combativeness, or elements of the environment such 
as con ned work space and unevenness in lift ing surfaces.

Pheasant (p. 295)29 very aptly states “many people (both within the nursing profession and elsewhere) 
take the view that nurses have back problems because they are undertrained. Th e reality is that they are 
physically overloaded by t heir work activities. In situations of thi s kind, training alone is necessary but 
not suffi  cient. To make further progress, we need to identify the features of the working system which 
are responsible for the physical overload.”

The Ergonomic Approach

Th erefore, an approach to prevention must also incorporate job design, workplace design, and the impact 
that these factors have on patient care and the health and safety of health care workers. Th is  ergonomic 
approach involves adjusting/changing the job to  t the capabilities and limitations of the worker rather 
than trying to change the worker in order to  t the job. Th e goals of t his ergonomic approach are to 
identify t hose a spects o f t he job w hich a re pa rticularly h azardous a nd to re design t hem s o t hey a re 
safer.29 Th is may be done through such avenues as redesign of the task, the product, the work station, the 
environment, or the overall work organization.

Stubbs33 suggests the ergonomic elements relate to t he interaction between equipment, environment, 
task, and personnel. “Equipment” must be compatible with the strength and ability of nursing personnel. 
It must be compatible with other equipment such as the bathtub or bed and also with the environment 
such as with the  oor/rug su rfaces. E quipment s hould me et t he ne eds o f t he u ser a nd a m aintenance 
plan developed so it is available when needed. “Tasks” should not involve prolonged postural stress, there 
should be rest periods and high postural demands should be decreased through equipment that is com-
fortable for the nurse as well as the patient. Adequate staffi  ng is also important to the task. Th e “environ-
ment” needs to b e compatible w ith t he equipment, t he t asks, a nd t he c apabilities/needs of t he nursing 
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personnel. All of these elements should  t the capabilities of “personnel”; the nursing staff  should not be 
expected to  t into a p oorly designed system but should have available to t hem the support, equipment, 
etc. needed to do the job.

Th e t asks t hat n urses c arry o ut a nd t he w ork s tation w here t hese t asks o ccur m ust b e s tudied. 
Minimally, the manual handling actions that should be designed out of the work setting include lift ing 
heavy loads, lift ing away from the body, asymmetric lift ing, and rotation of the torso. Lift ing loads from 
below the knees or over the shoulder should also be avoided. In addition, there are factors about the load 
that contribute to the hazard of manual lift ing; these include unpredictability and instability of the load, 
bulkiness of load and inability to grasp the load securely because of lack of handles.

Nursing personnel who have been involved in the lift ing and transferring of patients certainly must 
realize that many of those tasks should be redesigned based on the above discussion.

Th erefore, in order to decrease the back stress problem in nursing, nursing personnel must begin to look 
at their own capabilities, the tasks which they feel are stressful to the upper and lower back, the environment 
in which the tasks are carried out and equipment that may be helpful for themselves and the patients. Th is 
group of health professionals should play a v ital role i n delineating approaches to decreasing that stress. 
Th ey must be encouraged to problem solve and work with management in striving for changes that could 
impact on this problem which is costly in relation to human suff ering, staffi  ng , and  nancial cost.

Example of Ergonomic Approach: Nursing Home

Th rough application of the ergonomic process the authors determined that biomechanical and perceived 
physical stresses could be reduced while l ift ing and transferring pat ients.13 Th is process involved deter-
mining the most physically stressful patient care tasks, evaluating these tasks to de termine the problem 
areas, testing out approaches to decrease the stress and evaluating the interventions to determine if stress 
was decreased. Th e following is a summary of the process these authors used which further resulted in a 
reduction of back injuries and lost work days due to back injuries.

Th is study is important to hospital personnel because: the lift ing and transfer needs of hospital and 
nursing home residents are similar, and the ergonomic approaches used in the study can be used in the 
hospital setting.

Setting: Two  oors of a county nursing home were selected for this study. Th ere were 70 patients on each 
 oor and most required help with many tasks.

Subjects: Th irty-eight of the 57 NAs employed at least part-time volunteered as subjects; 36 were females 
and two were males. Th ey ranged in age from 19 to 61 years, with a mean of 32.8 years. Th ei r average 
length of employment was 7.8 years (SD = 4.7 years). Seventy- ve percent stated that within the last 3 years 
they suff ered from back problems perceived to be related to work. However 60% stated they lost no work 
time within that period due to back problems, 15% missed 1 to 7 days and 25% lost 8 days or more.

Patients: Th e 140 patients ranged in age from 56 to 98 years with a mean of 84.7 years and about 64% 
were female. Th ey had an average weight of 133 lb and height of 64 in. Most patients could not stand up 
or walk independently and their mental status indicated unpredictiveness for willingness to help with 
the task. In addition, the average ability for ba lance, body  exibility, and general physical ability was 
impaired. Patient characteristic data were collected at the beginning of the study and 6 months later to 
determine if the patient population had statistically changed; t-test  ndings indicated no signi cant dif-
ferences between the  rst and second sets of data (p > 0.05).

Study design: Th e major steps (goals) in the study design were the following:

Goal 1

Determination of most stressful PHTs

Goal 2

Ergonomic evaluation of these tasks



Back Injury Prevention in Health Care 3-95

Goal 3

Testing approaches to decrease stressfulness

(Locating assistive devices)

Goal 4

Laboratory study

Goal 5

Application of  ndings to clinical areas

Goal 1: Determining Stressful Tasks

Th e NAs listed the following 16 PHTs as most stressful in their patient care duties:25

Transferring patient from toilet to wheelchair (WC)
Transferring patient from WC to toilet
Transferring patient from WC to bed
Transferring patient from bed to WC
Transferring patient from bathtub to WC
Transferring patient from chairlift  on bathtub to WC
Weighing patient (transferring patient from WC to scale chair)
Lift ing patient up in bed
Repositioning patient within bed (e.g., side to side)
Repositioning patient in chair
Changing the absorbent pad worn by patient
Making bed with patient in it
Undressing patient
Tying “supports” to secure patient in WC
Feeding bed-ridden patient
Making bed when patient is not in it

Th e NAs then ranked these tasks according to s tressfulness felt while performing the task. Th ey  also 
rated the amount of perceived physical exertion felt while carrying out each task; the Borg4 scale was 
used for rating exertion to low back, upper back, shoulder, and whole body (this Likert-type scale pro-
gresses from 6 [very, very light] to 19 [very, very hard]).

Th e t asks ranked a nd rated a s t he most s tressful were t ransfer on a nd off  t he toilet, i n a nd out of 
bed, and transferring for the bathing and weighing processes (see Table 3.2). Th erefore, these tasks were 
selected for further study.

TABLE 3.2 Ranking and Rating of Patient-Handling Tasks for Stressfulness

Perceived Stress to Lower Backb

Patient-Handling Task Rank Ordera x SD

Transferring patient from toilet to WC 1 14.3 2.7
Transferring patient from WC to toilet 2 14.1 2.8
Transferring patient from WC to bed 3 14.2 3.0
Transferring patient from bed to WC 4 14.1 2.9
Transferring patient from bathtub to WC 5 13.3 2.9
Transferring patient from chairlift  to WC 6 13.4 3.2
Weighing patient 7 13.8 3.9

a Most stressful.
b Borg Scale; 6 = very, very light; 14 = very, very hard.
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Summary

It was not surprising that these transfer tasks were selected as most stressful because the lift ing postures 
for these tasks are biomechanically very stressful.

Also, these  ndings are in agreement with researchers who have found (through interview, question-
naire, and analysis of incident reports) that nursing personnel believe that much of their stress results 
from the lift ing and transferring of patients.15,22,32,41

Goal 2: Ergonomic Evaluation of Stressful Tasks

Over a 6 -month period t he stressful tasks a nd t he environment in which t hey were carried out were 
observed and videotaped.14 Analysis of the data (including analysis through use of a static biomechanic 
model11) revealed the following  ndings:

Patient-transfer method. Patients who needed help with transfer were manually lift ed 98% of the time. In 
executing this manual transfer, two nursing personnel stood facing the patient, each grasped the patient 
under the axilla with the upper arm, then lift ed the patient up a nd carried him/her to a ne w location 
(Figure 3.7).

Assistive devices. Th ere were gait belts and a mobile hydraulic hoist (Hoyer Lift ) on each  oor. Th e hoist 
was only used for two patients during these 6 months. A gait belt was observed being used with transfers 
of one patient. Th e reasons NAs gave for nonuse of assistive devices were devices were not available, they 
took too much time, they were unstable or tipped over, the patients did not like them, they were not safe, 
they bruised the frail skin of some patients, and some felt they did not have enough knowledge or skill 
to use them.

Six bathtubs had chairlift s (water pressure lift s shaped like a chair), which were used for the bathing 
process. Th e NAs transferred the patient from WC to chairlift  and with water pressure guided the chair-
lift  up over the edge of the bathtub and down into the water. To use the bathtubs without a chairlift , the 
NAs manually lift ed the patient in and out of the water.

Th e patients were not showered in this nursing home because each shower had a drain guard that was 
6 in. high which prevented a shower chair from being wheeled into the shower.

FIGURE 3.7 Manual transfer of patient using under-axilla technique.
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Additional environmental factors were found to contribute to the diffi  culty of carrying out patient-lift ing 
tasks. Th e  oor of the bathrooms was 1/4 in. higher than the rest of the  oor; this resulted in the NA 
having to push the WC or mechanical hoist several times against the elevation before rising over it. Th e 
beds were adjustable by manual crank only, so the NAs did not adjust the height of the bed to make it 
 ush with the seat of the WC; the bed was 9 in. higher than the seat of the WC necessitating the NA to 
lift  the pat ient up t he 9 in. to ge t the pat ient into the bed. Th e toilet seat was 2 in. lower than the WC 
seat. Th e arm rests of the WCs were not adjustable; the NAs lift ed the patients out of the WC rather than 
using a pull technique to transfer the patient. Th e toilets had side rails on them for safety; to transfer the 
patient, the NA lift ed the patient onto the front of the toilet and then eased the patient to the back and 
down onto the toilet seat.

Frequency of pat ient lift ing/transfer tasks. Each NA carried out an average of 24 most stressful lift ing/
transferring tasks per 8 h s hift . Approximately half of these lift s were transferring patients on and off  
the toilet.

Postural stresses. AU the stressful tasks required multiple trunk  exions along with axial rotation of the 
spine and lateral bending. Th e mean trunk  exion for most tasks exceeded 30° and the average number 
of trunk  exions per occurrence of the task ranged from two to six (see Table 3.3).

Biomechanical stresses. Th e greatest amount of compressive force L5S1 and  exion moments occurred 
during the transfers of toilet to WC and WC to bed (see Table 3.4). However, the estimated compressive 
forces for all tasks exceeded the action limit of 3430 N recommended by U.S. Department of Health and 
Human Services.39

TABLE 3.3 Summary of Trunk Angles (in Degrees) per Task Obtained 
through Video Tapes

Flexion (°) Rotation (°) Lateral Bending (°)

Task Mean SD Mean SD Mean SD

Toilet to WC 51 14 33 8 25 8
WC to toilet 53 15  7 8 11 7
WC to bed 57 14 21 9 15 8
Bed to WC 44 13 18 8 17 7
WC to chairlift 48 16 15 9 13 8
Chairlift  to WC 46 11  9 8 12 8
Weigh patients 10  3  6 3  6 2

TABLE 3.4 Summary of Biomechanical Analysis of Six Selected Patient-Handling 
Tasks for 50th Percentile Patient Weight

Patient-Handling Task

Variable
Toilet to 

WC
WC to 
Toilet

WC to 
Bed

Bed to 
WC

Chairlift  to 
WC

WC to 
Chairlift 

Applied hand force (N)  294  294  294  294  294  294
Compressive force (N) 4810 3680 4877 3991 4552 3680
Shear force (N)  788  886  805  801  792  699
Flexion moment (Nm)  202  153  217  161  196  139
Rotation moment (Nm)   85   61  519   82   64   92
Lateral bending moment (Nm)   49   65   46   54   49   45
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Summary

Th is study showed that the NAs were subjected to h igh levels of biomechanical and postural stresses. 
Most of the transfers were done manually, few assistive devices were used and environmental factors 
in uenced stressfulness. Th e high levels of biomechanical stresses found are in agreement with those 
reported by Stubbs et al.35 ba sed on i ntra-abdominal pressure, Gagnon e t a l.10 ba sed on compressive 
force and Torma-Krajewski38 based on computations of action limits and maximum permissible limits 
recommended by the U.S. Department of Health and Human Services.39

Goal 3: Testing Approaches to Decrease Stressfulness
(Locating Assistive Devices)

One ergonomic approach recommended for decreasing back stress is redesign of the task. Th is  could 
be done through the use of assistive devices. Hence, the criteria for selection of assistive devices were 
established and devices located.26

Criteria for Selection of Devices

 1.  Th e device must be appropriate for t he task to b e accomplished. A de vice t hat could only be 
used for transfer of patient in a prone position could not be used for the stressful tasks of this 
study.

 2.  Th e device must be safe for both patient and nurse. It must be stable, strong enough to secure and 
hold the patient and permit the nurse to use safe biomechanics.

 3.  Th e device must be comfortable for the patient; this must also help to allay fears. It should not 
produce or intensify pain, bruising or tear the skin.

 4.  Th e device should be understood and used with relative ease. Bell3 and Owen23 found nursing 
personnel were reluctant to u se assistive devices because they could not u nderstand how to u se 
them or lacked experience in their use.

 5. Th e device must be effi  cient in the use of time. According to Bell3 and Owen23 the most frequent 
reason given for not using a device was the time needed for use.

 6. Need for maintenance should be minimal. Th e above two authors found lack of proper function-
ing a major reason for nonuse.

 7.  Th e device must be maneuverable in a con ned work space. Owen23 and Valles-Pankratz40 found 
space to be a problem.

 8. The device should be versatile. It could be inferred from Bell’s findings3 that only a few assis-
tive de vices s hould b e i ntroduced at a t ime b ecause t he er ror r ate a nd t he ne ed f or t ime 
to execute t he t ransfer i ncreased when more t han t wo de vices were i ncluded i n a te aching 
program.

Assistive devices. Th e following assistive devices were selected for further study: gait belt (Figure 3.8), 
MEDesign patient-handling sling (Figure 3.9), Posey walking belt with handles (Figure 3.10), Hoyer lift  
(Figure 3.11), Trans-Aid lift  (Figure 3.12), and Ambulift  C3 hoist (Figure 3.13).

During the ergonomic study, it was found that several transfers could be eliminated for bathing if the 
patient was transferred from WC to a shower chair that could accommodate the patient for toileting and 
showering. Two shower/toileting chairs were selected for study. Th e heavy chair can be seen in Figure 
3.14; the light weight chair with a plastic nonmovable seat and no foot rests is not pictured.

Summary

Criteria for selection of assistive devices were established. A number of devices such as slings, belts, and 
hoists were tested and the following were recommended for expanded study in the laboratory: gait belt, 
walking belt, MEDesign pat ient-handling sling, shower chair (Figure 3.14), Hoyer l ift , Trans-Aid l ift , 
and C3 lift .
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FIGURE 3.9 MEDesign patient-handling sling is 8 in. wide, 20 in. long, has a cut-out at each end allowing a hand 
grip, is made of  exible polymer material and is tucked securely around patient with bottom at buttock area.

FIGURE 3.8 Gait b elt i s a bout 2 in. w ide, of v arying le ngths w ith a djustable b elt-like lo op or bu ckle c losure, 
has no handles and is made of cotton-canvas or nylon material. It should  t securely around patient’s waist and is 
grasped with hand.
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FIGURE 3.10 Posey walking belt is 5 in. wide, of v arying lengths, has handles on e ach side, has velcro and two 
quick-release buckles for closure, is made of cotton-canvas-type material,  ts snugly around lower abdomen and is 
grasped at handles.

FIGURE 3.11 Hoyer lift  is a hydraulic lift  that has an adjustable base; a pump handle for raising and lowering the 
patient and a variety of slings that attach through hooks, chains, or web straps.

FIGURE 3.12 Trans-aid lift  has a nonadjustable “C” base, a ball-bearing screw lift ing mechanism with crank in 
horizontal plane and has a variety of slings that attach by hooks and dangling color-coded chains.
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FIGURE 3.13 Ambulift  C3 has a semiadjustable base, a mechanical chain-winding mechanism for lift ing/lowering 
with crank in vertical plane, and the sling attaches by loops and hooks.

FIGURE 3.14 Shower/toileting chair is a heavy chair with padded removable seat and adjustable/removable foot 
rests and arm rests that can be lowered.
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Goal 4: Laboratory Study

Th e purpose of this laboratory study was to evaluate eight diff erent methods for carrying out the most 
stressful PHTs.12,27 Methods found to re duce back stress would then be taken into the clinical area so 
nursing personnel could apply these to patient care (Goal 5).

Subjects. Si x f emale s enior n ursing s tudents w ere sub jects a nd a ll pa rticipated b oth a s n urse a nd 
“patient.” Th ey ranged in age from 21 to 23 years with an average weight of 139 lb and height of 65 in.. 
All stated they had no back problems. Th ey were instructed not to support their own body weight while 
in a “patient” position.

Eight diff erent methods. F ive o f t he eig ht me thods were m anual t ransfers: t he t ransfer me thod pres-
ently used in the nursing home (two NAs grasping the pat ient under the a xilla area and l ift ing the 
patient to a ne w lo cation); t wo NAs u sing a ga it b elt a nd w ith a gen tle ro cking movement pulling 
the patient to a new location; two NAs using the same rocking movement but pulling with the walking 
belt with handles; one NA using the walking belt with handles; one NA transferring via the MEDesign 
patient-handling sling.

Th ree of the methods involved transferring the “patient” via mechanical lift s; Hoyer (H), Trans-Aid 
(T), and Ambulift —C3 (A).

Procedure. Each subject was studied using each of the eight methods while transferring a “patient” from 
WC to toilet, toilet to WC, bed to WC, WC to bed, shower chair (SC) to WC, and WC to SC.

Th e subjects were given t ime to le arn the equipment and practice the methods. Immediately aft er 
each transfer, the subjects rated the physical stress felt for the shoulder, upper back, lower back, and 
whole body using a 10-point scale (0 = no stress, 9 = extreme stress). Th e “patients” rated their feelings 
of comfort and security using Likert scales of 0 = e xtremely comfortable and 7 = e xtremely uncom-
fortable; 0 = e xtremely secure a nd 7 = e xtremely insecure. A ft er each t ransfer t he subjects assumed 
their i nitial p osture at t he b eginning o f t he t ransfer s o b ody a ngles c ould b e me asured f or b iome-
chanical stresses and analyzed using the biomechanical model of Garg and Chaffi  n.11 Tasks were a lso 
videotaped.

Th e following summarizes the combined data for all eight methods of transfer.27

Perceived physical stress. Th e traditional method of the manual axilla l ift  w as the most stressful to a ll 
four body parts (Table 3.5). Following this, the gait belt was most stressful. Lift  H w as more stressful 
to all body parts than the manual techniques using the Posey Walking belt. Th e least stressful were the 
Posey walking belt and Lift  A.

Biomechanical data. Compressive force at L5S1 was estimated to be about two times greater when trans-
ferring a pat ient using the traditional manual lift ing method (x‒= 4757 N), than when using any of the 
other me thods f or t ransfer ( see Table 3 .5). Th e le ast a mount o f c ompressive f orce w as e xperienced 
while carrying out the two person transfers with gait belt (x‒ = 2080 N) and with the walking belt (x‒ = 
2044 N).

“Patient” data. Th e traditional axilla lift  and transfers using the gait belt and Lift  H were uncomfortable 
and felt insecure (Table 3.6).

Summary

Th e present method of manually transferring the patient was the most stressful, least comfortable, most 
insecure, and provided the greatest amount of compressive force to L 5S1. Th e methods taken into the 
clinical area to be used with patient care in Goal 5 were the Posey Walking Belt and Lift  A.
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Goal 5: Application of Findings to Clinical Areas

Th e purpose of this part of the study was to t ake the positive  ndings from the laboratory and apply 
them to clinical patient care.13 Th e focus was education of nursing personnel on use of the Posey walking 
belt and Ambulift  C3 when transferring patients in and out of bed, on and off  the toilet and on and off  the 
shower chairs. Postintervention data were collected for 8 months on  oor 1 and 4 months on  oor 2.

Subjects. All of the NAs were involved in this part of the study as were the 140 patients on  oors 1 and 
2 of the nursing home.

Procedure. T he pat ients were categorized by a mount of care needed. T he environmental changes 
were made for worksite redesign, and all nursing staff on both f loors received education and prac-
tice with transfer techniques. Two nurse observers were trained in the use of data collection instru-
ments. The Borg4 Rating of Perceived Exertion scale was used after completing a transfer. The two 
nurse observers randomly observed nursing personnel to collect the above data and to de termine 
acceptability rates for t he use of belts a nd A mbulifts. T hey a lso t imed each PHT a s i t was being 
performed.

Th e Accident Investigative Reports a nd t he OSHA 200 logs w ere reviewed to de termine t he num-
ber of back injuries that occurred on  oors 1 a nd 2 f or 4 ye ars p rior to i ntervention a nd 8 mo nths 
postintervention.

Intervention. Th e 140 patients were grouped into three categories according to ability to assist with the 
transfer: independent (n = 42), dependent but weightbearing (n = 49) and dependent non-weightbearing 
(n = 49). Th e Ambulift  C3 was used with dependent nonweightbearing and heavy patients. Th e walking 
belt was recommended for dependent weightbearing pat ients weighing le ss t han 150 lb. E ach pat ient 
needing a walking belt was provided one at t he bedside. An Ambulift  C3 was stationed on each wing 
(20 patients per wing).

Environmental changes were made such as toilet seat risings were placed on toilets so transfer sur-
faces were  ush and showers were modi ed so shower chairs could be used.

All nursing personnel were trained in use of walking belt, Ambulift  and shower chairs until they felt 
comfortable and demonstrated competency. Th e technique taught for using the walking belt was: two 
nursing personnel stood facing the patient, each had one hand gripping the belt handle; placement of 
feet was one foot facing the patient and other foot in the direction of the move; with  exed knees and 
backs straight, they used a synchronized, gentle rocking motion to create momentum and then pulled 
the patient toward themselves, shift ed their weight to the foot facing the direction of the move, pivoted 
and transferred the patient. Instruction on use of the hoist followed the printed instructions provided 
by the manufacturer.

TABLE 3.6 Summary of “Patient” Data

Method of Transfer

Variables

Manual 
Lift ing (2)a

Gait Belt 
(2)

Walking Belt 
(2)

Walking Belt 
(1)

Patient Handling 
Sling (1)

Lift  H 
(2)

Lift  T 
(2)

Lift  A 
(2)

x– SD x– SD x– SD x– SD x– SD x– SD x– SD x– SD

Comfortb 5.7 0.9 5.7 0.8 1.6 0.5 1.7 0.8 2.6 1.3 5.2 1.1 3.0 1.7 0.5 0.6
Securityc 5.1 1.2 4.0 1.4 1.1 0.8 1.1 1.0 3.2 1.4 5.4 1.4 3.0 1.7 0.5 0.6

a Indicates number of nurses making the transfer.
b Scale: 0 = extremely comfortable; 7 = extremely uncomfortable.
c Scale: 0 = extremely secure; 7 = extremely insecure.
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Th e following summarizes the results of intervention.

Perceived exertion. In general, the average stressful ratings were about 14 (between “hard” and “some-
what hard”) before i ntervention a nd 9 ( “very l ight” for t he walking belt) a nd 8 ( between “very, very 
light” and “very light” for the Ambulift ) aft er intervention (Table 3.7).

Acceptability rates. Most of the time the nursing personnel used the walking belt or hoist as directed 
according to t he categorization of t he pat ient as either dependent a nd weightbearing or nonweight-
bearing. Sometimes, however, the condition of the patient changed so the device used a lso changed. 
Ninety- ve percent of the time the nursing personnel used either a hoist or walking belt when transfer-
ring a dependent, nonweightbearing patient from bed to WC or WC to bed. Th is was true 92% of the 
time for transferring patients on and off  the toilet. It is probable that the hoist should have been used 
rather than the walking belt in some instances; however, the manual, under-the-axilla technique was 
not used!

Time. As expected it took less t ime to u se the devices as personnel became more skilled in their use. 
During preintervention it took an average of 8–18 s to transfer a patient using the under-the-axilla man-
ual method. It took an average of 25 s to transfer using the walking belt and 73 s for the hoist.

Injuries. Th ere were 83 injuries per 200,000 work hours in the 4 years prior to the intervention stage of 
this study; these were back injuries that occurred on  oors 1 and 2. During the 8 months postinterven-
tion there were 47 back injuries per 200,000 work hours. Most of the back injuries that occurred postint-
ervention were during non-patient-transfer activities.

Summary

Th e results of this study indicate that an ergonomic intervention is appropriate for reducing physical 
and biomechanical stresses while transferring patients from one location to a nother. Th e most physi-
cally challenging tasks were redesigned or eliminated (e.g., through use of shower chairs for toileting 
and showering) and the acceptance rate of these new approaches was high.

Ergonomic Approach within a Hospital Setting

A similar study design has been implemented in the hospital setting. Th e PHTs ranked as most stressful 
by hospital personnel were very similar to those found in the nursing home study:

Lift  patient up from the  oor• 
Transfer patient from WC to bed• 

TABLE 3.7 Ratings of Perceived Exertion for Lower Back from 
Preintervention and Postintervention Phases for Selected Tasks

Ratings of Perceived Exertion

Preintervention Postintervention

Task Manual Lift ing Walking Belt Ambulift 

Bed to WC 14.1 8.6** 8.2**
WC to bed 14.2 9.3** 7.6**
WC toilet 14.1 9.5** 7.2**
Toilet to WC 14.3 8.8** 8.6**
Chairlift  to WC 13.4 9.5** 6.0**
Weighing patients 13.8 — 6.3**

**  Signi cant at p ≤ 0.01.
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Transfer patient from bed to cardiac chair• 
Transfer patient from bed to commode• 
Transfer patient from commode to bed• 
Transfer patient from bed to WC• 
Transfer patient from cardiac chair to bed• 
Transfer patient from stretcher/cart to bed• 
Transfer patient from bed to stretcher/cart• 

Criteria for the selection of assistive devices were applied and the following devices were studied:

Transfer on and off  stretcher:

 *Slipp Air Pal Dixie Smooth Mover

Transfer in and out of bed, on and off  commode/toilet:

 *MediMan Hoist *Sara Lift 
 *Posey Walking Belt Total Lift 
 Ma xi Lift  Dextra Lift 
 Me diMaid

Lift  up in bed:

 Air Pal *Magic Sheet

Toileting in bed:

 *Kimbro Pelvic Lift 

Transfer from  oor to WC or bed:

 *M ediman Lift  Maxi Lift 

Th ose devices w ith a n asterisk (*) were perceived to b e least s tressful, most comfortable, a nd secure, 
hand force was reduced a nd t he estimated compressive force to L 5Sl d isk was lower t han t he NIOSH 
action limit;39 these assistive devices were used within the intervention phase of the study (analysis of 
data is continuing).

Implementing an Ergonomic Program

A very important element in implementing any program is to have commitment from management and 
from t he individuals who must carry out t he program. Change f rom routine is d iffi  cult so de nitive 
strategies must be planned to reinforce the driving forces and decrease the restraining forces.

Some d riving forces may be t he need to de crease t he number of personnel w ith back problems i n 
order to have a safer work environment and adequate staffi  ng levels, a need to decrease workers’ com-
pensation i nsurance p remiums, a n opp ortunity to e xpend re sources f or p rimary p revention i nstead 
of at t he tertiary or i llness/injury level and a ne ed to e xhibit to employees personal concerns for their 
health and safety.

Some restraining forces may include time and  nancial resources. As shown in the nursing home study, 
the use of assistive devices does take more time and the equipment does demand  nancial investment.

A consultant w ith k nowledge i n ergonomics would be helpful i n order to e valuate t he i nteraction 
between equipment, environment, task, personnel, and overall work organization.

Someone on the staff  should assume leadership within this back injury prevention program. Usually 
individuals in top-level management cannot take on the responsibilities because of ongoing commit-
ments to ot her elements of the organization. Th e individual selected should be interested in the pro-
gram, capable of providing leadership, have the respect of management and staff , be willing to test out 
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various approaches to re ducing back s tresses, a nd have t he ability to ke ep management i nformed of 
progress/problems in the program.

In some institutions it may be possible for a staff  person from each unit to be assigned to this injury 
prevention team. Some advantages to this model are staff  can relate to an individual who is already an 
integral part of the unit, her/his presence and work with this project will be a rem inder of preventive 
eff orts, this person can receive and funnel to the teams and the coordinator of the program ideas, con-
cerns, etc. and one person can see that maintenance of equipment is up to date on that unit. Th is  model 
of s taff  i nvolvement i ncorporates i mportant principles such as permitting t he people who a re at r isk 
for the back problems to be involved in problem solving and even decision making in relation to this 
problem. Th is sharing in decision making also facilitates a feeling of ownership of and commitment to 
the program.

Tasks that are most stressful to carry out should be determined by those who normally carry out the 
work of the unit. Th e technique similar to t he one described in the nursing home study can be used. 
Owen et al.28 used four methods to determine stressfulness of tasks and found no statistically signi cant 
diff erence among them. Th e methods were asking the individuals to list stressful tasks and then to rank 
these tasks by stressfulness felt, asking them to rate the amount of stress felt to various parts of the body 
while carrying out those tasks cited as stressful (using Borg scale), estimating compressive force to L5Sl 
using t he t hree-dimensional s tatic biomechanical model of Garg a nd Chaffi  n, and estimating tensile 
force on the erector spinae muscles using a biomechanical model. Based on the results of the comparison 
of these four methods, it seems feasible that it is adequate to a sk the individuals to r ank and rate the 
stressfulness of those tasks perceived to be most stressful.

Th e task(s) found to be most stressful should be studied. Questions such as the following may help to 
crystallize the problem. How is the task performed? How much weight is lift ed? Are good body mechan-
ics being used? (Certain types of lift ing carry a particularly high level of risk, e.g., lift ing at a d istance, 
lift ing involving asymmetry and twisting.) Can manual lift ing be eliminated? Are there environmental 
aspects that contribute to the stress such as unequal lift ing surfaces or con ned work space? Can a tech-
nique of pull or push be used instead of lift ? Can the task be redesigned? Can it be eliminated? How can 
the workplace be changed?

Answers to some of these questions should be helpful in proposing alternative methods for carrying 
out the task. One alternative may be to redesign the task by introducing an assistive device for transfer 
of patients. It is helpful for staff  who are involved in the transfer task to be involved in testing out various 
assistive devices and even to contribute to decision making for which devices to purchase. An adequate 
number of devices must be purchased so that they are readily available to staff .

Training in the alternative method is essential. Owen23 and Bell3 f ound p ersonnel w ere rel uctant 
to u se a ssistive de vices b ecause t hey l acked k nowledge a nd s kill. Training to c ompetency i s i mpor-
tant w hich i ncludes demonstration a nd h ands-on re turn demonstration i n t he c lassroom a nd at t he 
bedside. A systematic schedule for retraining and also education of new staff  should be instituted and 
maintained.

Management policies may be necessary to help assure/encourage staff  to ful ll the goals of the proj-
ect. It is important for personnel to see and experience management involvement and support through-
out the program.

Maintenance of equipment is imperative also as this is oft en a reason for nonuse. Delegation of this 
responsibility to one person on the unit may be helpful.

A health management program including an element directed at back pain prevention should be built 
into every prevention program. Th is is oft en l acking in settings where health care professionals work 
such as hospitals and nursing homes. Personnel within the health management program should encour-
age t he s taff  to participate in the health program, report symptoms early relating to back problems, 
conduct prompt follow-up, conduct worksite tours to study work practices and add their expertise to the 
ergonomic approach to prevention of occupationally related back problems.
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Evaluation o f o utcomes o f t he p roject a re i mportant. Tools suc h a s t he B org R ating o f P erceived 
Exertion Scale or 7 to 1 0 point Likert scales are adequate to de termine if there has been reduction in 
perceived physical stress. An on-going monitoring of the program is essential to assure staff  are using 
the devices and using them correctly. A study of the incident reports and OSHA 200 logs also contribute 
to the evaluation process.

Summary

Many approaches to the prevention of occupationally related back pain have been attempted. However, 
nursing personnel continue to rank  ft h nationally in workers’ compensation claims  led for this prob-
lem. Th e ergonomic approach has been successful in decreasing the physical stress involved in the lift ing 
and transferring patients.
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The Ceiling Lift: An Efficient Way of Preventing 
Injuries among Nursing Staff

Jocelyn Villeneuve

Introduction

Th e increase in the severity of patients’ conditions, due to developments in medical technology and the 
aging of the population, has led directly to an increase in the number of employment accidents among 
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nursing staff . State data on industrial injuries (Commission de la santé et de la sécurité de travail, Québec, 
1992.) show that back injury is twice as prevalent in the health service sector as in any other industrial 
sector. Nearly half of all employment accidents in the health sector result in back injuries, accounting 
for 60% of lost work days. Th e situation is similar in the United States.1,2

Detailed analysis of the industrial injury data for 19913 h as s hown t hat suc h i njuries a re t wice a s 
common in institutions providing long-term physical care. Patients must be lift ed more oft en, which 
requires a level of eff ort signi cantly in excess of the limits recommended by NIOSH.4,5

To be safe, all maneuvers in which patients are lift ed must be performed by means of patient-lift ing 
devices. Given the important role of such devices in the prevention of accidents during manipulation of 
patients, we decided to carry out a comparative study of the traditional free-standing mobile patient lift  
and the ceiling lift .6,7 Th e latter has become increasingly popular in Quebec’s health institutions since 
the beginning of the 1990s. Our study revealed that more than a hundred institutions had begun to use 
this type of lift  to varying degrees (see Figures 3.15 and 3.16).

Methodology

Th e  eld study was carried out in  ve institutions, four of which were long-term care institutions and 
the other a rehabilitation center for young multiply handicapped people. In three of the  ve institutions 
both types of lift s were in constant use, and in all cases the staff  had tried both types.

Th e go al o f t he s tudy w as to c ompare t he o verall p erformance o f t he c eiling l ift  a nd t he t radi-
tional lift  with respect to the following elements: level of satisfaction of direct users (nursing staff  and 
patients) and management, impact on the staff  posture and eff ort, and impact on operation time and 
workplace injury.

FIGURE 3.15 Ceiling lift .
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A variety of methods were used. A questionnaire was prepared on the basis of 21 performance criteria 
for patient l ift s. It was distributed to 155 staff  users in the  ve institutions. We received a tot al of 121 
responses, for a response rate of 78.1%. Interviews were carried out with nursing staff  (21), patients (13), 
and management (9 top managers and 10 middle managers). Observations and video recordings of vari-
ous patient-transfer tasks were also made in the  eld.

In-depth analyses of state statistical reports from 1992 on employment injuries to nurses, nurses 
assistants, a nd at tendants w as u sed to e stimate t he c ost o f ac cidents c aused b y m anipulation o f 
patients in  l ong-term car e in stitutions. Th e s tudy w as c ompleted b y de tailed e xamination o f t he 
employment injury registers of two of the long-term care institutions before and aft er introduction 
of the ceiling lift s.

FIGURE 3.16 Example of rail running between the bedroom and bathroom with access to the bed, shower, 
toilet, a nd si nk. T he photo s hows t he ove rhead s witching s ystem at t he ju nction of r ails f rom d ifferent 
directions.
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Results

Questionnaires and Interviews with Users

When the “nursing staff ” were asked which of the two types of lift  they preferred, almost all (97.5% of 
respondents) selected the ceiling lift . Th e main reasons given were stability (100%), easy to use (99.1%), 
not bulky (97.5%), safe and comfortable for the patient (97.5%), safe and pleasant for the staff  (97.4%), 
eliminates eff ort (96.5%), available (94.2%), and quick to use (95.3%). Th e preference was unequivocal, 
and the questionnaire responses were con rmed by the interviews.

Th e interviews with the “patients” produced similar results. Patients said they preferred the ceiling 
lift  because it is comfortable and facilitates the work of the nursing staff . It made them feel less of a bur-
den. Some patients were even able to operate the controls themselves, giving them more independence. 
In some cases, the ceiling lift  enabled completely dependent patients to be moved from their beds.

We also observed the behavior of 10 other patients suff ering from dementia, during successive trans-
fers with the two devices. Th ree exhibited minor agitation during transfers with the traditional lift . No 
reaction was observed during transfers with the ceiling lift .

“Management” w as e qually s atis ed w ith t he c hoice o f t he c eiling l ift , f or si milar re asons. Th ey  
observed an overall reduction in the number of workplace injuries and an increase in satisfaction lev-
els among the nursing staff  and patients. A major advantage identi ed by the managers was that most 
transfers using the ceiling lift  required only one staff  member rather than two.

Posture and Effort

Th e most diffi  cult task in manipulations using the traditional lift  is handling the device itself. Th e most 
demanding operations are “pivoting” and “lateral movement of the device” when the patient is loaded. In 
both these operations, the operators exert quanti able force with their arms, shoulders, and back, and the 
twisting movement required is exacerbated if the feet do not change position as the device is displaced.

Diff erent movements with a traditional lift , when empty and when loaded with a 165 lb person, were 
measured using a dynamometer. Almost twice as much eff ort was required for the loaded movements 
(between 75 and 130 Nn). Th is level of eff ort, combined with postures in which the back is twisted, is 
likely to cause accidents. In addition, all the castors on the traditional lift  tend to be of the pivoting kind, 
and the operator must exert force, through the back and arms, to steer the device in a particular direc-
tion. Also to be considered is the additional work involved in moving the lift  to t he patient’s room or 
bathroom. Th e distances involved may be considerable if the lift  is used with several diff erent patients 
during a shift , as is generally the case in long-term care units. Th is step is completely eliminated by a 
 xed ceiling lift , and considerably reduced by a portable ceiling lift .

Statistical Summary of Two Institutions

Here are two examples of institutions that elected to introduce ceiling lift s throughout their long-term 
care units. Institution No. 1 covered all its requirements by installing 135 devices for 289 beds (most of 
the rooms held two beds). Institution No. 2 had already installed ceiling rails for the 200 long-term care 
beds (wing B) and, so far, had purchased 42 lift s.

One remarkable result obtained by both institutions is that no workplace injury related to patient 
transfers was recorded in rooms where ceiling lift s were available. Here, a patient transfer is de ned as 
a transfer involving a c hange of surface, for example, from a b ed to a c hair, or v ice-versa. It does not 
include maneuvers to reposition patients in the bed or chair, or to pick them up aft er falls.

Institution No. 1 ac hieved a p erfect performance in 1996, with no em ployment accident related to 
patient-transfer maneuvers (Table 3.8). Also, all patient-transfer accidents since 1992 actually occurred 
in rooms with no ceiling lift s.

Th e  gures provided by Institution No. 1 show that the $422,304 in workers compensation savings was 
almost suffi  cient to fund the entire cost of purchasing and installing the ceiling lift s ($450,000 for 105 
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lift s with canvas and rails in 80% of the rooms and all the bathrooms in the main pavilion). Anticipated 
savings of $160,000 on workers compensation for 1997 should be suffi  cient to  nance the installation of 
56 rails and 30 additional devices in the new pavilion. Recurrent savings can thus be made in the operat-
ing budget for the next 10 years, since the devices have a life of approximately 15 years.

In 1991, Institution No. 2 i ntroduced a p revention program for safe patient transfers, off ered to a ll 
staff . Th e success of the program was reinforced by follow-up activities and corrective action. Table 3.9 
shows a sig ni cant reduction in the days lost between 1992 and 1996. It shows all accidents related to 
patient moving transfers, including repositioning in the bed or chair and recovery aft er falls. However, 
no employment accidents occurred during patient transfers (change of surface) where ceiling lift s were 
available. Installation of the lift s began in 1995 and continued in 1996. In the next few years, enough lift s 
will be installed to cover all the institution’s requirements.

Th e major savings, estimated at $638,250, on the cost of compensation for workplace injury, were 
suffi  cient to  nance the cost of purchasing and installing the ceiling lift s, estimated at $247,000. (Balters S. 

TABLE 3.8 Accidents with Lost Time Involving Patient Transfers

Year
No. of 

Accidents Days Lost
Workers’ Comp. 

Contribution $ Can No. of Beds
No. of Ceiling 

Lift s

Saving on 
Workers’ 

Comp. ($ Can)

1988 24 278 22,032 237 — —
1989 22 542 51,690 237 — —
1990 18 342 36,704 237 — —
1991 14 692 79,261 237 — 701
1992 4a 40 4,473 237 10 1,821
1993 10a 105 28,131 237 13 46,620
1994 6a 70 20,271 237 39 92,310
1995 2a 26 9,909 237 23 129,504
1996 0 0 0 289 50 151,348
Total 135 422,304

Note: Data is f rom Institution No. 1: CHSLD DRAPEAU DESCHAMBEAULT, contact was Ms. Francine Ouellette, 
Health and Safety Consultant. Data gathered from 1988 to 1996.

a No ceiling lift  in room.

TABLE 3.9 Injuries with Loss of Time, Occurring While Helping Patients

Year No. of Accidents Days Lost

Estimated 
Workers’ Comp. 

Contribution 
($ Can)

No. of Beds 
(Wing B)

No. of 
Ceiling Lift s

Estimated Saving 
on Workers’ 

Comp.a ($ Can)

1991 21 1571 589,125 200 — —
1992 27 1039 389,625 200 — 199,500
1993 39 968 363,000 200 — 26,625
1994 18 354 132,750 200 — 230,250
1995 8 89 33,375 200 39 99,375
1996 5 45 16,875 200 3 82,500
Total 42 638,250

Note: Data is f rom Institution No. 2, CHRDL, contact p erson was Mr . Alain Sa int-Pierre, Prevention C onsultant, 
Health Service. Data was gathered from 1991 to 1996.

a Cost estimated at $125 per day, multiplied by a loading factor of 3.
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Reclaiming lives. Team Rehab, November 1998.) Th e savings alone over the 2-year period (1995–1996) 
since the devices were installed amounted to $181,875.

Conclusion

Th e c omparison o f t he o verall p erformance o f t raditional pat ient l ift s a nd c eiling l ift s c ame do wn 
clearly in favor of the ceiling lift s, at the level of both user satisfaction and  nancial bene t. We rec-
ommend that the ceiling lift  be given preference in long-term care institutions, because it provides a 
sure and eff ective way of preventing employment injury during manipulation of dependent patients. It 
would also be appropriate in acute care services such as orthopedics, neurology, radiology, and home-
based care.

A new government policy now provides development project funding for the installation of ceiling 
rails in a ll t he rooms of units where pat ient t ransfers are f requent. Th e devices and rails can be pur-
chased out of the institution’s own  xed and mobile equipment budget.

However, i t i s i mportant to em phasize t hat c eiling l ift s w ill not el iminate a ll ac cidents relating to 
patient a ssistance. A n a lmost e qually sig ni cant n umber o f i njuries o ccur d uring re positioning o f 
patients in their bed or chair, and recovery of patients aft er falls, tasks for which the lift  is unsuitable. 
Applications of t he lift  for repositioning patients could also be developed (sitting up in bed, changing 
sheets, arranging bedpans, etc.). It is to be hoped that technological developments will enable the device 
to be used to help patients walk and sit up in bed. Th e major investments required to install it will thus 
be all the more useful and pro table.

In addition to more suitable tools, the problem of accidents during patient manipulation requires a 
comprehensive approach involving training in safe handling methods, adequate working space, and an 
organization of work and time designed to avoid overwork.
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Slings for Amputees

Justin Gilmore

Our facility currently is home to a double leg amputee resident. With much concern for the safety 
and also comfort of the resident, is there any other way to transfer a resident in this particular situ-
ation safely and comfortably other than using an amputee sling?

R.F. Jr., Country View Manor, Sibley, IA

Diff erent suppliers have diff erent design/safety/comfort objectives for their amputee slings. To give you 
just one example based on Liko’s line of slings, the Model 70 Amputee Sling is designed speci cally for 
patients with high amputations, thus a correctly  tted and applied Model 70 sling should be a perfectly 
safe and comfortable solution for the problem described, no m atter what concerns the caregiver may 
have. I f an a lternative recommendation is required, a f ull-body sling such as the Liko Comfort Sl ing 
should be considered as a perfectly acceptable choice. Th is sling is somewhat similar to the sheet slings 
of the past and is normally applied in the bed by performing a bed roll to the patient, whereas the ampu-
tee sling can be applied in seated position.

Th e material choice of the sling is also aff ected by whether it is an amputee sling or a full-body sling. 
Amputee slings that are made of polyester or nylon are usually recommended when the sling is applied 
and removed in seated position. However, a f ull-body s ling may require a n a iry or net-type material 
which usually allows for better air ow, or a cotton material for better comfort.

At the site of the bifurcation, your facility may a lso choose to p rovide a c ushion on the seat of the 
chair or wheelchair for additional comfort and security.

General Sling Usage

My mother is in a special care home and I was wondering about the sling. Should it be left  on at all 
times unless she is in her bed? Is this common practice?

C.H.
Concerned Sibling

Dear Cyril:

Th is is a fairly common question, and thanks for raising the issue with our general audience. Whether 
or not it is advisable to leave a sling under a patient for extended periods of time depends on a collective 
of patient-speci c factors, which include the integrity of the patient’s skin, type, and fabric of the sling, 
and application and removal.

Although we do not know each and every patient’s skin integrity, we will always assume that we 
should be cautious in our approach. A patient’s skin is important with the type of sling, a full-body or 
leg-support sling, because applying the full-body sling requires a bed roll whereas a leg-supported sling 
can be applied in seated position. Th e sling applied while seated takes less eff ort to apply and remove and 
requires less physical handling of the patient. When applying and removing a leg-supported sling, make 
sure that the material is smoothed out with no folds or wrinkles and that there are not any sling seams 
(outer sling edging) underneath the legs or against any bony prominence.

Th e sling fabric made of polyester/cotton mesh allows the skin to breathe and be more comfortable, 
whereas speci c nylon or polyester material choices kept against a pat ient’s body for a p eriod of t ime 
could increase the ambient temperature near the patient’s body.

While there is no commonly accepted de nition of “extended periods,” for convenience you can 
equate this time period to the amount of time when health care standards would normally move a 
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patient to a d iff erent position—usually under 2 h. Please communicate this advice with your moth-
er’s special care provider to initiate further discussion regarding how best to help your mother with 
her care.

Removing Bariatric Patients from a Vehicle

I am looking for options for transferring bariatric patients out of a car when they arrive in emer-
gency situations to t he Emergency Room, particularly for those patients whose situation deterio-
rates during transport by a family member? Obviously vehicles vary greatly so I am interested in 
how others address this issue.

c.c.
Sequoyah Memorial Hospital Sallisaw, OK

In general, most mobile  oor lift s are not able to be used for vehicle extractions due to t he fact that 
their lift  arms make contact with the vehicle’s door opening or roof before the pat ient is able to b e 
lift ed off  t he seat. L iko’s G olvo mobile l ift , because i t operates on a d iff erent principle (telescoping 
mast and retractable strap), would represent an acceptable alternative, but only for patients weighing 
up to 440 lb. Another alternative would be use of an overhead or ceiling-mounted system installed in 
an ambulance bay. A single-motor overhead system would be able to handle patients in the range up 
to 550 lb or more.

Safe Lifts Outside of an Emergency Department

We need ideas for safe l ift  assists outside our ED, especially out of family vehicles. A ne w ED is 
being planned and I would like to incorporate a safe lift  system for this problem.

c.s
Maine Coast Memorial Hospital

In an existing facility you have the option of using a telescoping-mast mobile  oor lift  (s ee J anuary 
‘07 issue of t he Lift  Doctor) or installing an overhead or ceiling-mounted system. Your pending new 
construction project might off er an opportunity to “design in” an overhead system adjacent to the ED. 
In other words, your architect could be requested to de sign in an overhead system right in the ambu-
lance bay. Th is overhead system should be able to assist in extracting patients weighing several hundred 
pounds. Th e patient could then be transferred to a wheelchair or gurney. Note that most mobile lift s are 
not able to be used for vehicle extractions.

Maneuvering Floor Lifts on Carpeted Surfaces

Our facility is carpeted and we  nd it diffi  cult pushing hoists over this surface - do you have any 
solutions, maybe around wheels on hoists?

L.L., MercyAscot Hospitals, NZ

Th is is a wide ranging topic and I will attempt to provide as much information as possible in a limited 
amount of space. I am making an assumption that the wheels on your hoists are clean, move freely, and 
are t he largest d iameter available while s till a llowing access under beds a nd f urniture. Further, even 
though this may not apply for your facility, readers need to remember that one of the major advantages 
of ceiling-mounted l ift ing systems is t hat t hey avoid complications a rising f rom carpeting, f urniture 
placement, medical equipment, and other complications.
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Following a re s ome gener al g uidelines to em ploy w hen m aneuvering a  oor lift  o ver a c arpeted 
surface:

Pushing is most oft en easier on your back than pulling. When pushing you can lock your arms, 
maximize use of your legs, and put all of your weight into the lift .

When you push a pat ient in a l ift , try to use your leg muscles more than your back or your arm 
muscles. Try the following technique to use your legs more: “lock” your arms in place by hold-
ing them into the starting push position. Try to keep your arms close to your trunk. Use your 
legs and shift  your weight on them. Weight shift ing requires that you have a wide base of sup-
port; feet should be at least a shoulder’s width apart. Generally, forward to back weight shift ing 
is preferable with your legs in a diagonal stance and weight shift ed from front leg to back leg 
(think of it as a “lunge” type movement).

Changing direction. In order to change direction when stopped, lock one wheel and walk in a cir-
cular direction in order to reorient the lift  rather than trying to push the lift  sideways. Sideways 
pushing i s a d angerous m aneuver i nvolving t wisting o f t he bac k a nd h igh p ressure o n t he 
lower spine, especially if the feet remain in a  xed position. And, remember, the most stressful 
time is when starting the lift  in motion, so always be cautious when starting out. Once the lift  is 
in motion, the eff ort decreases. Try to avoid twisting of the spine. Twisting puts a torque-type 
force on your low back. To avoid twisting point both your feet and arms in the same direction 
as the object you are trying to move. Instead of twisting your back, move your feet by taking 
small steps in the direction in which you are trying to move.

One  nal observation. Th e use of carpets in care facilities is diminishing over time due to modern 
facility hygiene standards and the diffi  culty in cleaning carpets versus cleaning hard surfaces. 
Carpets are also less desirable from an ergonomic point of view due to the diffi  culty in moving 
any equipment with wheels such as beds, patient lift s, and wheelchairs. Given a choice, the Lift  
Doctor would recommend against use of carpets in health care facilities for the above reasons.

Use of Ceiling Lifts with Hip Surgery Patients

Our H ospital h as b een w orking h ard to de crease o ver e xertion i njuries t hrough o ur S afe L ift  
Program. Orthopedics which is one of the heaviest in-patient units continues to have a high number 
of staff  over exertion injuries. In an eff ort to reduce these injuries, we have recently installed over-
head ceiling lift s but they are not being used. One of the barriers appears to be with the Orthopedic 
Surgeons who feel it is not safe to use lift s with patients who are recovering from hip surgery as hip 
alignment can be compromised. We have provided hammock slings which are designed to be used 
for these patients. Do you have any research or experience using lift s with this type of patient that 
may be helpful or are they correct in determining this can be unsafe? Do you have any suggestion 
for other assistive devices to help us reduce our injuries?

A.G., North York General Hospital

Obviously there are many diff erent types of hip surgery. Hip replacement is one of them, and in the following 
comments we refer to the most common type of hip replacement. It is important to be informed regarding the 
type of hip surgery in order to choose the proper equipment to be used if the patient needs to be lift ed.

One of the most common problems that might arise soon aft er h ip replacement surgery is hip dis-
location. Because the arti cial ball and socket are smaller than the normal ones, the ball can become 
dislodged from the socket if the hip is placed in certain positions. Th e most dangerous position usually 
is pulling the knees up to the chest and letting the leg cross the midline of the patient’s body. Th er efore 
it is important that the sling you select provides a hip angle with no more than 90°  exion, for example 
a Comf0l1 or a H ighback sling (Liko products). Note, however, that the Comfort sling does press the 
knees together when lift ing, but the legs are not crossed over the midline. In order to separate the knees, 
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a wedge pillow is probably advisable. Or, if there is a need to separate the knees even more, a sling with 
separate leg supports such as the Highback Original is a good choice.

Another possibility is to decrease the hip angle even more by using an Amputee sling in size medium 
together with side bars.

One  nal recommendation that oft en works: We recommend you invite the surgeon to attend a situa-
tion where the caregivers perform a lift  using the proper sling. You may even wish to invite the surgeon 
to be l ift ed himself in order to demo nstrate the safety and convenience of this solution which is used 
extensively throughout the world.

Sling Washing Instructions

Washing of slings is a re al issue for our LTACH. Washing Instructions state—wash in hot water 
with soap. I do not believe this will kill C. Dif and other pathogens. What do you suggest?

T.H., Transition Health Services

Speci c to C. diffi  cile the literature states the following:
Clostridium diffi  cile, C. d iffi  cile [k lo-STRID-ee-um d if-uh-SEEL] is  a  bac terium. Th e bacteria are 

found in the feces. People can become infected i f they touch items or surfaces that are contaminated 
with feces and then touch their mouth or mucous membranes. Health care workers can spread the bac-
teria to other patients or contaminate surfaces through hand contact. For safety precautions the follow-
ing may be done to reduce the chance of spread to others: Wash hands with soap and water, especially 
aft er using the restroom and before eating. If your institution experiences an outbreak, consider using 
only soap a nd water for hand hygiene when caring for pat ients w ith C. diffi  cile-associated d isease as 
alcohol-based hand rubs may not be as eff ective against spore-forming bacteria. Clean surfaces in bath-
rooms, k itchens, and ot her areas on a re gular basis with household detergent/disinfectants. Dedicate 
equipment whenever possible.

Hospital cleaning products can be used for routine cleaning. Hypochlorite-based disinfectants (e.g., 
household chlorine bleach) have been used with some success for environmental surface disinfection in 
those patient-care areas where surveillance and epidemiology indicate ongoing transmission of C. dif-
 cile. Note: EPA-registered hospital disinfectants are recommended for general use whenever possible in 
patient-care areas. At present there are no EPA-registered products with speci c claims for inactivating 
C. diffi  cile spores, but there are a number of registered products that contain hypochlorite. In the United 
States, liquid chemical germicides (disinfectants) are regulated by EPA and FDA. In health care settings, 
EPA regulates disinfectants that are used on environmental surfaces (housekeeping and clinical contact 
surfaces), a nd F DA re gulates l iquid c hemical s terilants/high-level d isinfectants (e.g., g lutaraldehyde, 
hydrogen peroxide, and peracetic acid) used on critical and semicritical patient-care devices.

Laundering information from the CDC—June 2003 is as follows:

IV. Laundry process
 A.  If hot-water laundry cycles arc used, wash with detergent in water > 160°F (>71°C) for >25 min 

(1270). Category lC (AlA: 7.3l.E3).
 B.  No recommendation is off ered regarding a hot-water temperature setting and cycle duration 

for items laundered in residence-style health care facilities. Unresolved issue.
 C.  Follow f abric-care i nstructions a nd s pecial l aundering re quirements f or i tems u sed i n t he 

facility (364). Category II.
 D.  Choose chemicals suitable for low-temperature washing at p roper use concentration i f low-

temperature «160°F [<70°C]) laundry cycles are used (365–370). Category II.
 E.  Package, t ransport, a nd s tore c lean te xtiles a nd f abrics b y me thods t hat w ill en sure t heir 

cleanliness and protect them from dust and soil during interfacility loading, transport, and 
unloading (270). Category II.
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Th erefore, it appears that soap and water along with household and hospital detergents/disinfectants 
and c leaning products c an b e e ff ectively u sed for  r outine c leaning for  C. diffi  cile. C hlorine ble ach 
based d isinfectants a re re commended i n pat ient-care a reas w here su rveillance a nd e pidemiology 
indicate o ngoing tr ansmission o f C. d iffi  cile. Sp eci c to s lings, mo st m anufacturers re commend 
washing with hospital cleaning products used for routine cleaning/disinfecting with the exception 
of chlorine bleach based.

As is indicated in italics above, it is recommended to dedicate equipment whenever possible. Reusable 
fabric slings are designed for single patient use, with cleaning/disinfecting between patients. Th e sling is 
meant to be kept with the speci c patient using it, for the duration of that patient’s hospital stay. It is sent 
to the laundry aft er the patient is discharged, or if it becomes grossly contaminated during the patient’s 
stay. However, if laundering slings is an issue as you have stated, perhaps single patient use disposable 
slings would be an appropriate solution for your facility. Once the patient is discharged, or if the sling 
becomes grossly contaminated during the patient’s stay, it is disposed of and a new disposable sling is 
obtained to ful ll the next need.

Once again, thank you for your question. Please do not h esitate to contact us with any questions or 
concerns regarding this information.

Mixing and Matching Equipment

I a m i nquiring about whether it i s possible (or adv isable) to u se one of your L iko repositioning 
sheets with one of your competitors’ ceiling lift s . I h ave two speci c requirements: (1) Th e  sheet 
must be less than 71 inches long; and (2) We would like to leave the sheet under the patient for a 
period of time.

Anonymous

 1. Virtually all manufacturers discourage mixing their slings with lift  equipment from other manu-
facturers. Th at’s because, currently there is no third-party testing and certi cation agency with a 
valid and reliable protocol that has tested combinations of lift s and slings from diff erent manu-
facturers. Further, there are numerous anecdotal reports of patients being injured when mix-and-
match lift s/slings have been used, and in virtually all of those instances the facilities and patients 
have suff ered due to lack of accountability between manufacturers.

 2.  Th at said, Liko does carry a s hort repositioning and transfer sheet (62 in. long) that can be left  
under the patient. It is made of a cotton/polyester blend; however, for safety, it is intended only for 
use with Liko lift ing equipment and accessories.

Operating Room Transfers

What is the best way to transfer a patient from operating table to bed if the patient is anesthetized?

D.W., Huron Medical Center Bad Axe, Michigan

Transferring an anesthetized patient requires special care, and transfer of a pat ient following surgery 
requires ye t a nother d imension i n c are a nd s pecial preparation. Th e su rgical pat ient’s si tuation m ay 
become more complex as a result of the presence of IV tubing, intubation tubing, and possibly wound-
related precautionary me asures. A ssuming you h ave t aken t hose precautions i nto c onsideration a nd 
protected t he pat ient a gainst r isk o f add itional i njury, i n gener al you w ill w ant to s elect a f ull-body 
sling or lift  sheet that provides maximum support to the patient’s entire body including the head. Log 
roll the patient into position to ena ble placement of the sling or transfer sheet per the manufacturer’s 
instructions. W hen t he l ift  b egins, p erform a “ pre-lift ” te st by pa rtially l ift ing t he pat ient. O nce t he 
straps are taut, but while the patient’s weight is still on the surface of the bed, cheek all connections as 
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well as placement of the sling at all points of the patient’s body. Complete the lift  and move the patient 
into position over the bed as gently as possible. Lower the patient into position on the bed and log rol l 
to allow removal of the sling.

One Person Transfers When Using Ceiling Lifts

We have recently installed about 150 Liko ceiling lift s with plans to add a similar amount this year. 
Would you please give me your opinion on whether we can revise our lift s and transfers policy to 
allow one person transfers when using a ceiling lift ? With all other lift ing equipment ( oor lift s, sit 
stand) we require two persons to be present.

While policy recommendations may diff er from one manufacturer to another, Liko does recommend 
allowing single-caregiver assistance when using ceiling lift s assuming the caregiver has conducted an 
assessment and is fully con dent that the lift -and-transfer operation can be conducted safely for both 
the patient and the caregiver! It is important to note that not all situations are safe for single-person assis-
tance.* For example, following are situations that might require two parsons to assist:

If medical equipment is attached to or accompanies the patient, two caregivers should be present 
during the transfer.

If t he t ransfer i s b eing m ade to a w heelchair or ot her u nstable e quipment, a s econd c aregiver 
should be present to stabilize and properly position the chair.

Bariatric patients require a two person team.

Safe Lifting Policy Statements

Do you have any written policies 1 can access? We are in the process of developing safe lift ing poli-
cies for caregivers. A “no manual lift ,” or “minimum lift ” policy would be helpful.

S.N., Kaiser LAMC

Th anks very much for raising an important issue that we believe is confronting health care institutions 
across the country. While policy statements are oft en created from scratch to meet the unique needs of 
an organization or culture, we believe there is a bene t to sharing those statements and policies across 
the entire health care industry. Sharing leads to consensus, and consensus will lead to universal adop-
tion of safe lift ing standards. If you need guidance immediately, here are a couple of options: (1) go to 
www.safelift ingportal.com, select the Safe Lift ing Environment section, and click on “support” in the 
top navbar, t hen Policy Statement, (2) you might w ish to re view documents t hat a re available online 
such as the “draft  safe patient handling and movement policy.”

Patient Assessment Tool

Could you recommend an easy-to-use patient assessment tool or checklist to assist with determin-
ing a patient transferability?

C.B. Company: Beacon

* Please note that the patient’s weight is not the only factor to consider when determining how many caregivers are needed. 
Even if the patient is not particularly heavy, he/she can be very diffi  cult to turn to the side, or to keep on the side, when 
placing the sling into position. For e xample, the patient may be stiff , spastic, v iolent due to dementia, etc. Th us a r isk 
assessment should always be performed and a decision made regarding whether the task requires one, two, or more care-
givers, no matter whether the lift  is a ceiling lift  or a mobile lift . Th e objective of safe lift ing should be to save caregivers, 
not to save on caregivers.
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Making an assessment for using both proper lift s a nd slings is an important part of Safe Lift ing. Th e 
patient needs to be assessed for their dependent to independent status, and then other factors that may 
impact the t ransfer. You must consider the task being performed to de termine the correct l ift  equip-
ment, such as: sit-to-sit transfer, lateral transfer, bathing and/or toileting. Here is a list of considerations 
when choosing a sling: need for head Support, back support, positioning, patient ability/disability, task 
to perform and patient size/weight. Factors that will in uence THC choice of sling are design and con-
struction, styles, materials, forces, infection control, and sling bar attachment. You will need to remem-
ber to take in to account the patient capabilities, sling application, hip angles, and whether the patient 
has any medical conditions that may in uence THC transfer, such as amputees or chronic disease.

Each lift  manufacturer should have their own safe lift ing assessment tools, some of which may be spe-
ci c to their equipment. We suggest your users contact their principal manufacturer to  nd out whether 
they provide tools and checklists for patient assessments.

Transport vs. Transfer

It is appropriate to u se a l ift  to t ransfer a re sident from the bed and from there to a nother room 
(i.e., bathroom). I have been told lift s are only to be used to transfer from a bed to a chair but not 
between rooms.

A.T.
Bethany Care Society

Th e issue of “Transport vs. Transfer” is a c ommon concern. Patient safety and maintaining patient dig-
nity arc our  rst concerns. Th e ISO 10535 Hoists for the Transfer of Disabled Persons standard does not 
prohibit the use of mobile lift s for transportation. Liko recommends that each facility take in to consid-
eration their own circumstances to evaluate the appropriateness of mobile lift s and transport situations. 
Some of the important factors to bear in mind include:  oor surfaces, thresholds, uneven surfaces, ramps, 
and privacy concerns for the patient. Transferring a patient from their bed or chair in to the bathroom is 
a common transport task. As I mentioned above, the  oor surface needs to be taken in to consideration. 
However, eliminating a manual transfer task provides safety for both the patient and the caregiver. Th e use 
of a mobile lift  as an “off  unit” transfer device should be discouraged or at least substantially limited.

Leaving Lateral Transfer Aids under Patients during X-Ray

Are there any lateral transfer devices like the Slipp that can be left  under a patient on an x-ray table.

M.l., Froedtert Hospital

One of your  rst considerations should be whether the x-ray is being used to examine the skeletal struc-
ture or whether soft  t issue is t he object for examination. Th e a nswer may a ff ect whether t he s ling or 
transfer sheet can be left  under the patient. Here’s why.

Slings and lateral transferring devices can be radiolucent to varying degrees, depending on the 
specific material of construction used. The appearance of the fabric on a radiograph may be imma-
terial i f sk eletal st ructures a re bei ng ex amined (a common ex ample would be  shooting t hrough 
a cast to ob serve a f racture site). However, when soft t issue is the object for evaluation, such as a 
chest x-ray, the appearance of fabric or a f abric weave pattern may have a ne gative effect (no pun 
intended). Of importance, the lower the density of the fabric, the less visible it is on the f ilm. For 
example, cotton is less dense t han polyester a nd would t hus be less v isible on t he x-ray. You w ill 
also find that net polyester and plastic coated net will create a mesh pattern at certain energy and 
exposures and not others.

To summarize, if your sling or transfer sheet is cotton or a cotton/poly blend, you can probably leave 
it in place and not cause a problem, even when taking soft  tissue x-rays. For example, it is not uncommon 
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to shoot through an ER stretcher back support or several layers of cotton/poly bed linen. On the other 
hand, if your sling or sheet is a high-density poly material, it should be removed unless you are taking a 
skeletal series. To avoid the possibility of negative eff ects, you should always attempt to use a transfer or 
repositioning sheet made of a lower density fabric such.

Proning

We are struggling with safe “proning” in the OR. Any suggestions?

P.H.
Kaiser Permanente

“Proning,” (i.e., prone repositioning) is a relatively new form of treatment used with ARDS patients 
who require high concentrations of inspired oxygen. Prone repositioning oft en improves oxygenation 
in patients who have ARDS by shift ing blood  ow to re gions of the lung that are less severely injured 
and thus better aerated. Under close supervision of an attending physician, specially trained staff  turn 
the patient face down from a supine position and may then be required to alternate between prone and 
supine repositioning as oft en as three times a day, or until the requirement for a high concentration of 
inspired oxygen is resolved.

Even with proper equipment, physically turning a critically ill patient has signi cant risks. For exam-
ple, the patient may be connected to equipment with wires and tubes, or there may be a variety of clini-
cal reasons to avoid the procedure. Patients whose heads cannot be supported in a face-down position, 
or very large patients, may not be recommended for the proning technique. It appears to the Lift  Doctor 
that use of mechanical lift ing equipment would be of limited value in most proning situations. However, 
it is technically feasible to use an overhead lift  in combination with a repositioning sheet to t ransfer a 
patient from a supine to a prone position when repositioning from a gurney to a surgical table (or vice 
versa). Ideally there would have to be pillows placed over the edge between the two surfaces to allow the 
patient to be rolled over. Obviously you should practice this technique in advance of its use in an actual 
surgical environment. While this is a procedure I have seen work with a ceiling lift , it would likely be 
diffi  cult to accomplish using a  oor lift .

Establishing the Standard of CareÔ with 
the Martin Chair-A-Table“

Willis Martin

Every o nce i n a lo ng w hile, a d isruptive te chnology c omes a long t hat c hanges t he r ules. M artin 
Innovations, with their patented latching and patient transfer mechanism, has now introduced such a 
game changing technology.

In the last decade, the health care industry has recognized the impact of lift ing injuries on medical 
professionals a nd h as b egun i mplementing p olicies a nd p urchasing e quipment de signed to i ncrease 
safety. Unfortunately, in the process of reducing risk, the costs have gone up. Safely transferring a patient 
from wheelchair to examination table, bed, or operating table either requires more people, more time, or 
both. In most cases, it also means a reduction in patient dignity as they move through the air suspended 
under a lift  or strapped into an assistive device.

In a small town in North Carolina, there was a doctor who cared enough about both the patients and 
the staff  to do something about it. He developed the concept of a system incorporating a latching wheel-
chair that would aff ect a patient transfer directly from the chair to the table or bed with a single medical 
professional and no external support equipment. Aft er unsuccessfully trying to convince the larger play-
ers in the industry to bring such a device to market, he made the decision to retire early from practice and 
build a company that would focus on developing, building, and marketing a family of assistive devices.
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Martin Innovations has now introduced a me dical examination table t hat couples w ith a w heel-
chair; t he M artin C hair-A-Table. A s t he o nly e xamination t able i n t he w orld t hat c ouples w ith a  
wheelchair, it has garnered nat ional and international at tention and is the preferred power table of 
patients and practitioners who have used the product. Th e Chair-A-Table consists of two major parts; 
a wheelchair and an examination table capable of lift ing 1000 lb. When operated together as a com-
plete pat ient transfer system they off er man y advantages over existing equipment. Patients will no 
longer need to be lift ed, a bene t clearly understood by the readers of this book. However, it can also 
be completely operated by a single staff  member very quickly and effi  ciently, with a total patient trans-
fer taking just a couple of minutes. Finally, because of the lack of rigging or suspending, the patient 
maintains their dignity and is not afraid of the experience. Practices can now examine more patients, 
cost eff ectively, while providing a h igher degree of care without dangerous patient transfers or time 

consuming lift  devices.
Th e patented wheelchair looks and functions the same as any 

other heavy duty wheelchair but has two special features. First, 
the seat has a  xture on t he bottom t hat l atches to t he ba se of 
the t able p roviding f or s afe a nd s ecure c oupling. Th e wheel-
chair seat becomes the seat of the examination table without the 
patient ever having to lift  their weight off  the surface. Second, the 
wheels, sides, back, and foot rests of the wheelchair remove as a 
complete set with the press of a button, a llowing for full access 
to the patient.

Th e patented table looks and operates like any other high capac-
ity (bariatric) power examination table. It has powered articulated 
back and foot segments and raises and lowers the patient. Th e seat 
segment of the table can be removed to reveal a latch mechanism 
that attaches to the seat of the wheelchair and the exam table goes 
low eno ugh ( less t han 16 in.) to c ouple w ith t he u nderside s eat 
height of the wheelchair.

Th e p rocess o f t ransferring a pat ient f rom t he c hair to t he 
table and back to the chair is very simple, executable by one staff  
member, a nd re quires absolutely “ Zero L ift .”® Th e v alue of t he 
wheelchair and exam table becomes obvious when used together 
for a utomated pat ient t ransferring. Th e p rocess i s si mple a nd 
requires virtually no training. Together these steps take a single 
person about one to t wo minutes, versus the 15–40 min it takes 
to use a lift .

Step 1  Th e t able f unctions a s a no rmal p ower t able w ith a 
very low m inimum height w hen i n u se by a mbulatory 
patients.

Step 2  When put into use to serve a patient in a wheelchair, the 
seat segment cushion is removed.

Step 3  Th e wheelchair, with the patient secured in it with the 
restraint st rap, is  wh eeled back ward so  t hat t he sea t 
of t he w heelchair t akes t he p lace o f t he remo ved s eat 
cushion.

Step 4  Th e t able a nd c hair a re r aised w ith t he pat ient a board 
and t he w heelchair side s a re remo ved a long w ith t he 
wheels and armrests. Th e side r ails on the examination 
table are then raised.
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Step 5 Th e patient is reclined and/or feet raised as required by the doctor for examination.
Step 6  Upon c ompletion o f t he e xamination, t he p rocess i s re versed a nd t he t able i s re turned to i ts 

standard con guration for everyday use, eliminating the need for extra equipment in the exam 
room.

Benefi ts to Institutions

Since the equipment is dual use, for both ambulatory patients and users of wheelchairs, the return on 
investment of  a  Martin Chair-A-Table i s qu ite short. Fu rthermore, t he effi  ciency of t he procedure of 
transfer means a signi cant cost reduction over traditional methods, allowing patients with handicaps 
to become pro table. By eliminating patient lift ing altogether, workman’s compensation claims will be 
dramatically reduced. Institutions will also decrease the amount of lost work days while providing a 
very useful recruiting tool for new staff  and caregivers, as well as helping to retain those workers. In a 
recent study, 65% of nurses said that safer working conditions would solve the nursing shortage (Luke 
Snell Perry & Associates).

Benefi ts to Risk Managers and Insurers

Th e Martin Chair-A-Table dramatically decreases the number of injuries for staff  and patients surround-
ing pat ient l ift ing and transportation. Having Chair-A-Tables will el iminate situations where injuries 
are common. Purchasing the equipment provides a s olid, court defensible example of the institutions 
concern for staff  and patient safety and establishes a higher Standard of Care. In 2006, there were over 
$2 billion in claims related to injuries suff ered while lift ing patients (U.S. Bureau of Labor & Statistics). 
Th e Chair-A-Table mitigates this threat and provides ADA compliance.

Benefi ts to Caregivers

Th e Martin Chair-A-Table creates a s afer working environment for nurses a nd c aregivers. Si xty per-
cent (60%) of nurses cited a disabling back injury as their top health/safety concern, a higher rate than 
HIV/AIDS (ANA Health & Safety Survey, 2001). It allows caregivers to keep doing what they love and 
removes the risk of back injury. As the readers of this book have seen, the statistics vary, but somewhere 
between 12% and 18% of nurses leave their profession permanently each year due to back injury (Moses 
and Owen). Th e Chair-A-Table restores the feeling of being fully capable to perform the job every day 
and allows nurses with 25 lb lift  limits to again contribute to patient care. By eliminating daily pressures, 
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such as lift ing 1.8 tons per shift  (Tuohy-Main, 1997), caregivers will have a better quality of life without 
work related injury.

Martin Innovations is committed to continuing to bring an entire family of products to market in 
order to supp ort t hose le ss fortunate a nd t he me dical professionals t hat t ry to m ake t heir l ives b et-
ter. W e a re c onstantly s eeking ide as f rom t he me dical c ommunity o n ne eds a nd p roduct re quire-
ments. If you have any questions about our existing products or ideas for new ones, please visit www.
MartinInnovations.com or email info@MartinInnovations.com





4-1

4
Emerging Infectious 

Diseases

Emerging Infectious Diseases and Occupational and Public 
Health Unreadiness in the United States and Canada .................. 4-1
Introduction • O ccupational Health Paradigms • 
Public Health Paradigms • National Agencies Response 
Paradigms • E ff ect of Globalization and Global Warming • Class
Are Hospitals or Public Health Systems Ready?
A Conclusion ...........................................................................................4-8
References ...........................................................................................4-8
Personal Protective Equipment for Health Care 
Workers ...............................................................................................4-9
Summary • I ntroduction • Appl ication and History of Personal 
Protective Equipment and Practices • Types of Common PPE •
History • Protection against Emerging Infectious 
Diseases • P ersonal Protective Equipment • R espirators
Conclusion .......................................................................................4-39
References .........................................................................................4-39
Appendix 4.A.1 Guide on Respiratory Protection against 
Bioaerosols: Recommendations on Its Selection and Use ..........4-47
Appendix 4.A.2 Airborne Infectious Disease Management: 
Methods for Temporary Negative 
Pressure Isolation ............................................................................4-85

William Charney
Healthcare Safety Consulting

J. H. Lange
Enviro-Safe Training 
and Consulting

G. Mastrangelo
University of Padua

Jacques Lavoie
Yves Cloutier
Jaime Lara
Geneviève Marchand
Institute of Research for 
Health and Safety

Jeanne Anderson
Andrew Geeslin
Andrew Streifel
Minnesota Department of Health

Emerging Infectious Diseases and Occupational and Public 
Health Unreadiness in the United States and Canada

William Charney

Introduction

IF DISEASE IS AN EXPRESSION OF INDIVIDUAL LIFE UNDER UNFAVORABLE CONDI-
TIONS, THEN EPIDEMICS MUST BE INDICATIVE OF MASS DISTURBANCES OF MASS LIFE

RUDOLF VERCHOW

Conditions ripe for  u disaster, Seattle Times, February 6, 2005.

Canada stockpiles drugs to combat global  u pandemic, Vancouver Sun, February 4, 2005.

Fatal plague outbreak feared in Congo, Seattle Times, February 19, 2005.
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Stalking a Deadly Virus, Battling a Town’s Fears, New York Times, April 17, 2005.

Bird  u virus mutation could spread worldwide, Seattle Post Intelligencer, February 22, 2005.

Lack of health insurance in the US will kill more people than Katrina, P. Krugman, (OP-Ed) New York 
Times, September 18, 2005.

Bird  u threat: Th ink globally, prepare locally, Seattle Times, April 15, 2005.

Naturally occurring emerg ing i nfectious d iseases pose a n i mmense t hreat to p opulations worldwide.1 
Almost every week, this topic of the threat of pandemics makes the headlines of major newspapers includ-
ing but not l imited to the NY Times as shown in the quotes above. Th reat analysts are reporting almost 
weekly o f t he p ossibility a nd i nevitability o f a d angerous pat hogen re aching o ur s hores.1 In  N orth 
America, w here w e l ike to b elieve t hat w e a re p rotected b y o ur s cience a nd te chnology, a d angerous 
ambivalence has somehow taken hold. Since 1993,2 scienti c texts have been warning and then urging 
health care facilities to step up their response capabilities for the potential of a virulent naturally occur-
ring, airborne transmissible organism. Most of these warnings have been ignored. Secretary of Health 
and Human Services,3 Tommy Th ompson, said upon being purged from the Bush administration when 
asked w hat worried h im most, Th ompson c ited t he t hreat of a h uman  u pa ndemic. “ Th is is  really a  
huge bomb that could adversely impact on the healthcare of the world.” And according to D avis in an 
article in Th e Nation magazine (July 18, 2005), despite this knowledge, the Department of Health and 
Human Services allocated more funds for “abstinence education” than to the development of an avian  u 
vaccine that might save millions of lives. Th is section on emerging infections concentrates on two vital 
themes: (1) the importance of a c ritical analysis of existing protocols and systems to protect the health 
care community during a naturally occurring infectious disease outbreak more appropriately called the 
occupational health outcome and (2) evaluating hospital readiness to re spond to a nat urally occurring 
infectious disease outbreak, which includes surge eff ectiveness, respiratory protection, and health care 
worker (HCW) training that is equal to risk.

One example of (1) is a quote from Robert Webster of St. Jude Hospital in Memphis, a respected in u-
enza researcher, “If a pa ndemic happened today, hospital facilities would be overwhelmed and under-
staff ed because many medical personnel would be affl  icted with the disease.”3 And an example of (2), 
also cited by Davis, is that under the Democrats and the Republicans, Washington has looked the other 
way as the local health departments have lost funding and crucial “surge capacity” has been eroded in 
the wake of the HMO revolution.3

Th is section is designed to be a critical analysis and is part of a chapter on emerging infections disease 
and hospital preparedness that includes a section on respirators by Lange and an analysis of respirators 
by the Institute of Research on Health and Safety in Quebec (IRSST). One important proviso to keep in 
mind is the bioterror template does not necessarily bleed over to the naturally occurring infection para-
digm either in training models or preparation. And despite some similarities being prepared for one does 
not mean we are prepared for the other. Th e billions that have been provided aft er 9/11 for the bioterror 
preparedness does not mean that it is money well spent for the naturally occurring pathogen response. 
Confusing the two can lead to d angerous myths that can leave us unprepared. According to C ohen21 
“the massive campaigns focusing on bio-terrorism preparedness have had adverse health consequences 
and have resulted in the diversion of essential public health personnel, facilities and other resources from 
urgent, real public health needs.”

Occupational Health Paradigms

In t he o ccupational h ealth/protecting HCW a rena, p roblems s till s eem to a bound. Hospital de signs 
do not p rovide f or eno ugh ne gative p ressure i solation ro oms to b e a ble to i solate t he n umbers o f 
patients during a pandemic. For example, there are no existing regulations either state, federal, or Joint 
Commission Accrediation Hospital Organization (JCAHO) that would require the needed amount of 
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negative pressure isolation rooms during a pandemic either for patient care, triage, emergency trauma 
rooms, radiology, or for h igh-risk aerosolized procedures such as bronchoscopies. A l imited a mount 
of isolation capacity will not adequately defend health care systems against transmissions, especially 
in a pat ient “surge” situation. Hospitals in South Africa during the deadly tuberculosis (TB) epidemic 
in 2007 found that they could not isolate patients quickly enough, and cross-contaminations occurred 
(NY Times Science Section March 20, 2007). Th e problems and de ciencies in the training of HCW for 
respirator protection of airborne transmission or decontamination of surface removable contaminants 
are grossly underestimated in today’s hospital climate. During the severe acute respiratory syndrome 
(SARS) outbreak in Canada, HCW were constantly cross-contaminating themselves during the change 
of gloves.22 In certain studies, large percentages of HCW fail  t testings (see the section by Lange in this 
chapter). Triage area ventilation systems are not controlled for transmissions and at current design will 
oft en ac t as vectors of transmission. Th ere is still controversy about the types of personnel protective 
equipment, e specially t ypes of re spirators (see t he s ection by L ange i n t his chapter) t hat c an protect 
against an airborne virus. Nonclinical departments such diagnostic imaging or housekeeping have not 
been adequately prepared to deal with virulent infectious patients and health care facilities are still not 
cleaning adequately to defend against pathogens.4 Health care systems are not being tested for their pre-
paredness for naturally occurring pandemic scenarios. Regulatory agencies that set guidelines and rules 
that sometimes do not re ect current scienti c literature on isolation and respiratory protection.

Avoiding the so-called Black Death syndrome, which was the fourteenth century’s pandemic, is going 
to take putting the problems that exist today in our health care facilities on the radar screen and in many 
instances changing the “ business as usual” criteria. Our health care systems are not s et up to re ceive 
large populations of i nfectious pat ients ei ther t hrough de sign of t he facilities or t he way health c are 
is administered. Codes for mechanical systems and pressure diff erentials would not app ly. Mixing of 
infectious pat ients with noninfectious pat ients would not app ly. Low level and inexpensive personnel 
protective equipment, now supplied, would in most cases not apply especially during clinical proce-
dures t hat aerosolize. Cu rrent respirators now considered generally acceptable for prot ection against 
infectious a gents w ould not app ly. Training o f HCW at p resent le vels o f re adiness w ould not app ly, 
as current training models would be inadequate to meet the severity of the toxicity. Community buildings 
may h ave to b e u sed, a nd to d ate mo st c ommunities h ave not s couted o r p repared c ommunity 
buildings for large in uxes of infectious patients.

Studies of c ross-infection for contagious airborne di seases (e.g., in uenza, me asles, a nd T B) h ave 
found that placing patients in single rooms is safer than housing them in multi-bed spaces, which means 
current hospital designs might not apply.5 SARS outbreaks in Asia and Canada dramatically highlighted 
the s hortcomings o f multi-bed ro oms f or c ontrolling o r p reventing i nfections b oth f or pat ients a nd 
HCW. SARS is transmitted by droplets that can be airborne over limited areas. Approximately 75% 
of SARS cases in Toronto resulted from exposure in hospital settings.6 Th e pervasiveness in American 
and Canadian hospitals of multi-bed spaces in emergency departments and wards will severely impact 
infection control measures during an outbreak.7 Quarantine models from state to state would have to be 
made more enforceable while implementation models for large-scale quarantines have yet to be tested.

SARS in Canada (HCW died and hundreds became infected) shines bright lights on the holes in the 
acute care responding systems and should be taken as messengers/harbingers of important information 
for t he A merican health care community a nd t he protection pa radigms for occupational health out-
comes. And despite the role that nosocomial infection transmissions have played in educating about air-
borne transmission to patients, protection of health care responders to potential infections has lagged. 
Th e classic studies of Riley8 were very important to the comprehension of airborne transmission of TB 
in a health care setting. Charney’s work developing a portable negative pressure unit to cheaply convert 
hospital rooms to ne gative pressure and air-scrubbing through high effi  ciency particulate air (HEPA) 
 ltration is another example of an occupational health response to an emerging pathogen.9 However, the 
totality of occupational protection to emerging infectious disease has not appeared on the radar screen 
with the intensity needed to protect this population of workers.
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SARS in Canada accounted for an occupational transmission rate of 43% and in Hong Kong and 
China accounted for an occupational exposure rate of 20%.10 With this particular coronavirus (CoV), 
mortality for HCW remained relatively low due to t he lower toxicity a nd i nfectious v irulence of t he 
virus, not to excellent protection standards for HCW. In fact in Toronto, more money was spent hiring the 
Rolling Stones (1 million dollars) to promote tourism during the outbreak than was spent on protect-
ing or training of HCW. Th e Canadian experience listed a number of factors that increased transmission 
to HCW: A brief list follows:11

 1. Lack of HCW training in decontamination procedures
 2. Protocols from the relevant regulatory agencies that changed almost on an hourly basis confusing 

HCW and their responses
 3. Confusions as to the eff ectiveness of respirator selection and  t testing protocols
 4. Lack of timely protocols for aerosol producing clinical procedures
 5. Lack of training for  rst responders
 6. Questions about isolation and negative pressure, especially in triage areas
 7. Lack of timely protocols for airborne protection, especially in the early stages of the epidemic as it 

was labeled a “surface removal contaminant”
 8. Following protocols but still seeing occupational transmission

Air ow i n h ealth c are s ettings i s i ll-prepared f or c ontaining t ransmissions. A sub stantial n umber 
of v iruses, bacteria, and f ungi are capable of spread v ia t he a irborne route in hospitals.12 Among t he 
common exanthems, the evidence in support of airborne transmission is quite strong with respect to 
varicella-zoster a nd measles.13 Rubella may a lso spread t hrough t he a irborne route. A s trong ba se of 
evidence of a irborne transmission of respiratory syncytial v irus and adenoviruses in pediatric wards 
also exists.14 Hoff man and Dixon (1977) reported on the transmission of in uenza viruses in hospital 
settings through airborne routes15 and the strongest evidence of airborne transmission of in uenza is a 
well-documented outbreak that occurred on a commercial aircraft .16 All types of viruses can be spread 
throughout hospitals by airborne transmission. Even SARS, a coronavirus, which was mistakenly con-
sidered only a “surface removable” contamination was found to have an airborne transmission as well.17 
Th e Marburg v irus, now occurring i n pa rts of A frica has a n a irborne component exposure. Th ere is 
evidence that certain enteric viruses may be transmitted through the air.18 Sawyer19 reported on a case 
of a v iral-like gastroenteritis that occurred in a Toronto, Ontario hospital in 1985 where 635 hospital 
personnel were a ff ected a nd t he i nvestigators f ound no c ommon f ood o r w ater s ource a nd b elieved 
contamination was t hrough t he a irborne route. Most hospitals w ill rely o n changing pressure d iff er-
entials using their central HVAC systems. However, this is an unreliable methodology. It would mean 
decreasing supply to compensate, and the negative pressure realized using this method would in most 
cases not produce the needed pressure of a m inimum of 0.01 in. of water gauge to maintain the nega-
tive pressure especially during the opening and closing of patient room doors. In a California20 study of 
negative pressure rooms during the TB outbreak it was found that many hospitals though thinking they 
were providing negative pressure were in fact mistaken. In Toronto, Canada, during the SARS epidemic, 
Children’s Hospital bought many portable HEPA negative pressure units to be able to provide adequate 
isolation. It was fortunate that this technology was available and could be provided in the numbers nec-
essary. During a pandemic, lack of preparation on this scale will  nd hospitals trying to get equipment 
that may not be available at the last minute.

Centralization

Centralization of patients during a pandemic would be a wise and judicious use of resources. However, 
in the present climate, health care del ivery systems see centralization as negative rather than positive. 
Th e positives are numerous, i.e., less training of personnel, better distribution of resources, less resources 
needed, less potential for cross-contamination, better control on variables and if mistakes are made bet-
ter me ans o f p ostcase a nalysis, b etter v entilation c ontrols, le ss s taff , a nd pat ients e xposed. Th e nega-
tives are described as patients oft en presenting with multiple symptoms, therefore a more  exible clinical 
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resource is necessary. In Toronto, a hospital did centralize care during the SARS outbreak and found it 
very necessary. All the presenting  u-like cases were referred to one particular area of the facility that 
was trained and controlled for the speci c type of clinical presentation. It is the belief of many pandemic 
experts that centralization is a necessary means to controlling adverse outcomes during a pandemic epi-
sode, especially of the type of virus is airborne and since the routes of transmission will not be known for 
at least months into the pandemic a proactive form of centralization should be high on the list of control 
priorities.

Surge and Other Effects

Th ere is a looming sense that health care facilities would not be prepared for a surging population of vic-
tims or that cross-contamination and cross-transmissions could be prevented. SARS actually projected 
all the diffi  culties in protecting HCW from a natural emerging disease. From the perspectives of building 
design, patient  ow, air ow parameters, disinfection principles for surface removable or air borne trans-
missions, personal protective equipment (PPE), and almost most importantly HCW training, the United 
States a nd C anada a re u nderdeveloped a nd u nprepared according to m any experts. Th e occupational 
health dynamic is oft en the last item on the agenda when emerging disease is discussed. In an Op-ed 
piece in the NY Times written by Barack Obama and Richard Lugar entitled, “Grounding a Pandemic” 
there was not one word mentioned about how to protect transmission to health care workers (NY Times 
Op-Ed, June 8, 2005). Th is complacency is unsafe. We are taking for granted that our health care systems 
are going to be able to deal with thousands of sick and dying people, when in fact at the current level of 
preparedness they will be overwhelmed and chaos is quite predictable. Just from a s tandpoint of HCW 
protection technology, the nat ional community and guideline agencies have not adopte d a re spiratory 
standard that seems acceptable to protect against airborne transmission, or provided health care facilities 
with enough ac ceptable re spiratory protection e quipment or mo dels. A ir s crubbers w ith H EPA or 
ultralow particulate air (ULPA)  lters, that could scrub the air of viruses and bacteria and that would 
be an important ingredient to add protection factors in many health care rooms and spaces, are not cur-
rently required or used substantially.

HCW are substantially undertrained for emerging infections with regard to le vel of r isk. Th is  was 
apparent in Canada during the SARS outbreak. Constant cross-contamination for surface removable 
transmission was a problem, as well as a lack of knowledge about respirators.

Until the problems discussed in this section are admitted and addressed, the HCW is at increased risk, 
thereby putting community populations at greater risk. Risk assessment analysis stresses that all parts of 
the exposure whole be working intelligently together for positive outcomes. We are not there yet.

Public Health Paradigms

Emerging infectious diseases will endanger U.S. citizens at home and abroad.1 “As Earth Warms Up, 
Virus from Tropics Moves to Italy” (NY Times, December 23, 2007, p. 21 on the outbreak of chikungu-
nya virus).

Twenty well-known diseases, including super TB, malaria, and cholera have reemerged since 1973, 
oft en in more virulent and drug-resistant forms.

At least 30 previously unknown disease agents have been identi ed since 1973, including HIV, Ebola, 
hepatitis C, and Nipah virus for which no cures are available.1

Newer diseases have emerged that are beginning to mutate and jump from animals to humans, • 
H5N1 (bird  u), Moberg, etc.
Annual infectious disease rates in the United States have nearly doubled to some 170,000 annually • 
aft er reaching an historic low in 1980.1
In uenza now kills some 30,000 Americans annually and epidemiologists generally agree that is • 
not a question of whether, but when, the next killer pandemic will occur.
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Th e American Public Health system is compromised by several “de ciencies” namely a shortage of per-
sonnel, communication problems, and time lags. Since the 1960s, the United States, like much of the rest 
of the world, has seen a decline in the ability of the public health system to address the threat of infec-
tious disease. It has also been shown through the lens of analysis of Katrina that public health responses 
have been severely compromised, from the nonfunding of levies to protect the city of New Orleans to 
actual response and communications between federal, state, and city responders. At this point, 18% of 
public health laboratory positions are vacant and over 40% of public health epidemiologists lack training 
in the  eld.

Many of the agencies needed to respond during a natural public health disaster have suff ered from 
cronyism to severe budget cuts in recent and past years. FEMA hired Mike Brown who had little or no 
disaster response experience. FEMA had become known as the “turkey farm” where high level positions 
were  lled with political appointments. Th e Environmental Protection Agency (EPA), needed now more 
than ever in New Orleans, has been, crippled by cronyism. Th e agency has seen an exodus of experi-
enced offi  cials due to administrations’, both Democrat and Republican, refusals to enforce environmen-
tal regulations. In an interview with the British journal, Th e Independent, on September 10, 2005, Hugh 
Kaufman, a s enior policy analyst w ith t he EPA, complained of severe budget cuts and inept political 
hacks in key positions. Th e Federal Drug Administration a lso has been accused of coziness w ith t he 
drug companies and the agency’s head of women’s health issues resigned due to “politics” over health’ in 
the delay of approving Plan B, the morning aft er pill.

Th e current Bush administrations’ increasing focus on terrorism to the exclusion of natural disasters 
has been a concern for some time. A recent report by the Government Accountability Offi  ce showed that 
“almost 3 o ut of every 4 g rant dol lars appropriated to t he Department of Homeland Security for  rst 
responders in  scal year 2005 were for 3 primary programs that had explicit focus on terrorism.” More 
than 2 billion dollars in grant money is available to local governments looking to improve the way they 
respond to terrorist attack but only 180 million is available under the grant program for natural disas-
ter or pandemics. Th e Bush administration has even proposed cutting that to 170 million even though 
NEMA had identi ed a 264 million dollar national shortfall in natural disaster funding.

Katrina, like SARS, has put a spotlight on the  aws of the public health response systems that include 
response agencies, city, state, and federal and also health care delivery systems. “Confusion, desperation 
reigned at New Orleans city’s hospitals” read the headlines in the Seattle Post Intelligencer on September 
14, 2005. Evacuation of the in rm and sick did not take place in a t imely life saving manner. Hospital 
back-up generators failed as electrical grids went off -line. Police communication systems failed. A nd 
even aft er 3 days, food and water supplies were not entering the city. Toxic waste issues will be evident 
and overbearing to underfunded agencies. And probably most importantly there was no plan to evacu-
ate, feed, house 130,000 residents of New Orleans who live below the poverty line, drawing a class line 
in the sand of our public health readiness.

National Agencies Response Paradigms

I a m somewhat perplexed at t he C enters for Disease C ontrol (CDC), Health C anada, a nd t he World 
Health Organization’s inability to be more cognizant and aware of the occupational health eff ects and 
protections necessary to a ssure HCW protection during t he latest SA RS outbreak. Th eir lack o f pre-
paredness on the occupational health front is not reassuring for the next potential pandemic. Th e CDC 
Guidelines for SARS became a questionable model of scienti c inquiry. CDC protocols during the out-
break c hanged a lmost on a d aily ba sis, c onfusing HCW a nd c reating a c limate of u ncertainty e spe-
cially on the issues of transmission and protection. John Lange (see section on respirators) shows that 
the re spiratory re quirements w ithin t he SA RS Gu idelines were a s erious de parture f rom t he s cience 
of respiratory protection for the protection of HCW. Th e recommendation of a pap er respirator, N95, 
with leakage factors of 10% at the face seal and 5% at the  lter to protect HCW from an exposure that 
has a 1 5% mortality rate where airborne transmission was not r uled out (and later ruled in) does not 
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follow any of the Occupational Safety and Health Administration (OSHA) rules for serious toxicity for 
respirator s election, e specially w hen t here w as no do se/response rel ationship k nown. D ose/response 
relationships are the primary method to develop a “protection factor” which in turn drives the level of 
respiratory protection. Th is  nonscienti c at titude within the CDC continues in the position statement 
on plague where surgical masks would be a llowed as the respirator of choice for HCW responding to 
plague and that the  t testing regulation could be waived; this despite the fact that the literature cites a 
43% fatality rate using this method19 and that the recommendation contradicts regulatory safeguards 
and contradicts peer-reviewed science.

Effect of Globalization and Global Warming

Globalization and the global economy have made it easier for diseases to s pread from one country to 
the ne xt. O ne c an t ravel a nywhere i n t he world now w ithin 2 4 h, t ransporting pat hogens. Th e latest 
dengue epidemic in El Salvador was spread from Vietnam via Cuban workers, then to nearby islands in 
the Caribbean, on to the South American Continent, and into Central America. But developing coun-
tries are not the only ones aff ected. When East Nile virus appeared in the United States two years ago, 
health offi  cials said 59 people in the New York City area were hospitalized. Since then federal research-
ers estimate about 1400 cases have been treated. C. Everett Koop has written that we have achieved the 
“globalization of disease.”

Bird  u is only one of the six emerging global pandemics. Th ey are super TB, H5N1 (bird  u), super-staph, 
SARS, super-malaria, and HIV. HIV alone has mutated and has gone from 2 to 4 00 strains in only 20 
years. In uenza is justi ably feared. In 1918–1919, 40–50 million people (2%–3% of the world’s population) 
died (ref. MJA 2004; 181(2) 62–63). Subsequent in uenza pandemics occurred in 1957 and 1968.

Pneumonic plague, since last December, has resulted in 300 suspected cases and at least 26 deaths in 
eastern Congo. Th is is the largest plague outbreak since 1920. Hong Kong  u, which swept across the 
Paci c rim in 1968, reaching the United States in the same year, killed an estimated 34,000 Americans 
in 6 mo nths. A sian  u c laimed 7 0,000 A merican l ives a nd a m illion w orldwide. Spa nish  u, which 
occurred in 1918, swept across the trenches in WW1, accounting for half the GI deaths. By some estimates, 
this  u infected at least a billion people worldwide killing 20 million. Most victims were healthy adults 
aged 20–50. Th ere has been an outbreak of Marburg virus in Angola in 2005, and this dangerous virus 
is transmissible from person to person.

Global warming, as veri ed by 48 Nobel Prize winners, is another ingredient in the rapid growth 
of ne w bac teria a nd v iruses. A s g lobal tem peratures r ise, c onditions i mprove f or pat hogens to  
emerge. Global warming has also been associated with the intensity of hurricanes hitting the Gulf 
Coast this year, as the warming Gulf of Mexico feeds the ferocity of the hurricanes as they travel 
over water.

Class

Th e re sponse to K atrina d isplayed t he c lass bias t hat exists i n t he United St ates. Mexico has a lready 
warned that the next  u pa ndemic w ill a ff ect t he poorer countries d isproportionately, a nd a ff ect the 
global response capacity. It has long been argued that the  rst world r iches were not c reating a mo re 
level playing  eld for the third world, that the rising tides were not raising all ships. Warnings have been 
issued for years by epidemiologists, demographers, and political scientists that if more were not done to 
bridge the gap between rich and poor countries, the imbalances would aff ect the “global health.” Even 
the report issued by the National Intelligence Council for the Central Intelligence Agency in January, 
2000, warned. “New and reemerging infectious diseases will pose a rising global health threat and will 
complicate US global security over the next 20 years. Th ese diseases will endanger US citizens at home 
and a broad a nd e xacerbate s ocial a nd p olitical i nstability i n ke y c ountries a nd re gions i n w hich t he 
United States has signi cant interests.” Th is report goes on to say, “development of an eff ective global 
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surveillance and response system probably is at least a decade away owing to inadequate coordination 
and funding at the international level and lack of capacity and funds in many developing countries. Th e 
gap between the rich and poorer countries in the availability and quality of health care is widening.…
compromising response.”

Class is one of the most misunderstood and denied causes for worldwide infections and also response 
capabilities. N ow w ith g lobalization a nd t he r apid w ays i n w hich m icrobes c an t ravel, t he p lanet i s 
shrinking. What will happen in Bangladesh could aff ect New York City within hours. A class approach 
to  nding solutions to poverty in the third world is essential to protect the  rst world. Many diseases are 
poverty driven, like TB, etc. Antibiotic resistance in one country could lead to an epidemic in another. 
Poverty and class divergence is the petri dish for emerging diseases. A long-term strategy needs to b e 
developed to combat poverty and class diff erences in the world and in nation states. Th is would be the 
best strategy to protect the citizens of the world against pandemics.

Are Hospitals or Public Health Systems Ready? A Conclusion

Th ere seems to be accumulating evidence that our health care institutions will not be prepared for a pan-
demic scenario, and that our public health agencies, underfunded and understaff ed, will have multiple 
problems responding to a pandemic scenario. In New Orleans, during Katrina, hundreds of patients 
died in hospitals and nursing homes despite some heroic stories of HCW sacri ces. Th ere were failures 
in both health care and public health response on all levels. Katrina is surely the canary, as was SARS to 
our need to invest and solidify all aspects of preparedness, both for hospitals and public health, if we are 
to protect public health during a surge pandemic.

Necessary f unding for public health has been d iverted to ter rorism, d isproportionate to r isk. Th is  
is the political disconnect that if anything Katrina has made us observe. As Frank points out, 3400 
people d ied on S eptember 11, but over 5200 p eople a d ay d ie f rom nat ural s peci c d iseases t hat a re 
preventable.

Unless we integrate this information into the body politique, insisting that the domestic pubic health 
problems get funded and repaired, the United States is at great risk. Th e breakdown of the levy systems 
in New Orleans was predicted based on integrated information, and the breakdown of the public health 
system was predictable based on the defunding of the systems. Tommy Th ompson’s Health and Human 
Resources budget for public health year aft er year was underfunded, and cut by large percentages by 
Congress during his administration. In America you get what you pay for. If we militarize space, 1/3 of 
children in this country go to b ed hungry, we have made a d isconnect. If we spend 2–7 billion dollars 
a month on a questionable foreign war and occupation when there are millions of Americans without 
health insurance, we have made a disconnect. If spending on abstinence training outpaces spending 
on public health, we have made a nother d isconnect t hat le aves u s u nderserved a nd qu ite v ulnerable 
during times of either disasters or pandemics. Since 2001, the country has been waiting for a  nished 
pandemic plan and at this writing it is still not completed, let alone tested and components veri ed for 
eff ectiveness.

Russian roulette belongs in the gambling casinos, not in the public health arena. Th ere is too much 
at stake.
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Personal Protective Equipment for Health Care Workers

J. H. Lange and G. Mastrangelo

Summary

Th e risk of exposure by HCW to an emerging or historically highly infectious disease has increased 
over t he pa st de cade. Th is is  best  ex empli ed t hrough t he o ccurrence o f t he SA RS i n 2 003, w hich 
caused a worldwide panic that a regional epidemic or global pandemic was on the verge of emergence. 
During this event, there became the realization of how important PPE, including respirators, are for 
HCW. However, it was soon realized that most had little experience or training using these devices 
and equipment a s well a s i nadequate i nformation on selection. W hen appropriate PPE a nd hygiene 
activities were implemented, infections from patients to HCW dramatically drop. Th e rate of infection 
from patient to patient and from HCW was also lowered. Certainly, the SARS event will not be the last, 
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with numerous old and emerging diseases poised to initiate epidemics and, in some cases, pandemics. 
Concern associated w ith i nfectious m icrobes has become heightened t hrough ter rorist ac tivities, a s 
was seen with the anthrax event. It is now realized that HCW are on the frontline for these events, since 
they will be the  rst to see patients that have contracted these diseases and may be the second wave for 
exposure and subsequent infections. Th is chapter provides an overview of the hazards from infectious 
diseases to H CW and application of various forms of PPE, especially respirators. Implementation of 
PPE for HCW is presented and includes activities such as  t testing and selection. Th e importance of 
personal a nd i nstitutional hygiene, i ncluding h and w ashing, i s emphasized, a long w ith a h istorical 
discussion of this topic.

Introduction

Hospital-related infectious disease has emerged as a major public health issue in the United States and 
throughout the world. As health care costs continue to rise along with an increasing incidence of noso-
comial infections associated with the health care industry (HCI), there will be increased concern of 
disease transmission not only for HCW, but also the general community at large. Historically, diseases 
associated with health care settings were considered an inconvenience and part of the cost of care, but 
with a rise in antibiotic-resistant microbes, this has changed. Nosocomial diseases were traditionally 
considered to be a concern for patients, but slowly this scenario has changed, most notability aft er the 
SARS event i n 2003. W hen few m icrobes had a ny degree of a ntibiotic resistance, l ittle at tention was 
paid to those that had became drug resistant. However, this has changed with drug-resistant microbes 
becoming a m ajor concern in the HCI and clinical settings, and is now responsible for a c onsiderable 
number of deaths (mortality), morbidity, and increased hospital costs. Th is is best represented by an 
event in May/June, 2007, of an individual who had reportedly extensively drug-resistant tuberculosis 
(XDR-TB) and traveled to Europe by plane potentially exposing other passengers (USA Today, June 11, 
2007, p. 8D). Presently, there has been no other person(s) infected and it appears that this individual was 
not very contagious, but did warrant his quarantining, according to the Center for Disease Control and 
Prevention (CDC) for the treatment of TB. It is now reported that this person did not have XDR-TB, but 
multi-drug resistant (MDR) TB.

Most HCW are not aware that XDR-TB exists; although, many heard of MDR-TB and considered it 
a problem of third world countries, there are a large number of cases of TB in the United States.1 For 
the most part this is true, but the overuse of antibiotics in both undeveloped and developed nations 
has increased the incidence of resistant organisms and this has spread drug resistance throughout the 
world. Presently, there remains an increase in drug resistance and it appears that even with dire warn-
ing there is little change in use of antibiotics. With the existence of rapid travel, spread of an infec-
tious disease, as was seen with SARS, is a real and present hazard.2,3 According to an article in USA 
Today, there have been 16,000 deaths worldwide from XDR-TB, including some in the United States 
and western European countries, indicating that this is not a t hird world problem, but one of global 
importance. Th e le sson f rom t his T B e vent i s h ow v ulnerable to day’s s ociety i s f or d rug-resistant 
organisms and that a c risis relating to h ospital-borne infections looms on the horizon, especially i f 
appropriate action is not taken quickly. Th us, some of the old diseases considered to have disappeared, 
such as TB in the United States, will soon return and will likely be stronger and better adapted than 
ever before. What may be more alarming is that this is related to t he diseases which are known and 
does not include those that are emerging, as was seen with SARS and now avian  u or avian in uenza 
virus (AIV).

As such events increase, there will become a greater requirement to protect HCW from these infectious 
agents. Events l ike t he one observed w ith X DR-TB demonstrate how v ulnerable t he population i s to 
these m icrobes. To prevent or at le ast re duce t he s pread of t hese ger ms, b oth old a nd ne w practices 
will have to be implemented. Th e most basic and oldest practice to p revent t he spread of infection is 
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hand washing. However, hand washing can prevent fomite and related mucus membrane transmission 
(hand-to-mouth) of infectious agents. But this practice alone provides little protection against inhalation, 
which has been mostly ignored by HCW and for many microbes is an important route of transmission 
(e.g., SARS). Th is will require HCW to b e informed on the use of respirators and related PPE. Use of 
these types of protective devices will be a big leap for the HCI. However, such applications of protective 
devices (PPE, which includes respirators) and related practices are not new and have been used in pre-
venting spread of TB for decades.4 Programs for protection of HCW against TB can serve as a starting 
point for a larger PPE program that is designed to protect against a wider range of infectious diseases.

As mentioned, there are also the hazards from emerging infectious diseases, which TB can be con-
sidered as well as others, and was recently exempli ed through SARS. Th us, infectious diseases in this 
sense c an b e identi ed as either acute or chronic, with both becoming of greater concern. A recent 
report suggests that the United States and, most likely, all other countries are poorly prepared for such 
events.5 Th e SARS event was an acute occurrence, while that associated with TB and antibiotic resistant 
microbes are chronic in nature and for the most part generated by man through inappropriate use of 
antibiotics. As was seen with SARS, these events occur unexpectedly and are diffi  cult to manage and as a 
result can quickly become a pandemic event. Most consider that the next “emerging” infectious disease 
will be related to t he in uenza virus and most likely will be the AIV. Most of the cases from AIV are 
presently seen in Asia, although, cases are now been seen outside that region (e.g., Turkey).6 It is agreed 
that it is not whether this  u will occur, but when and to what magnitude. However, it must also be noted 
that the  u is not t he only emerging infectious disease and that there are many candidates, including 
some that cannot be named because they have yet to be identi ed. From this perspective alone, there has 
been a greater concern and awareness of the importance of PPE. However, as seen with the SARS event, 
most remain poorly prepared to implement PPE practices along with other related measures (e.g., engi-
neering controls) at the time of an event. In general, emerging infectious disease can be de ned as any 
infectious agent that is “unknown” or unrecognized or one that is known but has changed, such as through 
antibiotic resistance.

Application and History of Personal Protective Equipment and Practices

Th e use of PPE by HCW dates back to t he time of Joseph Lister.7 Here, gloves, one form of PPE, were 
used by surgeons to protect their hands from the eff ects of phenol and later implemented for preventing 
disease transmission and sterilization. In many ways, this was one of the  rst occupational practices that 
employed PPE in providing protection to HCW, although it was an indirect bene t. Th e use of respirators 
and other types of PPE, such as eye protection, have existed for many years in the HCI, although, until 
the occurrence of SARS was oft en given low priority8,9 and in many ways still receives this categorization 
regarding protection of patients, visitors, and HCW. For the most part, in the western world, especially 
the United States, respirators were not considered important for HCW except when working with TB.10 
However, t he emergence of unknown, a nd some could say, rare d iseases, such as t he Naphavirus, a n 
increase in antibiotic-resistant microbes,11 and a greater awareness of occupational nosocomial diseases 
(OND) (those contracted by HCW from infected patients in health care settings), and the importance 
and applicability of PPE have become a topical issue for those in the medical  elds.8,12 One of the issues 
relating to PPE is its applicability and appropriate implementation in the health care setting. It is 
well-known that PPE is used in other occupations (e.g., asbestos workers, construction, mining), but 
little has been published, at least in comparison, on its use for HCW.

PPE includes a wide variety of protective devices, the most common of these discussed in the litera-
ture being respirators.8 However, since the route of transmission of organisms can vary, it is important 
to evaluate all forms of PPE when considering occupational disease prevention and practices and their 
frequency in use.13,14 In addition, other basic practices must also be included as part of this protection, 
such as hand washing.8 As more microbes become resistant to chemotherapeutic agents and new ones 
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emerge, use of PPE will become more common and more important. However, even with PPE, the basic 
principles of exposure reduction must be considered for implementing the best and most appropriate 
protection. What must be remembered is that hand washing is one of the simplest and basic forms of 
prevention, with this basic practice needed as part of training for HCW.15

PPE including respirators have a long history in the industrial environment.8 Here respirators have 
been used for decades and a g reat deal of information can be t ransferred f rom t hese practices to t he 
HCI.16 However, even here there are considerable gaps of information and misconceptions about PPE, 
especially when it comes to practical use by HCW. Many of the practical applications learned and used 
in the industrial environment can be extracted and adopted to the health care setting. Although indus-
tries do not commonly protect workers against infectious disease agents, there are many involved with 
toxic chemicals and substances. Th is can serve as a basic model for infectious disease agents in develop-
ing a protective program. However, it must be realized that for some infectious diseases, the number of 
viable units can be much smaller than that of an acute chemical that can cause disease.

Th e basic focus of this section will be on respirators; a lthough, information relating to ot her forms 
of PPE (e.g., g loves) will be brie y presented. Until the SARS event, most commonly respirators were 
employed to p rotect H CW f rom T B a nd i n s ome c ases u nusual v iral o utbreaks (e.g., E bola).3,10,17,18 
A high infection rate, during the SARS outbreak, of HCW quickly resulted in the realization that protec-
tive measures were needed, especially in the form of respiratory protection.19 It was soon realized that 
the SARS event would probably not be an isolated occurrence and many would follow, with the question 
becoming what organisms will be responsible for the next outbreak. Th is was seen on a lo cal level by 
the occurrence of monkeypox in the United States. Today, one of the biggest concerns is avian  u and 
its potential to b ecome a pa ndemic agent.8 Many do not consider that there is a possibility of bird  u 
becoming pandemic,20 but rather elude t hat it w ill eventually happen and f rom an OND prospective 
will put most HCW at g reat r isk in contracting this v irus.21 It must also be realized that with 90,000 
deaths a year in the United States from nosocomial infections, one can easily suggest that an outbreak is 
continuously occurring, but just not well recognized as such. One can term this a continuing pandemic. 
However, these numbers are estimates since there is currently no tracking system for infectious diseases 
in HCW in any country.22

Types of Common PPE

Th ere are various forms of PPE that can be employed by HCW. Table 4.1 provides a l ist of commonly 
employed protective devices. Within each of these devices, there are many diff erent kinds and forms in 
existence, along with variations among manufacturers. Each has its own complexities in use and form, 
as well as l imitations in protection. Th us, selection for the application is necessary, with sometimes a 
compromise necessary to achieve protection for a range of possible events. Th is alone suggests that PPE 
is not 100% eff ective in preventing exposure to an agent, such as a type of bacteria, or for HCWs in the 
occurrence of disease, with the worker being the endpoint outcome for measuring eff ectiveness.

TABLE 4.1 List of Diff erent Types of Commonly Used PPE

Type of Device Referencesa

Respirators Lange14

Gloves Mahler125

Eye glasses/goggles Ho95

Face shield Omokhodion126

Suit/coverings Omokhodion126

a Identi es device in use by HCW.
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History

Hospital acquired or associated infections (HAI) (nosocomial diseases/infections) have become an 
important topic/issue in health care. Historically, it was considered that patients in a facility were at risk 
from these diseases, which is true, and for the most part those with a de cient immune system or “open” 
wounds were at great risk. Today, this is no longer considered true, in that not only are patients at risk 
from infectious disease, but also HCW are as well.8 Th us, nosocomial diseases not only include patients 
but the myriad all HCW, which include those in ambulatory settings along with some that were histori-
cally considered auxiliary to the HCI (e.g., maintenance and cleaning personnel). Th us, the population 
that can be in uenced by these microbes has enlarged. Th e extent of drug resistance has also grown, 
whereas today cases now exist where there are no “useful” therapies against some strains of microbes. In 
the future, such occurrences will become the norm rather than the exception.

Th e word nosocomial is derived from the Greek term nosos, which means disease. Until the 1940–
1950s, risk of acquiring disease in the hospital and clinic setting was unknown and probably considered 
a somewhat natural event that was unpreventable. Th is concept of infection control and prevention of 
disease transmission within a hospital changed through the revolutionary work of Ignaz Semmelweis 
who evaluated “infectious” disease at the Vienna General Hospital.23,24 Here he observed the diff erence 
in infection rates involving Streptococcus pyrogenes (puerperal fever) in two diff erent obstetric wards. 
Th is organism is now associated with what is commonly known as Strep A (Group A Streptococcus). One 
ward had a rate of about 10% that consisted of medical students and physicians treating and delivering 
babies and the other was about 3% and only had midwives providing these services.

Semmelweis observed that medical students and physicians oft en came from other services, including 
dissection, before treating patients on the ward (Best and Neuhauser, 2006).25 He concluded that students 
and physicians carried infectious material, as we know it today, with them from these other services and 
this contamination resulted in the occurrence of puerperal fever in women.26 Based on these observations, 
he instituted hygienic conditions, such as hand washing, and this resulted in the rate of disease dropping 
in the medical ward and was soon similar to that in the ward of midwives.24 Although he is not given com-
plete credit, he extended the hand washing to gener al disinfection and expanded the concept of disease 
prevention by also instituting cleaning of medical equipment.26 In many ways, this set the stage for Louis 
Pasteur and Joseph Lister, with their contributions arising around the middle/end of Semmelweis’s life.

Sadly, m any o f t he le ssons t aught by S emmelweis h ave ye t to b e f ully le arned a nd appreciated by 
the medical community. Commonly, HCW do not ac cept or practice the adv ice they g ive to pat ients 
regarding prevention of infectious disease. For example, in a recent survey, the mean vaccination rate 
of patients in a care facility was about 82%, but for HCW it was 35%.27 Many could say that the rate for 
those in a health care facility is low, but when examined in comparison with HCW is high. Not only are 
HCW at risk for in uenza by not being vaccinated, they place the patients at risk when they become sick. 
Remember, the basic principle, “First do no harm.”27 Certainly, practices involving institutional steril-
ization and infection control have been well established and implemented, but many of the individual’s 
have not adopted these practices. Hand washing, vaccination, and tuberculin skin testing can prevent 
a large number of nosocomial infections.27 In the United States, it has been estimated that nosocomial 
infections result in 90,000 deaths a years, with about 5%–10% of all hospital patients contracting an 
infection during their stay. Th is adds about 5 billion dollars to heath care costs and increases the length 
of hospital stays.11 By following the practices established by Semmelweis, the infection rate can be dra-
matically reduced as he observed when the practice of hand washing was  rst introduced, even when 
using nonsoap and water agents such as foam disinfectants.28

Emerging infectious disease have been known and recognized for centuries. Most of these diseases 
have disappeared in developed nations, but continue to exist in the underdeveloped world. Overall, 
infectious disease remains a m ajor contributor to mo rtality and morbidity worldwide. Until recently, 
most i n developed nat ions were not g reatly concerned w ith t hese d iseases or t he observation of new 
ones arising. However, the occurrence of SARS and the emergence of AIV has changed much of this 
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prospective. With the speed of travel, an endemic outbreak of a disease at a remote location in the world 
can quickly and rapidly spread to almost anywhere else and as such become a pandemic in the matter of 
a short time period. Th is was the fear related to SARS and is now the driving factor regarding evaluation 
of new  u strains.

Historically, infectious diseases were a major factor in the control and growth of the human population. 
For example, bubonic plaque that occurred in Europe in 1346 resulted in approximately one-third of this 
regional population succumbing to the disease. Some have estimated that this was between 20 and 30 mil-
lion deaths.29 Today bubonic plague is not a major hazard, as a result of adequate rodent control, but other 
diseases that existed and caused large numbers of deaths do remain viable and are important infectious dis-
eases. Cholera and the Rota virus are major causes of death in developing countries and without sanitation 
controls would also be common in developed countries. Sanitation and public health measures in developed 
countries have not eliminated these and other diseases (e.g., TB), but have only established conditions that 
keep t hem i n c heck a nd u nder c ontrol. C ontrol of t hese d iseases, w hich i s mostly a re sult of i mproved 
hygiene, is primarily responsible for the rapid increase in life expectancy seen in developed nations.30

Th ere h as b een n umerous e vents i n m ans’ h istory w here m an h imself h as i nitiated a n i nfectious 
disease event as part of a military operation.31 Th is can be said to be the start of bioterrorism. Th e use 
of biological agents for warfare is essentially a form of a poor man’s nuclear weapon and can be said to 
be a potential replacement of nuclear activity by rogue nations and groups. However, the problem with 
releasing such an agent is that it cannot be controlled and its destruction may not be limited to only the 
enemy. Th is again has been clearly noted in the SARS event. Here, infected people in the prodromal stage 
were missed using rapid detection methods and their movement quickly spread the disease throughout 
the world. Th us, individuals can act as a c arrier, in a su icide fashion, to t ransmit the disease. Such an 
occurrence can result in a d isease emerging almost overnight and without warning. Th is would result 
in a horri c situation for HCW who would have to care for these sick individuals and would most likely 
have little information on the infectious agent. In many ways, this is what occurred in Canada relating 
to SARS where ultimately many of the cases ended up being HCW.

Many of the lessons presented by Semmelweis have not been fully realized and appear to occur over 
and over again. Semmelweis initially suggested that most of the hospital-derived infections arise from 
poor sanitary conditions or conditions that are ignored as contributing in the spreading disease, espe-
cially hand washing. As Semmelweis identi ed, poor “personal” hygiene by physicians, was the prin-
ciple cause of puerperal fever, even though the existence of microbes had not yet formed in the scienti c 
literature. Care and practice of disease control and prevention can eliminate many of these nosocomial 
diseases, and overall practice of sanitation in a community can eliminate most of the traditional infec-
tious diseases. Even the disease associated with the medical symbol (Staff  of Asclepius), Dracunculiasis 
medinensis, is on the verge of elimination through basic sanitation and public health practices.32 Th us,  
use of simple control measures can prevent many of t he h istorical infectious d iseases t hat have been 
associated w ith m an over t he c enturies, w ith t hese le ssons h ighly applicable a nd v aluable to to day’s 
hospital and health care environment.

Most infectious diseases that arise in health care environments are a result of poor or inadequate 
sanitary practices and over use of antimicrobial agents. When there is a go od practice of hygiene, the 
spread of infections is oft en reduced, which includes both health care and community settings. Much 
of the current reduction in transmission-borne disease is a direct result of sanitation, especially related 
to diseases that were considered to be waterborne. Th us, treatment of the causation appears to b e key 
in p reventing t hese d iseases. Th is w as b est i llustrated b y t he i nvestigation c onducted b y J ohn Snow 
on cholera.33 Cholera was a m ajor infectious disease in England in the 1850s and is currently of great 
importance in many locations in the world. Th e s tudies by Snow i n t he 1850s h ave b een re ferenced 
as t he  rst t rue epidemiological investigations because he reported t he results as a r ate. Aft er Snow’s 
investigation, it was soon realized that water is not t he only route of infection by “microbes,” but they 
can occur due to man-to-man transmission. Within a clinical setting, other routes of transmission can 
occur as well, including those associated with fomites, aerolization, and those which are iatrogenic.14 
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Many diseases can be spread through aerolization and fomites, such as in uenza and TB. Th us,  adequate 
disinfection of surfaces is of great importance in disease prevention. However, today use of PPE has been 
a topical issue, especially related to HCW and the fact that this population in the Untied States is aging 
and becoming more susceptible to disease transmission.

Th e decline and in some cases the complete absence of historical infectious diseases has signaled to the 
public and HCW the end of the era of plaques and infectious disease outbreaks. Th is memory of plaques 
came to a quick end with the occurrence of SARS and related outbreaks (e.g., Giardia, West Nile virus). 
Th e emergence of bird  u and its discussion in the media has further raised the awareness of old and new 
infectious diseases that can result in endemic and epidemic events. Unfortunately, local events are oft en 
quickly forgotten (e.g., Giardia)34 and are not long-lived in the memory of a modern population.

Th e occurrence of SARS in 2003 changed much of the way HCW and the public view emerging and 
in some ways past infectious diseases. SARS originated in China and then quickly spread to Hong Kong. 
If the disease remained in this region, it would have been noted as an interesting and intriguing  epidemic 
in Southeast Asia. However, as it is well known, the disease quickly spread throughout the world and 
fears with past pandemics began to arise. As noted, this disease event, although tragic, did not emerge 
as true global pandemic, but fears of such did cause a g lobal public health awaking, even in locations 
where there were no cases.35 Th is disease demonstrated how fast an unknown agent can spread and how 
vulnerable those in the HCI are to suc h diseases.36 Based on the distribution of cases, it appears that 
HCW were the most vulnerable to this disease.14

Many of the HCW that contracted SARS can be said to be a result of poor or nonexistent application 
or use of PPE.37 When precautions were taken and PPE implemented there was still an infection rate of 
2%–25%, with some of this attributed to inadequate use of PPE.8 Initially it was thought that the virus 
was not spread by an airborne route. However, this was quickly shown not to be accurate. As with almost 
any agent, especially those that are v iral, aerolization can occur, even if the agent is not a re spiratory 
infection, suggesting that all infectious agents have to be taken into consideration as a requirement for 
respiratory protection. Understanding how an organism spreads is key for developing strategies for its 
prevention and protection of HCW.38 Th e SARS event also illustrates how poorly trained and equipped 
HCW were in using PPE and serves as a warning for future events. A list of some microorganisms that 
can be spread or transmitted by an airborne route is shown in Table 4.2.

TABLE 4.2 List of Some Microorganisms Th at Can Be Spread by Inhalation 
and Related Routes

Organism Name Type of Organism Infection Site(s)

Acinetobacter baumannii Bacteria Blood
Aspergillus species Fungi Pulmonary
Candida species Fungi Gastrointestinal (GI)
Coronavirus (SARS) Virus pulmonary
Cryptococcus gatti Fungi Pulmonary, central nervous 

system (CNS)
Cryptococcus neoformans Fungi Pulmonary, CNS
Escherichia coli Bacteria Pulmonary, GI
Haemophilis in uenza Bacteria Pulmonary
In uenza Virus Pulmonary
Legionella species Bacteria Pulmonary
Mycobacterium species Bacteria Pulmonary
Pseudomonas aeruginosa Bacteria Pulmonary, urinary, blood
Streptococcus pyogenes Bacteria Pulmonary, skin (Group A 

Streptococcus—GAS)
Staphylococcus aureus Bacteria Pulmonary, skin
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As emerging diseases become a greater concern in the HCI, so will their association with HCW. SARS 
will not be the last emerging disease, but the beginning. Recently, other old, but also in some ways new, 
infectious agents have emerged (e.g., monkeypox, TB), with the greatest hazard on the horizon appear-
ing to be avian  u. However, there must be a caveat to this, in that it appears as of now to be the next 
agent that may cause a pandemic. In the past century, there have been three to four pandemics related to 
in uenza, depending on how you count an event. It appears based on world history that this is about the 
average occurrence in time for in uenza pandemics. It should not be considered as whether this disease 
or a close relative will occur and result in a pandemic, but rather when will it occur39 and what will be 
the consequences?

Emerging Infectious Diseases

Th ere are a large number of identi ed emerging infectious diseases. Each of these pose a special hazard 
and concern for the HCW. However, in regard to protection, there are several basic tenants related to 
protecting workers f rom a d isease entity. In order to u nderstand protective practices for a ny speci c 
disease, it i s necessary to u nderstand t he organism’s l ife h istory and when its most sensitive stage or 
stages exist. However, as mentioned, most if not all diseases are infectious pathogens, with some just 
opportunistic. A list of some emerging infectious diseases is shown in Table 4.3. Included in this table is 
TB, which is becoming commonly antibiotic resistant (e.g., XDR). Many of the historical diseases, like 
TB, can be considered emerging because they have changed their characteristics or have for the most 
part disappeared and are now reappearing or reemerging.

Th ere are other diseases, which can be considered to be emerging, but have posed little hazard and 
may be more considered a novelty agent. Th is includes, for example, monkeypox, tanapox, and camel-
pox, most of which are zoonotic diseases. However, such agents may pose a hazard in the future if there 
is a large shift  in its genetic information and ecological conditions supporting transfer to humans, as has 
been related to t he Nipah virus in bats.40 Such a c hange could result in the microbe being transferred 
among people, rather than being zoonotic.

One of the greatest hazards to HCW is that from nosocomial infections. A wide variety of organisms 
can be included in this group, including those that are considered emerging. Table 4.4 provides a list of 
some organisms that have been reported to be nosocomial. Certainly this list is not inclusive but provides 
a reference that one can start from.

A discussion of a few of these emerging diseases is presented. Th is presentation is not comprehensive, 
but for purposes of providing a basis to understand disease in relation to PPE.

SARS

Th e CoV is the agent that caused SARS in 2003. Th is infectious agent represents the scenario commonly 
discussed as an emerging potential pandemic. Occurrence of this outbreak demonstrated the potential 
hazard that Western counties can face from a new biological (infectious) agent. Th is RNA viral family 
(coronaviridae) was historically associated with common cold and disease in animals, especially dogs. 
Few studies before the 2003 outbreak of this disease were conducted, with most associated in animals, 
especially w ildlife, rel ated to C oVs.41 L ittle w as k nown a bout t his v iral f amily u ntil SA RS o ccurred, 
although, it was of importance in veterinary medicine and the agricultural industry.

Mortality for this disease (SARS) has been suggested to be about 3%, although, higher rates up to 15% 
have been reported.42 Th ese rates suggest that the disease is highly virulent. Th e wide variation in mortality 
is likely re ective of care and the amount of protection provided to HCW. In some locations, the largest 
number of people succumbing to this disease was associated with health care.

Th e d isease w as  rst ob served i n Gu angdong P rovince (southern C hina) o n N ovember 16, 2 002. 
Initially, some thought that the disease may be the avian (bird)  u or a variation of the in uenza virus 
(AIV). However, it was soon determined that this outbreak of pneumonia was a result of a novel corona-
virus (SARS-CoV). Th is virus has been shown to be fairly environmentally stable, at least for a few days, 
but can be easily inactivated with commonly used disinfectants (e.g., chlorine).
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A c lose gene tic i solate to t he human SA RS-CoV h as b een found i n pa lm c ivets (Paguma l arvata) 
which are sold in local southern Chinese markets and may be a reservoir or transmitting agent for this 
virus. It is not known if other animals, such as bats and ferrets, are also carriers of SARS-CoV, but there 
some speculation that they do act as reservoirs.

Th e d isease app ears to b e s pread b y d roplet t ransmission o riginating f rom t he upp er re spiratory 
system. H istorically, t his a gent w as identi ed a s a sup er-spreader; a lthough, i ts a ssociation i n m any 
of the pat ients that became infected were HCW indicating that this agent was an important occupa-
tional hazard (disease). It has been suggested that if appropriate and eff ective PPE, especially respirators 
and hygienic conditions were i mplemented at t he beginning of t he outbreak, t here would have been 
a much lower i nfection rate of HCW.43 O thers have suggested t hat t he outbreak was eventually con-
trolled, at least for HCW, through applicable implementation of PPE and infectious disease preventative 

TABLE 4.3 Some Emerging Infectious Diseases

Name of Organism Comment

Adenovirus Has been associated in outbreaks in military trainees, children, and institutions and as a 
nosocomial disease. Vaccination has been suggested to be ineff ective in preventing transmission 
and this virus may be responsible for more mortality than previously suspected.

Ebola Has a high mortality rate. Named aft er the Ebola River Valley in the Congo where it was  rst 
observed in 1976. Appears to be transmitted by body  uids and direct contact (including mucus 
membrane); although, limited evidence exists that it can be transmitted by an airborne route.

Escherichia coli Has been associated with food borne disease outbreaks and the agricultural industry may serve as 
a “reservoir” for this bacterium, especially in association with cattle farming and locations that are 
in uenced by wildlife.

In uenza A common causes of respiratory disease. Concern currently exists with the bird  u (H5N1 and 
H9N2) as a potential pandemic agent. Human cases associated with these viruses have mostly 
occurred in southeast Asia. Studies have suggested that some strains may develop resistance to 
antiviral agents. Oft en identi ed as a future pandemic agent.

Mycobacterium Causes TB and leprosy. Occurrence of MDR has been shown to be transmitted through respiratory 
droplet. Transmission can be high, with one person infecting 10–15 others each year. Th e 
organism can become systematic, resulting in a form of TB called military TB. Th e occurrence 
of XDR and MDR forms are of particular importance in disease causation and carry a chance of 
becoming the common form in infections. Th ese resistant forms are also very expensive and 
diffi  cult to treat.

Nipah First observed in Hendra, near Brisbane, Australia, as a respiratory and neurological disease 
associated with humans and horses. Th is virus is sometimes also called Hendra. Th e  ying bat 
appears to be an important reservoir. Has a high fatality rate; although, unlikely easily transmitted 
among people. Has been reported outside Australia, including Singapore and Malaysia.

Prions Th ere are a number of prion-associated diseases. Considerable concern exists that these may be a 
jump across species, especially to humans, such as associated with chronic wasting disease 
(CWD) that is seen in deer. Has been reported as a nosocomial disease in a few rare cases, but the 
possibility of transmission by routes other than blood-borne or consumption exist; although, are 
not supported by experimental evidence. It is likely that many diff erent types, which are currently 
unknown, of prions exit. Recent evidence suggests that CWD can be transmitted via a “soil” route, 
like being food borne in animals.

Rotavirus Common cause of diarrhea in children. Is a highly contagious agent which is frequently spread by 
hand-to-mouth routes. Treatment to prevent dehydration can be eff ective, including oral 
rehydration therapy. A vaccine exists which appears to be eff ective in prevention of this disease.

Streptococcus Group A (Streptococcus pyrogenes) and B (Streptococcus agalactiae) (Group A Streptococcus—GAS 
and Group B Streptococcus—GBS) are common causes of disease. Th ese agents can result in a 
high mortality rate and can form bio lms. Recently, Streptococcus suis, a pathogen of swine, has 
been isolated and identi ed as an infection in people. Antibiotic resistance in these microbes can 
make them an emerging disease as is occurring with TB.
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practices.44 Th e hazard experienced by HCW is supported by Escudero et al.,45 where the attack rate for 
HCW was higher than that of others in close contact with infected patients. Some of the infections in 
HCW can be attributed to t reatment regimes given by HCW that acted as a spreading mechanism for 
the virus. For example, nebulization in providing breathing treatment of infected patients appears to be 
an ideal method for spread.2 Th ese activities, combined with inadequate ventilation in patient rooms, 
appear to b e important in nosocomial transmission of the SARS-CoV in 2003 and provide a v aluable 
learning tool for future outbreaks of infectious diseases.46 It is likely that this will also occur for other 
organisms that can be “easily” transmitted through an airborne route, like avian in uenza.

Other routes of transmission have also been suggested for this virus, besides aerolization.47 Th ese  
routes i nclude u rine a nd feces, w ith some suggesting t hat t he sewage d isposal system contributed to 
disease cases.48 Since this was a no vel disease and outbreaks of this nature were not, and still are not 
well understood, there was a sharp learning curve for implementing protective practices, especially as 
related to HCW. For the SARS event, concern also arose for what could be identi ed as auxiliary HCW. 
Th is population includes ambulance, x-ray (radiobiological), and maintenance personnel, as examples. 
Historically these groups were usually considered to b e at le ast risk from hospital borne diseases, but 
aft er the SARS event this view has changed. However, lessons learned can be used in future outbreaks of 
disease and provide a practical case study in handling rapid pandemics of novel microbes. Diff erences 
among SA RS rates i n Chinese hospitals have been suggested to b e a re sult of varying i nfectious d is-
ease preventative practices.49 Th is suggests that preventive practices have value and bene t, although, 
not easily seen, especially before the SARS event. Th ose t hat had good nosocomial control measures 
appear to have had lower rates of infection among HCW.50 Th is demonstrates the importance of infection 
control measures and use of PPE for a ll infectious diseases, including that which may be associated 

TABLE 4.4 List of Various Nosocomial Diseases
Aspergillus
Chicken pox (varicella-zoster virus), including shingles
Corynebacterium
Clostridium diffi  cile
Cytomegalovirus
Ebola (Viral hemorrhagic fevers)
Enteroviruses
Hepatitis A, B, and C
Herpes Simplex
In uenza
Legionella
Mumps
Neisseria meningitides
Norovirus
Pertussis (whooping cough)
Human immunode ciency virus (HIV)
Respiratory syncytial virus
Rotavirus or rota virus
SARS
Staphylococcus (MRSA and VRSA)
Streptococcus (GAS and GBS)
Rubella
TB
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with in uenza a nd ot her organisms t hat h ave b een identi ed as super-spreaders. Th is d isease e vent 
demonstrated the importance of training of all HCW on use of PPE.

Monkeypox

Th is d isease was  rst identi ed in 1958 in a l aboratory monkey, but was later shown to e xist in w ild 
populations in central and western Africa. Th ere have been reports of monkeypox infections in other 
animals, i ncluding s quirrels, r ats, m ice, a nd r abbits.51,52 Th is m icrobe b elongs to t he v iral f amily 
orthopoxviruses, which includes smallpox and cowpox. Although a few cases of human infection have 
occurred, most do not consider this organism to be an important disease. However, it has been identi-
 ed as a potential emerging disease and may be considered like the CoVs (SARS). Th is alone makes the 
organism important for study, in that little is known and change can result in a pa ndemic, which has 
been recognized.53 A recent local epidemic illustrates the importance of this organism as an emerging 
pathogen for humans.54 Th e  rst human case related to this disease was in 1970.55 In 2003 there was an 
outbreak of monkeypox in the United States, which was associated with exotic pets,56 speci cally prairie 
dogs.57 Within a short period of time there were at least 71 reported cases or suspect cases of the dis-
ease, along with one suspected occupational case, which could be considered an OND.56 Th is  outbreak 
included a family cluster that had reported a variety of symptoms ranging from minor rash to a neuro-
logical infection (Morbidity Mortality Weekly Report–MMWR, 2003). Th e origin of the virus was traced 
to imported exotic animals from Ghana, West Africa, which through a pet store infected prairie dogs 
that were later purchased.58 As a re sult of t his outbreak, t here was considerable concern t hat a w ider 
epidemic would erupt, especially since there were reports in multiple states. What initially gave great 
concern is that the disease has some features that are similar to smallpox, except for monkeypox cases 
there is swelling of lymphnodes and this is a distinguishing factor between the two diseases.51

Th e disease does not app ear to b e easily transmitted from person-to-person; a lthough, limited evi-
dence exists that it may be transmitted through an aerosol route (Maskalyk, 2003). However, person-
to-person transmission can occur and it has been suggesting that the organism does have the capability 
to evolve into a human-associated pathogen from one that is zoonotic (Maskalyk, 2003). Even with 
this limited transfer among people, the CDC has suggested that this virus is a risk for HCW. It appears 
that the smallpox vaccination provides protection against this pox as well and is warranted for HCW 
involved with the care of patients. Although the immunity provided is not absolute, it appears to be suf-
 cient to allow the formation of herd immunity in a population.

Tuberculosis—Antibiotic Resistance

TB is caused by a variety of species of the genus Mycobacterium and is mostly a disease of the respira-
tory system. Species that are commonly associated with this disease include M. tuberculosis, M. bovis, 
M. africanum, M. microti, and M. avium. Th is organism is commonly spread through an airborne route 
and has been recognized as an occupational hazard for HCW for some time. Spread is usually a result 
of person-to-person transfer; although, it can be spread by other routes (e.g., milk). However, in most 
developed c ounties a nd w ith mo st m ilk a nd rel ated products b eing pa steurized, food products h ave 
become an unlikely route of transmission. TB is an important disease in developing counties, with the 
WHO estimating that there are 2 million deaths as a result of this disease. One estimate suggests that 
approximately one-third of the human population is or has been infected with TB, with a higher percent 
associated with men than women. In many ways, this disease is an unrecognized plague and one that is 
gaining momentum through antibiotic resistance (e.g., MDR-TB and XDR-TB).59

Th e occurrence of TB that has drug resistance has become a m ajor public health and occupational 
hazard. Traditionally, the drugs ioniazid and rifampin were the main choices in treating this disease. 
Normally drug-sensitive TB can be treated in a time period of about 6 month, if the therapy is continu-
ous. Forms that are MDR can require 2 years or more of treatment with drugs having a large number 
of side eff ects and cost 7–22 times more than nonresistant forms to treat. It as been estimated that up to 
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50 million people may have MDR-TB worldwide and is on the rise due to improper therapy, inadequate 
dispensing of drugs, and failure to complete a treatment regime.60

Th e rise of XDR-TB is even of greater concern. XDR-TB is de ned as being resistant to d rugs ioni-
azid and rifampin, resistance to any  uoroquinolone and at least one second-line injectable drug (e.g., 
amikacin).61 Th is form of TB is very diffi  cult to treat and treatment is not practical in most developing 
countries f urther continuing i ts spread a nd i s emerg ing a s a g lobal health problem.62 In most cases, 
especially undeveloped countries, XDR-TB is almost always a fatal disease.

Resistance to TB arose from inadequate treatment and nonadherence to t herapeutic regimes. Some 
populations, such as that associated with prisons have become locations for the development of antibi-
otic resistant TB. It has been reported that the case rate of TB in a prison can be 50 times greater than 
that s een i n t he gener al p opulation a nd 5 0% g reater i n t he number of M DR c ases.63 E mployees a nd 
HCW in these institutions are at risk as well from infection. In a study of New York state prison employ-
ees, approximately one-third of the new cases of TB appeared to be a result of exposure from the person’s 
employment.63 Th is has even become more critical in other countries, like Russia, where antibiotic resis-
tance for TB has become very common.59 Th e rapid and continuous occurrence of antibiotic resistance 
in these locations has become a g lobal health hazard.64 Th is is also occurring in other locations where 
populations have inadequately controlled infectious disease health problems and poor sanitary/hygiene 
conditions exist (e.g., homeless).65

Approximately 4% of all new TB cases today are MDR in Eastern Europe, Latin America, Africa and 
Asia, and this trend is emerging in the United States as well. Th e emergence of such resistance is both 
a g lobal health problem and one for HCW and is no lo nger restricted to t hird-world countries.66 Th e 
impact from locations with high TB rates along with a high percent of MDR will have a strong impact 
on neig hboring c ounties a nd m ake i t d iffi  cult for t hose a reas to c ontrol t he d isease.67 Overall, t hese 
locations serve as a global reservoir for drug resistance and without control will allow continued spread 
to other parts of the world. It is suggested that the groups at greatest risk, at least initially, appears to be 
HCW, with such impact being seen in the locations where emergence is occurring, like Russia.68

Some h ave su ggested t hat t he B acille C almette-Guerin ( BCG) v accine s hould b e ad ministered to 
prevent T B.69 Th is v accine h as b een re ported to p rovide protection i n adults a gainst t he pulmonary 
form of the disease, and invasive complications in children, including the military form and meningitis. 
However, this vaccine is not without risk, where adverse eff ects result in about 5% of those vaccinated.70 
Senanayake and Collignon70 suggested that when rates of this disease are low, control using isolation, 
negative pressure and PPE are more eff ective and effi  cient than that associated with vaccination.

For H CW, t he r isk o f i nfection f rom T B g reatly v aries f rom lo cation to lo cation. F or e xample, 
Australian HCW that were providing care overseas had an infection rate of 9.8 per 1000 persons-month 
(12% a ye ar), which is much greater than that seen in Australia itself.71 Th e rate in Australia is about 
5 per 100,000. Th is becomes a g reater concern in that many of the developed/undeveloped countries, 
like in the southeast Asia area, have a high rate of MDR-TB acting as a reservoir for these forms of TB. 
In Australia the rate of MDR TB is about 1%–2% of isolates, where as in some Chinese locations it is 
2%–7%. A common question regarding this issue is whether HCW should receive the BCG vaccine for 
TB. It has been reported that vaccination can provide about a 40% protection from this disease in chil-
dren that have household contacts.71 For adults, the risk can be reduced to about 50%, with much of the 
reported variation a result of the diff ering strains used in vaccination, as well as age when vaccinated. 
It has been shown that the vaccine is fairly safe, with a fatality rate of 0.06–0.72 per million and most of 
these cases in immunocompromised persons. Th e major drawback given for the vaccine is that it inter-
feres with testing. However, newer tests that are emerging and being developed are not aff ected by the 
vaccination possibly making this issue moot.

Infl uenza (Avian Flu)

Many consider in uenza to be the most important emerging or exiting infectious disease agent that has 
the capability of causing a pandemic.6,72 In uenza has existed since the beginning of man and appears to 
periodically cause worldwide pandemics and is in the viral family Orthomyxoviridae. Every year there 
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is a new stain or set of stains of this virus that emerges. Th is results in millions of infectious cases and 
an unknown number of deaths. In most cases, the virus does not result in a true pandemic, but rather 
an “epidemic”; although, this event is by relative de nition. Epidemics from in uenza occur every year. 
However, it appears that about 3–4 times each century there is a major mutation in the virus that makes 
it highly virulent and in some ways more infectious. Pandemics that occurred in the twentieth century 
were in 1918, 1957, and 1968.

Th ere a re t hree major g roups or t ypes of i n uenza v iruses, w hich a re A , B , a nd C .73 Th e t ype of 
greatest concern is A a nd is the causative agent of pandemics. Th is type can infect people as well as 
a wide variety of animals, including, horses, pigs, birds, camels, seals, mink, whales, dogs, and other 
animals.74 Type B in uenza on the other hand can cause epidemics; although, is more related to illness 
in children. Overall this virus generally causes mild illness and does not result in pandemics; although, 
can result in epidemics. Type C can infect people and animals, causes a mild form of the disease, but 
is not re sponsible for epidemics. Th e reason for t he r apid a nd f requent changes a ssociated w ith t he 
in uenza virus is the lack of proofreading mechanism(s) in its polymerases. Th is allows uncorrected 
changes in the RNA (genetic information) to b e easily passed on, which permits rapid change in the 
organism. As a re sult there is a r apid antigenic drift  occurring permitting a c hange in virulence and 
this leads to a functional antigenic shift . Each year there is a small change in the in uenza virus, which 
is called antigenic drift . If the change is large, mostly resulting in a novel virus, this change is referred 
to as antigenic shift . When an antigenic shift  occurs there is usually a re sultant pandemic to f ollow, 
which is the concern associated with AIV.

It h as b een su ggested t hat t he ne xt pa ndemic w ill b e a re sult o f t he a vian  u ( AIV) (I n uenza 
A/H5N1).75 Th e nomenclature for the  u virus is the  rst letter is the strain, then followed by it origin, 
like Spain, then a strain number is given (the type strain), followed by the year it was isolated, and  nally 
the viral subtype. So here, the one provided (A/H5N1) is type A, haemagglutinin 5 and neuraminidase 1. 
Haemagglutinin (HA) and neuraminidase (NA) are surface glycosylated proteins and are recognized by 
antibodies; thus, are used in serotyping the viruses. Th ese receptors are also targets in drug therapy for 
this virus and are important for viral attachment and release. Th ere are 16 HA and 9 NA types currently 
recognized. HA is the main site for attack by humeral immunity. Binding of HA to sialic acid residues is 
what accounts for much of the host’s speci city to a speci c in uenza virus. Th ese binding sites are found 
in the respiratory epithelial cells. NA helps in spreading this virus through cleaving linkages to sialic acid, 
which are glycosidic linkages, as well as on the virus. Th is is mechanism of many antivirals that are used 
in preventing in uenza infections (e.g., tami uÒ).76 Th e incubation period for in uenza is around 2 days, 
with a range of 1–4; and can be infectious for about 5 days (adults, children about 10 days).73

Th e primary re servoir for t he  u v irus i s b irds, i ncluding c hickens. I n a f ew c ases t here has b een 
transfer of the bird  u to man and this has resulted in limited disease.6 Th is transfer of viruses between 
men allows the virus or reorganize its genetic information which can result in a new strain emerging, 
one that can be more eff ective in disease causation for man.72 Historically, it has been considered that 
two viruses are needed to infect the host, which has been considered to be swine, with a resulting rear-
rangement of a new and novel virus. However, recent information suggests that this may occur through 
other means with a c ombination occurring in organisms other than swine, including man. Man can 
also be wholly infected by avian “speci c” strains as well, thus, swine, as an intermediate, may not be 
necessary for the “formation” of a pandemic strain. Regardless, the occurrence of bird to man transfer 
and subsequent infection can result in the virus going from a low virulence in man to one that is high 
and easily t ransferred. Since birds migrate t hroughout t he world, t his movement can a llow t he v irus 
to be spread via birds. Th e bird  u has occurred in many locations of the world resulting in the culling 
(killing) of millions of domestic fowl (e.g., chickens, ducks) with H5N1 appearing to be the dominant 
strain.76 Th e most recent information suggests that this virus (H5N1) is epidemic in the southeast Asia 
area and exist in wildlife as well (e.g., wild birds). Th ere have been a few outbreaks of this virus which 
involved people, and many of these resulted in high mortality rates, as was seen in the 1918  u.77

In t he 1918  u s ome c ommunities e xperienced morbidity r ates of 25%–40%, w ith c hildren, t hose 
under the age of 15 experiencing the highest rate.72 Th e number of deaths in the United States from the 
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1918  u was estimated to be about a half-million and worldwide between 20 and 50 million.78 Th is  may 
be a result of younger populations not having seen in uenza viruses before and older individuals hav-
ing some cross-reactive immunity with the emerging virus.6 It is possible cross-reactivity may also exist 
for those that were vaccinated with a si milar strain(s); thus, a lo ng history of yearly vaccinations may 
have some bene t. Based on these values of 25%–40% morbidity, as an estimate, there would be more 
than 100 million deaths worldwide, with HCW likely having a disproportionately higher rate than the 
general population. At the present time, it is suggested that commonly used antiviral agents would not 
be eff ective against this strain.77 It appears that the change needed for occurrence of a pandemic strain 
involves the HA and the pool of genetic information for such a change is large, especially when avian 
strains are examined.

In uenza has a go od survival rate under normal conditions. For example, the v irus can survive in 
water for at least 4 days with a temperature of 72°F and at 32°F this survival time can increase to 30 days. 
To e ff ectively disinfect surfaces and hands, contact with the disinfecting agent needs to be at least 15 s, 
such as when washing hands; although, some suggest that the time period should be more in the range 
of 20 s for hand washing(with warm water).79 Too eff ectively wash hands, cleaning of the wrists,  ngers, 
and between  ngers with soap and water must be undertaken for 20 s, with the suggestion of turning off  
the faucet using the towel which was previously employed for drying hands.79–81 Hand washing can also 
be accomplished with nonsoap and water solutions such as alcohol-based solutions.2

Th ere h ave b een a n umber of c ases o f Avian  u t ransmission f rom birds to m an76 a nd now t here 
have b een a f ew re ported c ases of t his v irus going f rom man-to-man.82,83 Th ere were 13 c ases a nd 9 
deaths reported in Vietnam from the Avian virus suggesting that some strains are highly “pathogenic” 
and virulent to man.84 Such occurrence suggests that jumps in the virus are beginning to occur and it 
is a m atter of t ime until a s train emerges that is effi  cient in transmission and spread among people.85 
Parry86 in a commentary reported that person-to-person transmission of the Avian  u was occurring 
in Cambodia. However, other outbreak events have not supported wide spread transmission, with some 
involving apparently no human transmission. Th ese events do i ndicate that the species jump is being 
“attempted,” as would be expected. As has been noted, when the event does occur, HCW will be on the 
frontline of exposure with vaccination and protective measures most paramount. Besides PPE and engi-
neering controls, recent evidence suggests that cross-reactive immunity occurs with live  u vaccines 
against AIV’s providing some protection for HCW that have been vaccinated with other strains. Th is  
alone makes a good case for yearly vaccination of HCW against the current  u.

Although vaccination is not a PPE-related activity, it can be considered an adjuvant. Vaccination of 
HCW to agents that they may be exposed is paramount and forms a basic frontline defense. Certainly 
vaccination is not p erfect but it w ill provide some protection for most people. W hen t his is included 
with PPE, the risk of becoming infected is greatly reduced.

Protection against Emerging Infectious Diseases

From the early beginnings of man, infectious disease has been a major health concern and historically 
was the major contributing factor for early death. Most of the diseases that are now identi ed as “emerg-
ing,” which includes pox v iruses, TB, and in uenza, were common throughout the world, including 
developed nations. Th ese d iseases have been with man since antiquity and are well k nown in man’s 
history. For example, TB was discussed in the early Greek literature (ca. 2400 BC) and was even consid-
ered, in that time period, that this disease could be an occupational hazard to physicians. Spread and 
occurrence of these diseases were mainly a result of inadequate knowledge of their life cycles. However, 
today, there are numerous poorly known and understood organisms (e.g., monkeypox, tanapox) that 
have the potential of becoming the next worldwide smallpox or SARS. What prevented the dissemina-
tion of many of these lesser known diseases was geographic isolation. Natural barriers kept many of 
the diseases in check and outbreaks local. Periodically, some have become regional or larger, as was 
seen with bubonic plaque in 1556–1559.87 However, with the increased speed of travel and the world 
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becoming a t rue community, spread of a new or old d isease can occur within the matter of days and 
well before its “existence” can be realized. What is also not realized related to such outbreaks is the cost 
of carrying for the sick, which was evident with bubonic plaque,87 and prevention can greatly reduce 
these costs. Th ese economic impacts do not only occur for the HCI, but the community at large.

Epidemics occur on a f requent a nd regular basis, as seen for in uenza. When they become global 
they are called pandemics. Th e group(s) on the frontline of these disease occurrences are HCW. When 
evaluating spread and transmission of disease, there are four primary ways of preventing spread, with 
three of these being of importance to HCW. Th ese preventative methods are vaccination, barriers, and 
use of PPE, with the forth method being isolation. Isolation is commonly used for patients, like those 
with TB, but is not considered for HCW since they are the ones treating these diseases (e.g., pulmonary 
and military). Th us, HCW cannot be isolated from the infected patient. However, some practices used in 
isolation can be extended to HCW such as increasing ventilation rates; although, bene ts of this nature 
are oft en greater for patients. Unfortunately there are many diseases which there is no vaccination or no 
eff ective vaccination. Th is was seen in the SARS outbreak and may occur with the Avian  u. Other dis-
eases like monkeypox there is a cross-reactive vaccine, smallpox, which can provide protection. In such 
cases, vaccination is quickly needed for HCW since it can take 10 days to 2 w eeks for immunity to be 
eff ective. It should also be realized that a vaccine is not usually 100% eff ective for all people. Th u s, there 
will be some HCW for which no immunity is provided, even though they were vaccinated. However, this 
possibility cannot be a basis for not vaccinating HCW.

Th at leaves only two eff ective methods for prevention of d isease in HCW: ba rriers a nd PPE. Barrier 
measures commonly include physical measures, such as tents, to prevent the spread and transmission of a 
disease from a patient. Th ese methods have limited application here, since HCW need to be in close con-
tract during the patient’s treatment. Barrier methods are actually a form of engineering control; although, 
for some diseases, on a l imited basis, may be of use. During the SARS event, increased air ventilation in 
rooms, which has been considered by some a ba rrier method, was shown to b e eff ective in Vietnam.128 
Th ere is always consideration for combinations of methods. Here, respirators were not re adily available, 
and the increased number of air exchanges helped to prevent spread to t he disease to ot hers.88 Th is  does 
indicate that imaginative employment of barrier-type techniques can be useful in preventing and control-
ling, even in a limited way, the spread of some infectious diseases. Also, as has been known in the industrial 
setting, respirator is the least desirable method for protection with engineering control the most favorable 
in selection. Th us, expansion of these engineering control techniques along with other forms of protection 
can help to reduce the incidence of disease in HCW and most likely other patients as well.

Th ere have been reports suggesting that patients who are infected with disease (respiratory) should 
use re spirators. Koley2 suggested that patients be issued eye protection and respirators. Th e problem 
with this is that the  ltering mechanism of re spirators i s on t he i ntake a nd not t he exhalation port. 
Th us, any agents (infectious material) that are expelled by the patient will not be  ltered; although, air 
being breathed in will be  ltered. Th is would have little if any eff ect on hindering the expelled agent, 
such as a virus. Th ere may also be diffi  culty in establishing a face seal in someone that is ill, especially 
for those that have pulmonary issues.88 To increases the diffi  culty with the seal, it is likely that disposable 
respirators would be employed further complicating the situation. Physiological stress (e.g., cardiopul-
monary) of breathing with a re spirator would a lso occur for those using these devices.89 For patient’s 
that have compromised pulmonary systems, this may increase the risk of complications related to their 
disease and make breathing diffi  cult. Th us, based on the information presented, it is inappropriate to 
have patient’s employ respirators and likely most other forms of PPE for purposes of protecting HCW. 
Use of such mechanism may actually enhance the spread of disease and increase risks for patients.

Personal Protective Equipment

PPE includes a wide variety of equipment and in some cases materials or substances. However, in general, 
this is equipment or material that is employed by the individual for that person’s protection against some 
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speci c or general hazard. Some of the most common forms of PPE are listed and identi ed in Table 4.1. 
It is common for HCW to use a half-mask respirator and studies have reported that these respirators are 
eff ective against airborne TB, especially when there is a good face seal.90 Th is does not provide protec-
tion for the eyes; although, in some cases this site is not i mportant in regard to protection against the 
agent, like in TB. Certainly TB can occur in the eye, but this is not common.91 For other diseases, as was 
seen in SARS, eye protection is of great importance. What is commonly forgotten in regard to PPE is the 
importance of hand washing. It is usually suggested that hand washing be conducted for 15 s, vigorously, 
using soap and warm water. Th is will not kill all organisms and does not render the hands “sterile,” but 
is for el imination of “pathogens” and by some is a c ornerstone in infection disease control. However, 
this activity alone will not eliminate infectious agents. A common form of PPE for the hands is surgical 
gloves. Th ese are routinely used in hospitals and are readily available. When these are applied with a 
gown, oft en the gloves can be pulled over the protective suit and creates a good seal. Th is may provide a 
“full” type body protection. When combined with a respirator, considerable protection can be aff orded 
to the HCW. Again, if a half-mask respirator is employed, eye protection will be required as well. Th is  
can be in the form of goggles. In some cases a face shield may also be warranted.

In addition to these devices, other forms of PPE may be applicable such as shoe covers or foot protec-
tion. Th is is more for preventing the spread of microbes from the patient’s room or location to other 
areas. Spills and leaks commonly occur and can be transmitted on shoes or related types of clothing 
and are not oft en thought of as a potential route of transmission. Although this covers the body, overall, 
it does not necessarily provide a complete seal against entrance of microbes through small openings or 
even tears may occur. It may under some circumstances require the HCW to shower aft er contact with 
a patient that is highly infectious; although, as in the SARS events, there was concern that spread of this 
virus was occurring through the sanitary sewage system. Fortunately, such extensive measures are not 
necessary for most microbes, even the ones identi ed as emerging. However, HCW should shower aft er 
work as a preventive measure. Th ere are a few agents where such extensive activities may be warranted, 
such as Ebola-related viruses; here there is little known about the organism and mortality is nearly or 
approaching 100% for those infected. Th is may be applicable especially when the life history is unknown 
and the disease appears and then disappears as is seen with Ebola and Marburg agents making study 
and treatment diffi  cult.92 For some, the hazard of the agent cannot be underestimated, especially with 
such organisms like Marburg, where there is a 92% fatality rate and an ampli cation of the disease may 
occur in health care settings putting HCW at the greatest risk. Such an outbreak or release on a global 
scale would be disastrous and with the advent and occurrence of bioterrorism becomes a real concern. 
Th is a lone raises the hazards associated with emerging diseases to a ne w level prompting the impor-
tance of PPE and its applicability in providing  rst line protection.8

Respirators

Respirators have been used by HCW for a considerable period of time. Th ey are most commonly associ-
ated with care of patients having pulmonary TB. For the most part respirators are selected “off  the shelf” 
handed out and used. In most cases this has been adequate and provided suffi  cient protection to HCW 
where there was a minimal spread of disease, but the occurrence of SARS changed much of the tradi-
tional thought on this concept. Emergence of the bird  u virus (in uenza) has heightened the impor-
tance of respirators. Th e increased burden of antibiotic resistant microbes is also changing the landscape 
how i nfectious d isease i s v iewed, e specially a s rel ated to H CW. M uch o f t he i nformation rel ated to 
respirator use comes from the industrial environment where various practices have been implemented 
for an eff ective and effi  cient program. Here, respirator  tting and testing is commonly performed, along 
with applicable training. Lessons from the industrial environment can provide a basis of practice for the 
HCI. Overall, it appears that a proper face seal is one of the critical components related to proper use of 
respirators.93
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To achieve a n eff ective respirator program it is necessary to have a training and selection program.93 
In m any w ays, e ach si tuation i s a b it d iff erent; a lthough, t here a re m any c haracteristics i n c ommon 
which exist among programs regardless of the activity. One of the important aspects of a program is its 
maintenance and administration. Some of the programs will follow criteria established by the agency 
responsible for Occupational Safety and Health, here in the United States that is the U.S. OSHA. Most 
countries have established criteria that are similar or identical to t hat of OSHA; however, some of the 
European c ountries t here a re s ome d iff erences. O SHA h as a n umber o f re quirements f or re spirator 
use and activities and they would include those in health care. In the United States, requirements are 
described in the Code of Federal Regulations (CFR) and these can now be accessed through the internet. 
Th e construction, general, and maritime industries have their own codes although are similar. Th u s, as 
indicated, there are three general categories of industry which OSHA applies regulations: construction, 
general, a nd maritime. Probably, t he best to f ollow, generally, i s t he general i ndustry, for health care 
settings. H ere f or e xample, t he a sbestos re gulations a re de scribed i n 29 C FR 1910.1001 a nd p rovide 
information on respirator use that are mostly related to HEPA  ltration. Th ese requirements have some 
information on use of respirators which are attempted to be more speci c for that activity or industry. 
Unfortunately, there are no speci c regulations under OSHA for the HCI; although, there is a regulation 
on blood borne pathogens. Th ere are regulations on other forms of PPE, l ike for eye protection, head 
protection, and so forth. Most of these requirements have little applicability to HCW since these were 
designed for the construction and general industry.

Although these regulations for PPE are not de signed for HCW they can be used in many ways as a 
general model in establishing a PPE program, especially for respirators. HCW do need to be aware that 
there are regulations for respirators. Overall, these regulations can be used to guide activities, especially 
in selection and  tting; although, are not designed for those being exposed to infectious disease agents. 
Since HCW may be exposed to agents that have not been previously known or recognized, there can be 
unique circumstances relating to PPE not addressed or considered by current regulations. In most cases, 
prevention of entry of the organism involves a physical barrier or mechanism of removal. For respira-
tors, this will usually involve the use of a HEPA or a ULPA  lters.

During the SARS outbreak, it was suggested that some cases of this disease in HCW was a result of 
inadequate or even improper use of respirators.14 Selection of the appropriate respirator for SARS has 
been of considerable debate.94 Th is confusion can be said to have resulted as a result of inadequate infor-
mation on the life history of the organism. Initially little was known how the organism was spread with 
some suggesting that inhalation was not the most important route. However, since this was a pulmonary 
disease, it only makes sense that one of its likely routes of transmission would be inhalation. Aft er infor-
mation became available that it was transmitted by an aerosol, considerable attention was then given to 
respirators as a protective mechanism for HCW. In many ways this resulted in a panic and supplies of 
respirators oft en ran short. As with any emerging disease, including those that change characteristics, 
little w ill b e i nitially k nown a bout t he organism a nd c onsiderable c aution w ill b e ne eded. Th u s, the 
lesions from SARS must be taken for future events, especially when considering in uenza. Here respira-
tor protection was eff ective at minimizing exposure and subsequent disease. Other forms of PPE are also 
of great importance along with a myriad of other related activities.95 Th is again supports the concept of 
engineering controls as being the most important method for preventing exposure, even for infectious 
diseases. In all cases, there must be a c ombination of practices implemented in protecting workers. It 
must be remembered, that the  rst line of protection is that associated with engineering controls and not 
respirators, but most consider respirator use to be more of a primary protective mechanism.

In any case, selection of the appropriate respirator is appropriate. Most do not consider surgical masks 
to be a form of a respirator.12 Th ese devices have little if any protection factor and were designed to pre-
vent release of droplets and particles from the users mouth and nose to the environment in a “gross” way 
and themselves will not prevent release of viral particles or the like.96 Th us, these devices will provide 
little protection against airborne microbes and are not a substitution for a functional respirator.
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For the SARS event, which involved a virus (about 100 nm in size), most recommended N95 respira-
tors.97 Others37,43 have suggested that this form of respiratory protection was not adequate for infectious 
agents of this nature. Initially Seto et al.98 recommended the use of surgical masks, but not paper masks. 
Derrick a nd G omersall99 e valuated t he u se o f multiple su rgical m asks a nd re ported t hat t hey h ad a 
protection factor that was less than that reported for N95 respirators. Such eff ectiveness would e ven 
be lower for small viruses and other microbes. Th e N95 respirator has been suggested for HCW when 
working with TB patients and is the standard of protection against this organism.100 Th ey have been in 
use for TB pat ients since 1994 and are considered disposal respirators. Today, it is probably the most 
common respirator used in health care settings. However, it appears that there are diff erences in these 
respirators among manufacturers, at least in regard to  ltration effi  ciency.90 Th e most important factor 
in using these respirators appears to be associated with face seal (Lee et al., 2005).

Respirators are designed to provide protection for the respiratory tract. Th e respiratory system is oft en 
identi ed as an important organ of exposure; although, the largest number of occupational occurrences 
is a ssociated w ith t he s kin. Usually, t he mo st s evere i njuries, o ccupationally, a re t hat i n a ssociation 
with the lung and respiratory tract. Infectious disease agents can attack at any location in the respira-
tory tract. However, larger particles tend to be deposited more in the upper parts of the airway, like the 
nasopharyngeal area, where as particles that act more like a gas are deposited in the alveolar region. Th is  
large particle (say 30 µm) will be found in the nose, as an example. Particles which are about 5–30 µm 
would be in the nasopharyngeal location, those 1–5 µm in the t racho-bronchial, and about 1 µm and 
less the alveoli.100 Th ere are basically  ve mechanisms which particles are deposited in the respiratory 
tract: impaction, sedimentation, interception, electrostatic deposition, and diff usion. Th ere have been 
three mo dels e stablished to de scribe de position o f pa rticles, w hich a re t he A merican C onference o f 
Governmental Industrial Hygienists (ACGIH), AEC (now NRC—Nuclear regulatory Commission, 
AEC—Atomic Energy Commission), and British Medical Research Council (BMRC). Although there 
are diff erences between these models, from a practical point of view they all follow the general concept 
of larger particles being removed by the upper part of the respiratory system and the smallest particles 
(say about 1 µm) being deposited in the alveolar region. Most consider the size and length of the microbe 
when evaluating its penetration into the  lter. Some recent investigations have suggested length rather 
than aerodynamic diameter is most important in making this evaluation.12

Viruses are generally t he smallest particles of concern; a lthough, prions are smaller since t hey are 
infectious proteins. Viruses range in size from about 20–400 nm, which is 0.02–0.4 µm, and would be 
predominantly deposited in the lower part of the respiratory tract. However, they may also have a strong 
electronegative or p ositive c harge, w hich i n uence t he lo cation o f de position. B acteria a re gener ally 
much larger in size and commonly range from about 0.4–10 µm in size. Th is would suggest a deposition 
in the upper regions of the lung, but again would be in uenced by electrical charge. Mycobacterium has 
a size of about 0.9 µm, while mold, such as Cladosporium cladosporioides is around 2.1 µm.17

Routes of Exposure

Th e primary route of exposure to most airborne microbes is inhalation. Th e eff ect of  ltration can have 
a large in uence on the penetrability of microbes. Most respirator studies examine a constant  ow rate 
of 20–85 L/m. However, in actual use there will be periodic high air ow rates during high work loads. 
Increased penetration of small particles has been suggested to occur at high  ow rates; although, those 
that are small, 1 µm or smaller, there does not appear to be any eff ect.12 When examining the size of 
microbes, this concern relating to penetration exists for the “smaller” viruses and prions. Although this 
is an important factor, the face seal is probably the most important especially since many HCW will not 
be likely  t tested before using a respirator.

An i mportant i ssue oft en o ver lo oked i s de contamination a nd d isposal o f re spirators a nd  lters. 
Decontamination can be an important aspect of any program, especially when an organism can survive 
for several days, like AIV. Maintenance and cleaning of respirators and parts must be included as part 
of any training program. Th is may be an unrecognized route of exposure to HCW. It should be noted 
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that chlorine, especially prolonged exposure during cleaning can damage the respirator or components. 
Chlorine is a very electronegative element.

Types of Respirators

Th ere are various types of respirators available and from a number of manufacturers. Respirators in the 
United States have to be National Institute of Occupational Safety and Health, Mine Safety and Health 
Administration (NIOSH/MSHA) approved. Each respirator has its application and limitation, but can 
be placed into six general groups. Th ese are paper mask, quarter mask, half-mask, full-face mask, pow-
ered air-purifying respirator (PAPR), and supplied air respirator (SAR). Paper masks and surgical masks 
are not true respirators, however, have been used in HCI as respirators. All of these respirators 
are air-purifying respirators (APR), except SAR, in that they have a mechanic  lter that removes the 
contaminant of interest, such as a bac teria. Th e most common respirator used by HCW for infectious 
diseases is the N95. Table 4 .5 provides a su mmary of these t ypes of respirators. In the United States, 
quarter masks are not used.

Most respirators used in the industrial environment are not disposable. In the HCI most respirators 
are disposable and for that reason the N95 is the most common used. Respirators that are APR in nature 
will not change the oxygen level in the surrounding environment. Th ese respirators use a mechanical or 
chemical activity to remove the agent of concern from the air that is being breathed by the user. Most air 
contains about 21% oxygen and generally variation of oxygen is not a concern for HCW. Th e minimum 
oxygen level allowed by OSHA is 18.5%. Locations with oxygen lower than this is de ned as oxygen 
de cient. Filters that are commonly used to remove microbes are HEPA and ULPA.

Surgical masks and paper mask have been designated by some as respirators. However, these devices 
do not allow an eff ective face seal to be established. During the SARS events, surgical masks were used 
by HCW for respiratory protection and some reported eff ectiveness.98 Both surgical and paper masks 
are really barrier devices and have limited ability to prevent inhalation of microbes. Several studies have 

TABLE 4.5 Common Types of Respirators and Some Characteristics

Respirator Characteristic

Paper masks Single use devices. Designed to protect the patient from droplets emitted from the wearer and does 
not protect user from airborne materials. Shown to be low in eff ectiveness in protecting against 
airborne infectious diseases. Th ese devices are oft en not classi ed as a respirator.

Quarter mask Not used in the United States. Does not cover the chin area as compared to half-masks. Th es e 
respirators can be used with HEPA  lters.

N95 Recommended respirator for TB protection. Common in health care and used by many HCW. Can 
provide some degree of protection, but does not provide full face protection. Disposable, easy to 
use and low in cost.

Half mask Commonly used in the industrial environment. Considered eff ective in preventing inhalation of 
infectious diseases. Does not provide full face protection. Can be used with HEPA  lters. A little 
more diffi  cult to use, usually each person is assigned their own respirator, higher cost than N95.

Full face Similar to half mask, but provides full face protection. Has limitation in that it can cause fear in 
patients and can fog up during use. Can be more diffi  cult to maintain and more expensive than a 
half mask.

PAPR A positive pressure respirator that employs a  lter such as HEPA. Has a higher PF. Can be costly to 
maintain and more complex to use. When using with patients has limitations mentioned for the 
full face. Requires a battery for power and can add extra weight and diffi  culty with user. Highest 
cost among APR’s.

SAR Uses an air supply that is remote from the work area or patient location/setting. Has the highest 
level of protection. Complex to use and has limitations due to the diffi  culty in use. Not applicable 
for normal health care settings; although, used in research situations when working with highly 
dangerous organisms.
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evaluated the eff ectiveness of these devices. A s tudy by Nicas18 reported that surgical masks allow the 
entry of 42% of droplets. Th is study does not indicate the PF aff orded, but alone suggests a high amount 
of aerosolized material would enter the users’ respiratory system. In another investigation on the  ltra-
tion effi  ciency for surgical masks, Grinhpun17 reported that they are about 20%. Th ese results indicate 
that there is a large amount of penetration in surgical masks and that the effi  ciency of particle removal 
is poor to what some may even refer to as nonexistent. Based on these data, the paper masks, which have 
a poor  t, will l ikely have a lo w PF and be ineff ective against a irborne droplets and particles, such as 
viruses. Respirators, excluding paper masks, are commonly divided into three groups: quarter masks, 
half masks, and full-face masks. Quarter masks are not used in the United States and this type of device 
is not generally recommended as a respiratory device. Th ese respirators do not go over or cover the chin. 
Half masks do go over the chin and are commonly used in the United States for respiratory protection. 
Th ese respirators, however, do not provide protection to the eyes and can be used with various types of 
 lters. Full-face masks do provide protection for the eyes and can also be used with a variety of  lters 
as with half masks. A ll of these respirators are negative pressure a ir-purifying (APR), and it must be 
noted that they will have no change in the oxygen level for the users air; although, oxygen and gaseous 
environments are generally not a concern for most HCW. In addition, some respiratory systems have an 
air supply and these are self-contained breathing apparatus (SCBA) and SAR. SAR, including SCBA, are 
not practical under most conditions in health care setting. Such devices and systems can and are used 
in experimental situations, especially where the organism being evaluated is highly virulent, such as for 
some viruses (e.g., Marburg virus). Historically, the respirator used by HCW was the N95 and this res-
pirator has been suggested for use in protection against TB.102 However, it must be noted that one type 
of respirator will not be applicable for all situations.

For most d iseases d iscussed i n t his chapter, t heir route of t ransmission i s t hrough t he respiratory 
system; thus, the appropriate mechanism of t ransmission prevention is usually mechanical  ltration. 
Mechanical systems trap particles, which in this case would be infectious disease agents. Th e se devices 
collect pa rticles b y si mple s training o r de pth  ltration. H ere si mple s training p revents t he pa rticles 
from passing through due to its pore size and in depth  ltration with the particles penetrating the  lter 
becoming adhered inside the  lter. Both of these devices are physical barrier (mechanical) systems that 
actually prevent the particle from entering and in this case the microbe acts as a particle. It should be 
noted that microbes oft en have a charge which aids in their  ltration. Bacteria have a negative charge to 
them that will assist in remove from the air by a  lter. Forces associated with the charge of the particle 
and mechanical  lter or  ltration device is called electrostatic interactions. In many cases this becomes 
important in  ltration, especially for the smaller microbes. Other organisms, like bacteria responsible 
for T B (mycobacteria), a re rel atively l arge i n si ze a nd a re mo re l ikely physically c aptured. However, 
these organisms are also charged, and the stronger the charge attraction between the  lter and particle 
the high the collection effi  ciency will be. Over time a  lter can lose its charge and become primarily a 
mechanical  ltration system; however, as  lters collect particles they do become more effi  cient.

When evaluating effi  ciency of  lters there are no  lters for respirators that are 100% eff ective in remov-
ing all particles; although, as mentioned the degree of effi  ciency is highly dependent on a number of fac-
tors. Th ese factors in uencing capture effi  ciency include the particles size, its shape, charge,  t (seal), 
and the type of  lter being employed (as related to these factors) with respirator. Grinshpun17 suggested 
that the  lter effi  ciency is related to the size of the microbe including its aspect ratio. Th is study also sug-
gested that microbes do not grow on  lters that are used with respirators; thus, not becoming a source 
of contamination. Filters on respirators were originally designed to protect against nonbiological agents, 
such as dust, mists, and fumes. Th ere are two types of  lters used for APR’s: HEPA and ULPA. HEPA 
 lters are commonly used in the industrial environment for dust, mists, and fumes are readily available 
from local suppliers, and has been shown to be eff ective against microbes.8 Th e se  lters have the charac-
teristics of being 99.97% effi  cient against monodispersed particles that are 0.3 µm (300 nm) in size and 
larger. When this effi  ciency and  ltration are examined against the size of most bacteria it can be seen 
that there would be a h igh eff ectiveness in removal of the organisms from the air. In general, the size 
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of bacteria ranges around 1–10 µm, with an organism like Escherichia coli being toward the lower end 
and Bacillus megaterium at the upper. However, there are some bacteria, such as Epulopiscium, which 
are rather large, at least on the “microscopic” scale and are visible with the naked eye; although, other 
organisms, l ike mycoplasma, a re in a lo wer range of 0.1 µm (100 nm). Viruses, in general a re a round 
10 to 200 nm in size. Here the Poliovirus is about 10 nm and the Poxviruses are around 200 nm. Th us,  
using the strict size characteristic of the HEPA  lter, viruses will be less likely collected than bacteria 
due to size, but these measurements do not includes electrostatic factors, which are also of importance. 
For example, the SARS virus (SARS-CoV) has a size around 60–80 nm (0.060–0.080 µm), and is about 
3 to 4 times smaller than HEPA’s effi  ciency lower range of 0.3 µm (300 nm) for monodispersed particles. 
Th e size range for HEPA  lters provided is that given by OSHA and many textbooks, but when these 
 lters are evaluated against test agents, such as sodium chloride aerosol, there is a much lower range of 
 ltration effi  ciency. According to one test report (http://www.cdc.gov/niosh/topics/respirators), a count 
median d iameter (CMD) of 0.075 ± 0.020 µm w ith a ge ometric s tandard deviation (GSD) of 1.86 was 
observed. Th is suggests that the  ltration range is much lower than that indicated by convention and 
that the range is within the size reported for the SARS-CoV virus, especially when electrical charge is 
considered. Th is also matches with observations during the SARS outbreaks that respirators with HEPA 
 lters were eff ective in preventing infection of HCW.98

Th e size of the  lter is not the only factor important in selection. Th e dose of the infectious agent is 
also a f actor to b e considered, which is how many infectious particles are need to i nduce the disease. 
Th is value has been estimated for some of the “common” infectious disease agents; however, the problem 
with an emerging disease is that there will be no information on the infectious dose and it may be one 
particle or organism. Under these conditions, a higher degree of concern is needed; thus, warranting a 
higher level of protection. Th is concern is not only associated with the  ltration but also  t (seal) of the 
respirator as well. However, as noted, HEPA  lters, based on standard reported  ltration values, will be 
eff ective against most bacteria, even the ones at the lower size range. However, based on this criterion, 
these  lters will be less eff ective against some viruses; although, when compared to the data provided 
in the sodium chloride aerosol test and that there will be some form of a charge, they will be eff ective. 
However, t his si ze concern has resulted in a f ew suggesting t hat t he U LPA be used instead of HEPA 
 lters for emerging viruses, especially those that are less than 0.3 µm in size, such as for SARS-CoV.43 
But, as noted, evaluation with the SARS event demonstrated that HEPA  lters were fairly eff ective in 
protecting HCW.98 Th us, the standard value for these  lters, as provided by OSHA, may be considered 
the upper range when evaluating effi  ciency.

ULPA  lters have a greater effi  ciency in  ltration as compared to HEPA  lters. However, they are also 
more expensive and more diffi  cult to obtain from local suppliers. Th e se  lters are commonly considered 
to have an effi  ciency of 99.999% for monodispersed particles that are 0.12 µm in diameter or larger. Th is  
 ltration size is closer to that of most viruses (poxvirus 200 nm or 0.2 µm) and with electrostatic factors 
included will be highly effi  cient against these small particles. Even the smallest viruses, such as SARS-
CoV would be effi  ciently collected. One of the main reasons for l ittle use of these  ltration devices is 
their cost and diffi  culty in obtaining them on short notice. Th e se  lters are usually not routinely stocked 
and upon occurrence of an outbreak would not be readily available and may not exist for all models of 
respirators. However, for HEPA  lters, they are routinely used in the industrial environment and are a 
common item among safety suppliers and are easy to obtain. For those facilities that may have concern 
and be on t he “ front” l ine of emerg ing i nfectious d isease, a supp ly of U LPA can be maintained. But 
again, as shown with the SARS event, proper use of respirators with HEPA  ltration was eff ective and 
much of the “leakage” of respirators is a result on the face seal and not the  lter.

Selecting t he t ype of  lter to b e u sed c an b e a s i mportant a s s election of t he re spirator. Th e  lter 
should be selected based on the type of organism being encountered, with its size being of great impor-
tance. As discussed, organisms greatly vary in size, but in general, bacteria, fungi, and protozoons are 
larger than 1 µm; although, a f ew can be a b it smaller. Viruses are usually less than 1 µm and go i nto 
the range of 10 nm. Th e smallest organism is probably prions, which are infectious proteins. In general, 
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HEPA  lters are highly eff ective in removing bacteria and larger microbes based on the standard clas-
si cation of the size of  ltration. When the sodium chloride test results are considered and electrostatic 
charge, effi  ciency of HEPA  lters would even be g reater a nd practical experience suggests t hat t hese 
 lters are eff ective.

Th e same principle can be applied for viruses. Even though these agents, in general, are smaller than 
bacteria, t heir electrostatic charge a llows t hem to b e collected on t he  lter effi  ciently. Th is was dem-
onstrated during the SARS event in 2003, especially when used properly. However, there may be little 
initially k nown of a n emerg ing i nfectious d isease c ausing t he ne cessity to em ploy U LPA. A lthough, 
once the viral family is identi ed a general size range of the virus will be known. If PAPR are employed, 
they use a  ltration system that is commonly HEPA and can suff er from the same limitation in  ltra-
tion. However, t hese respirators do c reate a p ositive pressure in t he mask and are “usually” f ull face. 
Alternatively, S CUBA a nd SA R s ystems c an b e em ployed, w hich p rovides a ir t hat i s ob tained f rom 
outside t he contamination a rea. However, t hese re spirators a re d iffi  cult to u se a nd for t he most pa rt 
impractical in a clinical setting. SARs have been used in research activities related to highly infectious 
agents (e.g., Ebola).

Th e most common type of respirator used by HCW is the N95. Th is respirator has been suggested for 
HCW to protect them from SARS and TB, and in general other emerging infectious diseases. N95 respi-
rators were  rst recommended for use by HCW that were caring for TB patients. For SARS, some studies 
reported that the N95 respirator was eff ective in protecting HCW while others reported that it was not.14 
Th ese respirators are single use and are not designed for reuse, although are oft en used over again. N95 
respirators belong to the N class which also included N99 and N100. Th e value aft er the N refers to the 
effi  ciency of the respirator. A N100 respirator is actually not 100% effi  cient but rather 99.7%, while the 
N95 and N99 are 95% and 99%, respectively. Th e effi  c iency for these respirators is rated for an air ow 
rate of 85 L per minute with penetration of median aerodynamic particles of 0.3 µm in size. N designates 
that the respirator is not resistant for oil.103 Th ere are other respirators, which are designated as R and P 
for oil resistant and oil proof, respectively. However, since HCW are not l ikely to be exposed to condi-
tions relating to oil they are of little importance in this discussion. However, there may be circumstances 
where repair to equipment is necessary in a patient’s room and those undertaking this activity may need 
to use these types of devices. All of the N, R , and P “respirators” are disposable. Th ese respirators can 
be  t tested; although, one study suggested that there is a high fail rate with these respirators and those 
passing approximately 20% will have a lo wer than expected rate of exposure protection.104 N95 respi-
rators have also been shown to be ineff ective against small viruses (MS2, a bac teriophage for Bacillus 
subtilis) in experimental testing.105 MS2 has been used as a simulating agent to evaluate eff ectiveness of 
respirators and is a small RNA virus, about 30 nm in size. Testing of surgical masks with this virus has 
shown that they are high variable and not eff ective.105

Th e “next” level in protection up from the N95 type of respirators is half-mask respirators. Th ere are 
many diff erent t ypes a nd manufacturers of t hese respirators a nd t he most common form of respira-
tory protection used in the industrial environment. Th ese respirators are APR, light in weight, can be 
maintained by each individual, are reusable and usually are made in the sizes small, medium, and large. 
In some cases extra-large respirators can also be obtained. Most of the half-masks today are made from 
electrometric materials, plastics, or rubber-based and easily mold and conform to the face. Th ese  respi-
rators can be used with a wide variety of  lters including HEPA and ULPA. Half-masks have been used 
eff ectively by HCW in prevention of inhalation of infectious disease agents. Like the N95-type respira-
tors, half-masks do not p rovide protection to t he eyes and are negative pressure. All negative pressure 
respirators can cause diffi  culty in breathing and increase stress to t he user’s cardiopulmonary system 
resulting in  c onfounding o f e xisting h ealth c onditions.106 Th ese “ preexisting” c onditions m ay b e o f 
greatest importance for smokers. Although workers in the industrial environment frequently undergo 
medical examinations, including pulmonary function tests, this does not identify many of the potential 
underlying pathologies (e.g., cor pulmonale) that may exist in those using a negative pressure respirator. 
Some have suggested that this group of respirators should be selected over the N95 for HCW.19 During 
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the SARS event, half-masks with HEPA  lters were shown to be eff ective in preventing disease among 
HCW, especially when they also employed eye protection.

Full-face respirators (FFR) are also APR, as are half-masks, but provide protection for the eyes and 
face, in general. Th ese types of respirators are also negative pressure and have many of the same limita-
tions as half-masks, although, due to the covering over the face also tend to fog up from humidity derived 
from exhalation. Th e major advantage of FFR is that they do off er eye protection. Th ese  respirators use 
the same  lters as half-masks (e.g., HEPA). Facial protection with a respirator (e.g., face shields) has been 
shown to be important. Dentists using facial protection only, such as a shield, have resulted in the pres-
ence of antibodies against viruses, suggesting that a shield alone is not eff ective.107 Th i s demonstrates 
the importance of respiratory protection against microorganisms for HCI. Due to the bulkiness of these 
respirators, they are not commonly used in the HCI and they also create diffi  culties with communica-
tion limiting their usefulness in patient settings and care.

Th e ne xt le vel of re spiratory protection i s PAPRs, w hich a re p ositive pressure re spirators. Th ese  
respirators have a motor which supplies  ltered air to the user. Th is air is  ltered through some type 
of  lter, l ike HEPA. Th ese respirators are full-face. Th e main advantage of this t ype of respirator is 
that it is positive pressure and does not cause pulmonary stress on the user. Th e limitations for these 
are bulkiness; they use a battery for generating the positive pressure, and they are higher in cost. Th e 
time t hat t hey c an be u sed i s l imited by t he bat tery l ife. However, for a ll re spirators t hat  lter a ir, 
these do p rovide the highest PF and would exhibit the greatest degree of protection. Th ese  respira-
tors have been given an assigned PF of 100. However, use of these devices around patients would not 
be practical and would certainly result in elevated levels of anxiety by patients seeing their providers 
wearing these respirators. For protection of HCW, this type of respirator would provide a high level 
of protection and would be economical especially when considering the potential cost associated with 
treating HCW that became infected; although, mentioned limitations, especially related to that from 
the prospective of the patient does restrict applicability. A PAPR would be applicable for HCWs that 
cannot use a negative pressure respirator or have pulmonary impairments. Th us, this may have some 
applicability to w orkers that are older a nd for those that may have underlying health issues. Koley2 
suggested that PAPRs be employed during the occurrence of emerging infectious diseases, which 
would include the bird  u. One report suggests that HCW do prefer PAPRs over N95s, generally, and 
over time use became acceptable.108 Th is study indicates that HCW do adapt to various types of PPE. 
However, for any type of PPE there is a training time period required and in some ways for acceptance 
of the activities.

SARs are those that provide air from a source that is located outside the work area and the air pro-
vided must be at a m inimum grade D. Requirements for a ir to b e grade D i t must be oxygen 19.5%–
23.5%, hydrocarbons less than 5 mg/m3, less t han 1000 ppm carbon dioxide, less t han 10 ppm carbon 
monoxide, and no pronounced odor. A SAR system is generally not applicable in a clinical setting due 
to the diffi  culty in operation and cost; however, has been used in research situations when working with 
dangerous microbes (e.g., Ebola). If such a system was to be employed, it would require establishment of 
special rooms and training for HCW.

Beside t he re spirator t ypes mentioned, ot hers have been e valuated for u se i n t he HCI (surgical 
helmets). Derrick a nd G omersall (2004) e valuated a h elmet-type s ystem during t he SA RS e vent a nd 
found that it did not provide adequate protection. Th is demonstrates that selection must be undertaken 
with care, especially when looking at systems that are not commonly used by HCW. Th e study of a hel-
met respirator, as a side note, did suggest that N100 respirators were eff ective. Th ese respirators (N100) 
based on evaluation with a PortaCountÒ Plus quantitative test system had a PF of 100, which is above 
that commonly cited for half-masks, is 10. Th is study shows the eff ectiveness of this type of respirator 
and the importance of respirator evaluation. Th e Portacount system counts particles that are in the size 
range of 0.02 to 1 µm, which is similar to the size of many viruses that would be encountered by HCW 
(Derrick and Gomersall, 2004). Th is is a quantitative  t testing system and demonstrates the importance 
of  t testing. Most  t tests are not quantitative, but qualitative in nature.
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Fit Testing and Fit Checks

One of the important aspects of any respirator program is  t testing and  t checks. OSHA requires that 
 t testing be conducted once a year and  t checks should be undertaken by the user each time they put 
their respirator on. Fit testing can assist in determining that there is an “appropriate” PF for the respira-
tor and that it is  tting properly (face seal). To undertake this activity, each user needs some minimal 
training on use and care for the respirator that they will be employing. One study suggested that the 
actual method of training is not of great importance, but that instruction is provided.109 HCW receiving 
what can be described as minimal training appear to h ave a si milar “eff ectiveness” in passing  t tests 
as those undergoing what can be termed more exhaustive training.109 Th ose having no t raining had a 
poorer outcome in ability to pass a  t. Th is can be attributed to a l ack of ability to perform basic tasks 
in obtaining an appropriate  t. Based on t hese d ata, even m inimal t raining w ill ensure t hat t here i s 
some level of protection being provided along with a good likelihood of being able to be properly  tted. 
Th e same is true for  t checks (positive and negative) and are an essential part of a respirator program 
and related training.110 Fit testing/checks can only be accomplished with devices that have an adequate 
seal to the face. Fit testing can be either quantitative or qualitative in nature. However, it must also be 
emphasized that proper inspection of the respirator is needed to insure that the device is in working 
order.110 Most testing conducted is qualitative and the PF is that assigned by OSHA (Table 4.6). Th us,  
paper and surgical masks, as examples, cannot be  t tested or be  t checked. A half-mask respirator and 
above can be tested, with this form of respirator having the lowest assigned PF. It must be noted that a PF 
is not an absolute number and it does take into account that some leakage will occur. Requirements for 
 t testing are described by OSHA and these can be found in conditions described for speci c substances, 
like asbestos and benzene, and in the requirement for respirators (29 CFR 1910.134, Appendix A).

Th e respirator  t check is an activity the users perform each time they put their respirators on. Th is  
is also called the positive/negative pressure  t check because it involves evaluation of the exhalation and 
inhalation systems of the respirator (APR—e.g., half-mask). Th is type of testing is oft en considered less 
precise than  t testing but it does provide the user with information that they have established a seal of 
the respirator to the face. Most commonly there is leakage near the nasal part of the face, which is the 
upper area of the respirator. To conduct the positive  t check, the wearer must cover with the palm of 
their hands or a small plastic barrier, as an example, the exhalation portal (value) and gently exhale. 
A slight positive pressure should occur in the mask and if so the test can be considered to be successful. For 
a negative test, the same procedure is undertaken, except the inhalation value is covered. Here the wearer 
creates negative pressure by drawing air in and this should create a negative pressure inside the respirator. 
As noted, the most common area where leaks will occur is around the bridge of the nose location of the 
mask face seal. Th ese tests can be conducted by the wearer and are rapid which give the procedure a good 
advantage as a quick test for adequate seal. Impairments that restrict or interfere with the face piece seal is an 
indicator that there is an inadequate  t and the wearer cannot employ the respirator. OSHA does not allow 
the user to have facial hair that interferes with the seal as well. Studies that evaluated face seal with facial 
hair suggest that there is a higher leakage and less  t.111 Most people in the industrial environment who 
use respirators are aware of the issue of facial hair for respirator use, but those in health care may not. 

TABLE 4.6 Types of Respirators and 
Published Protection Factors
Half-mask 10
Full-face mask 50
PAPR 100
SAR 1000
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Th us, concern for  t as related to facial hair should be discussed in training. However, facial hair that 
does not directly aff ect the face to respirator seal, such as mustaches, are acceptable.

Th e requirements for  t test can vary among agencies, although, most follow the criteria established 
by OSHA.101 Fit testing establishes that there is an adequate facial seal with the respirator and that the 
designated PF will be achieved. Th is provides the user with assurance that there is a good face-respirator 
seal. Employment of a respirator that does not have a good face seal can be dangerous to the user in that 
use of the respirator may create a false illusion of security against the environmental agent of concern. 
In some cases, this can be more hazardous than not using a respirator, especially when cardiopulmonary 
factors are considered with using a respirator.

Respirator use today is generally related to chronic toxicants and not acute agents such as an infectious 
agent. Historically, respirators were primarily for prevention of acute injuries. An estimate of the expo-
sure dose cannot be easily obtained for most infectious diseases, especially those that are emerging. Due 
to the unknown exposure dose its degree of infectivity and the likely variation of dose from patient to 
patient (location to location)  t testing becomes of greater importance for the HCW. Although annual 
 t testing is required by OSHA, a more frequent testing at the beginning of a suspected outbreak may be 
appropriate as well. If there is a report of a global event, this may also trigger testing of key personnel in 
the event a case arises in the local area and such testing may also include  rst responders. However, such 
activities should be included in the written respiratory program so the procedure and process is under-
stood by all personnel. During the SARS outbreak, it was soon realized that many of the HCW employ-
ing respirators were not ade quately  t tested and this has been suggested to have contributed to s ome 
of the cases observed in this population. Th is demonstrated the importance of  t testing, especially for 
HCW that were dealing with highly infectious patients.3 Although  t testing can be considered general 
in nature, training speci c to hazards related to HCW should be incorporated into the training.112 Th us,  
HCW should be given instructions on infectious diseases and preventative practices, beyond that which 
they routinely get in such courses as microbiology.

When conducting  t testing, the  rst part of this activity is the selection of a respirator. Manufacturers 
produce respirators in various sizes, which are usually small, medium, and large. However, the actual 
category can vary from manufacturer to manufacturer, so a small respirator provided by one  manufacturer 
will not be the same as that from another. So when starting testing, each person needs to select a respirator 
that  ts and is comfortable. OSHA provides guidance and criteria in conducting this selection. As with 
other forms of PPE, the same should be undertaken.

Aft er each person selects a respirator, the type of  t testing that is to be conducted should be determined. 
Th ere are two types of  t testing: quantitative or qualitative. Th e most common form of  t testing 
performed i s qu alitative a nd t here a re four a gents gener ally d iscussed t hat c an be employed for t his 
type of testing (Table 4 .7). Other agents may be used, but t hey must meet t he criteria established by 
OSHA. For the most part, such an agent must be evaluated and this “evaluation” published in an industrial 
hygiene-type journal. A “standardized” PF is established for each type of respirator.

Based on the OSHA regulations, the PF for qualitative testing is 10. Th is means that when there is a 
concentration of 10 outside the mask there will be a concentration of 1 i nside. In most cases the PF is 

TABLE 4.7 OSHA Recognized Types of Qualitative Fit Testing Agents

Agent Detection of Agent References

Isoamyl acetate (banana oil) Odor threshold Gardner et al.127

Saccharin Taste Coff ey et al.104

Irritant smoke Respiratory irritation Hannum et al.109

BitrexTM Taste Duling et al.123
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adjusted for the type of respirator being used, like a full face as compared to a half-mask. Th e assigned 
PF for respirators is shown in Table 4.6. Th ese values do not correspond well to experimental data, with 
most data suggesting that there is a greater amount of protection aff orded. Published values for respira-
tors are: surgical masks, N95, electrometric half-masks (with HEPA  lter), and PAPR (with HEPA) 2.5, 
17.5, 46.9, and 236, respectively.8,88 Fit testing is most commonly conducted for half-mask respirators; 
although, can be performed for any type of respirator including those that are positive pressure (e.g., 
SAR). Quantitative testing can also be employed for these respirators.

Th ere are some limitations regarding  t testing. For example, if the person has a c hange that alters 
their facial feature or interferes with the face-piece seal they will be required to be re t tested. Th ese  
changes w ould i nclude a “ signi cant” gain or loss of weight (usually considered to be ±20 lb, (some 
use 10 lb) or 10% of the person’s body weight),113 cosmetic/plastic surgery that alters the seal or dental 
changes which also changes the “contour” of the face. Certainly, these issues and concerns which may 
require a “new”  t test should be discussed as a part of respirator training.

Regardless of the agent used for  t testing, each has advantages and disadvantages. However, i f an 
agent is used properly, each can provide a de termination as to t he adequacy of  t. Th e most common 
agents used are saccharin, irritant smoke, and isoamyl acetate (banana oil). Recently, BitrexTM (denato-
nium benzoate) has been introduced as a  t test agent and is commercially available for this purpose.114 
Th is agent has a bitter taste for the test subject when there is an inadequate  t.

Th e smoke te st re sults i n t hose b eing  tted that do not have a proper seal exhibit an involuntary 
cough. Many consider t his a s t he ideal te st for  t te sting si nce i t does not f ully rely o n t he te st sub-
ject advising that they do not de tect the agent. Irritant smoke i s generated through the production of 
 hydrogen chloride gas and tin fumes. Th ese “substances” react with moisture in the air resulting in a 
white colored smoke being generated with a pungent odor. Th e white smoke is actually a reaction of the 
stannic chloride with water (humidity). Th us, i rritation results f rom the mixture of t in and HCl and 
these substances cause the irritation to the mucus membranes of the upper respiratory tract, particular-
ity the nose and mouth. It should be noted, that these fumes can also cause irritation of the eyes. High 
concentrations of these substances can result in coughing, chest, pain, choking, and the eyes to water, 
ever aft er a short exposure. So there must be some care in limiting the amount of exposure. Th e OSHA 
PEL for HCl is 5 ppm and NIOSH identi es that the immediate danger to life and health concentration 
(IDLH) for this substance as being 100 ppm. However, stannic chloride has been reported to be much 
less toxic t han HCl. Fit te sting k its u sing t in a nd HCl c an b e purchased f rom many manufacturers, 
although, some do not re commend t hat t hese te sting a gents be employed for t he reasons mentioned 
above. F rom a p ractical p oint o f v iew t he h azards e xhibited f rom t his te sting, i f u sed p roperly a nd 
 reasonably, are low and can be considered nonexistent.

Fit testing agents, saccharin and banana oil (isoamyl acetate), involve the subject detecting the agent 
and reporting to t he tester that exposure is occurring. Saccharin involves taste and banana oil odor, 
which smells like ripe bananas. Th e PEL for isoamyl acetate is 100 ppm and the IDLH level is 1000 ppm. 
Th ere is no published PEL for saccharin. As mentioned, the disadvantage for these agents is that testing 
relies on detection by the person being tested, with some choosing not to report that they can detect 
the agent.

Th e m ost r ecently “approved” o r r ecognized test ing a gent is  B itrex114. Th is a gent h as b een te sted 
against the other  t testing agents and has been suggested to be comparable or better in laboratory stud-
ies.115 Historically, Bitrex has been used to denature alcohol and because of its bitter taste was added to 
prevent accidental consumption.116 Th e eff ectiveness in preventing accidental poisoning of substances 
which it has been added has been recently questioned.117 Th is highly bitter taste from Bitrex is oft en 
identi ed as its advantage over other agents such as banana oil and saccharin. Since irritant smoke has 
some toxicity, some consider Bitrex to b e a b etter a lternative due to i ts relatively low toxic properties. 
Th ere is a report of this chemical causing utricaria and asthma, although this report is based on a single 
case event.118 In a comparative study using N95 respirator and a PortaCountÒ testing system, a higher 
passing rate was observed when using this agent, especially when performed quantitatively.115
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Regardless of which  t te st a gents i s u sed, t he u ser or one being te sted must be able to de tect t he 
agent. Th is is usually performed before the person is  t tested, especially for odor (banana oil) and taste 
agents (saccharin). For others, cough at t he end of the test, such as with irritant smoke, by the subject 
being tested can be suffi  cient. Most agents should not be tested on the person just before the test with 
a “low concentration of material” due to sensitization. Th is could arti cially increase the chance (false 
positive) of passing the test by not b eing able to de tect low concentrations of the agent. Here, the test 
subject is provided with a brief and small amount of the agent and will usually cough. Protocols for tests 
can be found in the OSHA regulations, l ike under asbestos. Here a de tailed procedure is outlined. It 
should be noted that for some substances, not everyone can detect the agent and some may just report 
not detecting it to ge t t he test over w ith. Generally, agents such as Bitrex and i rritant smoke p rovide 
the best indicator for  t104 and these factors may be considered when selecting a method, especially for 
HCW. However, substances like banana oil are commonly used and have been found to be eff ective and 
effi  cient  t test agents.

Fit te sting u sing a qu antitative procedure me asures t he ac tual a mount of le akage for a re spirator. 
Historically there were two types of tests employed for this kind of testing: sodium chloride and dioc-
tylpthalate (DOP); a lthough, testing procedures were t ime consuming, equipment was bulky and the 
procedure was diffi  cult to perform. More recent testing agents have included: freon, ethylene gas, meth-
ylene blue, and paraffi  n oil. Today there are several commercial manufacturers of instruments for quan-
titative  t testing (e.g., PortaCountÒ Plus) and for the most part this has made such testing more readily 
available. Th ese systems have replaced the “old versions” and practices for testing. Th is type of testing 
actually measures the concentration of “substance” inside and outside the persons mask to provide an 
individual PF. Measurements are performed by instrumentation associated with the  t testing system 
and t his does not i nclude t he subjectivity associated w ith qualitative testing methods. Th e disadvan-
tages of this type of testing are cost of instruments, need for a t rained operator and it cannot be eas-
ily performed in the  eld. Quantitative  t testing systems are now computerized providing a re adout 
(printout) of results.

Respirator  t testing must be conducted according to c riteria established by OSHA. As mentioned, 
this is required to b e performed once a ye ar; a lthough, some may consider that a mo re frequent test-
ing be conducted. Certainly one of the limiting factors in undertaking this testing is cost (Kellerman 
et al., 1998). During  t testing personnel can also be instructed on proper use of the respirator as well 
as maintenance. It should be emphasized that since the agents of concern which is the reason for using 
a respirator in the  rst place can result in disease to the person (HCW) the wear factor should be 100%. 
Th is wear factor is the amount of time that the person actually uses the respirator in appropriate situa-
tions. Doffi  ng ( removing) the respirator during times of potential exposure can dramatically increase 
the risk of contracting the disease that these practices are trying to prevent.

Maintenance and Cleaning

One of the more important aspects related to respirators is maintenance and cleaning. Today, many of 
the respirators used are disposable and are designed for a single use by a single person. Th is can be an 
eff ective way to use and distribute respirators, but if they are used frequently it is not cost eff ective. Th er e 
may also be issues with  t when using disposable respirators; although, one type should have the same 
 t, this may not b e true in a ll cases. Variation observed in  t testing support that a p erson should be 
tested for the respirator they use.104 In some larger institutions that use respirators frequently a central 
location for cleaning and maintenance can be established. However, for HCW, especially when dealing 
with infectious diseases, this system may not be easily instituted. Conversely having each person that 
uses a respirator clean and maintain their own can also create a hazard for that person as well as others 
in the area where it is being cleaned. People maintaining their own respirator may result in them being 
cleaned in an inappropriate location which can result in infectious agents being spread in previously 
uncontaminated a reas. Ha zards of spreading contamination a nd m icrobes t hrough c leaning a re one 
issue that can be discussed in training. Unlike most industrial environments, spread of the infectious 
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agents can occur in the HCI by improperly maintaining and cleaning respirators as well as other forms 
of PPE. Th is situation is a bit diff erent from most industrial environments.

Inspection of respirators is required each time they are used.119 Th e person using a respirator needs 
to e xamine i t to m ake su re i t i s i n working order a nd f unctioning properly. E xamination of v alue 
 aps inside the respirator needs to be included as well as evaluation for cracks or deformities. Worn 
or damaged parts can be replaced at t he t ime of inspection. Th is requires that those using respira-
tors have information on how to i nspect and repair them. Respirators cannot be shared unless they 
are cleaned/disinfected. In most cases, it is more eff ective to provide each person with their own 
respirator.

Respirator cleaning can be divided into two general activities: cleaning and disinfection (sanitizing). 
To properly clean a respirator it must be disassembled before starting the process. At this time worn or 
damaged parts can be replaced. Cleaning can be undertaken in a c lean bucket or similar “container” 
that can hold suffi  cient water (cleaning solution). Warm water should be used, generally less than 110°F. 
Do not use boiling water. Th e respirator can then be dissembled and the parts placed in the water. Some 
do not recommend removing the values because they can be easily lost, however, other do so they can 
be eff ectively cleaned. A neutral detergent should be used as the cleaning agent. Most dish detergent will 
work well for this purpose. Laundry soaps should not be used as well as those with lanolins and oils. 
A soft  brush or similar should be used to clean the respirator and parts. Th is cleaning must be suffi  cient 
enough to remove “dirt” and grime. Aft er cleaning, the parts should be rinsed with clean warm water. 
Rising must be through as to remove all soap residues. Disinfection can be performed with a number 
of agents. In some cases, commercial agents can be used for both cleaning and disinfection. Agents for 
disinfection include quaternary ammonia (usually one packet per 2 gal of water), Clorox (hypochlorite) 
(about 1 ounce per 2 gal of water), or an iodine solution (about 0.8 mL of tincture of iodine per liter of 
water). Th e water used should be 110°F. Disinfection time should be suffi  cient to k ill all the microbes. 
Based on the food service industry, concentrations of hypochlorite should be 50 ppm, iodine 500 ppm 
and disinfection time for both being 2 min. For ammonium, a concentration of 200 ppm for 2 min has 
been suggested. Allowing a respirator to sit in a disinfecting solution too long can result in damage. Th e 
respirator and parts must then be thoroughly rinsed with clean water and air dried. Th ere are some dry-
ing systems that can be purchased, but for most air drying in a clean location is suffi  cient. Respirators 
can t hen be put i n s torage. Th ey can be stored in clean bags. However, they must be completely dry 
before being stored. Care must also be taken to reassemble the respirator properly.

Some have suggested using alcohol or similar wipes/pads for cleaning and disinfection of respirators. 
However, a lcohol is not e ff ective in k illing microbes and for HCW may not b e highly eff ective. Th us,  
this type of cleaning/disinfection, although common in the industrial environment, is not suggested for 
HCW who are dealing with infectious disease agents.

Proper Selection

Th e respirator that is selected by the person must properly  t that person. Lack of a  t can cause leaks 
and increase the exposure to the person as well as causing other problems for the user. One of the prob-
lems some workers have with respirators is occurrence of headaches.120 Th ese headaches are generally a 
result of the straps around the head (crown strap) being too tight.121 Th e pressure on the head is usually 
a result of an inadequate  t (face seal) and the user attempts to obtain a better seal through tightening 
up the crown straps. In some cases this will allow the formation of a seal, although, this process causes 
pressure on the super cial ner ves associated with the head resulting in a h eadache. Th ese are for the 
most part tension headaches and can be prevented by using a properly  tting respirator. In some cases, 
this improper  t is a result of the person using the wrong-sized respirator.

Respirator Program

It is commonly suggested and reported that respirators are not properly employed.122 One of the impor-
tant aspects of a respirator program is training users on these PPE. Much of the poor use of respirators 
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results f rom t hose employing t hese devices w ithout a ny t raining or i nstruction a nd a l ack of u nder-
standing of the importance of respirators by management. As with any activity in a health care setting, 
appropriate supervision and periodic refresher training on how to u se a re spirator is needed. During 
mold remediation aft er Hurricane Katrina, it was observed that only 24% of those donning respirators 
performed t his t ask properly.122 Th is emphasizes the importance of  t checks by t he user a long w ith 
proper inspections, maintenance, and cleaning.

As a gener al rule, OSHA requires that those using respirators, APR, be medically evaluated once a 
year and receive training on its use. It is also required that  t testing be conducted at least once a year 
and studies have reported that  t testing increases the eff ectiveness of respirator “use.”123 OSHA a lso 
requires that institutions have a w ritten respiratory program. Th is program will provide information 
on how the program will be conducted,  t testing, respirator selection, and other activities. It should 
be designed toward the requirements of the institution and have as necessary any speci c information 
related to activities performed. However, since HCW may encounter unknown agents, which are con-
sidered emerging, it will be diffi  cult to provide speci cs. Th e general OSHA requirements for respirators 
can be found in 29 CFR 1910.134. Th ere are other OSHA sections and requirements for other forms of 
PPE; although, these conditions are mostly related to the industrial environment. However, this infor-
mation can provide some guidance for those in the HCI. Th e Food and Drug Administration in 2007 
provided guidance on non-APR that are used by HCW (Federal Register 72:36360-3).

One of the most important aspects of a respirator program as well as that for PPE is training. Most 
HCW do not no rmally re ceive t raining related to P PE, i ncluding re spirators, a s pa rt of t heir formal 
education. Th is b ecame e vident during t he SA RS e vent w here a r ush for i nformation on re spirators 
occurred a nd i t w as su ggested t hat t he h igh r ate of d isease a mong HCW w as a re sult of i nadequate 
respirator use, some related to training. Some attributed this increased risk to HCW as a direct result 
of t heir l ack o f i nformation on properly u sing re spiratory de vices.124 M any HCW at t he t ime o f t he 
SARS event d id not h ave t raining on use a nd application of respirators. As a re sult of t his event a nd 
that associated with the potential of bioterrorism, which in part was triggered by the anthrax episode in 
the United States, use of PPE is now included as part of training for HCW in some locations. Training 
today oft en includes  t testing,  t checks, cleaning, and maintenance of respirators and selection. Yassi 
et al.88 suggested for long-term eff ectiveness of respirator use it is necessary to have frequent training. 
One of the eff ective ways that this can be accomplished is through peer-feed back along with periodic 
training. Most programs do not c onduct such activities and this may reduce the eff ectiveness of even 
the initial instruction.88 One of the reasons for lack of periodic training is the infrequency of outbreaks 
of emerging infectious diseases. However, inclusion of this information, in general, may make training 
more eff ective and provide a better understanding of its importance. Only providing respirator training 
will not make a program eff ective without a peer discussion of training. In many cases, the most highly 
trained persons in an organization are least trained on the basic practices related to preventative mea-
sures. Since disease does not select by categorization of occupation among HCW training and activities 
must include the entire gamet of personnel. In addition, peer comments and ideas can emerge from any 
person, regardless of their role and activity. Such activities can also emphasize some of the pit-falls that 
a program has and identify these de ciencies before an event.

For HCW, as well as others who use respirators, selection of an appropriate respirator is oft en a dif-
 cult and in some cases a t ime-consuming process. Table 4.8 provides some guidance on selecting the 
best respirator; a lthough, ot her factors a lso need to b e considered. One i mportant i ssue t hat i s com-
monly not discussed with HCW is the importance of the face seal ( t). Th is requires that the “face” be 
smooth a nd c lean s haven. Th e t able provides t he gener al pa rameters o f t hese re spirators a long w ith 
some advantages and disadvantages of each. When making any respirator selection there are a number 
of factors to consider. A list of some of these factors is provided in Table 4.6. Since HCW will be making 
a selection for an unknown disease there is an increased level of diffi  cultly in this process. Th is process is 
also complicated by the issue of the infrequency of respirator use. However, information related to selec-
tion of respirators in regard to TB can be used as a primary guide. However, it has to be remembered that 
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TABLE 4.8 Selection of a Respirator for an Emerging Infectious Disease with a Discussion of Criteria

Type of Respirator Criteria of Selection

Surgical 
mask/disposal 
paper mask

Th ese forms of devices are generally not classi ed as Disposal paper respirators and are 
identi ed here as masks. Studies have suggested that their PF is around 1.2 with some possibly 
a bit higher (1.4). Th e OSHA recommended PF for a half-mask is 10, thus, these have a value 
less than  ve times or more the next “level” of respirator. Th ese devices are not recommended 
as protection against an emerging infectious disease or other diseases/microbes (e.g., TB). 
Generally, there is no face seal with these respirators or masks and they cannot be  t tested nor 
can a respirator  t check be conducted. Th ere have been studies which recommended use of 
these devices and reported lower rates of infection. Th is is likely due to the existence of low 
concentrations of microbes in the environment (infectious disease organisms). It is likely that 
use of such devices will create a false sense of security for users. Th ese masks are commonly 
used due to low cost, simplicity in use and easy in availability.

N95 Th ese respirators are probably the most common ones used by HCW. Th ey have been designed 
for use with patients having TB. During the SARS event, there were reports that this respirator 
was not highly eff ective in preventing inhalation of the virus. Since these are half-masks, they 
do not provide protection to all the mucus membranes that may be exposed (e.g., conjunctiva). 
Th e respirator is also negative pressure. One advantage of these respirators is that they are low 
cost and disposable, but this can also be a disadvantage in that there may be a varying seal 
among the respirators. Seal has been suggested to be one of the limiting factors associated with 
these respirators with a suggested leakage of 10%. For many industrial compounds this may not 
be a major concern since most have a threshold dose. However, when dealing with infectious 
diseases, the threshold dose for infection may be small, such as one to two particles (infective 
units). Some studies have shown these this respirators is not applicable for procedures that 
involve aerosolization. Although very common in hospital settings, this respirator is not 
recommended for an emerging infectious disease, especially one that is diffi  cult to treat 
(e.g., MDT) and those with high fatality rates (Ebola). However, they do provide a higher level 
of protection when compared to surgical or paper masks.

N100 Th ese respirators have some of the same characteristics as N95s. Th ey do have a higher level of 
protection; although, they are not recommended by some for emerging infectious disease. Th is 
is based on the same concept provided for N95s.

Half-masks Half mask respirators can be  t tested and provide a designated PF. Th ese respirators are 
elastomeric in form (or a soft  rubber) and can easily mold to the face. However, they are negative 
pressure and are commonly called APR. Some studies have reported that the PF for these 
respirators are greater than 10, which is the set value by OSHA. Th e respirators can be used with 
HEPA and ULPA  lter and have been reported to be eff ective in providing protection against 
emerging infectious diseases, however, do not provide protection to all the mucus membranes 
(e.g., conjunctiva) as indicated for N95s. Based on the SARS event, when combined with other 
types of PPE (e.g.,) and effi  cient engineering controls can be eff ective in preventing disease in 
HCW. OSHA recommended that  t testing be conducted annually for users of these respirators 
and a  t check be conducted before each application. Th ese respirators are also some what low 
in cost and can be individually provided to workers. Th ey can also be eff ectively cleaned.

Full-face Th is type of respirator covers the entire face including the eyes. As with all APRs, they are 
negative pressure. Since they protect the eyes, they have been suggested to be the best 
protection for emerging infectious diseases. However, they suff er from the problem of being 
more diffi  cult in application and can “fog-up” during use, especially in warmer and humid 
environments. Use of this type of respirator can also increase fear and anxiety of patients. Some 
users may also have claustrophobic issues when using these respirators. Respirator cartridges 
are the same as that for half-masks, HEPA, and ULPA. A higher protection factor is aff orded to 
these respirators, according to OSHA, an assigned value of 50 is given. Disadvantages to these 
are cost and involve a higher degree of experience in use.

PAPR PAPR are positive pressure respirators. Th ey can use HEPA and ULPA for  ltration. Th ey  have 
a higher level of protection than APRs. Due to the positive pressure system, there is additional 
weight and they are bulky. Use time is limited by the battery and each respirator may require 
several batteries for a day’s operation. If aerolization procedures are being undertaken, they 
may be an appropriate selection for HCW, but suff er from the same issue associated with FFR 
in causing fear by the patient and possibly fogging up.
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TB is a bacterium and many of the emerging diseases will be viral. Th e size diff erence and diff erence of 
infective dose will be an important issue regarding selection and use of respirators. Since these factors 
will be unknown for a “new” organism, the importance of  t will be critical. However, the importance of 
 t and face seal must be considered and may be the most important factor in selection and use.93

Conclusion

Th e primary control mechanisms for preventing exposure are through engineering controls. However, 
in most health care settings such controls are not highly feasible and secondary forms have to be consid-
ered, which commonly include PPE. Use of controls as a routine practice appears to provide a reduction 
in the overall rate of infectious diseases in hospital settings. One of the issues with emerging infectious 
diseases is that there is little warning as to occurrence and oft en there is little known about the microbe. 
Th is has i ncreased rel iance on PPE, such a s re spirators, but t here appears to b e a c ontinuing lack of 
application in use, even aft er the SARS event. Most HCW have not received adequate training on use 
and maintenance of respirators, and this alone causes a reduction in the eff ectiveness that such devices 
provide. Since many of the emerging diseases are spread by an inhalation route, respiratory protection 
is paramount. A standardized training and practical program is needed to ensure the best protection, 
which includes related preventive measures associated with PPE. Th is includes  t checks, testing, main-
tenance, handing PPE that is contaminated, and disinfection practices. Overall, these activities are basic 
in nature, but commonly ignored or overlooked. Routine implementation of such programs will prepare 
an institution for the next pandemic or epidemic event as well as the current myriad of microbes.

A su mmary of c haracteristics of re spirators a re s hown i n Table 4 .8. Th is provides a b rief s election 
guide for the diff erent types of “respiratory” devices that are available. Surgical masks and paper masks 
are presented in this table, although, most do not consider these devices to be actual respirators. As with 
all practices, it must be noted that this is only one form of protection and other routes of exposure occur 
(e.g., fomites). So any program must consider the range of exposure scenarios and not ge t lost in only 
implementing respiratory controls, even though, most consider this route to be paramount.
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including t he u se o f e thylene o xide a nd g lutaraldehyde, a re not w ithout s afety a nd en vironmental 
impacts. Factoring in expensive and oft en i ncompatible i nstruments, t he need for qu ick t urnaround 
times and regulatory compliance, there is no simple solution to sterilization and high-level disinfection. 
How can we balance infection control requirements with a healing environment?

According to t he C enters f or D isease C ontrol a nd P revention (CDC), h ealth c are-acquired no so-
comial i nfections account for 99,000 a nnual deaths.1 W hile s terilization i s done i n a f acility’s Ster ile 
Processing D epartment, h igh-level d isinfection c an o ccur i n m any p laces t hroughout a f acility. Th e 
following i s a n o verview o f t he a vailable s terilization a nd h igh-level d isinfection te chnologies, t heir 
advantages and disadvantages, health and safety hazards, and control recommendations.

Items that enter the sterile cavity of the body require destruction of all microorganisms, including bacterial 
spores. Th e process by which this is accomplished is sterilization. Th e Spaulding scheme (Figure 5.1) classi es 
the level of disinfection or sterilization needed for the type of medical device used in particular procedures.

Sterilization

Ethylene Oxide

FIGURE 5.1 Classi cation of devices, processes, and germicidal products. (From Rutala, W.A., AJIC, 24(4), 315, 
August 1996.)

Device Classi cation Devices (Examples)
Spaulding Process 

Classi cation EPA Process Classi cation
Critical (enter sterile tissue 

or vascular system)
Implants, scalpels, needles, 

other surgical instruments, 
etc.

Sterilization: sporicidal 
chemical; prolonged 
contact

Sterilant/disinfectant

Semicritical (touches 
mucus membranes 
[except dental])

Flexible endoscopes, 
laryngoscopes, 
endotracheal tubes, and 
other similar instruments

High-level disinfection: 
sporicidal chemical; short 
contact

Sterilant/disinfectant

Th er mometers, 
hydrotherapy tanks

Intermediate-level 
disinfection

Hospital disinfectant with 
label claim for tuberculocidal 
activity

Noncritical (touches intact 
skin)

Stethoscopes, tabletops, 
bedpans, etc.

Low-level disinfection Hospital disinfectant without 
label claim for tuberculocidal 
activity
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Steam s terilization i s t he gold s tandard. H owever, s ome me dical de vices, suc h a s f lexible en do-
scopes, cannot withstand the high temperature and pressure of steam autoclaves. For these devices, 
low-temperature ethylene oxide (EtO) gas sterilization has been the technology of choice for more 
than 30 years. Unfortu nately, EtO is a k nown reproductive toxin, a su spected human carcinogen 
and a flammable gas. It will also cause frostbite on contact with bare skin and cause severe corneal 
burns.

EtO is highly regulated. It is one of the few chemicals for which the Occupational Safety and Health 
Administration (OSHA) h as e stablished a v ertical s tandard, c overing e verything f rom o ccupational 
exposure a ssessments to w ork p ractices a nd e quipment c ontrols (29 C FR 1 910.1047). E xposures a re 
regulated to no more than an average of one part EtO to a million parts air (ppm) over an 8 h period (or 
time-weighted average, TWA). To control peak exposures, OSHA restricts exposures to no mo re than 
5 ppm for any 15 min period. Th is is known as the short-term exposure limit (STEL).

EtO sterilizers must be housed in an equipment room provided with dedicated exhaust and the room 
must remain under negative pressure relative to adjacent spaces. Local exhaust ventilation is required 
above the sterilizer door and above  oor drains and emergency relief valves. Special ventilated cabinets 
are required to house the compressed gas cylinders for sterilizers that use mixtures of EtO with hydro 
chloro uorocarbon propellant. For sterilizers that use 100% EtO liquid in small canisters, the canisters 
must be kept in ventilated  ammable storage cabinets.

To warn the staff  of an emergency release, it is necessary to continuously monitor the work environment, 
the s torage c abinet(s), a nd t he s terilizer e quipment ro om. E mergency re sponse p rocedures m ust b e 
developed a nd d rilled for s taff  to f ollow i n t he e vent of a n a larm. Re sponses to Et O rele ases require 
self-contained breathing apparatus (SCBA) due to t he unknown concentration of the gas in air and 
due to the potential for an emergency release to result in atmospheres that are immediately dangerous 
to life and health. A c ombination of emergency eyewash and deluge shower is required to supply  rst 
aid measures.

Th e popularity of EtO has taken a p lunge because of cost, r isk, a nd hazards. Many facilities use 
multiple systems w ithin one setting, striving to me et needs while reducing toxicity. Some facilities 

contract with third-party EtO sterilization services 
to s terilize h eat- a nd mo isture-sensitive i nstru-
ments. Th is s ervice c an off er adv antages ( consoli-
dation o f a to xic m aterial i nto o ne w ell-controlled 
environment; p otentially re duced l iability) b ut at  
a p remium p rice. C onsequently, s ome h ealth c are 
organizations either eliminate EtO sterilization (by 
looking into  nding disposable a lternatives and/or 
alternatives that can be reprocessed by other means) 
or c onsolidate Et O s terilization w ithin re gions, s o 
that t he f ew c enters re taining Et O s terilizers u se 
them at full capacity.

A few endoscope manufacturers are now develop-
ing or producing scopes that can be steam sterilized 
in response to t hese concerns. Exposure monitoring 
results t ypically do not de tect a ny Et O, e ven w hen 
changing compressed gas cylinders, if engineering 
controls are well designed.3 Nevertheless, because of 
the high construction and monitoring costs, as well 
as the relatively long turnaround time (20–24 h), and 
because of the problems outlined above, other a lter-
natives have been sought.
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Alternatives to Ethylene Oxide

Peracetic Acid

Th e  rst a lternative to Et O was a j ust-in-time s terilizer developed speci cally to qu ickly t urnaround 
 exible a nd r igid endoscopes. Th e Ster is System 1 ( now called t he P6000) was approved by t he Food 
and Drug Administration (FDA) in 1999. It uses 35% peroxyacetic (or peracetic) acid in combination 
with 40% acetic acid, 6.5% hydrogen peroxide, and 1% sulfuric acid. Th ir ty- ve percent peracetic acid 
is classi ed as a h ighly toxic material, and the S-20 Sterilant as a whole is classi ed as a Class II or III 
organic peroxide (by de nition, <43% peroxyacetic acid), a Class 2 unstable (reactive) material (due to 
its hydrogen peroxide component), and a Class II combustible material ( ash point = 115°F, above 100°F 
but below 140°F).

Precautions are necessary for working with this material. Th e packaging of its single use canisters is 
designed to “ burp off ” small amounts of chemical vapors, so canisters should be stored in well-venti-
lated areas. As many as six cases can be kept on open shelves in the same  re-rated areas if the area is 
sprink lered, but the room must not allow air to return to other occupied areas of the building. Reports of 
employees who have been burned when sprayed by incorrectly loaded reprocessors and by reprocessors 
opened while in cycle indicate that emergency eyewash facilities need to be available in the imme diate 
work area.

While not a s t ightly regulated by OSHA as EtO, hydrogen peroxide, acetic ac id, a nd su lfuric ac id 
all h ave o ccupational e xposure l imits. Hydrogen p eroxide h as a p ermissible e xposure l imit (PEL) of 
1 ppm as an 8 h TWA, but because the odor threshold is so high it has very poor warning properties. 
Fortunately ac etic ac id h as e xcellent w arning properties a s i ts o dor c an b e re adily de tected at le vels 
that are well below those that cause harm. Because the sterilant mixture is irritating, staff  who have a 
previous s ensitivity to o ther respiratory i rritants, l ike g lutaraldehyde or formaldehyde, may not  nd 
relief from irritation when working with Steris S-20 Sterilant. Exposure monitoring during high volume 
processing using half a dozen processors at once detected acetic acid and hydrogen peroxide in the air 
but not at levels even approaching 10% of the OSHA limits.4

Th ere is no e stablished regulatory exposure l imit or validated air monitoring method for peracetic 
acid, m aking i t i mpossible to qu antify w orkplace e xposures. Additionally, l ittle toxicological d ata i s 
available on peracetic acid’s eff ects on humans. B ecause of t his, i t i s b est to b e prudent a nd to t reat 
peracetic acid with the same care that you would other hazardous processes, such as by installing local 
exhaust ventilation over the processors and isolating processors f rom pat ient care areas. Rooms con-
taining processors should be negative pressure, with nonrecirculating exhausts, and have at least 10 air 
changes per hour.

Once the sterilant is loaded into the processors and a cycle is started, it is immediately diluted with 
10 L of water, which brings the working concentration of peracetic acid down to 0.2%. Th e se solutions 
are nonhazardous and can be disposed of to d rain without neutralization. Consequently, spill proce-
dures need only follow general spill clean up g uidelines. Partially dissolved canisters of sterilant may, 
however, be at a hazardous concentration which could harm employees or the environment if unexpect-
edly released so should be left  in the sterilizer to run through another cycle to dilute it to safe levels.

It is worthwhile to note that because the process is wet, if the instrument tray is not covered and the 
instrument is not used within 2 h of reprocessing it is no longer considered a sterile instrument. For this 
reason, this reprocessor has been termed a “ just-in-time” sterilization process. Indeed, many bacteria 
double t heir population in a w et environment within 20 min, so it is adv isable to u se t he instrument 
immediately or dry it thoroughly using an a lcohol purge followed by forced air drying. Once a lcohol 
has been introduced to the instrument, however, it is no longer considered a sterile instrument, but only 
a high-level disinfected instrument.

In addition, the corrosivity of the sterilant appears to shorten the useful life of some  exible endoscopes, 
fogging lenses, and delaminating the glues that hold the plastic sheaths together, leading to  uid invasion 
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and costly repairs. At least one gastroenterology endoscope manufacturer has published a letter of incom-
patibility with the Steris P6000 processor. Use of the processor will void its equipment warranties.

Hydrogen Peroxide Plasma Gas

Th e next alternative to Et O that was developed is a hydrogen peroxide plasma gas sterilizer that utili-
zes concentrated (50%) hydrogen peroxide in double-sealed ampoules arrayed in a c assette about the 
size of an ice cube tray. Th e liquid hydrogen peroxide is vaporized by radio frequency radiation into a 
highly reactive plasma gas inside the sealed evacuated chamber. Although hydrogen peroxide is a strong 
oxidizer and can cause burns on contact, this is not a problem because the ampoules in the multidose 
cassette are not p ierced until the sterilizer is under vacuum. It is impossible for an employee to op en 
the sterilizer during a cycle, so there is no chance of worker exposure to the hydrogen peroxide liquid 
or the plasma gas. Th e sterilizer requires no special ventilation or utilities to operate, and water vapor is 
its only waste product.

Th e single biggest drawback to this technology in regard to  exible endoscopes is that it is limited 
to processing only single channel  exible endoscopes w ith Te on or polyethylene lumens of 850 mm 
length or le ss. Th erefore it c annot re process m ultichannel e ndoscopes or t he lon ger s copes u sed i n 
gastro enterology. It can, however, process a variety of other heat- and moisture-sensitive instruments, 
including esophageal dilators, ophthalmic lenses, ultrasound probes and video cameras, and couplers, 
surgical power equipment, and their batteries.

Ozone

Th e newest technology to off er a n alternative to Et O 
is ozone. TSO3 received FDA approval to market the 
125L O zone Ster ilizer i n 2 007. Th e ster ilizer g ener-
ates ozone from on-site oxygen, water, and electricity. 
Ozone is an oxidative gas the odor of which is readily 
detected at le vels far below t hose t hat cause adverse 
human health eff ects. Ozone is also a respiratory sys-
tem irritant a nd a p riority pollutant contributing to 
the formation of smog. It is therefore a public health 
concern. A ll t he oz one i n t he s terilizer i s t heoreti-
cally converted to w ater vapor, requiring no s pecial 
ventilation or utilities, although it would be prudent 
to place the sterilizer in an area of negative pressure 
nonrecirculating e xhaust. Re al-time a ir mo nitoring 
for oz one d uring a n ac tual s terilizer c ycle re vealed 
very lo w le vels p resent at t he d ischarge o utlet d ur-
ing t he d ischarge ph ase.5 O ther c oncerns a bout t he 
proper storage and monitoring of compressed oxygen 
cylinders m ay b e rele vant, de pending on lo cal c ode 
requirements.

Th is l ow-temperature ster ilization p rocess t akes 
4.5 h, a period comparable with steam sterilization, but is able to process many heat-labile materials (except 
for latex, Kraton®, and ether-based polyurethane; textile fabrics, copper and its alloys, zinc, or nickel are 
not recommended). Th e ozone system can process some lumened devices, such as arthroscopes, laryngo-
scopes, laparoscopes, resectoscopes, hysteroscopes, and bronchoscopes, as well as all types of urological 
scopes. It can also process ophthalmic lenses, cables and cords, power batteries, and Doppler probes. It 
cannot process  exible endoscopes, not only because these have very long, small lumens, but also because 
the ozone interacts with the plastics, making it tacky and vulnerable to delamination.
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High-Level Disinfection

Many me dical de vices do not en ter 
sterile t issues o r v ascular s ystems, 
including a v ariety o f  exible endo-
scopes that are used in gastroenterol-
ogy, h ead a nd n eck s urgery, u rology, 
gynecology a nd a nesthesiology, a nd 
the ultrasound probes used in car-
diology, r adiology, an d o bstetrics. 
According to t he Spa ulding s cheme 
(see F igure 5. 1), t hese c an b e h igh-
level d isinfected; t hey a re de  ned as 
semicritical de vices ( they m ake c on-
tact with but do not penetrate mucous 
membranes a nd do not p enetrate 
normally s terile a reas o f t he b ody). 
Because of high medical device prices and the need for quick turnaround, high-level disinfection is oft en 
performed in the immediate treatment area instead of in the central Sterile Processing Department.

Glutaraldehyde

Glutaraldehyde has been the primary high-level disinfectant for the last 30 years, replacing formalde-
hyde as a disinfectant because of that chemical’s carcinogenicity. While not a carcinogen or reproduc-
tive toxin, glutaraldehyde is an irritant, can induce asthma and respiratory sensitization, and can cause 
dermatitis. Workers complain of shortness of breath, irritation of mucous membranes, and skin rashes. 
Morale can be lowered when aerosolized vapors i rritate staff ers a nd t heir complaints go u nresolved. 
Some nurses who share an acquired sensitivity to chemicals and fragrances attribute this sensitivity to 
workplace exposure to glutaraldehyde.

Federal OSHA no longer regulates exposure to glutaraldehyde, but many state programs have estab-
lished ceiling limits to protect against the acute eff ects and respiratory sensitization potential. Notably, 
California recently lowered their ceiling limit to 0.05 ppm, a level that will take eff ect in July 2008.
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Exposures can be dramatically reduced and symptoms virtually eliminated through the use of local 
exhaust ventilation and proper protective equipment, including goggles, face shields, aprons, and Nitrile 
or rubber gloves. While most latex surgical gloves provide adequate protection during prolonged con-
tact from dermal exposure to glutaraldehyde, it is recommended that they not be used due to the risk of 
developing latex allergies. Surgical masks provide poor protection from disinfectant vapors and should 
also not b e used. If respiratory protection is needed, selection of an appropriate respiratory should be 
based on the anticipated exposure levels.

Spills of glutaraldehyde are trickier to handle because of the moderate volatility of the chemical. 
Levels in an enclosed, poorly ventilated room can quickly exceed the ceiling limit, making it imperative 
that spills are quickly neutralized with sodium bicarbonate or glycine. If spills of even modest amounts 
(a cup or so) are not quickly addressed, an emergency response situation quickly develops.

Unfortunately, glutaraldehyde cannot be reliably monitored with real-time continuous meters. Th e 
structure of glutaraldehyde does not lend itself to monitoring by the traditional types of electrochemical 
sensors, infrared analyzers, or photoionization potential meters. Th e d irect-reading instruments t hat 
are in the marketplace will react to glutaraldehyde but they lack a valid calibration standard and suff er 
interference from other chemicals, such as alcohol, which is likely to b e present in the work area. Th e 
only validated monitoring method available is short-term integrated sampling, which requires labora-
tory analysis and therefore is of limited value in assessing peak concentrations, like which occur during 
spill situations. Analytical detection limits are getting lower and lower, allowing the industrial hygienist 
to take samples as short as 1–3 min and still achieve a satisfactory level of con dence in the result. Th is  
works well for characterizing short-duration tasks, such as activating and replenishing spent disinfec-
tant, but does not truly estimate ceiling exposures.

Because of t he eye i rritation a nd skin sensitization potential, eyewashes should be provided i n a ll 
areas where glutaraldehyde is used. In addition, if staff  are required to mix and/or pour glutaraldehyde 
from containers of a gallon or more, an emergency deluge shower should be available in the work area 
to provide  rst aid in case of body splashes.

It should also be noted that some formulations of glutaraldehyde disinfectant at full strength may be 
considered a hazardous waste in some states, such as California. Testing end-of-use solutions for aquatic 
toxicity may be needed to ensure compliance with state regulations. Local Publicly Owned Treatment 
Works (POTW) may have even more stringent restrictions on aldehyde drain disposal. In general, neu-
tralization of e xpired s olutions w ith g lycine w ill re duce f ree a ldehydes to ac ceptable le vels a nd suc h 
treatment may require approval by your local POTW or county hazardous waste permitting agency.

Alternatives to Glutaraldehyde

ortho-Phthalaldehyde

Not surprisingly, alternatives to g lutaraldehyde have been sought to reduce human toxicity, while main-
taining the biocidal activity of the disinfectant. In 1999, the FDA approved a 0.55% ortho-phthalaldehyde 
(OPA) disinfectant, and in 2007 approved a 0.6% OPA solution. Th ese products achieve high-level disinfec-
tion in 12 min, versus glutaraldehyde’s 45 min. In a heat-controlled automatic endoscope reprocessor, OPA 
is eff ective in 5 min, versus 20 min for 14 day glutaraldehyde. OPA is less irritating to t he mucous mem-
branes of staff  and does not vaporize readily, although little human toxicological research is available.

Th e National Toxicology P rogram a nd Th e National I nstitute for O ccupational S afety a nd Health 
(NIOSH) w ill be e valuating t he chronic a nd ac ute health eff ects of OPA i n t heir upcoming research 
agendas. To summarize what is known so far: In 2004, a llergy l iterature reports of a llergic reactions, 
in b ladder c ancer patients u ndergoing multiple c ystoscopies u sing c ystoscopes t hat had  been  repro-
cessed i n OPA, prompted Johnson & J ohnson to mo dify i ts 510(k) l abel a nd contraindicate OPA for 
reprocessing all urological instruments used to t reat patients for bladder cancer. In addition, the label 
states that in rare instances health care workers (HCWs) have experienced irritation or possible allergic 
reaction that may be associated with exposure to Cide x OPA. According to t he manufacturer, “ in the 
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majority of these instances, health care workers were not using it in a well-ventilated room or not wear-
ing proper personal protective equipment.” 6 Concentrated OPA is corrosive and while these eff ects were 
not demonstrated in the proprietary testing that Johnson & Johnson conducted for their FDA approval, 
it appears l ikely that the diluted product would be an eye and respiratory tract irritant or sensitizer.7 
Clinical reports in t he l iterature, in add ition to t he c ystoscopy reactions noted above, detail cases of 
asthma in a pat ient receiving repeat laryngoscopies, nurses disinfecting endoscopes with OPA in the 
absence of any glutaraldehyde exposure, and a nurse who switched from glutaraldehyde to OPA.8 Th is  
last nurse a lso developed dermatitis on her lower legs. No further symptoms of asthma or dermatitis 
occurred once she was removed from the OPA workplace.

While NIOSH is investigating, and will hopefully publish validated monitoring methods and rec-
ommended exposure limits in 2009 or 2010, there is currently no way to assess occupational exposure 
to OPA.

Additionally, OPA is 3500 t imes more toxic to aqu atic l ife than glutaraldehyde, requiring neutrali-
zation with glycine before drain disposal. As noted previously, state and county regulations for proper 
sewer disposal of high-level disinfectants will vary. Some counties may prohibit or limit the quantities 
of aldehydes disposed to their systems, regardless of free aldehyde concentration or acute aquatic toxicity 
test results.

Th e precautionary principle should be applied when dealing w ith OPA due to t he lack of acute or 
chronic human health data available for this product. It is prudent to use the same engineering, admini-
strative, and personal protective controls for OPA as for glutaraldehyde and to consolidate and isolate 
reprocessing rooms to a reas of the building that have adequate general dilution ventilation (10–12 air 
changes per hour), t hat do not re circulate exhaust a ir to ot her a reas of t he building, t hat maintain a 
negative pressure relationship to adjacent spaces, and that are equipped with local exhaust ventilation 
or ductless fume hoods over soaking trays, tubes, and/or washers.

Spills of OPA should be neutralized with glycine before clean up (25 g of pure glycine, or approxi-
mately two level tablespoons, or one ounce, per gallon of solution). Because of OPA’s superior biocidal 
activity, total a ldehyde neutralization may take much longer than for typical glutaraldehyde disinfec-
tants: 1 h versus 5 min at ro om temperature. S ome c ommercial neut ralization products u se d iff erent 
amounts of glycine to achieve neutralization in shorter time frames. It is important to follow manufac-
turer recommendations for quantities and times. Given the unknown concentrations of OPA during a 
spill scenario and what little we know about the acute eff ects of OPA exposure, a similar spill clean up 
scenario should be used as for glutaraldehyde: Neutralize the spill within 1–5 min or call in the emer-
gency response team.

Pouring of dilute OPA disinfectants from one ga llon containers indicates the need for an emergency 
eyewash and shower, since OPA appears to be an even more potent skin sensitizer than glutaraldehyde is.

Concentrated OPA

In mid-2007, Advanced Sterilization Products (ASP) launched a f ully automated washer and disinfec-
tor, a p romising technology which purportedly el iminates the need for manually brushing the endo-
scope channels before reprocessing. Th e washer/disinfector uses a 5% concentrated OPA solution that 
is automatically d iluted f rom a s ealed bottle a nd neut ralized before d isposal to d rain. Si nce t he d is-
infectant is not reused, there is no need to manually test the solution’s microbial eff ectiveness with a test 
strip. Th e unit is able to monitor how much  uid is  owing through each channel during the processor 
cycles and provides a printed record of all cycle parameters at the end. Th e unit is also equipped with an 
alcohol and compressed air cycle to facilitate drying.

Th is technology promises to relieve staff  of the repetitive tasks of manually brushing channels and 
leak-testing endoscopes. While the promised bene ts are certainly impressive, ASP is still in the pro-
cess of answering concerns about the handling of alcohol waste, whether  ammable atmospheres are 
created in the a lcohol purge phase and whether processor lid gasketing eliminates the need for local 
exhaust v entilation. A ny e xcess c oncentrated O PA le ft  o ver f rom t he ster ilant su pply i s co nsidered 
hazardous waste.
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But again, the precautionary principle advises that solutions that are 10 times more concentrated than 
those in common use today require even more prudence when working around them, especially in spill 
situations. Emergency eyewash and shower stations should be required in all use areas.

Diluted Peracetic Acid

Steris a lso began marketing a ne w high-level disinfector in 2007, one that generates a d ilute peracetic 
acid solution from a measured amount of bulk dry chemical mixed with water inside the processor and 
circulated throughout the processor and device lumens under pressure. Th e processor washing phase 
does not re place manual precleaning using a b rush. Th e d isinfector el iminates personal contact with 
chemical c omponents b y u sing a s ealed ba g f or b oth t he en zymatic de tergent a nd d isinfectant. Th e 
chemicals a re not reu sed, so t here i s no ne ed to m anually te st t he solution’s eff ectiveness. Th e  waste 
from each cycle is purportedly nonhazardous, although independent laboratory tests of the waste effl  u-
ent have not yet been veri ed. In addition, it is not possible to open the disinfector during a cycle, which 
eliminates skin exposure.

Although the actual ingredients and their concentrations are proprietary, from what has been pub-
lished in the manufacturer’s Material Safety Data Sheet it appears that spills could be handled similarly 
to the S-20 Sterilant used in the Steris P6000 once diluted; that is, only general spill clean up materials 
and precautions are needed. Because t he components are completely sealed f rom operators no emer -
gency  rst aid equipment is necessary.

Other

One mo re te chnology b ears men tion. Ster ilox  rst r eceived pe rmission t o ma rket t heir e lectrolyzed 
saline generator in 2002; they reapplied in 2007 at a s lightly diff erent concentration and temperature 
range. While a promising technology because only saline, water, and electricity are needed to generate 
the single-use d isinfectant, Ster ilox is only currently available in t he United Kingdom and European 
Union. Potential concerns with the technology are its large footprint and energy- and water-intensive 
resource u se, a nd t he f act t hat one  exible endoscope m anufacturer w ill not honor w arranties f rom 
scopes reprocessed in Sterilox.

Other l iquid c hemical d isinfectants, u sing c ombinations o f hydrogen p eroxide a nd p eracetic ac id 
are a lso available in t he marketplace. In general, t hese solutions a llow lower temperatures to ac hieve 
high-level d isinfection but have t he d isadvantage of t he materials compatibility problems noted w ith 
the Steris P6000 processor. Th erefore, these solutions do not have the market share that the other liquid 
chemical disinfectants listed above do and will not be discussed further.

Enzymatic Detergents

Of increasing interest and concern is the risk of health eff ects associated with exposure to pro teolytic 
enzymes, (subtilisins) found i n t he majority of en zymatic de tergents u sed to p recleaning endoscopes. 
Th ese products are recognized respiratory sensitizers. While historical health eff ects have been limited to 
the detergent manufacturing industry and associated with  ne dry powders, there may be the potential 
for individuals to develop similar health eff ects, such as occupational asthma (as found with glutaralde-
hyde and OPA). Federal OSHA has established a regulatory limit of 0.0006 mg/m3, a level approximately 
100 times lower than for glutaraldehyde solutions. It is noteworthy that this concentration may be found 
in one droplet nuclei of aerosolized enzymatic detergent, so care must be taken to minimize splashing 
during pouring of concentrated detergents or when pushing detergents through lumens of endoscopes.

Compatibility

Regardless of what technology is in use, material compatibility is a must. Th e following reprocessing 
algorithm (Figure 5. 2) i s helpful i n identifying t he s terilization a nd d isinfection opt ions for v arious 
pieces of equipment. Manufacturers stipulate the sterilization processes approved for each device. It is 
imperative to consider reprocessing requirements and compatibility when purchasing new equipment.
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Design for Health

Given all of the factors considered above, how do we design workplaces to facilitate safe and environ-
mentally healthy sterilization and high-level disinfection? Th e Joint Commission (JC) and federal and 
state OSHA programs require measurement of and set l imits on levels of chemical vapors a llowed in 
the air. Th e JC mandates plans and training for chemical spill response, and encourages standardized 
operations f or h igh-level d isinfection a nd s terilization p ractices. I ndustrial h ygienists a nd i nfection 
control practitioners should be at the table for design and system development of all areas performing 
high-level disinfection and sterilization. Of equal importance, though, is reducing the number of areas 
where liquid or cold disinfectants and sterilants are used.

Separation of Clean and Dirty

CDC’s Healthcare Infection Control Practices Advisory Committee (HICPAC) published the Guidelines 
for Environmental Infection Control in Healthcare Facilities in 2001.10 It is a comprehensive summary of 
recommendations for t he prevention a nd control of infectious d iseases l inked to h ealth care environ-
ments. While it does not speci cally call for physically separate clean and dirty utility rooms, it stresses 
the principle of segregating contaminated and clean equipment and supplies. In addition, the Association 
for Professionals in Infection Control and Epidemiology, Inc. (APIC) has guidelines for infection preven-
tion and control in  exible endoscopy areas.11 Th ese guidelines recommend that besides separate hand 
washing a nd ut ility si nk f acilities, w ork ow should be designed to avoid the comming ling of conta-
minated with clean equipment, and should promote good infection-control practices (Figure 5.3).

Train for Safety

Th e OSHA’s Hazard Communication Standard requires documented staff  t raining f or t hose w ork-
ing with any chemical. Th e standard requires knowledge of the hazards associated with the chemical, 
proper use, methods of exposure, appropriate personal protective equipment, spill response, and access 
to material safety data sheets. Th e training should be given whenever anyone is introduced to the mate-
rial, when a nd i f t here i s a c hange of work practices, a nd a nnually. For departments t hat s terilize or 
high-level disinfect surgical instruments and medical devices, training should be speci c to the hazards 
encountered with the chemicals in use. In addition, the Association for the Advancement of Medical 
Instrumentation (AAMI) re quires a nnual a ssessments of s taff  co mpetency to en sure st aff  fol low a ll 
steps properly in the cleaning and disinfection of  exible endoscopes.

Reusable?

Discard 
after initial 

use

Thoroughly
cleaned?

Heat
sensitive?

Pressurized steam or
dry heat sterilization

Low temp. 
gas, plasma, 

or vapor 
sterilization

Long, thin
lumens?

Just-in-time liquid sterilant 
or cold liquid sterilant

NoNoNoNo

Yes Yes

Yes

Yes Yes

FIGURE 5.2 Reprocessing algorithm. (Reprinted from Muscarella, L.F., Gastrointest. Endosc. Clin. North Am ., 
10(2), 245, April 2000. With permission.)
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Oversight

Control of h igh-level d isinfection a nd s terilization can be established t hrough oversight by a Pat ient 
Safety or Environment of Care Hazardous Material and Waste Management Committee, as required by 
JC. Policies should be clearly and eff ectively posted. Worker training, validation of work process com-
petency appropriate protective equipment, s tandardization a nd ongoing documented monitoring a re 
integral to safety, compliance, quality control, and staff  and environmental safety.

Continuous Quality Improvement

Taking a closer look at current practices provides an opportunity to standardize practices, and to improve 
safety protocols and the quality of the cleaning process. Safe and eff ective sterilization and high-level dis-
infection require oversight, but with controls in place, these practices can balance safety and healing.

Glossary12

Critical: Th e category of medical devices or instruments that are introduced directly into the human 
body, either into or in contact with the bloodstream or normally sterile areas of the body (e.g., surgical 
scalpel). Th ese items are so called because of t he substantial r isk of acquiring infection i f t he item is 
contaminated with microorganisms at the time of use.

Decontamination: A process or treatment that renders a medical device, instrument, or environmental 
surface safe to handle. According to OSHA, “the use of physical or chemical means to remove, inactivate, 

FIGURE 5.3 Typical endoscopy suite. Aft er completion of the procedure the outside of the scope is wiped clean 
and  ushed while still attached to the video tower (1). Th e scope is removed from the tower and transported to the 
scope wash room (2), where it is leak tested and manually cleaned with enzymatic cleaner and a brush, then rinsed 
and the outside dried. Th e cleaned and dried scope is placed in the automated endoscope reprocessor (3). At t he 
completion of the cycle the scope is  ushed with alcohol and dried with compressed air, then removed and stored 
(4) in a separate location. If functional spaces are not directly adjacent, then covered trays or carts should be used 
to transport scopes between functional rooms.

Procedure
room

Toilet

Dressing
room

Scope
wash

Scope
storage
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3.
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or destroy bloodborne pathogens on a surface or item to the point where they are no longer capable of 
transmitting infectious particles and the surface or item is rendered safe for handling, use, or disposal” 
[29 CFR 1910.1030].
Disinfectant: A c hemical agent used on inanimate objects (i.e., nonliving) (e.g.,  oors, walls, sinks) to 
destroy v irtually a ll re cognized pat hogenic m icroorganisms, but not ne cessarily a ll m icrobial forms 
(e.g., bacterial endospores). Th e EPA groups disinfectants on whether the product label claims “limited,” 
“general” or “hospital” disinfectant.
Disinfection: Th e destruction of pathogenic and other kinds of microorganisms by physical or chemical 
means. Disinfection is less lethal than sterilization, because it destroys most recognized pathogenic 
microorganisms, but not necessarily all microbial forms, such as bacterial spores. Disinfection does not 
ensure the margin of safety associated with sterilization processes.
Noncritical: Th e category of medical items or surfaces that carry the least risk of disease transmission. 
Th is category has been expanded to include not only noncritical medical devices but also environmental 
surfaces. Noncritical medical devices touch only unbroken (nonintact) skin (e.g., blood pressure cuff ). 
Noncritical environmental su rfaces c an b e f urther d ivided i nto c linical c ontact su rfaces (e.g., l ight 
handle) and housekeeping surfaces (e.g.,  oors, countertops).
Semicritical: Th e category of medical devices or instruments (e.g., mouth mirror) that come into contact 
with mucous membranes and do not ordinarily penetrate body surfaces.
Sterilant: A l iquid c hemical ger micide t hat de stroys a ll forms of m icrobiological l ife, i ncluding h igh 
numbers of resistant bacterial spores.
Sterile/sterility: State of being free f rom a ll l iving microorganisms. In practice, usually described as a 
probability function, (e.g., the probability of a surviving microorganism being 1 in 1,000,000).
Sterilization: Th e use of a physical or chemical procedure to destroy all microorganisms including large 
numbers of resistant bacterial spores.
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Protecting Personnel: Integrated Model and Elements 
of an Health Care Facility Infection Prevention and 
Control (IPC) and Employee Health Services (EHS) Program

Russell N. Olmsted and Pier-George Zanoni

Introduction and Background

Contemporary infection prevention and control (IPC) programs have three overriding goals:1,2

Protect the patient.• 
Protect the HCW, visitors, and others in the health care environment.• 
Accomplish the previous two goals in a cost-eff ective manner, whenever possible.• 

Th e  rst goal is the one shared with all direct care and support services (e.g., respiratory care, imaging, 
nutrition, environmental services, etc.) personnel and encompasses a driving desire to deliver care to 
those in need at the highest level of quality and as safe as possible. Th e second goal is one that infection 
control professionals (ICPs) collaboratively share with professionals in  elds of employee/occupational 
health, facility safety, performance i mprovement, i ndustrial hygiene, human resources, a nd organi-
zational l eadership.3,4 L ast, t he i ntensity o f re sources de dicated to h ealth c are i n t he United St ates 
currently requires consideration and analysis of cost eff ectiveness of interventions and work practices 
however not at the expense of safety. Th ese goals are applied across the range of care settings.

Emergence of Patient Safety

Th e focus on patient safety has emerged as a signi cant focus of health care delivery.5 Th is phrase may 
suggest t hat i t p recludes o r d iminishes at tention o n s afety o f h ealth c are p ersonnel (H CP) h owever 
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the opposite is t rue. Th ere is clear evidence that HCP who perceive their work environment as safe 
will provide a higher level of quality and safety of care to the patient.6,7 Establishing, maintaining, and 
enhancing a culture of safety in an organization not only bene t the patient, but also personnel including 
mitigation of occupational exposure to infectious agents.8–10 Moreover, one major bene t of the emer-
gence of patient safety is that the goals for the IPC program outlined above have been extended beyond 
protection toward systematic improvements in care that continuously strive for a safer environment in 
the health care facility for all occupants.

Strategies for Creating a Culture of Safety

To create a culture of safety, organizations must address those factors known to in uence employees’ 
attitudes and behavior. Organizations must also direct measures to reduce hazards in the environment. 
Although many factors in uence a culture of safety, the items listed below are key components of a safe 
environment and culture. Th ese components are adapted from the CDC sharps injury workbook.11

Ensure organizational commitment. Organizations can use three important strategies to communicate 
their involvement in and commitment to safety:

Include s afety-related s tatements ( e.g., z ero toler ance f or u nsafe c onditions a nd p ractices i n t he • 
health care environment) in statements of the organization’s mission, vision, values, goals, and 
objectives.
Give high priority and visibility to safety committees, teams, and work groups (e.g., occupational • 
health, infection control, quality assurance, pharmacy, and therapeutics), and ensure direct man-
agement involvement in the evaluation of committee processes and impact.
Require action plans for safety in ongoing planning processes. (e.g., an action plan for improving • 
the culture of safety for sharps injury prevention could be one element in an overall safety culture 
initiative).

Organizational leadership can also communicate a commitment to safety indirectly by modeling safe 
attitudes and practices. Health care professionals in positions of leadership send important messages to 
subordinates when they

Handle sharp devices with care during procedures.• 
Take steps to protect coworkers from injury.• 
Properly dispose of sharps aft er use.• 

Similarly, sup ervisors s hould add ress s harps h azards i n a no npunitive m anner a s s oon a s t hey a re 
observed and discuss safety concerns with their staff  on a regular basis. Th is will positively re ect the 
organization’s commitment to safety and build safety awareness among staff .

Involve personnel in the planning and implementation of activities that promote a safe health care envi-
ronment. I nvolving p ersonnel f rom v arious a reas a nd d isciplines w hile p lanning a nd i mplementing 
activities improves the culture of safety and is essential to the success of such an initiative. Th os e per-
sonnel who participate on committees or teams created to i nstitutionalize safety serve as conduits of 
information from and to their various work sites. Th ey also legitimize the importance of the initiative 
in the eyes of their peers.
Encourage reporting and removal of sharps injury hazards. Another strategy for institutionalizing a culture 
of safety is to create a blame-free environment for reporting sharps injuries and injury hazards. HCP who 
know that management will discuss problems in an open and blame-free manner are more likely to report 
hazards. Health care organizations can also actively look for sharps injury hazards by performing obser-
vational rounds and encouraging staff  to report near misses and observed hazards in the work place. Once 
identi ed, hazards should be investigated as soon as possible to determine the contributing factors, and 
actions should be taken to remove or prevent the hazard from occurring in the future.
Develop feedback systems to increase safety awareness. A number of communication strategies can pro-
vide timely information and feedback on the status of sharps injury prevention in the organization. 
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One strategy incorporates  ndings from hazard investigations, ongoing problems with sharps injuries, 
and prevention improvements into articles in the organization’s newsletter, staff  memoranda, a nd/or 
electronic communication tools. It is important to communicate the value of safety by providing feed-
back when the problem is  rst observed and commending improvements. Another strategy is to create 
brochures and posters that enhance safety awareness. Such materials can reinforce prevention messages 
and highlight management’s commitment to safety.
Promote indi vidual acco untability. P romoting i ndividual ac countability f or s afety c ommunicates a 
strong message about the organization’s commitment to a s afe health care environment. In order for 
accountability to be an eff ective tool, a ll levels in the organization must comply. An organization can 
promote individual accountability for safe practices in general and sharps injury prevention in parti-
cular in many ways. One way is to incorporate an assessment of safety compliance practices in annual 
performance evaluations; for managers and supervisors, this might include evaluating methods used to 
communicate safety concerns to their subordinates. Organizations might also consider having staff  sign 
a pledge to promote a safe health care environment. Th is could be incorporated into hiring procedures 
and/or as part of an organization-wide safety campaign.
Emerging models for preventing health care-associated infections (HAIs): Th e critical role of HCP

Morbidity and Mortality Associated with HAIs

Klevens et al. have recently estimated the total number of HAIs in U.S. hospitals, excluding those in inten-
sive care units, to be 1.7 million in 2002 (see Figure 5.4).12 Of these 98,987 subsequently died and these 
deaths were either caused or associated with the patient preceding HAI. Th is burden of mortality exceeds 
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ICU = intensive care unit
SSI = surgical site infections
BSI = bloodstream infections
UTI = urinary tract infections
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system, we subtracted the number of SSI among newborns and adults and children in 
intensive care units. The remaining SSI were among adults and children outside of 
intensive care units. From hospital-wide surveillance in NNIS, we had the distribution of 
infections by major site and calculated the corresponding number of infections for 
pneumonias (PNEU), urinary tract infections (UTI), bloodstream infections (BSI), and 
other sites.

FIGURE 5.4 Calculation of the estimates of health care-associated infection in U.S. hospitals among adults and 
children outside of intensive care units, 2002. (From Klevens RM et al., Public Health Rep 122(2): 160–6, 2007.)
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any other noti able disease and places the impact from HAIs among the top 10 causes of death in the 
U.S. population. Figure 5.4 also illustrates that the frequency of the major sites of infection in descend-
ing order includes catheter-associated urinary tract infections (CA-UTIs), surgical site infection  (SSI), 
pneumonia, and bloodstream infection (BSI). In terms of resources needed to treat these, however, there 
is a slight reordering. For example, ventilator-associated pneumonia (VAP), a subset of HA-pneumonia 
is estimated to cost $23,000/case on average and extends the length of stay by almost 10 days; for CA-BSI 
$18,432 and 12 extra days; $18,000 for an SSI aft er coronary bypass surgery and 26 days; and $1257 for 
a CA-UTI and less than 1 extra day.13 While these estimates per infection are signi cant, much involve 
 xed costs or are aff ected by variation in reimbursement from payers. Of late, there is more attention on 
the impact of those who experience HAIs on effi  ciency of care delivery. For example, a patient with an 
HAI in and ICU will delay turn over of the patient room and at a certain frequency will hamper the abil-
ity of the hospital to accommodate new admissions appearing for care in the Emergency Department.14 
Th e delay in throughput has signi cant impact therefore on the operations of the hospital.

Consumers, Regulators, and Payers Response to the Problem of HAIs

Given the considerable burden that HAIs place on recipients of health care, there has been exponential 
growth in attention and concern involving these coincident with enhancing emphasis on patient safety. 
Consumer advocacy groups have joined with legislators to enact mandates for release of hospital-speci c 
HAI data in over 24 states throughout the United States: http://www.apic.org/am/images/mandatory_
reporting/mandrpt_map.gif

In addition, recent reports of the growing proportion of HAIs caused by multidrug-resistant organi-
sms (MDROs) suc h a s me thicillin-resistant Staphylococcus aureus (MRSA) have launched legislative 
actions to m andate public reporting of i solates of M RSA i n 6 s tates a nd a nother 10 have i ntroduced 
study bills: http://www.apic.org/am/images/maps/mrsa_map.jpg

Other ke y i n uencing o rganizations suc h a s t he J C a nd t he C enters f or M edicare a nd M edicaid 
Services (CMS) have also paid increasing attention to the problem of HAIs. Th e JC Standards currently 
include a nat ional pat ient safety goal (N PSG) t hat requires accredited members to en sure ad herence 
with the CDC Hand Hygiene Guideline, 2002. Th ey recently issued draft  NPSGs for 2009 that address 
prevention of central l ine-associated bloodstream i nfections (CLABSI), S SIs, CA-UTIs, VAP, M RSA, 
and Clostridium diffi  cle infection (CDI).

CMS a sig ni cant pa yer f or c are p rovided b y mo st h ospitals i n t he United St ates h as l aunched a 
value-based purchasing initiative wherein changes to the inpatient prospective payment system (IPPS) 
scheduled for activation in October 2008 will elevate accountability by providers by no longer paying for 
certain adverse conditions associated with hospitalization that were not present on admission.15 Th ese  
include the following:

Serious preventable events—object left  in place during su rgery, a ir embolism, or blood incom-• 
patibility
CA-UTI• 
Pressure ulcers (decubitus ulcers)• 
Vascular CA infection• 
Surgical site infection—mediastinitis aft er coronary artery bypass graft  surgery• 
Hospital-acquired i njuries—fractures, d islocations, i ntracranial i njury, c rushing i njury, b urn, • 
and other unspeci ed eff ects of external causes

Several additional conditions such as additional sites of HAI and certain pathogens like MRSA are under 
active consideration by CMS as additions to the value-based purchasing initiative in the near future.

HCP as the agent for prevention of HAIs—Models:
It is clear, given the intense focus on HAIs that HCP have and will continue to b e the key element to 
drive prevention. Recently, there is a g rowing body of evidence indicating that a composite of various 
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processes of care aimed at prevention of HAIs can save lives. Th is composite or more typically referred 
to as “infection prevention bundles” involve a combination of elements that are enacted either in step-
wise f ashion a nd/or si multaneously. E ach of t he elements i ncorporated i nto t he mo del a re ba sed on 
scienti c evidence that have shown effi  cacy in preventing the unwanted outcome—a HAI. While none 
of the individual components are particularly novel, it is the bundling of these in a format that facilitates 
use at the bedside by HCP—using a tool such as a simple checklist—that has been extremely successful 
and c aptured w idespread a ttention.16 Some speci c mo dels f rom published s tudies u sing t he bundle 
approach are as follows:

Central Line-Associated Bloodstream Infection Prevention

Pronovost et al. reported results of a statewide CLABSI prevention collaborative in 108 ICUs in Michigan 
hospitals w hich demonstrated a 6 6% re duction i n i ncidence of CLABSI t hat w as su stained for more 
than 1 year and saved over 1500 lives of patients cared for in participating hospitals.17 Th e elements in 
the CLABSI prevention project included a checklist that was completed by a nurse who monitored the 
physician or ot her l icensed health care professional inserting t he central l ine in real t ime. Th e nurse 
was empowered to s top t he insertion i f t here were any breeches in aseptic technique. Th e se elements 
captured in a checklist format included the following:

Before the procedure, did the procedure provider:

Perform h and h ygiene w ith a ntimicrobial s oap o r app ly a lcohol-based w aterless h and c leaner 
immediately prior to procedure

Was hand hygiene directly observed?
Was skin antiseptic (2% chlorhexidine gluconate) applied to the insertion site?
Was a sterile full body drape put over the patient?

During the procedure, did the procedure provider:

Use sterile gloves
Wear head cover, mask and a sterile gown
Maintain a sterile  eld
Did all assistive personnel follow above precautions?
Did ancillary staff  in the room follow appropriate precautions?

Aft er the procedure:

Was a sterile dressing applied to the site?
Was a correction required to ensure compliance with infection prevention practices? If yes, explain.

Th e evidence-based practices that have been shown to be important in preventing CLABSI on which the 
checklist is based were

Appropriate hand hygiene• 
Use of chlorhexidine for skin preparation• 
Use of full-barrier precautions during central line insertion• 
Avoiding use of the femoral vein for insertion• 
Removing unnecessary central lines• 
Similar bundled interventions for prevention of CLABSI have been published (PRHI;• 18 IHI Save 
100,000 Lives Campaign19)

Other collaboratives have demonstrated success with prevention of other sites of HAI such as VAP 
and SSI (Figure 5.4). All of these eff orts, however, are dependent on engagement and support from HCP 
involved in direct care of the patient. Clearly, use of collaboratives will continue to grow but in addition 
to tools such as the checklist, the primary drivers for these involve champions at the level of the patient 
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care unit who are willing to carry these evidence-based practices to the bedside. Organizational leader-
ship also needs to ensure there are suffi  cient resources to support and sustain these critical prevention 
eff orts.

Defi nition of Terms and Programmatic Guidance

Th e term HCP used throughout this chapter is one that encompasses all paid and unpaid persons working 
in health care settings who have the potential for occupational exposure infectious agents/microorga nisms 
during the course of their work. Microorganisms can be present in and on patients and personnel, equip-
ment, supplies, surfaces, and may be present in the air and water inside health care facilities. Th e types of 
personnel who work in health care facilities includes but is not limited to emergency medical service per-
sonnel, dental personnel, laboratory personnel, autopsy personnel, nurses, nursing assistants, physicians, 
technicians, therapists, pharmacists, students and trainees, contractual staff  not employed by the health 
care facility, and persons not directly involved in patient care but potentially exposed to infectious agents 
(e.g., technicians associated with vendor equipment, clerical, dietary, housekeeping, maintenance, and 
volunteer personnel). Th e term HCP therefore more accurately re ects this broad range of job ac tivities 
more so than the traditional “HCW.” Risk of exposure to microorganisms includes a number of variables 
but those involved in direct or indirect (e.g., sterile processing department personnel who mechanically 
clean c ontaminated su rgical i nstruments) c ontact w ith blo od, b ody sub stances, a nd ot her p otentially 
infectious materials (OPIM) are at higher risk than those with no or limited direct contact.

Th e U.S. CDC has published several guidelines that are a u seful evidence-based foundation for the 
elements of an IPC program aimed at protection of personnel. Principal among these is the Guideline for 
Infection Control in Healthcare Personnel published in 1998. (CDC 1998) Subsequently, there have been 
several recent guidelines that while not c overed in detail in this chapter are excellent resources upon 
which to draw. Th e se include

2003 Environmental Infection Control (CDC EIC 03)20

2005 Tuberculosis (CDC TB 05)21

2007 Isolation (CDC Isol 07)

Mortality and Morbidity Associated with Occupational Exposure to Infectious Diseases

Sepkowitz and Eisenberg recently analyzed U.S. Department of Labor data and estimated that risk of 
mortality a mong HCP f rom occupational e vents, i ncluding i nfection, ranged between 17 a nd 57 per 
1 million workers.22 Th e rank order of incidence of occupational mortality was highest for emergency 
medical services personnel (64–95/million workers) followed by technologists/technicians (28), physi-
cians (12–29), a nd nurses a nd a ides/orderlies/attendants (8). I ncidence of mortality for HCP fell just 
below the rate for the entire workforce (42.5/million) with certain occupations identi ed as highest, e.g., 
 sher man (1179/million), construction worker (1081–1452/million), and pilot (791–953/million). Subset 
analysis of mortality associated with speci c infections found that between 9 and 42 HCWs per million 
die annually from occupational infection.22

Occupational sharps injury and exposure to bloodborne infectious diseases: Th e C DC h as p ublished 
an online workbook entitled, Workbook for Designing, Implementing, and Evaluating a S harps Injury 
Prevention Program (Sharps Workbook 2004). Th is is a superb resource that places emphasis on preven-
tion of sharps injuries. Th e topic of sharps injuries are reviewed in depth elsewhere in this text but some 
highlights from the CDC Workbook include the following.

Th ere are over 20 pathogens in which transmission from a c ontaminated sharp object has been docu-
mented. Th ese include some microbes such as Mycobacterium tuberculosis and Neisseria gonorrhea, which 
are more oft en transmitted via diff erent routes. By far however hepatitis B v irus (HBV), hepatitis C v irus 
(HCV), and human immunode ciency virus (HIV) are the pathogens most commonly transmitted by con-
taminated sharps. Th ere has been a signi cant drop in annual number of cases of occupational HBV from a 
high of almost 12,000 in 1985 to 500 in 1997. Most of this is due to introduction of HB vaccine. Transmission 
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risk for HBV aft er sharps injury remains, however, for those who are unimmunized and ranges between 6% 
and 30%. Th ere is no vaccine against HCV, but the risk aft er exposure fortunately is much less, 1.8% (range: 
0%–7%). Last, for HIV the average risk of HIV transmission aft er a percutaneous exposure is estimated to 
be approximately 0.3%; for a splash of blood/OPIM to mucous membrane the estimate is 0.09%.

Programmatic elements of a Personnel Health Program (PHP) with infection prevention focus
Th e elements of a PHP as described in the CDC 1998 Guideline (CDC workbook 2004) are

 1. Coordination and collaborative network
 2 . Medical evaluations
 3. Personnel health and safety education
 4. Primary prevention: immunization programs
 5. Management of job-related illnesses and exposures
 6.  Health counseling
 7. Maintenance of records, data management, and con dentiality

Each of these is addressed in more detail in the following sections.

 1.  Coordination and collaborative network

A main link in the network of an eff ective PHP is open communication and collaboration between the 
architecture and staff  in IPC and PHP departments. Th is is re ected in professional practice standards, 
the foundation of practice c erti cation, a nd p ractice s tandards i ssued b y p rofessional o rganizations 
representing these two  elds. Th e other key linkages in this network include human resources, safety, 
direct care, and support services.

 2.  Preemployment and periodic health evaluations

Preemployment and subsequent periodic health evaluations are an important component of preventing 
transmission of infection and enhancing safety of personnel. Preemployment evaluations should include 
an inventory of immunization status and obtaining histories of any conditions that might predispose 
personnel to acquiring or transmitting communicable diseases. Th is health inventory also is essential 
information f or m anaging a ny sub sequent e xposures p ersonnel m ight encounter during h ealth c are 
delivery. Th e i nventory s hould focus on protection a gainst v accine-preventable d iseases ( VPDs) t hat 
include Hepatitis B, measles, mumps, rubella, varicella, and more recently pertussis. Recommendations 
for immunization against VPDs for HCP are updated frequently by the CDC’s Advisory Committee on 
Immunization Practices (ACIP) and should be reviewed periodically for application by EHS and IPC 
(CDC ACIP recom mendations). By illustration, personnel should be asked about prior history of infec-
tion with varicella-zoster virus (VZV) or documentation of receipt of varicella vaccine. For those with 
uncertain h istory of chicken pox, i t i s cost eff ective for EHS to s erologically screen t he employee for 
immunity against this virus. If susceptible by such testing, varicella vaccine can be off ered early in the 
employee’s work placement.

Another i mportant c omponent o f p reemployment e valuation i s to de termine i f t he em ployee h as 
prior infection from M. tuberculosis (latent TB infection or LTBI) or disease. If there is no history, then 
a two-step tuberculin skin test (TST) is recommended at preemployment. Th ose found to h ave LTBI 
should be referred to local public health TB control programs for further evaluation and consideration 
of treatment. Personnel with history—ideally with documentation of LTBI—do not need any additional 
TST. Policy for provision of chest x-ray (CXR) for t hose w ith LTBI varies by facility but i t i s neither 
cost eff ective nor necessary to repeat CXRs thereaft er. Instead, personnel with LTBI should be queried 
periodically for any symptoms suggestive of active TB disease. In a related matter, preemployment is a 
good time to  t test personnel at risk of exposure to M. tuberculosis as identi ed in the facility’s TB risk 
assessment program (usually a collaborative eff ort between IPC and EHS programs). For most facilities, 
 t testing is a component of OSHA’s required respiratory protection program and this testing must be 
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repeated on an annual basis.23 Other preemployment screenings may also include history of sensitivity 
to certain chemicals such as high level disinfectants (e.g., glutaraldehyde) and sensitivity to latex.

Periodic evaluations may be done as indicated for job reassignment, for ongoing programs (e.g., TB 
screening), or for evaluation of work-related problems or postexposure follow-up. Annual in uenza 
vacci nation of HCP plus consideration of other vaccines such as meningococcal and Tdap are additional 
types of periodic services that may occur aft er the preemployment evaluation.24,25

 3.  Personnel health and safety education

Education of personnel on prevention of infection is an important component of EHS. Th ere are several 
requirements for speci c topics such as avoiding exposure to bloodborne pathogens, TB, and safe work 
practices for working with chemicals. Content of such education should be appropriate to t he type of 
work tasks, educational level, and literacy.

 4.  Primary Prevention: Immunization programs

Recommendations for immunization against select VPDs are provided in Table 5.1. Immunization of 
personnel against VPDs is the most eff ective elements of EHS. High levels of immunity among personnel 
protects not only personnel but patients, visitors, and others in the health care facility and their family 
members as well. Th is also avoids costly work restrictions and other interventions such as antimicrobial 
medications and additional laboratory testing aft er exposure of those susceptible to VPDs.

Several studies indicate that education and voluntary receipt of certain vaccines such as those that 
protect against in uenza and hepatitis B w ork. For the latter, making receipt a w ork requirement has 
been shown to be the most eff ective policy and has resulted in very high proportion of protection among 
personnel against hepatitis B (CDC Workbook 2004). For the former, there is a recent JC standard that 
requires education for personnel on prevention of health care-associated in uenza.26 Making receipt of 
vaccination against seasonal in uenza, a work requirement has been met with more resistance. However, 
there i s considerable e vidence t hat personnel a re oft en the source of in uenza t hat i s t ransmitted to 
patients, other personnel, and visitors because virus is shed prior to onset of infection and personnel are 
not adherent with recommendations to stay away from work when experiencing in uenza-like illness.27 
Th e CDC strongly recommends all personnel receive in uenza vaccine each year and there are facilities 
that have made this a work requirement.28

 5. Management of job-related illnesses and exposures and intercurrent infections/colonization among 
personnel

Exposure of personnel to communicable diseases calls on EHS to oversee prompt management of 
job-related i llnesses a nd to p rovide appropriate p ostexposure prophylaxis i n c ollaboration w ith I PC 
program.

Management c an i nclude d iagnostic te sting, i mmunization, p rovision o f a ntimicrobial me dica-
tions, a nd exclusion of personnel f rom work or pat ient contact. Decisions on work restrictions a re 
based on the mode of transmission and the epidemiology of the disease. A summary of recommended 
work restrictions by select diseases is provided in Table 5.2. Additional background and discussion of 
risks and work restrictions are reviewed in CDC personnel health guidelines (CDC personnel health 
1998).

Personnel can be a source of exposure to patients either due to active infection or colonization with cer-
tain microorganisms. Outbreaks or clusters of infection traced to personnel as a source include hepatitis 
B & C, methicillin-resistant S. aureus, Group A Streptococcus, TB, Salmonellosis, measles, and rubella.

 6.  Health counseling

Personnel should have access to adequate health counseling that is speci c to t he individual and may 
include information such as (a) the risk and prevention of occupationally acquired infections, (b) the 
risk of  i llness or ot her adverse outcome a ft er exposures, (c) management of exposures, including the 
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risks and bene ts of postexposure prophylaxis regimens, and (d) the potential consequences of expo-
sures or communicable diseases for family members, patients, or other personnel, both inside and out-
side t he health care facility. One important example of t his counseling involves t he demographics of 
HCP. A majority of HCP are nurses who in turn are predominantly female—many of whom fall in the 
cohort o f c hild-bearing ye ars. D espite p erception t hat pregnancy i ncreases one’s r isk o f e xposure to 
infectious diseases, there is no scienti c evidence that supports this perception. Th ere are valid concerns 
by personnel of adverse eff ects of certain infections on the developing fetus. Table 5.3 summarizes risks 
and mitigation of these and are useful during health counseling sessions.

 7.  Record keeping, data management, and con dentiality

CDC guidelines recommend EHS establish and keep an updated record for all personnel and main-
tain the con dentiality of their records while ensuring that they receive appropriate management for 
occupational i llnesses or exposures. Such records need to en compass other types of personnel such 
as volunteers, t rainees, a nd contractual personnel. Speci c requirements of such records including 
elements from OSHA are addressed elsewhere in this text.
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Health Care Construction and Infection Control

Laurence Lee

Health care-related construction costs in the United States were estimated at $23.7 billion in 2005 and 
are expected to continue to rise in the United States and abroad.1 Construction activities vary widely in 
scope and include building new facilities, the renovation of existing facilities, seismic retro tting, demo-
lishing structures, building envelope repairs, tenant improvements,  ber-optic and cable installation, 
equipment (e.g., MRI installation) and computer facility upgrades, and mold removal and cleaning.

Health care construction guidelines have been issued as a result of reported outbreaks of hospital 
acquired (nosocomial) infections in immunosuppressed or otherwise compromised patients who were 
reported to be related to construction.2,67 Th ese infections were caused by environmental fungi such as 
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Aspergillus, Fusarium, Scedosporium, and other fungal species as well as bacteria such as Legionella and 
Nocardia.2–5 Infection control teams are assembled and infection control risk assessments are made to 
prevent nosocomial infections related to construction.

Industrial hygienists and infection control practitioners frequently work together in assisting health 
care institutions during construction projects. It is important for each discipline to understand the eco-
logy of opportunistic environmental fungi, patient risk factors, the pathobiology of infection, building 
dynamics, construction control options, and sampling from project inception to building commission-
ing to reduce the incidence of opportunistic fungal infection related to construction.

Pathogenic and Opportunistic Environmental Fungal Ecology

Fungi are ubiquitous in their distribution in buildings and outdoors in air, soil, and water.6–8 Th ere are 
approximately 100 environmental fungal genera that are capable of causing human infection.9 Th er e 
are f our en demic, t hermally d imorphic s pecies i n N orth A merica t hat a re pat hogenic a nd app roxi-
mately 30 genera that are opportunistic.9,10

For the purpose of this chapter, pathogenic fungi are de ned as those fungi capable of infecting an 
otherwise healthy individual. In North America, t hese include Histoplasma capsulatum, Blastomyces 
dermatitidis, Cryptococcus neo formans, a nd Coccidiodes immit is.11 H. c apsulatum is endemic to the 
Ohio and Mississippi River Valleys and typically associated with accumulations of bird and bat excre-
ment.12 B. dermatitidis is prevalent on the eastern seaboard and endemic in the Mississippi and Ohio 
River Valleys, the western shore of Lake Michigan in soil and wood associated with riverbanks, north 
into the Canadian provinces in soil13 and pigeon manure.14 C. immitis is endemic to desert soils of the 
southwestern United States and California.15 C. neoformans infections occur worldwide and the organ-
ism has been isolated rarely in the environment. It has been found in soil and associated with pigeon 
droppings in North America.16–18 Infection by C. neoformans rarely occurs in a healthy host and its role 
as a strictly pathogenic fungi has been questioned.19

All of the above pathogenic fungi are thermally dimorphic. Th at is, they have a hyphal ( lamentous) 
form t hat p roduces s pores (conidia) i n t he en vironment a nd h ave a ye ast ph ase up on i nfection a nd 
growth in the human body at 37°C.10,11

Opportunistic fungi are capable of infecting a h ost individual that does not h ave normal defenses. 
Th at is, opportunistic fungi are typically harmless to hosts with normally functioning immune systems 
but have the “opportunity” to infect hosts without normally functioning immune defenses or the fungi 
are able to bypass the defenses such as the skin (e.g., implantation via surgery or trauma) and mucosal 
barriers. A t-risk, i mmune c ompromised h osts gener ally h ave a n u nderlying i llness ( e.g., leu kemia, 
AIDS, tuberculosis, and COPD), are receiving medical treatments (e.g., corticosteroids, chemotherapy, 
and radiation), are undergoing organ t ransplantation or surgery, or ot her condition (e.g., burns) t hat 
impairs the ability of the body to defend against infection.10

Opportunistic fungi include the pathogenic fungi (molds and yeasts) that have environmental ori-
gins (e.g., Aspergillus and Fusarium species) as well as yeasts that are part of the normal human  ora 
(e.g., Candida s pecies). N osocomial i nfections f rom en vironmental opp ortunistic f ungi t hat i nclude 
Aspergillus, Fusarium, Acremonium, Scedosporium, Rhodotorula, a nd Paecilomyces spec ies; z ygomy-
cetes (i.e., Mucor, Rhizopus, and Absidia species); and others have been reported worldwide.20,21

Th e Aspergillus s pecies w ill b e t he f ocus o f t his c hapter a s b eing re presentative o f en vironmental 
fungi because t hey a re d istributed worldwide a nd g row on wet building materials,7 have sma ll spore 
size ranges (~2 to 6 m icrons in diameter),9 and have high mortality rates ranging from approximately 
25%–100% associated with infection depending on the site of infection and patient population.22–24

Aspergillus/Species

Aspergillus s pecies a re ub iquitous i n t he en vironment a nd a re f ound i n s oil, a ir, a nd w ater.7,25,26 
Approximately 90% of a ll opportunistic fungal infections caused by Aspergillus species are caused by 
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Aspergillus fumigatus with A.  avus, A. niger, A. terreus, A. nidulans, A. versicolor, and A. ustus gener-
ally responsible for the remainder.27,67 A newly identi ed drug-resistant species, Aspergillus lentulus, has 
also emerged.28

In hospital and other indoor environments, Aspergillus species have been found in air, dust, water, 
food, potted plants, clothing, building materials (e.g., wood, gypsum wallboard,  reproo ng), HVAC 
systems, and wet or water-damaged building materials.7,25,26,29–33

Patient Risk Factors

Typical, healthy individuals inhale Aspergillus and other mold spores as a simple consequence of living 
on earth. Intact skin and mucosal barriers, and normally functioning innate (i.e., macrophage and neu-
trophils) and acquired (i.e., a llergy mechanisms) immune systems prevent colonization and infection 
in the healthy host.34,35

Barrier de fense f unction o f t he s kin c an b e c ompromised by su rgery, burns, c atheterization a nd 
intravenous l ine i nsertions, a nd herpes v irus le sions a nd re sistance to c olonization c an b e re duced 
due to treatment with broad-spectrum antibiotic that results in a reduction of normal microbiological 
 ora.35 Macrophage and neutrophil defenses can be impaired as a result of radiation and chemother-
apy, high-dose corticosteroid, immune suppressive, and antirejection drug treatment regimens.34–39

Patients with underlying illnesses; or undergoing treatment and procedures aff ecting immune 
responses, such a s leu kemia; c ancer; s tem cell, bone marrow, a nd solid organ t ransplantation; c ystic 
 brosis; chronic granulomatous disease; chronic obstructive pulmonary disease (COPD); allergy; severe 
malnutrition; d iabetes mel litus; l ate s tage H IV/AIDS; T B a nd ot her c avitary i llness; a nd p remature 
infancy are considered to be at-risk for opportunistic fungal infection and colonization from Aspergillus 
and other environmentally acquired opportunistic fungi.35,40–54

Pathobiology of Infection

Th e most common route of exposure to Aspergillus spores is inhalation and as a consequence most dis-
ease initiates in the lungs or sinuses, however, direct inoculation of the damaged skin in burn, trauma or 
surgery patients has resulted in cutaneous infection.22,40,55–57 Th e spores adhere to the tissue or mucous 
membrane at t he point of contact and swell as part of the germination process.22,40,55 Th e host defense 
directed against the spore is the macrophage and the neutrophil attacks hyphal growth, and tissue inva-
sion occurs in the absence of a robust response.22,40,55

Building Dynamics

Construction, by its very nature, is disruptive. Construction can contribute to the in ltration of un l-
tered air containing Aspergillus spores, disturb and aerosolize spores in dust and microbial reservoirs 
(e.g., in settle dust accumulations above suspended ceilings and growth from past/current water leaks 
hidden in wall cavities), and cause mold growth from water (e.g., leaks, pressure washing, and weather). 
Construction activities can release and distribute mold aerosolized mold spores via normal patterns of 
air ow in a facility. It is therefore important to recognize the eff ect that building dynamics can have on 
the distribution of construction dust in a health care facility.

HVAC System

Purpose

Th e heating, ventilation, and air conditioning system has several fundamental purposes that aff ect air 
movement in buildings:59,60
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 1. Pressurize the building positively with respect to the outside atmosphere to prevent the in ltra-
tion of un ltered air to protect patients and occupants.

 2. Provide proscribed internal room pressurization relationships (e.g., airborne isolation rooms are 
negatively pressurized to keep infectious agents such as TB in the room and procedure rooms 
are positively pressurized to prevent the in ltration of dust and infectious agents).

 3. Filter and remove particulates (outdoor and indoor) from the air stream to protect the patients, 
occupants, and equipment.

 4. Provide f resh outdoor a ir a nd su ffi  cient a ir e xchanges to d ilute i ndoor “contaminants” (e.g., 
carbon dioxide in exhaled breath, body and chemical odors, etc.).

 5. Provide for thermal comfort of the occupants.

Air Movement

Air movement in health care and other buildings is aff ected by overall building pressurization, internal 
room pressure relationships, and vertical building pathways. Th e aerosolization and distribution of dust 
containing mold spores from construction activity is aff ected by a ir movement. Dust generation in a 
discrete area of a hospital has the potential to travel throughout the building.

Overall building pressurization i s p ositive i n rel ation to t he outside at mosphere. Th is me ans t hat 
excess air is pumped into the building in quantities over and above that is vented outside via the HVAC 
system, laboratory hoods, etc. Because buildings are rigid and cannot expand like a balloon, the excess 
air will “leak” out of the building via cracks/openings in the window frames and exterior walls and open 
doors. Loss of building pressurization to neutral or negative can result in the in ltration of un ltered in 
via the same cracks/openings and doors.

Internal building pressure relationships a re prescribed i n t he 2006 AIA Guidelines for Design and 
Construction of Health Care Facilities.58 Potential airborne infectious are kept out of OR, delivery, proce-
dure, clean, sterile, and procedure rooms, for example, by maintaining positive pressure in relationship 
to adjacent areas. Conversely, potential airborne infectious agents are contained within triage, ER wait-
ing, bronchoscopy, radiology, laboratories, soil linen, ETO sterilizer, toilets, and soiled decontamination 
rooms, for example, by negative pressure. Air will move along internal pressure gradients in ways that 
are not always predictable.

Building air movement is also driven by means other than the HVAC system.59 Air can move verti-
cally based on the simple concept that warm air rises. Th is is commonly referred to as “the stack eff ect.”61 
Vertical air movement is experienced in large open “shaft s,” such as stairwells, elevator shaft s, and  re 
escapes; a nd t hrough  oor/ceiling pipe, conduit, telecom, laundry, a nd pneumatic tube penetrations. 
Th e stack eff ect tends to be more pronounced during the heating season and if the HVAC system is not 
up to task, the stack eff ect can result in the in ltration of outdoor air directly into the building as rising 
air needs to be “replaced.”

Elevator shaft s a nd dumbwaiters present a s pecial c ase i n a ir movement. At re st, a ir w ill move i n 
accordance with the stack eff ect. However, the movement of the car in the shaft  functions as a piston. 
When the cab is in motion, the air ahead of the direction of travel is positively pressurized and is driven 
out of the shaft  via the elevator doors ahead. Simultaneously, the air is negatively pressurized on the fol-
lowing side of the cab and air is drawn by negative pressure into the shaft  via the elevator doors behind. 
Th e eff ect of the piston is to “share” air between  oors much like inhaling and exhaling.

It is important to recognize that aerosolized dust and mold spores generated during construction can 
be dispersed throughout a building by the HVAC system and natural processes and lead to u nwanted 
patient exposure.

Legionellosis

Legionella pneumophila i s a w aterborne bac terium t hat i s most commonly k nown a s t he d isease agent 
of Legionnaires’ disease, legionellosis,  rst came to widespread public attention in 1976 at an American 
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Legion Convention in Philadelphia.69 L. pneumophila is a g ram-negative bacterium that is ubiquitous in 
freshwater and is an intracellular protozoan parasite. Th e organism can proliferate in domestic and hospi-
tal water systems in bio lm and scale, particularly in hot water systems or inactive (“dead legs”) sprinkler 
system or ot her piping w ith temperatures t hat range between 25°C a nd 42°C.67,70,71 Hot water systems, 
evaporative cooling towers, and humidi ers are typically associated with the ampli cation of t he orga-
nism and exposure by inhalation to aerosols, by ingestion and aspiration, via cooling towers, showers and 
drinking water faucets, respiratory therapy equipment, and room humidi ers has been documented.67

Legionellosis presents as two distinct clinical syndromes: the  rst is a mild in uenza-like illness that 
typically resolves by itself and the second is a progressive pneumonia that can involve the cardiac, renal, 
and gastrointestinal systems.67,70 Infection is largely opportunistic and pat ients at-risk f rom exposure 
and infection include immune-compromised patients similar to t hose at-risk for developing aspergil-
losis and include transplant and oncology patients, patients receiving corticosteroid treatment, surgical 
and dialysis patients, elderly patients, HIV, and smokers.67,70 Legionellosis outbreaks have been reported 
to be associated with construction that involved the disruption of bio lm and scale due to changes in 
water pressure.70

Plumbing-related construction work that involves the potential disruption of bio lm and scale due to 
pressure changes,  ushing, or other physical disturbance has the potential to increase the concentration 
of Legionella bacteria in the system. Th is may be less of a problem for facilities that routinely heat shock 
(>60°C), chemically treat (i.e., chlorine dioxide or monachloramine), and/or use copper-silver  lters in 
their water systems to prevent potential outbreaks as a matter of course.71–76

To prevent the disruption and spread of bio lm and scale that potentially contains Legionella bacteria, 
it is important to identify the down stream  ow and users and protect at-risk patients. Disconnecting 
and isolating the system for draining, cleaning, and maintenance purposes will prevent downstream 
disturbances. Heat shocking or chemically treating the system immediately prior to the work can reduce 
the overall number of v iable organisms in t he system t hat could be d isturbed, a lthough t he eff ect of 
Legionella reduction lasts for a period of a few days and is transitory.75,76 Heat shocking combined with 
the i nstallation of copper-silver point of u se  lters for at-risk pat ients a nd critical services (i.e., food 
services), or the use of the  lters alone can further reduce potential exposure.72 Further, it has been sug-
gested that the use of copper-silver  lters is the superior method for treating water systems.73,74

Construction Infection Control Measures

Health care construction guidelines have been published in the United States, Canada, and Europe to 
prevent c onstruction-related no socomial i nfection a nd t here i s broad a greement re garding i nfection 
control measures.2–5,58,67

Barriers

Barriers are commonly constructed from  oor to ceiling deck to physically isolate and enclose areas of 
construction. Barriers may be semipermanent for leng thy, large-scale projects a nd be constructed of 
gypsum wallboard on metal studs that is a lso insulated with  berglass batting to c ontrol sound. Less 
substantial ba rriers constructed of  re-rated plastic sheeting a nd t ape supported by tele scoping pole 
extenders or metal-framed walls constructed of melamine panels are typically constructed for shorter, 
less involved projects. Plastic sheeting is more oft en used above suspended ceiling because it lends itself 
better to sealing around conduit, wiring, and ducting than a rigid barrier.

Regardless of the materials used, the purpose of the barriers is to prevent the physical movement of 
dust outside the construction area and prevent unauthorized entry by curious hospital staff  and visitors. 
Seams between panels and plastic sheets, and the walls,  oor, and ceiling are sealed with tape or caulk. 
Construction area entrances and exits can be double- apped plastic or solid hinged doors. Hinged doors 
are commonly self-closing using spring hinges or rubber bungee cords. Vestibules/ante rooms are some-
times used as a staging area for clean clothing and changing space for large-scale, long-term projects.
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Negative Pressure

Negative pressure is routinely established inside the construction area in an eff ort to prevent the move-
ment o f c onstruction d ust i n a ir c urrents o utside t he c onstruction a rea. H EPA- ltered ne gative a ir 
machines are typically used to depressurize the construction area in relation to t he immediately adja-
cent rooms and hallways. Negative air machines, borrowed from the asbestos and lead abatement indus-
tries, range in capacity from 250 to 2000 cfm in the United States. Room is drawn through a pre lter and 
HEPA  lter that removes particles down to a size of 0.3 microns with a 99.97% effi  ciency and exhausted 
outdoors through a window, door, or other suitable opening.

Th e e xhaust a nd removal o f a ir f rom t he c onstruction a rea re quires a supp ly o f “make-up” a ir to 
replace the air that is exhausted outdoors. Make up air from the “clean” surrounding areas of the build-
ing is drawn by negative pressure into the “dirty” construction area. Th e direction of air  ow under these 
conditions is from “clean to dirty” which must be maintained throughout the construction project.2 It is 
also important to consider matching the capacity of the negative air machines within the surplus supply 
air provided by the surrounding area to minimize changes or disruptions of established air  ow patterns 
in the building. Th at is to say that if three 2000 cfm negative air machines were used in the construction 
area, and the surrounding area’s supply air surplus was only 3000 cfm, an additional 3000 cfm would 
be drawn from beyond the immediate area by the negative air machines that could signi cantly change 
the local air  ow patterns and perhaps draw un ltered air into the building that would travel along this 
pathway and potential exposing a compromised patient traveling along or through this pathway.

Air  ow needs to b e monitored t hroughout t he project and can be accomplished by using tel l-tale 
 ags the point in the direction of a ir  ow, manometers, or smoke te sting. It is important when using 
manometers on sites that have several construction areas to mark the desired pressure diff erential range 
on the manometer so that a lay person can determine visually if the work space is compliant. Pressure 
diff erentials c an r ange f rom 0. 001² w.g. t o 0 .02² w.g. de pending o n t he p reference o f t he i nstitution. 
Smoke testing is routinely performed using ventilation smoke t ubes t hat emit s tannic oxychloride. 
Th e chemical reacts with the air and generates a visible plume of smoke. Th e smoke is released from the 
tube using a rubber bulb at the site and the direction of travel is observed. Th e chemical is an irritant and 
it is important to stay upwind and away from the plume. Th e plume can also trigger smoke detectors 
so it is important to identify their location and use minimal amounts of smoke.

Controlling Dust Movement

Dust can in ltrate and spread throughout a building as a result of moving and staging building materi-
als, tools, and equipment in the building; workers tracking dust on their shoes and clothing; and con-
veying waste and debris. Designated construction pathways, stairways, and elevators are the preferred 
methods of s eparating construction f rom t he re st of t he hospital to p revent t he t ransfer of dust a nd 
inadvertent exposure to compromised patients as a result of them leaving their rooms for tests of treat-
ment. Tracking out dust outside the construction area is minimized by installing tacky, walk off  mats 
immediately inside a nd outside t he entrance to t he construction a rea. It can be challenging t raining 
workers to step on to a mat that leaves a footprint because most people are trained since they were chil-
dren not to leave footprints. In addition, HEPA-vacuuming coveralls and work clothing prior to exiting 
the construction area and/or wearing disposable coveralls and booties can also minimized the track out 
of dust on clothing. Th is also applies to tools and equipment that leaves the construction area and exits 
through the hospital. Routine, daily cleaning of the work area and adjacent areas throughout the day 
and at the end of the shift  by mopping and HEPA-vacuuming is used to control dust generation at the 
source and control the spread of dust outside the work area.

Th e c ontrol o f dust f rom t he removal a nd c onveyance of c onstruction-related w aste a nd de bris i s 
accomplished by using suitable, closed and covered waste containers when moving through the hospital. 
Waste containers of sealed, 6 mil or greater, plastic bags need to be wiped clean and be dust-free prior 
to leaving the construction area. Alternatively, on larger projects, it may be possible to convey the waste 
directly outdoors through a designated exit or temporary exterior elevator.
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Vibration

Vibration is a fact of life in construction. Rotohammers, powder-actuated tools, bead blasting, wall and 
mechanical demolition, and heavy equipment (e.g., “bobcat” trucks, excavators, drill rigs, etc.) all con-
tribute to vibration, and vibration can disturb and aerosolize dust. It is extremely important to consider 
vibration and recognize that vibration can aff ect surrounding areas in all directions and travel signi -
cant distances. For example, rotohammering duct hangers on the ceiling of the construction area will 
aff ect the  oor immediately above and may travel along an adjacent steal beam, pipe, or duct aff ecting a 
space even further away from the point of attack. Bead blasting a  oor can result in the delamination of 
 re proo ng and concrete on the ceiling, as well as vibrate the suspended ceiling grid and tiles, below; 
resulting i n t he a erosolization o f d ust a bove t he su spended c eiling, a nd t he del amination o f c eiling 
tile. Vibration and noise can also be upsetting to staff  and patients as well as adversely eff ect the use of 
microscopes in microsurgery.

Because vibration is diffi  cult, if not impossible, to control, coordinating high vibration activities such 
as rotohammering a nd bead blasting w ith a ll t he surrounding occupants i s critical. Scheduling h igh 
vibration activities off  hours may be the only alternative is some cases. It is also important to anticipate 
and prepare for potential impacts such as dust aerosolization as best you can. For example, in a c ase 
where bead blasting a  oor resulted in the delamination of concrete dust f rom the ceiling below and 
vibration of the ceiling grid and tiles caused the release of dust resulting in skin rashes, the ceiling tiles 
on the  oor below were taped directly to the grid to, in eff ect, isolate and seal the above ceiling space and 
construction area from the  oor below.

Protecting the Building

Th e wide-ranging physical impacts of construction have the potential to cause damage to the building 
and result in the aerosolization of dust and mold spores. It is critical that the building is protected from 
external, outdoor sources of dust; moldy b uilding materials a nd dust/mold-contaminated equipment 
(i.e., HVAC system); and accidental water releases.

Th e construction and expansion of medical facilities on a g iven campus or neighboring construction 
projects can generate dust and odors that in turn can in ltrate an existing hospital building. It is important 
to close and seal windows, and protect HVAC system fresh air intakes. Windows can be locked, screwed 
shut, and sealed with caulk or tape to prevent the in ltration of dust. Fresh air intakes can be protected 
by placing air moving fans (i.e., 10,000 cfm or more) in a manner that disperses the on-coming dust cloud 
near the intakes, or locating them at the point of dust generation such as peri meter of an excavation or the 
dump truck loading station in order to d irect the dust plume away from the intakes. Constructing and 
installing an extension to a fresh air intake is another option in the case of roo ng work or other activities 
that take place in close proximity to a fresh air intake where fans are not practical.

Building materials such as gypsum wallboard (interior and exterior products), wood and composite 
wood products (i.e., desks, shelves, cabinets, etc.), insulating products, their packaging (e.g., cardboard 
boxes), and other products that contain wood or cellulose have the potential to supp ort mold g rowth 
should they become wet. Th ese products can become wet from weather exposure due to inadequate or 
outdoor storage at the factory, during shipment and delivery, during on-site storage and staging, or dur-
ing installation. In order to prevent these mishaps,  rst, it is critical that the contractor and the hospital 
inspect building materials upon delivery and reject any materials with excess moisture and/or visible 
mold growth. Second, each must require that the materials be stored in a m anner that protects them 
from the elements. Th ird, they must continue to inspect and monitor the condition of the materials dur-
ing and postconstruction to insure that they do not become wet, moldy, or contaminated with dust.

HVAC system components and ducting are especially vulnerable to dust contamination. Th ey need to 
be stored and staged in clean areas so that they are protected from the elements and dust, however, oft en-
times during and postinstallation they can become contaminated by dust from other activities such as 
during the installation wall insulation and gypsum wallboard, and painting. Duct interiors, terminal 
reheat boxes, and VAV boxes can easily become contaminated with dust if they are not protected from 
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other dust-generating construction activities that take place in close proximity. Fortunately, preventing 
dust contamination is simple. Many HVAC system components and ducting can be order with protec-
tive covering. Plastic bags and shrink wrap are used to prevent contamination when they leave the fabri-
cation shop or distributor. Th e coverings are removed on a piece-by-piece basis as they are installed and 
may be wiped clean with a cloth and isopropyl alcohol or other suitable cleaning agent. At the end of the 
shift , any open ducts or components are covered and sealed with plastic.

Accidental water releases are a fact of life on construction projects. Sprinkler head breaks, freeze plug 
failures, pipe breaks, pressure washing, charging and testing drains, and plumbing systems, for exam-
ple, can all release signi cant amounts of water in a facility. Th at water release can damage materials and 
furnishings as well as result in mold and microbial growth. All water releases may not be preventable but 
having a water release plan can be used to help respond to a release in a timely and eff ective manner.

Water release plans provide actions for prevention and minimization of water releases and contain steps 
for responding to a release. Th e most critical element of a water release plan is ensuring that all contractors, 
vendors, and in-house staff  working on water systems determine exactly where the emergency shut off  is 
located and the appropriate procedures to t urn it off . Si mply stated, the longer it takes to s hut the water 
system off , the more water will be released and the greater the extent of the water damage will be.

Th e second step to take once the release is stopped is to determine the physical extent of the release. 
Visual ob servations o f t he i mmediate s pill footprint a re m ade, i nspections o f ad jacent work a reas 
and  oor penetrations leading to  oors below follow, and moisture meters are used identify “hidden” 
moisture in g ypsum wallboard a nd wall cavities. Destructive means a re oft en used to inspect wa ll 
cavity interiors for moisture in the metal si ll plate or held in wall insulation. Moisture meters may 
not b e a ble to “ read” t hrough c eramic t ile, me lamine panels, a nd multiple sheets of g ypsum w all-
board and additional destructive means will need to be used to access the wall or ceiling cavities for 
inspection.

Many institutions have adopted the criteria in the U.S. EPA Mold Remediation Guidelines for Schools 
and Commercial Buildings that recommends removing and discarding ceiling tile and insulation that 
has been wet for 24–48 h and removing and discarding g ypsum wallboard wet for more than 48 h to 
prevent mold g rowth.61 Th ese g uidelines may be overly conservative but t hey do em phasize t he need 
to d ry t he wet building materials qu ickly.62 Th erefore, i t i s i mportant for t he w ater re sponse plan to 
have already identi ed a quali ed and experienced drying contractor or in-house (general contractor 
or hospital) who i s ready to re spond i mmediately. It i s i mportant t hat t he d rying contractor a lready 
be familiar with construction and infection control requirements and understand that they too must 
comply. It is not u ncommon for a gener al contractor to enga ge in drying without the bene t of train-
ing or experience in structural drying in an eff ort to reduce cost. It might be rationalized as, “Drying, 
how hard can it be?” Attempts to dry a structure by untrained and inexperienced personnel can result 
in inadequate drying because the equipment was removed too soon and wet materials were not identi-
 ed, fungal blooms because heating was used as a drying method and the percent relative humidity in 
the room approached 100% for several days, wall insulation remained wet because the wall cavity was 
not opened for a ir circulation, etc. Th ere is an art and science to structural drying and it is best left  to 
trained, e xperienced, a nd c ompetent professionals. I n t he u nfortunate e vent t hat building m aterials 
have not been dried quickly, removal of wet building materials in conformance with construction and 
infection control measures is the  nal option.

Infection Control Commissioning

Infection control commissioning is performed in varying degrees depending on the scope of construc-
tion and its potential impact upon patient safety. Th ere are no speci c guidelines published for infection 
control commissioning. Th e p urpose o f i nfection c ontrol c ommissioning i s to en sure t hat p roblems 
such as moldy building materials, for example, are not “ built into” the building, that building systems 
are functioning properly from an infection control standpoint, and that dust and fungal spore reservoirs 
are cleaned and removed before the building is approved for occupancy by staff  and patients.
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Infection control commissioning as described here has two distinct phases. Th e  rst phase consists 
of mo nitoring t he c ontractor’s i nfection c ontrol w ork p ractices a nd c onstruction te chniques i n a n 
on-going basis throughout construction. Infection control commissioning is thoroughly integrated in 
the construction process. Th e contractor is trained about construction and infection control and work 
practices controls and techniques to mitigate the spread of dust, prevent water events and mold growth 
occurring during c onstruction, a nd routinely monitored by t he hospital on a d aily ba sis i n order to 
identify problems and have them corrected immediately so that these problems are not “built into” the 
building. Checklists for compliance issues speci c to t he project, such as negative pressure, tacky mat 
usage and change out, water leaks, barrier integrity, building material protection, housekeeping, and 
overall cleanliness are developed and followed by the monitor. Environmental monitoring may be per-
formed at various intervals throughout construction using laser particle counters and culturable fungal 
air sampling for opportunistic environmental fungi (e.g., Aspergillus species, Fusarium species, etc.) to 
identify dust and fungal spore releases and in ltration of un ltered air associated with construction (see 
“Environmental monitoring,” below).

Th e s econd ph ase i s c onducted at t he end o f c onstruction following t he c ompletion o f t he punch 
list, HVAC system balancing and commissioning, and terminal cleaning by environmental services. 
It consists of a visual inspection to con rm that the work area is free of visible dust accumulations; 
particle counting to con rm cleanliness and HVAC system air  lter effi  ciencies; a qualitative assessment of 
intrabuilding pressure relationships to con rm that they are appropriate (e.g., negative pressure rooms 
are negatively pressurized to the hallway); and culturable fungal air sampling for opportunistic environ-
mental fungi to con rm cleaning and HVAC system operation.

Visual inspection for dust consists of observations above and below suspended ceilings. Contractors 
are t ypically required to le ave t he work a rea “ broom clean” a nd above ceiling a reas may re ect that. 
A terminally cleaned room or area is typically dust-free because every surface, horizontal and vertical, 
has been wiped clean. Wiping a  nger (i.e., the “white glove test”) along surfaces where dust typically 
accumulates such as the top of a door or door frame, the top of the f loor cove base, drawer edges, 
and the like is conducted to con rm visual observations. Th e work area is required to be recleaned and 
reinspected if it fails inspection.

Visual observations using chemical smoke tubes are made to qualitatively con rm that appropriate 
intrabuilding pressure relationships have been established. Th e relationship is determined in advance 
per the AIA Guidelines as either positive or negative.58 A puff  of smoke is released from the tube at the 
entrance to t he room. If the room is supposed to b e positive, the smoke s hould be directed away and 
out of the room. If the room is negative the smoke s hould be directed into the room. Th is simple and 
direct testing method is extremely powerful when bringing improper room pressure relationships to the 
attention of the commissioning HVAC system engineer. Improper room pressure relationships need to 
be corrected and the infection control commissioning procedures repeated.

Particle counting consists of using a laser particle counter to take readings outdoors, in the supply air 
stream, and in the work area/room for the purpose of comparing between indoors and outdoors. Th is  
comparison is important in determining t he actual reduction in indoor particle concentrations as a 
result of the  ltration provided by the HVAC system. Both laser and condensate nuclei particle counters 
are appropriate for the task, however, the results produced by each diff er because of the particle sizes 
they count and should not be used together. Th at is to say that either a laser particle counter or a con-
densate nuclei counter should be used exclusive of the other.

Most commercially available laser particle counters can provide cumulative particle counts down to a 
size of 0.3 microns (i.e., 0.3 to >10.0 microns range) and condensate nuclei providing cumulative particle 
counts down to a si ze of 0.1 microns. Cumulative particle counts above 0.3 microns for laser counters 
and above 0.1 microns for condensate nuclei counters a re preferred because t he smaller pa rticles a re 
typical of air pollutant sources and less likely to be generated by a process indoors. Outdoor measure-
ments are made, followed by indoor measurements (i.e., supply air diff user or 3ʹ to 5ʹ above the  oor in 
a given room), and the percent reduction in indoor particle concentration is calculated:
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 [(Outdoor concentration − indoor concentration)/outdoor concentration] × 100 = % reduction

Th e actual reduction is compared to the estimated reduction based on  lter effi  ciency. For example, 
a re duction o f 85% i s e xpected f or a n 85% e ffi  cient  lter. Th e  lters ne ed to b e i nspected i f t hey do 
not re ach t he de sired e ffi  ciency. Th e  lters m ay not b e s eated o r i nstalled p roperly, t he  lter gasket 
may not have been installed,  lters may be missing, terminal cleaning may not be satisfactory, or there 
may be a re servoir of dust in the HVAC system, or in or adjacent the work area. If the  lter effi  ciency 
is not re ached the system needs to b e checked, any de ciencies found corrected, the work area/room 
recleaned, reinspected, and retested.

Culturable a ir s ampling f or t hermophilic opp ortunistic f ungal pat hogens i s p erformed a s a  nal 
check on cleanliness and building system operation aft er the successful conclusion of the visual inspec-
tion, particle counting, and the pressure relationship assessment. Culturable fungal air samples are pre-
ferred over nonculturable methods such as PCR because only pathogenic species, such as Aspergillus 
fumigatus for example, are capable of growing at 35°C–37°C.55 For this reason, methods such as spore 
trapping, PCR, and culturable air sampling for mesophilic (i.e., incubated at 25°C) fungi are not appro-
priate. Th ese methods can identify potentially opportunistic Aspergillus species, however, none of these 
methods are capable of determining if the species identi ed can grow at body temperature (35°C–37°C) 
and is therefore opportunistic.

Culturable air samples are typically collected using single-stage jet impactors (Andersen, Aerotech, 
and SAS) and slit to agar impactors (Mattson-Garvin and Casella).63–65 High volume air sample volumes 
(~400 to 1 400 L) a re preferred i n order to ob tain low re porting l imits (<2 CFU/m3 to < 1 CFU/m3) i n 
highly  ltered and maintained health care environments. Several types of culture media have been used 
for Aspergillus investigations and include malt extract agar (MEA), inhibitory mold a gar (MEA w ith 
0.1% chloramphenicol), Sabouraud dextrose (with 0.1% chloramphenicol), and Czapek dox agar and the 
cultures are incubated for seven days at 37°C.62,64,66

Th ere are no gener ally accepted guidelines regarding airborne opportunistic fungal concentrations 
for the purpose of infection control commissioning. Th e author proposes the following criteria for infection 
control commissioning purposes for a 484.5 L sample based on his experience:

 

0–2 CFU/m3 Aspergillus species Acceptable
>2–10 CFU/m3 Aspergillus species Reclean and retest
>10 CFU/m3 Aspergillus species Investigate potential sources, reclean 

and retest

Th e infection control commissioning process can be eff ective by ensuring that mold and water prob-
lems are not “built-in” during construction, con rm that critical building systems are working properly, 
and verify the eff ectiveness of cleaning prior to occupancy.

Environmental Monitoring

Environmental monitoring (particle counting and culturable air sampling) may be routinely conducted 
as a c heck on the effi  cacy of the controls used to control dust during construction. Measurements are 
made outside the construction area in neighboring, and typically occupied, spaces. Particle counting 
and culturable air sampling techniques are described above. Th ese two techniques are most useful when 
baseline measurements are made prior to c onstruction for comparison during construction, however 
determining baseline ranges is diffi  cult. “Baseline” particle counts and airborne fungal concentrations 
 uctuate based on normal human activity (e.g., foot traffi  c, occupancy and use, and activity levels). It is 
expected that particle counts and air sample results will be markedly diff erent at 9 a m and 9 pm simply 
due to the level of activity. Th e relatively short sample times associated with particle counting and fungal 
air sampling make them susceptible to bias due to the eff ect of changing local activity levels. Th is can be 
minimized in particle counting by programming the counter to take repeated samples over the course 
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of a d ay or days in a si ngle location; however, t here is less  exibility with a ir sampling. Determining 
baseline ranges is no sm all endeavor and may involve the collection of hundreds or thousands of a ir 
samples over the course of 10 years.65

Th e author proposes a  lter method air sampling method for culturable opportunistic fungi in order 
to address the limitations of conventional air sampling. Filter samples can be collected on a 24 h basis 
using 25 mm  lter cassettes  tted with a 0.45 µm pore size PVC  lter (i.e., TEM asbestos  lter cassette). 
Air is drawn through the cassette and  lter using a personal air sampling pump (Gillian GilAir 5) at 
 ow rate of approximately 2 L/min. Each sampling pump requires an electrical outlet in order for the 
pump to operate on a 24 h basis and is placed on a shelf or cart to elevate the cassette approximately 3ʹ to 
5′ above the  oor. Approximately 10% unopened  eld blank samples are collected and submitted with 
the cassettes as a control and check on  lter sterility.

Th e  lter cassettes are delivered to the mycology laboratory for analysis. Th e  lters are removed, and 
placed face down directly on a culture plate  lled with malt extract agar (+0.01% chloramphenicol) and 
incubated at 37°C for a period of 7 days. Th e interior of the cassette nozzle is wiped with a sterile swab, 
and placed in a vial containing 1% TWEEN culture media solution. Th e solution (innoculum) is inocu-
lated on MEA plates (as above) and incubated at 37°C for a period of 7 days. Th is method was compared 
to side by side 15 min (484.5 L) impactor samples in a highly  ltered protected environment (i.e., 30% + 
90% + HEPA point of use  lters in series) and a nonprotected unit (i.e., 30% + 90%  lters in series) and 
the  lter method was found to have an increased sensitivity, lower reporting limits, and lower airborne 
fungal concentrations as compared to the impactor samples.

Particle counting and air sampling conducted during on a routine basis in areas adjacent construc-
tion c an b e e xtremely h elpful i n iden tifying d ust rele ases p rovided ac curate ba seline r anges c an b e 
determined.

ICRA and the ICRA Panel

An infection control risk assessment (ICRA) is an evaluation of potential risk of infection to patients 
associated with construction.58 Th e guidelines charge the health care organization and/or owner with 
convening a pa nel w ith e xpertise i n i nfection c ontrol, d irect pat ient c are, r isk m anagement, f acility 
design, construction and construction phasing, ventilation, safety, and epidemiology.

Th e ICRA panel is intended to be involved with all phases of construction including planning, design, 
and construction. Th e pa nel provides recommendations regarding de sign (i.e., t he building features: 
isolation a nd protective environments, s pecial ventilation a nd  ltration requirements, water s ystem, 
and  nishes and furnishing; and the collection of construction, equipment, and mechanical and electri-
cal drawings; equipment manuals; life safety plan; design data for future use); construction impacts (i.e., 
speci c r isk m itigation re commendations: d isruption o f e ssential s ervices, c ontrol me asures, pat ient 
safety, known hazards, etc. for indoor and outdoor construction); phasing; monitoring, evaluating, and 
updating/revising the infection control risk assessment recommendations as appropriate for construc-
tion and renovation projects; and commissioning (i.e., specifying and verifying HVAC system balance 
and  ltration).

Th e primary focus of a n ICRA pa nels i s t he a nticipation, re cognition, e valuation, a nd c ontrol of 
construction-related r isks. Th e American Society for Healthcare Engineering (ASHE) has published 
an Infection Control Matrix to be used to assist the ICRA Panel with making infection control recom-
mendations. Th e matrix assigns increasing levels of concern to diff erent types of construction projects 
based on the invasiveness, scale and duration, and dust generating potential. It also assigns increasing 
levels of risk to potentially aff ected patient risk groups that range from lowest for offi  ces to highest risk 
such a s i mmune c ompromised pat ients. Th e c onstruction t ype a nd a ff ected pat ient r isk g roups a re 
cross referenced in order to determine the appropriate level and type of precautions and engineering 
controls (Classes I through IV) necessary to protect patients. Class I represents the least level of precau-
tions (e.g., dust minimization and cleaning) and Class IV represents the greatest level of precautions 
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(e.g., negative pressure enclosures, other work practice and engineering controls, and terminal clean-
ing and inspection by infection control). Th e matrix is free from the ASHE Web site www.ashe.org and 
many institutions have modi ed the matrix to  t their individual needs and have also made it available 
on the Internet.

Th e ICRA process can be extremely eff ective in reducing infection. Th e University of Washington 
Medical Center (Seattle, WA) was engaged in a total renovation of four  oors and the construction of a 
rooft op mechanical room penthouse of a high rise medical tower. Th e integration of the ICRA process 
into t he quality management program resulted in t he reduction of aspergillosis rates t hroughout t he 
institution.68
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Advances in Patient Safety: Contamination Studies Point 
to a New Strategy in the War against Hospital Infections

Jules Millogo and Kathryn M. Duesman*

Th e luer tip of a standard syringe is exposed to the risk of transmission of pathogens that can lead to hospi-
tal-acquired infections. To address this problem, Retractable Technologies, Inc. designed the Patient Safe™ 
syringe. Two studies were conducted by an independent laboratory to de termine whether the Pat ient 
Safe syringe reduces the risk of contamination, compared to the standard syringe.

Background

Each ye ar t here a re a bout 1 .7 m il-
lion health care-associated infections 
in U .S. ho spitals, a nd t hey re sult i n 
approximately 99,000 deaths, accord-
ing to the CDC.1 MRSA infections and 
other antibiotic-resistant “super bugs” 
increasingly o ver t he pa st f ew ye ars 
have become a m ajor concern in hos-
pitals t hroughout t he world . M RSA 
“is a major public health problem pri-
marily related to he alth care.”2 About 
14%, o r 238 ,000 o f t he 1 .7 m illion 
annual inf ections in  U .S. h ospitals, 
are blo odstream i nfections.3 Wo rse 
yet, t hese numbers are growing at a n 
alarming rate.

Besides t he h igh t oll i n t erms o f 
lives lost and illnesses suff ered, there is 
also the economic cost. Th e monetary 
cost i n ho spitals i n t he United S tates 
amounts to almost $5 billion annually. 
Beginning o n O ctober 1 , 2 008, C MS 
(Medicare) w ill no lon ger re imburse 
hospitals f or eig ht h ospital-acquired 
conditions, i ncluding v ascular c ath-
eter-associated inf ections.4 “P rivate 
insurers u sually ba se t heir pa yments 
on Medicare’s fee schedule.”5

Hospitals ha ve r esponded t o t he 
problem w ith a v ariety of approaches 
including hand washing, training, etc. 
However, until now there have been no 

*  Dr. Jules Millogo is medical director for Retractable Technologies, Inc. He holds a master of science degree in epidemiol-
ogy of communicable diseases from the University College of London and an MD from the University of Ouagadougou, 
Burkina Faso.

Kathryn M. Duesman, BSN, RN, is executive director, global health, for Retractable Technologies, Inc. To contact the 
authors, email Ms. Duesman at RTIclinical@vanishpoint.com
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design or engineering controls avail-
able to prevent the risk of contact con-
tamination associated with the luer end 
of a syringe. Th e luer tip of a standard 
syringe i s e xposed to t he r isk of con-
tamination by pathogens that could be 
transmitted to patients via intravenous 
(IV) access valves and IV  uids, both 
of which can increase patients’ risk for 
bloodstream infections.

Standard syringes with luer lock 
tips have a threaded collar surround-
ing the conical luer tip. Th e luer tip of 
standard syringes extends beyond the 
edge of the threaded collar. Th e  expo-
sure of t he luer t ip a llows for contact 

contamination of the tip during medication preparation, transporting medication to patient areas, and 
handling prior to injection or infusion. Due to the proliferation of needleless IV systems in the United 
States, m any i ntravenous i njections a re p erformed u sing l uer t ip s yringes i n c onjunction w ith l uer-
activated valve (LAV) access devices.

In a n eff ort to a vert contamination during t hese I V i njections, i t i s common practice to s wab t he 
surface of LAV devices prior to ac cess, and to s wab the vial stoppers prior to me dication preparation. 
However, t he luer t ip of a s tandard syringe i s exposed to t he r isk of contact contamination by HCP, 
as well as through contact with multiple surfaces (e.g., countertops in medication and patient rooms, 
over-the-bed tables in patient rooms, bedding in patient rooms, and HCP’s clothing). Since the luer tip 
directly interfaces with the access port, contamination of the luer tip has the potential for contaminat-
ing t he access port a nd i nfusate, which i ncreases t he pat ient’s r isk of nosocomial i nfections, such a s 
bloodstream infections.

Patient Safe syringes (a newly introduced product from Retractable Technologies, Inc.) are designed 
to connect to luer connection devices, such as standard hypodermic needles or vial access devices for 
the aspiration of  uids and medication, as well as LAV devices for the injection of  uids and medication. 
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Th e threaded collar surrounds and extends beyond the luer tip, protecting it from contact contamina-
tion. A u nique “petal” de sign a llows t he luer g uard to ac commodate a v ariety o f d iff erently shaped 
interfacing devices, such as hypodermic needles with manually activated safety features. Th is  extended 
petal design a lso serves as a g uide to a id the user in a ligning the syringe with the interfacing device, 
preventing inadvertent contamination.

Studies were conducted at an independent commer-
cial laboratory to determine if Patient Safe syringes 
or currently marketed standard luer lock syringes 
prevent contact contamination of the syringe luer tip 
and sub sequent c ontamination o f l iquids ad minis-
tered to pat ients ei ther by d irect i njection or v ia a n 
IV access system.

Two s tudies w ere c onducted, w ith t he f ollowing 
objectives:

 1. To te st t he Pat ient S afe s yringe a nd t he s tan-
dard luer lock syringe to quantify and com-
pare the risk of syringe luer tip contamination 
transfer to the liquid drawn into the syringe.

 2. To te st t he Pat ient S afe s yringe a nd t he s tan-
dard luer lock syringe in order to quantify and 
compare the risk of syringe luer tip contamina-
tion transfer to LAV devices and infusate:

 a.  Th e Patient Safe syringe’s unique luer guard 
protects the luer tip against contact contamination, while the petal design allows the collar to 
expand, if needed.

 b. Patient Safe syringes are compatible with luer-activated valve access devices, such as the ICU 
Medical CLAVE® connector.

 c.  Th e luer tip of a standard luer lock syringe is exposed, while the luer-locking collar of a Patient 
Safe syringe extends past the luer tip.

 d. Standard s yringes tr ansfer c ontaminants t o l uer-activated v alves an d i ntravenous  uid. 
Simulated contamination is visible under UV light.

 e. Patient Safe syringes do not transfer contaminants to luer-activated valves or patients. 
Simulated contamination is visible under UV light.

Study 1—Test of contamination transfer to liquid drawn into syringes
Test methods:

Agar plates were inoculated with • Geobacillus stearothermophilus and incubated for 24 h.
Th e luer end o f Pat ient S afe s yringes a nd s tandard s yringes were p laced on t he su rface o f t he • 
agar.
Using aseptic technique, sterile hypodermic needles were attached to the syringes.• 
Each s yringe w as  lled w ith 2 mL o f s terile s aline t aken f rom s eparate v ials ( one v ial p er • 
syringe).
Th e contents were expelled through the needle into a sterile container.• 
Th e contents of each sample were incubated for at least than 48 h and the number of • G. stearother-
mophilus colonies was counted.

Results: (Table 5.4)
Th e results demonstrated that the Patient Safe syringes protected the  uid pathway and subsequently 
prevented contamination of the  uid drawn into the syringe. Th e study demonstrated that the Patient 
Safe syringe showed no contamination of the syringe contents in any instance (0%), while the standard 
syringe demonstrated contamination of the syringe contents in every instance (100%).
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Study 2—Test of contamination transfer to LAV and infusate
Test method:

Agar plates were inoculated with • G. stearothermophilus and incubated for 24 h.
Using a septic te chnique, s terile Pat ient S afe s yringes a nd s tandard s yringes w ere op ened a nd • 
attached to sterile 22G × 1² standard hypodermic needles.
Each syringe was  lled with 2 mL sterile saline.• 
Th e needles were removed.• 
Th e luer ends of Pat ient Safe syringes a nd standard syringes were placed on t he su rface of t he • 
agar.
Th e syringes were attached to separate valves (each opened using aseptic technique and swabbed • 
with alcohol) and the contents expelled through the valve into a sterile container.
Th e contents of each sample were incubated for at least 48 h and the number of • G. stearothermo-
philus colonies was counted.

TABLE 5.4 Colonies of G. stearothermophilus Counted

No.
Patient Safe 
with Valve A

Patient Safe 
with Valve B

Patient Safe 
with Valve C

Standard with 
Valve A

Standard with 
Valve B

Standard 
with Valve C

1 0 0 0 186 201 180
2 0 0 0 135 320 79
3 0 0 0 173 301 202
4 0 0 0 192 241 103
5 0 0 0 82 208 122
6 0 0 0 161 113 152
7 0 0 0 211 270 102
8 0 0 0 205 215 123
9 0 0 0 174 264 94
10 0 0 0 195 173 103
Neg. Control 0 0 0 0 0 0
Pos. Control 5.0 × 103 3.1 × 103 3.8 × 103 3.4 × 103 3.5 × 103 4.1 × 103

Note: Valves used were Valve A: BD P osi ow™; Valve B: ICU Medical CLAVE®; and Valve C: Baxter 
Clearlink.

TABLE 5.5 Colonies of G. stearothermophilus Counted

Sample No. Patient Safe Syringes Standard Syringesa

1 0 307
2 0 147
3 0 298
4 0 310
5 0 190
6 0 238
7 0 174
8 0 180
9 0 357
10 0 309
Negative controls 0 0
Positive control one 3.3 × 103 3.6 × 103
Positive control two 2.4 × 103 3.1 × 103
Positive control mean 2.9 × 103 3.4 × 103

a Standard syringes used were BD syringes.



5-46 Handbook of Modern Hospital Safety

Results: (Table 5.5)
The results of Study 2 demo nstrated that the Pat ient Safe syringe protects the f luid pathway, and 
subsequently the patient, from contamination when connecting the syringe to an access valve and pushing 
liquid through the valve. Th e study demonstrated that for each of the three brand of valves tested, the 
Patient Safe syringe showed no contamination beyond the valve in any instance (0%), while the standard 
syringe demonstrated contamination beyond the valve in every instance (100%).

Conclusion

Th ese studies show that the Patient Safe syringe prevents contact contamination of the syringe luer tip 
and subsequent contamination of l iquids administered to pat ients either by direct injection or v ia an 
intravenous access system, whereas currently marketed standard luer lock syringes do not.
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Introduction

Jane Doe

In September 1987, I learned that a recent blood exposure had rendered me human immunode ciency 
virus (H IV)-positive. Th e only “ dirty” ne edlestick of my c areer, t his ac cident le d me to b ecome S an 
Francisco General Hospital’s  rst health care worker “ known” to h ave acquired HIV occupationally. 
Nationally, I w as t he 1 3th. Th e ye ars f ollowing w ould c hallenge me to at tempt to c omprehend t he 
broader context in which such an accident could have occurred.

I came to San Francisco General Hospital a young but experienced nurse and received comprehensive 
training in universal precautions during a hospital orientation. My perception of occupational risk at 
that time was in uenced by multiple factors: a still youthful sense of immortality, an uncritical assump-
tion that the institution and the larger regulatory agencies overseeing it had employed every measure 
to provide a s afe working environment, and a r udimentary understanding of health and safety tenets 
(my most salient memory of health and safety training during my blunt suture needles (BSN) education 
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is b eing told not to b ite m y na ils a nd t hus c reating op en s ores). M y p erceptions w ere p oliticized a s 
well; problematically, the voices conveying alarm over occupational transmission were oft en tinged with 
homophobia, disdain for intravenous (IV) drug users, and proposals for withholding care. In the absence 
of a reasoned and comfortable forum for discussion of risk, a health care worker was left  keeping concerns 
over occupational transmission to and from herself.

But I did not incur my injury because of an underestimation of risk or the inappropriate handling of a 
needle. I acquired HIV because I had no adequate means with which to discard a used, blood- l led, and 
unsheathed needle. At the moment of my needlestick, I found myself across a crowded room from the 
bathroom containing the sharps disposal container. In retrospect, I would recall a “gadget” I had used 
at another San Francisco hospital earlier that year. Marketed as the “Click Lock,” this engineering device 
provided a cylindrical sheath over a needle that would have prevented my accident. Ironically, the Click 
Lock was being utilized in the other institution for the purposes of patient safety with central IV lines.

In December 1991, federal Occupational Safety and Health Administration (OSHA) issued its  nal 
standard on bloodborne pathogens. Eff ective in March 1992, the standard set a hierarchy of controls for 
bloodborne hazards in the workplace, emphasizing that engineering controls be used in preference to 
other control measures when possible. Th is emphasis was a victory for health care workers, who histori-
cally have had the onus for our safety placed on our own behavior. Th e standard called for each institu-
tion to develop an exposure control plan and required the employer to provide the hepatitis B vaccine 
to employees at risk free of cost.

It is known that prior to the development of the hepatitis B vaccine in 1982, 6000–8000 U.S. health care 
workers contracted the hepatitis B virus (HBV) occupationally each year, resulting in 200 deaths annually 
and leaving hundreds open to c irrhosis and l iver cancer in the years to c ome. As late as 1992, statistics 
issued by Centers for Disease Control and Prevention (CDC) and federal OSHA indicated no signi cant 
reduction in the incidence of occupationally transmitted hepatitis B. Yet, it took federal OSHA a decade 
to mandate that the hepatitis B v accine be made available to e very health care worker at r isk. As safety 
devices and needleless systems are implemented in our institutions at present, I am left  to wonder where 
these devices have been as thousands of my coworkers have been dying of hepatitis B. Why has it taken 
a stigmatized, seemingly 100% lethal and ironically much less virulent disease to el icit a federal OSHA 
standard and to provoke an industry to de sign, manufacture, and market the devices Dr. Jagger tells us 
could prevent at least 85% of all needlestick? (Jagger, congressional testimony, February 7, 1992.)

In August 1990, the nation responded with shock and horror as the CDC reported a young woman’s 
acquisition of HIV as a pat ient in a F lorida dental practice. Later, it would be strongly suggested that 
inadequate sterilization techniques and infection control practices were responsible for the transmission 
of HIV to the young woman and four other of the dentist’s patients. In July 1991, the U.S. Senate voted 81 
to 18 for Jesse Helm’s amendment requiring mandatory disclosure of HIV status by HIV-positive health 
care providers, who perform invasive procedures, with criminal penalties applying to those health care 
workers who do not comply. No de nition of invasive procedures was provided by the amendment.

Th ough the amendment did not become law, the message of its overwhelming vote was clear. While 
infection control practices, t he crux of t he t ransmission i ssue, went u naddressed, t he  rst legislative 
responses to this tragedy were punitive of health care workers.

At the time of this vote, 22 health care workers were “known” to have seroconverted occupationally, 
a s tatistic considered to b e u nderreported. Health c are workers s till waited for a s tandard on blood-
borne pathogens, still worked with unsafe devices, and in some areas continued to be blamed for their 
injuries. As we waited, federal funding for research on the effi  cacy of needlestick prevention technology 
remained inadequate. Clearly, the federal agencies charged by Congress through the OSH Act of 1970 
had failed to demand that safety devices become an industry standard in a timely fashion. (Th e FDA had 
not developed performance standards for needle devices.) While the media in amed public fear about 
contracting HIV from one’s dentist, the risk to health care workers was dramatically underplayed.

Paradoxes e xist a s w ell i n t he re sponses o f a n i nstitution reno wned f or i ts p rovision o f ac quired 
immunode ciency syndrome (AIDS) care. Following my seroconversion, SanFrancisco general hospital 
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(SFGH) would create a leading needlestick response program within 2 years. Providing 24 h counseling, 
evaluation, Z idovudine t herapy when appropriate, a nd blood exposure d ata collection, t his program 
is notable for its management of occupational blood exposures. Prevention measures, however, would 
be implemented more gradually. Th e most obvious and facile prevention measure, the relocation of the 
sharps disposal container from the bathroom to t he bedside (the point of use), would take 3 ye ars. In 
1991, when SFGH employed a safety IV stylet solely in its emergency department, workers in other units, 
together with SEIU, would launch a campaign to get the device distributed hospitalwide. It would take 
a class-action grievance to overcome institutional resistance and make the device available to all work-
ers. Si nce 1991, a N eedlestick P revention C ommittee, w ith re presentation of o ccupational i nfectious 
disease personnel, management, and frontline workers, has reviewed safety products, evaluated data on 
needlesticks, and planned trainings. As of the end of 1993, the exposure rate has fallen to half the rate 
reported in 1989.

While any decrease in needlesticks is positive, the overall statistics are alarming and beg immediate 
action. With 1,000,000 ne edlesticks o ccurring nat ionally e ach ye ar, approximately 2 0,000 or 2% a re 
contaminated with HIV. If surveillance data indicating a 1/250–1/400 chance of contracting HIV from 
an HIV-positive needlestick are accurate, up to 5 0–80 health care workers a year are contracting HIV 
on the job (Jagger, Congressional Testimony, February 7, 1992) one health care worker each week. And 
thousands are plummeted into the shadows of worrying, deciding whether to embark on AZT therapy 
and undergoing testing over a period of 6 months. Th e cost of managing these needlesticks (counseling, 
blood testing, treatment) is estimated to be $750 million annually.

In the face of these compelling statistics made real to me by my own seroconversion, I attempt to 
understand what forces can account for the oft en fragmented, delayed, and obstructionist approaches 
to health and safety exhibited by our institutions and regulatory agencies. Th e health care industry is 
one of the most pro table industries in the nat ion. When pro t is a mot ive, or resources are l imited, 
institutions have not prioritized worker safety and have generally responded aft er tragedies occurred. 
Th is pattern is consistent with our health care delivery system, which is based on a disease management 
model rather than a d isease prevention model. Our regulatory agencies are supported in their insuffi  -
cient response by the political climate of antiregulatory sentiment and the resultant underfunding.

Th e vast majority of health care workers are women and people of color, and our well-being as work-
ers has long been ignored. In addition, t he socialization of care g ivers has taught us to p rioritize t he 
interests of the patient and the institution; a sense of self-advocacy is not cultivated or encouraged. Our 
sense of responsibility toward our patients is oft en exploited by an institution choosing to abdicate its 
responsibilities by placing the onus for safety on the worker rather than itself.

Workers’ Compensation?

What happens to the health care worker aft er a n occupational needlestick transmission? In the wake 
of my seroconversion, SFGH went on record as upholding my rights to remain employed and to have 
my c on dentiality protected. In pursuing workers’ compensation from the City and County of San 
Francisco, I requested a con dential means of processing my claim that would ensure minimal disclo-
sure of my identity. Th e Workers’ Compensation Division and City Attorney’s Offi  ce did not a gree to 
such a procedure for 19 months, and did so only aft er the involvement of my attorney, Service Employees 
International Union, ACT UP, numerous hospital administrators, the Board of Supervisors, the media, 
and  nally the Mayor. Th at procedure (disclosure to two high-level personnel only) was later negotiated 
into the RNs’ collective bargaining agreement, putting it into place for all other city RNs.

Workers’ compensation will be my sole source of monetary compensation for becoming HIV-positive 
on the job. Its bene ts include  nancing ongoing medical and mental health costs. In the event of dis-
abling disease, it will provide no more than the cost of state disability as income maintenance. By law, 
my employer is protected from a suit for damages from my injury. In order to glean an additional 50% 
in workers’ compensation bene ts in the form of penalties, I w ould have to p rove serious and willful 
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misconduct on the part of my employer. One other option for the infected health care worker is to bring 
a product l iability suit against the needle manufacturer for the absence of a s afer device in the work-
place. While the statute of limitations has passed for me, I know of a few health care workers who have 
won settlements in such cases. I am familiar as well with health care workers who have been obstructed 
by their employers or employer’s insurers in the process of applying for job relo cation, workers’ com-
pensation, and death bene ts. Reimbursement of medical costs will be my only true compensation, and 
in the absence of a dependent at the time of my injury, my death bene t will go to the state of California 
rather than to my family or a partner.

Zero Risk?

Who determines what is an “acceptable” rate of needlesticks and at what pace an institution can aff ord 
to implement safer devices and needleless systems? Dr. Jagger’s preliminary research tells us that at least 
85% of needlesticks could be preventable; clearly a rate in excess of 15% of current needlesticks is unac-
ceptable. Federal agencies and health care workers must intensify cooperative eff orts to bring the rate to 
as close to zero as possible.

Health care workers, historically distanced from the health and safety infrastructures of our insti-
tutions, bring to the evaluation process the hands-on wisdom of how a device or work practice con-
trol m ay o r m ay not de crease t he r isk o f e xposure a nd m ay o r m ay not a ff ect pat ient c are. Active 
participation and leadership by frontline health care providers in the decision-making process about 
health a nd s afety programs provide a s ense o f u rgency a nd a mo re e thical t ime f rame for ne eded 
changes. Eff ective participation will be contingent upon the development of a creative forum for dis-
course about hazards in the workplace and perceptions of risk, such as educational trainings based 
on interactive learning rather than brief, formal instruction. Workers and management must learn to 
talk freely about these issues without a sense of antagonism and cross-purposes. Health care worker 
involvement should be facilitated on work time or with compensation and at no risk of negative 
sanctions.

Conclusion

Six years aft er my needlestick, I understand more clearly the personal, institutional, and national poli-
tics as to h ow a ne edle intersected with my l ife, changing it irrevocably. I h ave witnessed the creative 
perseverance of health and safety advocates and union activists in demanding and shaping change from 
a recalcitrant industry. I have watched infected health care workers speak the truth with courage. I have 
heard, as well, administrative doublespeak in response to workplace hazards demanding urgent resolu-
tion. Sadly, this resistance exists despite the example of what has happened and continues to happen to 
human lives when health and safety is not prioritized.

What I have learned has provided me with valuable perspective, but it is with great sorrow that I real-
ize that this understanding cannot restore to me and other infected health care workers the tremendous 
losses that result from this type of injury. My hope is that the lessons wrought from our experiences will 
be heeded so that further tragedies are prevented. Inherent in these lessons is the imperative to err on 
the side of caution and precaution, to harness strength and power from knowledge, and to righteously 
strive to save each others’ lives.

Progress in Preventing Sharps Injuries in the United States

Jane Perry, Ahmed E. Gomaa, and Janine Jagger

In the last 10 years, signi cant progress has been made in the United States in preventing occupa-
tional exposures to bloodborne pathogens in the health care environment. Advances in sharps safety 
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technology and other medical device equipment, coupled with federal legislation and stronger regula-
tions, have combined to markedly reduce the rate of needlestick injuries to U.S. health care workers, and 
made the United States a leader in the market for safety-engineered needles and other sharp devices. We 
will review relevant legislation and policy actions, and discuss percutaneous injury (PI) data from the 
University of Virginia’s exposure prevention information network (EPINet) sharps injury surveillance 
network, as well as from other sources, which document and re ect this progress.

United States Legislation and Policy

Th e Needlestick Safety and Prevention Act (NSPA) was signed into law by President Clinton in November 
2000.1 (photo of bill signing) Th e NSPA required that the OSHA revise the bloodborne pathogens stan-
dard (BPS) (29 CFR Part 1910.1030) in order to s trengthen and clarify the language regarding the use 
of engineering controls to prevent sharps injuries. Speci cally, it added a new term: “Sharps with engi-
neered sharps injury protections,” or SESIPs. SESIPs are de ned as “a nonneedle sharp or a needle device 
used for withdrawing body  uids, accessing a vein or artery, or administering medications or other  u-
ids, with a built-in safety feature or mechanism that eff ectively reduces the risk of an exposure incident.”2 
In the revised BPS, OSHA stated that health care employers must “[d]ocument annually consideration 
and implementation of appropriate commercially available and eff ective safer medical devices designed 
to eliminate or minimize occupational exposure.”2 In the 2001 revision of the BPS compliance directive 
(a manual used by OSHA inspection offi  cers to i nterpret and apply the standard), OSHA said further, 
“Where engineering controls will reduce employee exposure, either by removing, eliminating, or isolat-
ing the hazard, they must be used,” thus making it clear that safety devices were not optional.3

OSHA Enforcement Actions

From April 2001, when the revised BPS became eff ective, through May 2002, OSHA issued four times 
the n umber o f c itations f or f ailure to u se s afety de vices a nd ot her eng ineering c ontrols t han i t h ad 
issued over the previous decade for this speci c section of the BPS.4 “Special emphasis” programs were 
carried out by various federal and state OSHA offi  ces across the country which focused on BPS compli-
ance. In July 2003, federal OSHA  ned a Pennsylvania nursing home $70,000—the maximum penalty 
OSHA can assess for a w illful v iolation—for failure to u se safety devices.5 In September 2003, aft er a 
group of residents at M onte ore Medical C enter submitted a c omplaint to O SHA a nd a n i nspection 
was conducted, the facility was  ned $9000 for three serious violations of the BPS.6 Th e citation listed 
26 separate instances in which safety devices were not used. OSHA has continued to actively enforce the 
requirement to evaluate and implement the safety-engineered devices.

OSHA has shown a w illingness, not just to i ssue citations and levy  nes for noncompliance with 
the B PS, b ut a lso to l itigate c ontested B PS c itations. I n D ecember 2 007, t he f ederal O ccupational 
Safety and Health Review Commission upheld a ruling from an OSHA administrative law judge 
affi  rming that an OSHA inspections offi  cer correctly cited a Denver laboratory facility for removing 
needles from blood tube holders for the purpose of reusing the holders. Th e judge, and subsequently 
the Re view C ommission, f ound t hat s ection (d)(2)(vii) o f t he B PS p lainly p rohibited t he remo val 
of c ontaminated ne edles f rom re usable blo od t ube hold ers.7 Th e c ase originated w ith a c itation of 
a Denver phlebotomy facility operated by MetWest (a subsidiary of Quest Diagnostics, one of the 
largest laboratory companies nationwide). Quest company policy dictated the use of reusable blood 
tube holders in phlebotomy clinics; this, in turn, required removal of the double-ended phlebotomy 
needles, exposing users to p otential injury f rom t he tube-piercing end of t he needle. Quest a rgued 
that, by using a push-button blood tube holder which allowed mechanical removal of the needle, risk 
to the worker was minimized. OSHA did not agree, however, and upheld its comprehensive ban on 
needle removal. Th is  nal decision rendered the practice of reusing blood tube holders all but obsolete 
in the United States.
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EPINet Sharps Injury Data

In 2 004, t he I nternational H ealthcare Worker S afety C enter (I HWSC) at t he University o f Vi rginia 
collected data on percutaneous injuries and blood and body  uid (BBF) exposures from 41 health care 
facilities i n t he United St ates t hat u se t he E PINet su rveillance program to t rack e xposure i ncidents. 
Th ese facilities voluntarily participate in the collaborative EPINet network coordinated by the Center; 
their exposure data are combined into an aggregate database. Most of these facilities (38) are part of a 
state-wide network in South Carolina coordinated by Palmetto Hospital Trust Services; the other three 
facilities are located in Virginia, Pennsylvania, and Nebraska. Nine of the facilities are teaching hospi-
tals, and 32 are nonteaching facilities.

In 2004, 22 facilities had an average daily census (ADC) of less than 100 occupied beds; 9 f acilities 
had an ADC of 100–300; and 4 facilities had an ADC of greater than 300.8 (ADC data were not available 
for six of the participating institutions, a ll of them are long-term care facilities.) Most of the facilities 
were acute-care or tertiary-care hospitals or medical centers; some had physicians’ offi  ces, home health 
agencies, and other outpatient settings affi  liated with them. Participating facilities included an alcohol 
and drug abuse agency, a home hospice agency, a long-term acute-care facility, a skilled nursing facility, 
and a rehabilitation hospital.

In 2004, a tot al of 1155 percutaneous injuries were reported by network facilities (Figure 6 .1). Th e 
overall PI rate for a ll network hospitals was 26.69 PIs per 100 occupied beds. Th e average PI rate for 
teaching hospitals was 33.19 injuries per 100 occupied beds and, for nonteaching facilities, 18.98 injuries 
per 100 occupied beds. For hospitals with an ADC of less than 100, the average rate was 21.9 per 100 
occupied beds; for hospitals with an ADC of 100–300, 20.76 per 100 occupied beds; for hospitals with an 
ADC of greater than 300, 34.78 per 100 occupied beds.

EPINet data from 2004, as in previous years, revealed great variation among individual facilities in 
PI rates: two facilities had a zero injury rate, while four facilities had rates exceeding 50 PIs per 100 occu-
pied beds. Th e reasons for such variation are not fully understood, but may include the mix of patients, 
injury underreporting rates, the extent to which a facility has converted to safety devices, and whether it 
is a teaching or nonteaching institution (teaching institutions tend to have higher injury rates).
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FIGURE 6.1 Th e United States EPINet 2004: PI rates.
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Because o f t hese v ariables, i t s hould not b e a ssumed t hat a h ealth c are f acility w ith a lo w PI r ate 
necessarily has a superior safety record than a hospital with a higher rate. For example, a hospital with 
a higher-than-average PI rate may have more patients requiring invasive procedures than another facil-
ity with a lower rate. Th us, comparing rates among hospitals have limitations; it is more meaningful to 
track injury t rends w ithin a si ngle institution over several years a nd make historical comparisons as 
prevention measures are implemented.

Th e EPINet surveillance system includes a separate report form for BBF exposures. Th e Center col-
lects BBF exposure data from network hospitals as well as PI data. In 2004, a total of 354 BBF exposures 
were reported by ne twork facilities (Figure 6 .2).9 Th e average BBF exposure rate overall was 8 .18 per 
100 occupied beds; for teaching hospitals, the rate was 9.76 per 100 occupied beds, and for nonteaching 
hospitals, 6.3 per 100 occupied beds.

Impact of the NSPA: Market Data

Market d ata provide one v iew of t he i mpact o f t he NSPA on t he i mplementation of s afety-engineered 
devices in U.S. health care facilities. Between December 2000 and March 2003, the market share for safety-
engineered IV catheters increased from 43% to 90% of the overall market for IV catheters (data are for hos-
pital and alternate sites combined). Similarly, the market share for safety-engineered phlebotomy needles 
increased from 40% to 8 0% of the overall market during the same t ime period.10 For safety-engineered 
syringes used for skin injection, the market share increased from 15% in 2000 to 50% in 2003.10

Of the major categories of sharp devices that cause injuries to HCWs, suture needles are the only one 
where there has been little or no growth in the market for safer alternatives since passage of the NSPA. 
BSNs, in particular, remain vastly underutilized by U.S. surgeons. BSNs are sharp enough to penetrate 
internal tissue, such as muscle or fascia, but not sharp enough, in most cases, to penetrate skin.11 Most 
injuries occurring in the operating room (OR) are caused by suture needles, followed by scalpel blades 
and other surgical instruments;12 studies have demonstrated the effi  cacy of BSNs in reducing injury risk 
to surgeons and other surgical personnel (Figure 6.3).13,14 Although the American College of Surgeons 

FIGURE 6 .2 Th e U nited St ates E PINet 2 004: BB F e xposure r ates. (From I nternational He alth C are W orker 
Safety Center, University of Virginia Health System. U.S. EPINet Multihospital Sharps Injury and Blood Exposure 
Surveillance N etwork. N eedlestick a nd S harp-Object I njury R eport, 2 004 (1155 P Ls, 4 1 ho spitals c ontributing 
data). Report run February 2008.)
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Data are for 41 healthcare facilities (9 teaching, 32 nonteaching). For teaching hospitals, the average daily census
was 2347, and total exposures were 229. For nonteaching hospitals, the average daily census was 1981 and total 
exposures were 125. 
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issued a statement in 2005 supporting universal adoption of BSNs for suturing fascia15 and OSHA issued 
a Safety and Health Information Bulletin recommending their use in 2007,16 adoption rates for BSNs 
remain low. Market data from 2004 showed that blunt-tip suture needles had captured only 3% of the 
overall market for suture needles.17 Adoption of safety-engineered scalpels, which provide protection 
from the scalpel blade during passing and aft er use, also remains low.18

Impact of the NSPA: Injury Rates

A comparison of EPINet surveillance data from 1993 to 2 000 (before passage of the NSPA) and 2001 
to 2004 (aft er passage of the law) revealed an overall decline of 36% in PI rates for hollow-bore needles 
(Figure 6.4).19 PI rates dropped precipitously aft er the NSPA was enacted, and the lower rate has persisted. 
Injury rates for hollow-bore needles (i.e., injection, blood-drawing, and vascular access devices), which 
had shown little or no decline from 1993, when EPINet surveillance began, through 2000, dropped from 
18.7 to 12.1 PIs per 100 occupied beds (rates are for conventional and safety devices combined). It should 
be noted that the injury rate for safety-engineered needles tripled aft er 2 000; this may seem counter-
intuitive but is ac tually to b e expected, since safety-engineered devices reduce, but do not el iminate, 
needlestick injuries. Th e huge increase in the number of safety devices used in the health care workplace 
means, by necessity, that there will be more injuries caused by them. However, the sizable reduction 
in injuries from conventional needles has more than off set increased injuries from safety-engineered 
devices, resulting, overall, in a much lower PI rate.

Particularly encouraging is the fact that, while injury rates for hollow-bore needles declined by 36%, 
much h igher declines were found for t he device categories associated w ith t he h ighest r isk of blood-
borne pathogen transmission. Injury rates for IV catheters declined by 53%; injury rates for blood col-
lection (phlebotomy) needles declined by 60%.

Th ese d ata p oint to a c linical a rea, w here mo re r igorous en forcement a nd c ompliance e ff orts are 
needed, however. As noted above, the hospital setting least impacted by the law is the surgical environment 
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FIGURE 6.3 Rate of injury associated with use of curved suture needles during gynecologic surgical procedures 
and percentage of suture needles used that were blunt, by quarter—three hospitals, New York City, April 1993–June 
1994. (From C enters for Disease Control and Prevention, Morb. Mortal. Wkly. Rep., 46, 25, 1997; Berguer, R. and 
Heller, P.J., J. Am. Coll. Surgeon, 199, 462, 2004.)
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(where the use of hollow-bore needles is low compared to other clinical areas). Injury rates for the OR have 
remained virtually unchanged since passage of the NSPA: EPINet data from 1993 to 2000 revealed an OR 
sharps injury rate of 7.0 per 100 occupied beds; for 2001 to 2004, the rate was 6.99 per 100 occupied beds.20

Efficacy of Safety Devices: Other Data

Data from other studies con rm that requiring implementation of safety devices is an eff ective policy 
measure in reducing sharps injuries to health care workers. In 2004, researchers from the Memorial 
Sloan-Kettering Cancer Center in New York City published a study comparing PI data for the period 
1998–2000, b efore s afety de vices were i mplemented hospitalwide (and b efore t hey were sp eci cally 
required by the NSPA), to data from 2001 to 2002, aft er a near-total conversion to safety devices.21 
Because the conversion occurred within a very short-time frame rather than over a number of years (as 
is the case in most institutions), the study provided a c lear “before-and-aft er” picture. Th e  hospital’s 
overall PI rate decreased by 58% aft er conversion to safety-engineered devices; injuries from hollow-
bore ne edles ( associated w ith t he h ighest r isk o f blo odborne pat hogen t ransmission) f ell b y 7 1%. 
Nurses had the largest decrease (75%) in PI rates of any occupational group. Th e authors concluded that 
“implementation of safety-engineered devices reduced PI rates across occupations, activities, times of 
injury, and devices.”21

A 2006 review of 17 published studies of safety device implementation reached a similar conclusion: 
“In all studies reviewed, introduction of safety-engineered devices was followed by considerable reduc-
tions in PI rates (range: 22%–100%).”22 Studies published in 2007 from France and Spain off ered further 
evidence of the effi  cacy of safety devices in signi cantly reducing PI rates.23,24

Issues in Implementing Safety Devices

As facilities have worked to comply with the revised BPS and the requirement to evaluate and imple-
ment s afety-engineered de vices, a v ariety o f i ssues h ave a risen. F acilities f requently a sk w hether 

FIGURE 6.4 Percutaneous injury rates for all hollow-bore needles before and aft er passage of the NSPA. (Reprinted 
from Jagger, J., Infect. Control. Hosp. Epidemiol., 28(1), 1, 2007.)
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OSHA requires the use of speci c types or brands of devices; however, OSHA has stated that “No one 
medical device is appropriate in all circumstances of use” and that “Employers must implement safer 
medical de vices t hat a re app ropriate, c ommercially a vailable, a nd e ff ective.”25 O n t he ot her h and, 
OSHA does require that “employers evaluate the eff ectiveness of existing controls and review the 
feasibility of instituting more advanced engineering controls.”26

Another frequently asked question in relation to safety devices is whether OSHA requires the use of 
“passive” devices. Active (or “clinician-controlled”) safety devices require “a physical action by the user 
in order to activate the sharps safety feature, which is in addition to any actions needed to perform the 
primary function of the device.”27 A pa ssive safety feature “automatically activates aft er use, i.e., does 
not require any additional action by the user to activate the sharps safety feature.”27 While OSHA does 
not require the use of passive safety devices, it states that “Passive features enhance the safety design 
and are more likely to have a greater impact on prevention.”26 On the other hand, the CDC’s “Workbook 
for Sharps Injury Prevention” comments that “Many devices currently marketed as self-blunting, self-
resheathing, or self-retracting imply that the safety feature is passive. However, devices that use these 
strategies generally require that the user engage the safety feature.”28 Th e Workbook further notes that 
“In certain situations, it is not practical or feasible for the device or…procedure to have a passive control. 
Th erefore, whether a safety feature is active or passive should not take priority in deciding the merits of 
a particular device.”28

One of t he most sig ni cant challenges t hat facilities face regarding needlestick i njuries a nd blood 
exposures i s si mply to rem ain v igilant a nd f ocused o n t he i ssue i n t he f ace o f ot her p ressing o ccu-
pational safety concerns. A signi cant drop in PI rates was noted in EPINet data aft er pa ssage of the 
NSPA in 2000, but rates have remained relatively stable since then. Data from the Sharps Injury Control 
Program of the California Department of Health Services re ect a similar phenomenon: a clear decline 
in hospital injury rates for the period 1998–2002, with a leveling-off  of rates from 2002 to 2005.29 While 
U.S. health care facilities have made great progress in reducing the risk of occupational blood exposures, 
these data underscore the need for ongoing eff orts and a sustained focus if further risk reductions are 
to be achieved.

OSHA requires that facilities continue to evaluate, on an annual basis, safety-engineered sharps 
injury prevention technology; this is important because sharps safety technology continues to evolve 
in response to users’ needs and regulatory trends. An example of this is seen with blood tube holders . 
OSHA clari ed its position regarding reuse of blood tube holders in a St andard Interpretation letter  
issued in 200230; this was followed by a Safety and Health Information Bulletin in 2003.31 OSHA affi  r-
matively stated that reuse of blood tube holders, w hich re quires removal o f t he ph lebotomy ne edle 
from the tube holder, was not permitted under the BPS. Since then, new designs for safety-engineered 
blood tube holders have emerged. Some off er protective mechanisms that shield both the front- and 
back-end needles aft er use; another integrates the needle and tube holder in one unit, thus eliminating 
the possibility of reuse altogether.

In order for a s afety device to p rotect HCWs f rom injury a ft er use, t he protective feature must be 
activated. Th is is obvious, but gaining full compliance from users is not a simple or easy task, and inac-
tivation of safety devices remains an ongoing issue. One key is to provide adequate training facility-wide 
when a new device is implemented, followed by annual in-servicing—particularly for devices that have a 
longer learning curve or require a change in technique. Some facilities hold an annual safety device “fair” 
to educate and update staff  on available safety devices and give device manufacturers an opportunity to 
share new products. A hospital in North Carolina requires that each of its clinical departments conduct 
an annual competency review of high-risk procedures and devices; in addition, staff  must attend a yearly 
“Sharps, Spills, and Spashes” session that includes hands-on demonstrations, assisted by product repre-
sentatives, of the correct use of safety devices available in the institution.32 Th e participation of product 
representatives in such meetings gives staff  an opportunity to ask questions, voice concerns, and provide 
feedback about speci c devices.



Progress in Preventing Sharps Injuries in the United States  6-11

Global Standard for Health Care Worker Protection

In 2 001, t he C DC i ncluded t he el imination o f “occupational ne edlestick i njuries a mong h ealth c are 
workers” on its list of seven “Healthcare Safety Challenges.”33 In order to meet this goal, continued vigi-
lance will be necessary on the part of U.S. health care facilities to ensure that eff ective safety technology 
is both available and consistently used in hospitals and outpatient settings nat ionwide. In the United 
States, reducing the risk of needlestick injuries and blood exposures to HCWs has taken more than two 
decades of concerted eff ort, and the goal of full compliance with needle safety regulations has yet to be 
achieved. However, available data indicate that signi cant progress has been made, and the U.S. experi-
ence provides a model for other countries to follow. Since 2004, for example, Canadian provinces have 
passed needle safety regulations similar to those in the United States.34

In most industrialized countries, important advances have been made in reducing occupational infec-
tions from hepatitis B, hepatitis C, and HIV, through vaccination, postexposure medical intervention, 
antiviral t herapies, a nd (in some countries) i mplementation of safety-engineered devices.19 Howe ver, 
protecting health care workers from occupational infections in resource-poor countries—where HBV 
vaccine, HIV postexposure testing and treatments, and safety devices are less readily available—remains 
a signi cant challenge for the twenty- rst century.35 While the prevalence of bloodborne pathogens in 
many poor countries is high, documentation of infections caused by occupational blood exposures is 
scarce or nonexistent. One study found that although 70% of the world’s HIV-infected population lives 
in sub-Saharan Africa, only 4% of worldwide cases of occupational HIV infection are reported from this 
region.35 By c ontrast, 4% of the world’s HIV-infected population l ives in North America and western 
Europe, but 90% of documented occupational HIV infections are reported from these areas.35,36

Basic measures for protecting HCWs from life-threatening bloodborne diseases should be viewed 
as essential and included in the national health priorities of all nations. Such measures include universal 
hepatitis B vaccine for HCWs; provision of personal protective equipment, such as gloves and masks, 
for all high-risk exposure-prone procedures; safe containment and disposal of contaminated sharps 
and other medical waste; education and training in occupational exposure prevention, especially in medi-
cal a nd nursing s chools; a nd adopt ion o f s afe work practices, suc h a s h ands-free pa ssing o f s harp 
instruments i n su rgical s ettings. M aking suc h me asures, a p riority f or m ajor i nternational h ealth 
organizations is critical if greater protection for health care workers around the globe is to be achieved. 
Th e health c are workforce i n e very c ountry ne eds to b e v iewed a s a n i nvaluable, a nd i ncreasingly 
scarce, resource.
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Occupational Needlestick Injuries*

Emergency Care Research Institute

Needlestick-Prevention Devices

According to the Centers for Disease Control (CDC),1–4 needlestick injuries account for 80% of reported 
occupational H IV exposures, which could lead to A IDS. A lthough t he fear of contracting A IDS has 
overshadowed t he c oncern a bout ac quiring t he H BV t hrough a n ac cidental ne edlestick, t he r isk o f 
acquiring—and dying from—HBV is actually much greater: CDC reports a 6%–30% chance of acquir-
ing h epatitis B f rom a P I w ith a n H BV-contaminated ne edle. P hysicians, nurses, c linical l aboratory 
technicians, pharmacy personnel, housekeeping staff , and waste handlers—all health care workers who 
may be exposed to patients’ blood or body  uids—are at risk.

Th e O ctober 19, 1987, J oint A dvisory N ote o f t he D epartments o f L abor a nd H ealth a nd Human 
Services s tates “W henever p ossible, eng ineering c ontrols s hould b e u sed a s t he p rimary me thod to 
reduce worker exposure to harmful substances. Th e preferred approach…is to use, to the fullest extent 

* ©1991 by ECRI, a healthcare technology research agency in Plymouth Meeting, PA.



6-14 Handbook of Modern Hospital Safety

feasible, intrinsically safe substances, procedures, or devices.” Given this statement and the incidence of 
occupational AIDS and hepatitis B transmissions, the best way to reduce the risk of needlestick injury 
may be to use a needlestick-prevention device or to eliminate the needle from the procedure entirely.

Many m anufacturers a re m arketing products t hat re duce t he r isk o f ne edlestick i njuries, a nd t he 
number of diff erent products available is rapidly increasing. In this Special Report and Product Review, 
we p rovide gener al bac kground i nformation a nd g uidance o n t he ne ed f or a nd u se o f ne edlestick-
prevention devices, as well as reviews of 26 such products from 22 manufacturers, divided into eight 
diff erent Product Groups. A lso, t he Discussion a nd Recommendations section provides g uidance on 
selecting products for four main clinical uses and includes a discussion of cost analysis, including a cost 
comparison model based on the Emergency Care Research Institute’s (ECRI)5,6 new Computer-Aided 
Health DevicesTM (CAHDTM) CAHDModelTM system.

Finally, we would like to thank CDC for its review of this report.

Risk and Prevention of Needlestick-Transmitted Infections

Risk Assessment

Accidental needlesticks occur frequently, posing a serious risk of transmitting fatal or chronic diseases 
to a wide range of health care workers. As one physician noted, “Rarely a day goes by in any large hospi-
tal where a needlestick incident is not reported.”7 Needlesticks have long been associated with transmit-
ting both bacterial infections and viral infections, such as hepatitis B; now, they also serve as the agent of 
transmission of the HIV, which causes AIDS. Th is threat has spurred the development of the preventive 
devices examined and discussed in the pages that follow.

Sources of Risk

A number of clinical procedures and housekeeping activities carry an increased risk of needlestick injuries, 
including (1) disposing of or recapping used needles, (2) administering parenteral medications, (3) drawing 
blood, and (4) collecting linens and trash. In one study of 316 reported needlesticks (conducted before the 
use of needle disposal systems [“sharps” containers]), disposing of needles accounted for 24% of injuries; 
recapping needles, 12%; administering parenteral medications, 21%; drawing blood, 17%; and collecting 
linens and trash, 16%.8 In another study of 286 reported needlesticks drawing blood constituted the highest 
risk, 20.6%; followed by recapping or corking needles, 18.2%; handling trash, 16.1%; and giving injections or 
infusions, 15.4%. Interestingly, injuries from needles poking out of over lled needle disposal containers—
which are designed “to protect” workers from accidental sticks—constituted 8.4% of the total injuries.9

According to a nother study of 1201 health care workers with blood exposures, 80% of which were 
due to needlesticks, 37% could have been prevented if recommended infection control precautions had 
been followed.10 Th e exposures were caused by recapping needles by hand, 17%; improperly disposing 
of sharps, 14%; and exposing open wounds to sources of contamination, 6%. Th e remaining 63% of the 
exposures involved manipulating IV, phlebotomy, or arterial needles (36%) during an invasive proce-
dure (8%), autopsy (2%), or other procedure (17%).

Accidental needlesticks have been associated with the transmission of AIDS, hepatitis (B and C), and 
many ot her v iral, r ickettsial, bac terial, f ungal, a nd pa rasitic i nfections. I n add ition, personnel face a 
signi cant risk of injury from accidental sticks with needles contaminated by toxic antineoplastic drugs 
and immunotherapeutic agents. Although it is diffi  cult to predict the exact degree of risk of acquiring 
a speci c disease from an accidental needlestick because of pathogenicity dose, host susceptibility, and 
other factors, some information on the risks of acquiring AIDS and hepatitis B, the two diseases most 
commonly associated with needlestick injuries, is available.

Needlesticks and AIDS

Th us far, the available evidence indicates that health care workers face a small—yet nonetheless real—
chance of acquiring HIV through accidental sticks with needles contaminated with the virus. According 
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to two studies, the percentage of HIV seroconversions per known HIV exposures was 0.43% and 0.41%, 
respectively.10,11 Prospective studies in the United Kingdom and Canada reported that 220 health care 
workers exposed to parenteral, mucous membrane, or cutaneous blood or body  uids in patients infected 
with HIV showed no evidence of HIV transmission.12,13

Two ot her s tudies a ssessed t he r isk of occupational t ransmission of H IV i nfection for health c are 
workers. One study, conducted by the National Institutes of Health (NIH), tested 1344 health care work-
ers with 170 documented needlestick exposures and 345 mucous membrane exposures to the blood or 
other body  uids of HIV-infected patients and reported only one HIV seroconversion as of December 
1989.14 Th e other study, done at the University of California, included 212 health care workers that had 
documented 625 needlestick injuries or mucous membrane exposures as of March 15, 1988, and again 
only one seroconversion following a needlestick was reported.15 In addition, in the study reported above 
the 1201 health care workers who had been exposed to blood as of July 31, 1988, the serum of 963 health 
care workers (860 of whom had received a ne edlestick or cut from a s harp instrument) was tested for 
HIV at least 180 days aft er exposure, and only four tested positive for HIV aft er exposure to a needle-
stick injury.10

Based on the landmark studies of Marcus, Henderson, and Gerberding cited above, as well as other 
studies, Henderson concludes that “Th e r isk of HIV-1 t ransmission w ith a p ercutaneous exposure to 
blood from an HIV-1-infected patient is approximately 0.3% per exposure.” As of June 1990, only 19–24 
HIV seroconversions were reported in the United States, but many more may not have been veri ed by 
or known to CDC.

According to Janine Jagger, MPH, PhD, of the University of Virginia, who gave a presentation at the 
Sixth International Conference on AIDS in San Francisco on June 22, 1990, current technology has the 
potential to prevent 85%–90% of needlesticks based on an estimated 800,000 needlesticks per year: “If 
2% of hospital pat ients are HIV seropositive, and consequently 2% of needlesticks are HIV contami-
nated, then 64 health care workers will seroconvert per year, and 57 of those seroconversions would be 
preventable with technology that exists today.”

Needlesticks and Hepatitis B

Although the opinions of health care experts vary about the risk of acquiring hepatitis B from an acci-
dental stick with a needle contaminated by the virus, experts agree that the risk is “signi cantly” greater 
than that of acquiring HIV through a needlestick. According to the Hepatitis Branch of CDC, an esti-
mated 12,000 health care workers exposed to blood become infected by HBV each year—500–600 are 
hospitalized, 700–1000 become HBV carriers, and approximately 250 die f rom acute or chronic con-
sequences.2 In contrast to t he relatively small number of HIV transmissions, the annual incidence of 
infection with hepatitis B among laboratory staff , surgeons, physicians, and nurses is estimated at 37, 25, 
11, and 4 p er 100,000, respectively.16 Chronic sequelae of HBV infection include both cirrhosis and at 
least 80% of all primary liver cancers. Hepatitis B has also been known to be transmitted from a mother 
to her fetus.

OSHA requires that hospitals off er hepatitis B vaccines free of charge to employees who are at sub-
stantial risk of direct contact with patients’ BBFs. Available hepatitis vaccines provide over 90% protec-
tion against hepatitis B for seven or more years; however, many health care workers still do not receive 
the vaccine, taking action only when a needlestick injury actually occurs.

Risk Management

Th e risks associated with needlesticks underscore the importance of implementing eff ective risk man-
agement eff orts that reduce exposure and the likelihood of transmission. First and foremost, health care 
workers at high or moderate risk should receive the hepatitis B vaccine, all health care workers should 
follow universal precautions (as outlined in NCCLS Document M29-T), and health care workers who 
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sustain needlestick injuries should report them in accordance with hospital policies and procedures. 
In addition, hospitals should enhance worker safety by implementing policies and procedures, discussed 
in detail below, to prevent needlestick injuries. Failure to t ake protective measures, such as those rec-
ommended by CDC and enforced by OSHA,17 could lead to increased employee injuries and the losses 
associated with such injuries. In addition, it could result in the imposition of citations and civil penalties 
by OSHA as a violation of its general duty clause. Th ese recommendations (e.g., for sharps disposal) are 
also likely to be introduced via litigation as the standard of care for hospitals regarding prevention of 
AIDS or other transmissible diseases to health care workers.

Reporting

Just as health care workers oft en fail to be vaccinated, they oft en fail to report needlestick injuries. In a 1986 
survey of 1473 nursing and medical personnel employed in two hospitals, 33.6% of the respondents had 
one or more needlesticks but did not report the incident.18 A recent survey in a U.S. Air Force base hospital 
found that more than one-third of the 334 health care workers who had received a ne edlestick or other 
means of blood exposure did not report the injury through hospital reporting channels; the reasons given 
were lack of time or the feeling that it was not dangerous (Hospital Infection Control, August 1990).

As of June 1989, a 24 h needlestick hotline has been available at San Francisco General Hospital. Th e 
hotline provides immediate counseling and helps San Francisco General’s health care workers deter-
mine the necessary prophylactic care. Also, if zidovudine (RetrovirÒ) is recommended immediately, it can 
be ob tained t hrough t he h otline p rogram. A t t he Si xth A nnual I nternational C onference o n A IDS, 
it was re ported t hat t his s ervice had prompted a 6 9% i ncrease i n t he number of ne edlestick i njuries 
reported at the hospital.

OSHA requires t hat “any needlestick requiring medical t reatment (e.g., ga mma g lobulin, hepatitis 
B immune globulin, hepatitis B vaccine, etc.) shall be recorded. In addition, since this type of treatment 
is considered absolutely necessary…such an injury cannot be considered minor.”17 Ho spitals s hould 
strongly emphasize the importance of reporting a ne edlestick injury as soon as possible, to maximize 
the eff ects of postexposure follow-up.

Hospital Liability and Costs

In addition to their ethical concerns for employee well-being, hospitals face concerns about accidental 
needlesticks posing signi cant liability and costs. Hospital employees who contract an infection as the 
result of a needlestick are entitled to Worker’s Compensation bene ts. Because Worker’s Compensation 
is a no-fault system, bene ts are available regardless of whether the employee followed safety rules and 
preventive practices. Although Worker’s Compensation is generally an exclusive remedy, some com-
mentators have suggested that an employee might nevertheless be able, in some jurisdictions, to sue 
the hospital in tort on the theory that it intentionally created a hazardous work environment by disre-
garding proper safety precautions. And physicians and other nonemployees are not bound by Worker’s 
Compensation and could bring a tort suit against the hospital. For example, in a highly publicized law-
suit, Veronica Prego, MD, contended that she acquired AIDS from an accidental needlestick at a N ew 
York City hospital where she had been an unpaid extern. Th e hospital settled the case for $1.3 million. 
Th e potential for hospital l iability is l ikely to i ncrease with safer product availability, especially i f the 
hospital fails to provide such devices.

Th e combined costs of employee t ime lost, laboratory test ing, case investigation, and, i f necessary, 
treatment stemming from a needlestick injury can be signi cant. In one hospital study, conducted over 
a 47 months period from 1975 to 1979, the incidence of accidental needlestick injuries was as high as 
81.8/1000 employees; the 316 needlesticks reported constituted one-third of all work-related injuries in 
the hospital during this period.8 In addition, 1053 incidents of needlestick injuries were reported to the 
Worker’s Compensation insurance of the University of Texas Medical Branch Hospitals in Galveston 
between N ovember 1 , 1984 a nd J anuary 31, 1989; 61.6% o f t he i ncidents i nvolved n urses, a nd 6 .7% 
involved physicians.19
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OSHA may impose  nes up to $70,000 (for reported violations) on hospitals that fail to take measures 
to protect workers, giving hospitals a further incentive to abide by CDC recommendations. If hospital 
policies are at variance with CDC recommendations, documented—and defensible—reasons should be 
provided for the hospital’s policies.

Methods of Prevention

Several me thods o f re ducing t he i ncidence o f ne edlestick i njuries a re a vailable. Th ese i nclude ( 1) 
increased education and training of all hospital personnel who come into contact with used—and thus 
potentially c ontaminated—needles, (2) a p roposed O SHA ba n o n t raditional re capping b y t he t wo-
handed te chnique, (3) app ropriate u se o f ne edle a nd s yringe d isposal c ontainers, a nd (4) t he u se o f 
needlestick-prevention devices.

Education and Training

Proper education of employees about the importance of following universal precautions; using approved 
disposal methods, including recommended impervious disposal containers; prompt emptying of dis-
posal containers before they over ow; and using preventive devices are essential elements of a program 
to minimize needlestick occurrences. However, education, while indispensable, is not a panacea for 
needlestick prevention.

Several surveys of nursing and medical personnel have revealed that they do not perceive education 
as an eff ective means of reducing needlestick injuries. In one article, the authors note that “most respon-
dents reported some knowledge of proper needle disposal techniques and perceived lack of knowledge 
as t he le ast i mportant re ason for ne edlestick i njuries.”18 Similarly, in another survey, nurses felt that 
“talks and information on preventing needle injuries and awards to individual nurses with good safety 
records” were the least eff ective solutions to needlestick injuries.20 Instead, nurses viewed such practical 
measures as more frequent inspections and more frequent emptying of disposal containers as the best 
way to reduce injuries.

Despite these views, education is of documented bene t. Th e signi cantly higher rates of needlestick 
injuries for part-time employees, who “may be less familiar with the routines utilized for needle disposal 
and a lso le ss available for i n-service e ducation”9 at test to t he v alue of e ducation. E ducational e ff orts 
should b e d irected to ward ph ysicians, n ursing p ersonnel ( including R Ns, w ho i n o ne s tudy s howed 
twice as many needlesticks as LPNs), clinical laboratory technicians, and housekeeping staff ; special 
eff orts should be made to educate part-time personnel and employees on all three shift s, as well as per-
sonnel with less than 1 year’s experience, because these groups appear to be at greater risk for needle-
sticks.9 E ducating h ealth c are w orkers a bout t he i mportance o f re ceiving t he h epatitis B v accine, a s 
discussed above, is also important.

An eff ective in-service educational program to prevent needlestick injuries should:

Explain the hazards and risks associated with bloodborne pathogens, using the latest l iterature • 
available.
Stress hospital policies on needle use and disposal.• 
Describe the steps for reporting and following up on a needlestick injury, should one occur.• 
Provide the necessary training on any speci c needlestick-prevention devices used.• 

Th e eff ectiveness of training should be assessed, for example, by questioning personnel on their under-
standing and k nowledge, observing actual practice (handling and d isposal), and monitoring t he f re-
quency of incidents. Training techniques, programs, and frequency should be modi ed as appropriate.

Needle-Recapping Controversy

CDC, E nvironmental P rotection A gency, a nd J oint C ommission o n A ccreditation o f H ealthcare 
Organizations all recommend that needles “not” be recapped by the traditional two-handed technique. 
In its latest proposed recommendations on prevention of HIV transmission in health care settings, 
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OSHA states: “Needles shall not be recapped (by the traditional two-handed technique), purposely bent 
or broken by hand, removed from disposable syringes, or otherwise manipulated by hand. Resheathing 
instruments, self-sheathing needles, or forceps shall be used to prevent recapping needles by hand.”17

In support of this position, numerous studies show recapping to be the cause of a signi cant portion 
of all needlestick injuries.21 According to a recent study performed at four large teaching hospitals, the 
percentage of injuries resulting from needle recapping was greater than 25%, and exceeded 50% in four 
instances.22 Th e reasons for recapping were listed as inadequate knowledge (i.e., the misperception that 
recapping is a way to avoid needlesticks) concerns about personal risk, forgetfulness, and being too busy 
to follow universal precautions.

Some researchers and practitioners favor recapping with a w ide-mouth needlecap, a o ne-handed 
scoop te chnique, o r a re capping de vice. P roponents o f re capping a rgue t hat w hile, i n t heory, d is-
posing of uncapped needles into permanently sealable containers sounds like an ideal solution to 
the needlestick problem, in actuality this technique poses additional problems—not a ll needles are 
properly  disposed of, and needles stuff ed into over lled containers may still be dangerous. Although 
the traditional two-handed recapping technique may be hazardous, handling an exposed contaminated 
needle is no safer.

As a result, recapping proponents claim, “over one-half of needle injuries, particularly those occur-
ring during disposal, are not in icted away from the bedside by uncapped needles, many of which prob-
ably could have been capped at the bedside.”23 One danger of these so-called downstream injuries, they 
argue, is t hat v ictims have no ide a whether t he needles t hey have been stuck with are contaminated, 
whereas those who recap needles at the bedside using safer recapping devices “are in a good position to 
permanently neutralize the needle and to seek appropriate treatment if they do suff er a stick.”23

Problems w ith recapping u nderscore t he need for proper t raining. In one recent s tudy, t he rate of 
needle recapping used with venipuncture and for percutaneous medication injections fell from 61% to 
16%. In this 12 months period, an educational program was developed that reported the rate of needle 
recapping to employees.24 In addition to such preventive measures as thorough education and training 
and the use of preventive devices, proper disposal techniques must be used.

Sharps Disposal

CDC stresses that disposal containers for needles should be located as close as possible to the point of 
use, presumably at the bedside in all patients’ rooms.* However, such a plan poses signi cant operational 
problems.

To provide a box at the bedside, with a lock to affi  x it to the wall, requires personnel time and a regular 
maintenance schedule. Th is may be relatively easy in an intensive care unit (ICU), where boxes at each bed-
side are within a single con ned area, the number of needles handled is great, and boxes oft en require emp-
tying or changing on at least a daily basis. It is more diffi  cult to implement in patient rooms that are widely 
dispersed throughout a multi oor building or several buildings, where needles are handled less frequently 
and at variable rates per room. Th ese factors increase the diffi  culty in establishing a routine maintenance 
schedule because the need to empty or change boxes would vary from room to room and  oor to  oor.18

Similar problems are posed by affi  xing a needle disposal box to the nursing medication cart. Ideally, 
medication c arts s hould b e brought to t he pat ient’s b edside. I n p ractice, h owever, m any me dication 
carts remain in the nursing station or hallway while nurses carry individual medications to patients by 
hand, a situation that “leaves the nurse at one end of the hall with a used needle and the dilemma of how 
to get it safely back to the disposal box in the nursing station.”18

Hospitals purchasing a needle disposal system should make sure it is properly labeled and stands out 
as an infectious waste disposal container. Some disposal systems available are visually aesthetic and may 
be confused with a noninfectious unit (e.g., a towel dispenser).

* For further information on waste disposal containers, see ECRI’s Product Comparison Systems.
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While any needle disposal system is likely to have important limitations, it is an essential component 
of any needlestick-prevention program. In addition to ensuring that the system is easy to use and that 
containers are sturdy, it is important that the disposal container be located in all patients’ rooms and 
other areas where needles are used and that a m aintenance schedule that precludes over lls be estab-
lished. Staff  responsible for replacing containers should be clearly identi ed (e.g., nursing, housekeep-
ing), and a mechanism for recognizing, reporting, and correcting any container hazards that may arise 
should be in place.

Preventive Devices on the Market

In the following section, we review 26 products from 22 manufacturers that represent some of the 
devices currently being marketed for needlestick prevention. We have divided the products into eight 
diff erent Product Groups based on their intended use:

 1. Needleless medication/vaccine injectors
 2.  Pre lled medication systems
 3. IV starters with catheters
 4. IV medication connectors
 5. Blood collection systems
 6.  Disposable syringes
 7.  Needle guards
 8.  Needle-recapping devices

We reviewed products that are marketed as aids in reducing needlestick risks and that were provided to 
us for inclusion in this study; additional products may also be available. Th ese devices were assessed for 
their ease of use and eff ectiveness in preventing needlesticks in various applications. Although we have 
included list prices for all devices and accessories, the actual selling prices may be substantially lower; 
thus, we have included guidance on performing a cost analysis in Analyzing Costs Associated with 
Needlesticks and Preventive Devices in the Discussion and Recommendations section. Also in this sec-
tion, we address which of the Product Groups aff ord the greatest protection for four main applications 
in Selecting Needlestick-Prevention Devices for Four Clinical Applications.

Groups aff ord the greatest protection for four main applications in Selecting Needlestick-Prevention 
Devices for Four Clinical Applications.

Product Reviews

In this section, we examine 26 products from 22 manufacturers, categorized into eight Product Groups. 
Although we describe the general eff ectiveness of the Product Groups and comment on the individual 
devices in this section, readers should also refer to t he Discussion and the Recommendations section, 
where we provide guidance on which Product Groups are appropriate for four main clinical applica-
tions, before making purchasing decisions. (Products are not shown to scale.)

Product Group 1: Needleless Medication/Vaccine Injectors

General Description

Th is group consists of gas-pressurized, needleless injectors that replace a s yringe and needle. Current 
systems c an del iver i ntramuscular (I M) o r sub cutaneous i njections, p rimarily v accines. M edication 
injectors intended for home use are not included in this review.

General Eff ectiveness

Th e single medication/vaccine injector we examined is eff ective in preventing needlesticks; however, 
it h as l imited app lications. I t m ay b e u seful i n a l arge c linic t hat i s ad ministering l arge numbers o f 
vaccinations.
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BIOJECT BIOJECTOR“

Bioject Inc. [108133]
7620 S.W. Bridgeport Rd.
Portland, OR 97224
(503) 639-7221

Description and use: Th e Biojector is a reusable vaccination injector that uses pressurized CO2. Users can 
 ll disposable single-dose Bioject ampules (Figure 6.5).

According to the manufacturer, the Biojector is currently being used with DPT (diphtheria, pertussis, 
tetanus), in uenza, tetanus, MMR (measles, mumps, rubella), yellow fever, and typhoid fever vaccines; 
it can also administer medications such as narcotics, analgesics, anticoagulators, vitamins, antibiotics, 
and hormones, but in only 0.5 mL doses.

List prices:

Cost/unit:
$475, Biojector

Additional cost/item:
$0.40, CO2 cartridge (10–20 injections/cartridge)
$0.99, sterile single-dose disposable drug ampule

Comments: Th is p roduct re duces c ross c ontamination f rom ne edlesticks w hen ad ministering I M o r 
subcutaneous injections. A ne edle is still necessary to d raw medication into the ampules, a lthough it 
poses little risk of infection because it is not used for injections. Th e manufacturer states that pre lled 
variable-volume ampules will be available in the near future that will eliminate the need for a needle and 
allow the unit to be used for additional medications.

FIGURE 6.5 BiojectBiojector (with stand and supplies). (From BiojectBiojector, Portland, OR.)
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Product Group 2: Prefi lled Medication Systems

General Description

Th ese systems, which are marketed as preventive devices by the manufacturers, were designed as con-
venient methods of administering medication and minimizing errors by supplying premeasured unit 
doses. Current products consist of a reusable cartridge holder and pre lled medication cartridge with a 
needle, and are intended to be dropped into a nearby needle disposal container aft er use.

General Eff ectiveness

None of the systems we examined eff ectively reduces the risk of needlesticks and none is recommended 
as a ne edlestick-prevention device. Pre lled medication systems are no s afer than using a ne edle and 
syringe—the u ser i s at r isk f rom t he e xposed ne edle a ft er u se u ntil i t i s d isposed of. Th is  especially 
aff ects those health care workers that do not h ave a d isposal container nearby because of the r isks of 
transporting the exposed needle and cartridge to a container. Th ese products do eliminate the need for a 
needle for drawing medications into the syringe, but this procedure does not pose an infection risk.

WINTHROP PHARMACEUTICALS CARPUJECT“

Winthrop Pharmaceuticals
Div. Sterling Drug Inc. [104392]
90 Park Ave.
New York, NY 10016
(212) 907-2525; (800) 446-6267

Description and use: Th e Carpuject is available with a variety of medications and solutions. Users dis-
pose of the cartridge by unscrewing the plunger, opening the blue cam lock, and releasing the cartridge 
directly into a disposal unit. No needle protection is provided aft er the cap is removed (Figure 6.6).

FIGURE 6 .6 Winthrop Pharmaceuticals C arpuject (pre lled me dication c artridges [ left ] a nd hold er a nd c ar-
tridge set up for use). (From Winthrop Pharmaceuticals Carpuject, New York, NY.)
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List prices:

Cost/unit:
No charge for Carpuject holder

Additional costs/item:
$0.40–$1.00 for the diff erent cartridges

Comments: Th is system does not reduce the risk of needlesticks. If the disposal system is not located 
nearby, users may recap the needle or unscrew the cartridge and manually dispose of it, increasing the 
risk of needlesticks. Also, the reusable holders may be misplaced.

WYETH-AYERST TUBEX“

Wyeth-Ayerst Laboratories [101864]
P.O. Box 8299, Philadelphia, PA 19101
(215) 688-4400; (800) 424-8800

Description a nd u se: Th e Tubex i s a lso a ne edle c artridge s ystem. Wyeth-Ayerst h as d isposable c ar-
tridges for a variety of medications and solutions. Th e design of the reusable holder is slightly diff erent 
from that of the Winthrop Carpuject system. Th e cartridge is unscrewed from the holder and dropped 
vertically into a d isposal container; the needle cannot be recapped. No needle protection is prov ided 
from the time the cap is removed to the time the cartridge is discarded (Figure 6.7).

FIGURE 6.7 Wyeth-Ayerst Tubex (pre lled medication cartridges [left ] and holder and cartridges set up for use). 
(From Wyeth-Ayerst Tubex, Philadelphia, PA.)
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List prices:

Cost/unit:
No charge for Tubex holder

Additional costs/item (examples only; additional cartridges are available):
$0.52–$0.83, heparin lock  ush solution
$0.55–$0.66, morphine
$0.63–$0.69, codeine
$0.73–$0.81, hydromorphone

Comments: Th is system does not reduce the risk of needlesticks. If the disposal system is mounted too 
high or i s a h orizontal-drop container, u sers may u nscrew t he c artridge a nd manually d ispose of i t, 
increasing the risk of needlesticks. Also, the reusable holders may be misplaced.

Product Group 3: IV Starters with Catheters

General Description

We e xamined t hree c atheters a nd one ne edle i nfusion s et u sed to ad minister I V t herapy a nd d raw or 
administer b lood. Th ese de vices m ay i ncorporate a h eparin lo ck f or i ntermittent ( “push”) me dication 
therapy.

General Eff ectiveness

Th e four devices we reviewed provide some safety when removing the introducer needle from the cath-
eter or the infusion set needle from the arm. Th ese products represent diff erent needlestick-prevention 
designs, three of which appear to eff ectively reduce the risk of needlesticks: the Critikon ProtectIV can 
be used to re place many common catheters, the Menlo Care Landmark. Catheter is expensive and is 
primarily intended for intermediate-term and special applications, and the Ryan Medical ShamrockTM 
is appropriate only for short-term use and where its metal needle w ill not b e a p roblem. Th e Deseret 
Intima reduces some of the risks of needlestick, but can still pose a signi cant hazard—for example, if 
misplaced in linens. Th us, hospitals will need to consider speci c clinical needs and determine whether 
these or other products are appropriate (Figure 6.8).

CRITIKON PROTECTIV‘

Critikon Inc.
A Johnson & Johnson Co. [101346]
4110 George Rd.
P.O. Box 31800
Tampa, FL 33631-3800
(813) 887-2000; (800) 237-2033

Description and use: Th e ProtectIV is and IV catheter with a built-in guard that covers and locks over 
the introducer needle as it is withdrawn from the vein. Th e catheter is available with diff erent needle 
sizes (14 G–24 G).

List price:

Cost/unit:
$2.50, ProtectIV catheter

Comments: Th is product appears to be easy to use and to reduce the risk of needlesticks when IV therapy 
is started. However, like any such catheter, this device terminates in a Luer hub without a septum 
(or extension t ubing), which exposes t he user to t he pat ient’s blood. Th e manufacturer recommends 
using digital pressure above the catheter tip during the procedure, quickly connecting the IV set, and 
using gloves to minimize blood contact.
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DESERET MEDICAL INTIMA‘

Deseret Medical Inc.
Becton Dickinson and Co. [101750]
9450 S. State St.
Sandy, UT 84070
(801) 255-6851; (800) 453-4538

Description and use: Th e Intima is an IV catheter with an introducer needle attached to a styles. Aft er the 
catheter is in place, the needle-stylet assembly is removed through an injection adapter (which reduces 
blood leakage), exposing t he needle. Th e Intima is available w ith or w ithout a Y-site a nd in d iff erent 
needle sizes (Figure 6.9).

List prices:

Cost/unit:
$2.30, Intima IV catheter
$2.30, Intima IV catheter with Y-site
(PRN injection adapter included with catheter)

Comments: Th e  imsy styles on this product reduces the risk of needlesticks, although contact with the 
needle is possible while holding the styles. Of even greater concern, the styles could be left  in the linen, 
and nursing or housekeeping staff  could become injured by the needle end. Bright, visible color on the 
styles might help minimize, but not eliminate, this risk. Also, if the styles is removed improperly, blood 
could splash in the user’s eye. Th e styles may also be more diffi  cult to aim into a disposal container and 
may pop out of the top more easily.

FIGURE 6.8 Critikon ProtectIV (before use [left ] and aft er use showing protected needle for d isposal [center] 
and catheter). (From Critikon ProtectIV, Southington, CT.)
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Menlo Care Landmark“

Menlo Care Inc. [107575]
1350 Willow Rd.
Menlo Park, CA 94025
(415) 325-2500; (800) 752-8900

Description and use: Th e Landmark catheter is an over-the-needle device that is inserted in the ante-
cubital fossa area and advanced up to 6 i n. until the tip is in an upper-arm vessel. Aft er the catheter is 
placed in the arm, the needle styles is removed and locked into a protective case (Figure 6.10).

FIGURE 6 .9 Deseret Me dical I ntima ( before u se [ left ] a nd a ft er u se s howing prot ected ne edle for d isposal 
[center] and catheter). (From Deseret Medical Intima, Sandy, UT.)

FIGURE 6 .10 Menlo C are L andmark. ( before u se [ left ] a nd a ft er u se, s howing prot ected ne edle for d isposal 
[center] and catheter). (From Menlo Care Landmark, Menlo Park, CA.)
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Applications include selected chemotherapies, hydration therapy, antibiotic therapies, blood deliv-
ery, and pain management. Th e catheter is made of Aquavene, which soft ens to reduce vein trauma 
and subsequent complications. Th is catheter is designed to be used for intermediate-term therapies 
(typically 10 days to s everal weeks) and is therefore introduced through a s terile procedure. It may 
be used as an alternative to a central line or multiple peripheral sticks for some applications. Th e 
manufacturer suggests that this catheter can be used by home infusion therapy patients (especially 
those with AIDS or cystic  brosis); cardiac, pediatric, obstetric, and orthopedic patients; and some 
oncology patients.

List price:

Cost/unit:
$33 per Landmark catheter in case volume

Comments: Th is product reduces the risk of needlesticks, but is useful only for very speci c applications.

RYAN MEDICAL SHAMROCK

Ryan Medical Inc. [108525]
Suite 201, 7106 Crossroads Blvd.
Brentwood, TN 37027
(615) 370-4242

Description and use: Th e Shamrock safety-winged, butter y-needle infusion set provides a safety shield 
over the needle when it is removed from the vein. A visual indicator appears when the needle is locked 
inside the shield, which also produces an audible click (Figure 6.11).

List Price:

Cost/unit:
$0.58, (21, 23, or 25 G) Shamrock needle

Comments: Th is device reduces the risk of needlesticks. However, the nurses we spoke with were con-
cerned that a steel needle is not as eff ective as a  exible catheter in minimizing trauma to the patient’s 
vein. Th e manufacturer states that this device is intended for short-term IV therapy (for which venal 
trauma may not be as great a concern), or IV therapy for children. It is considerably less expensive than 
the catheters in this group.

FIGURE 6 .11 Ryan Me dical S hamrock ( before u se [ left ] a nd a ft er u se). (From Ry an Me dical S hamrock, 
Brentwood, TN.)
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Product Group 4: IV Medication Connectors

General Description

Th ese de vices a re i ntended to el iminate a n exposed needle a ft er ad ministering medications t hrough 
an IV delivery system or catheter. Th ey may also be used for collecting blood through an IV line into 
a syringe or possibly a blood collection tube adapter (see Product Group 5). Several of the products we 
examined have a needle recessed in a plastic covering that can be inserted into a Y-site; the other end of 
the product has a Luer  tting for connecting a syringe or another infusion set. Th ree such products, the 
Baxter Needle*LockTM, IMS Stick-GardTM, and the Tri-State KleenNeedleÒ, provide a si mple protective 
needle system for connecting to mo st standard septum-terminated Y-sites. Two other manufacturers, 
Burron Medical and ICU Medical, will soon introduce comparable products.

Other products in this group are similar, but are intended for use with their own speci c injection 
adapters (e.g., those used as a heparin lock) that can be purchased separately or as part of the manufac-
turer’s extension set; these additional components must be considered in the cost. Two manufacturers 
also have valves that can be used in place of a stopcock or injection adapter, and one manufacturer has 
a needle-free device that uses a plastic cannula.

Th ese other systems are designed for special applications or may require special or additional prod-
ucts. Some of these devices used at a Y-site for administering drugs must be positioned relatively close to 
the catheter site; users should judge whether this will be inconvenient. None of these devices is designed 
for IM use, and, except as noted, all require a needle to d raw up t he medication. Users must carefully 
assess the cost, compatibility with existing systems, and bene ts of these products.

General Eff ectiveness

All of the IV medication connectors reduce the risk of needlesticks when a standard needle would other-
wise be used to give intermittent IV or piggyback medications; however, the clinical usefulness depends 
on the hospital’s needs and existing products. Because a ne edle is used only for withdrawing medica-
tion from a vial and not for injecting the patient, there is little risk of infection; however, users may be 
tempted to use this needle for injection (Figure 6.12).

FIGURE 6.12 Baxter Healthcare InterLink IV Access System (multidose drug vial adapter [arrow], blunt cannula 
[in circle, left ], injection adapter [in circle, right], and diff erent types of cannulas [bottom]: threaded lock [left ] and 
lever lock). (Baxter Healthcare InterLink, Deer eld, IL.)
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A concern with these products is how oft en they need to be replaced to maintain asepsis. Depending 
on the way the product is designed and packaged, it may need to be replaced either every time a medi-
cation is given or possibly not until an IV set is changed. (Th is a lso aff ects cost per use.) A lso, some 
concern may exist about the degree of asepsis protection as devices are connected and disconnected. 
For example, Luer connectors cannot be eff ectively w iped w ith a lcohol, a c ommon procedure w ith 
septum interfaces. Placing a cap over exposed Luer ports may help maintain an aseptic interface.

Most of these products have not had suffi  cient c linical t rials to de termine w hether t hey p ose a ny 
increased risk of patient infection. Th e Infection Control Committee and users should therefore review 
the u se of t hese de vices before i mplementing t hem a nd should monitor sepsis f requency. Again, t he 
most eff ective and safe way of using these products should be determined and then monitored to con-
 rm proper usage.

BAXTER HEALTHCARE INTERLINK‘ IV ACCESS SYSTEM

Baxter Healthcare Corp., IV Systems Div. [106390]
1425 Lake Cook Rd.
Deer eld, IL 60015
(708) 940-5000

Description and use: Th e InterLink IV Access System, which is designed to replace the traditional needle 
and injection adapter, consists of two mating components: a special injection adapter connected to the 
Luer  tting of the catheter or extension set and a blunt plastic cannula that inserts into the special sep-
tum of the injection adapter. Th e cannula is available for syringes and IV sets (lever or threaded-lock 
connector) and pre lled syringes (heparin lock  ush or sodium chloride). Also available is a multidose 
drug vial adapter to avoid having to use a needle when drawing the drug into the syringe.

List prices:

Cost/unit:
$1.50, InterLink injection adapter (replaced with each catheter or IV set change)
$0.25, blunt cannula
$0.45, lever-lock cannula
$0.50, threaded-lock cannula
$2.50, drug vial adapter

Comments: Th is system eliminates the need for needles to draw up medication or solutions from mul-
tidose drug vials. Th e manufacturer states that it will off er a c annula for single-dose drug v ial access 
sometime this year. Th e blunt cannula can be used only with the manufacturer’s injection adapter. Th is  
adapter can be purchased separately or as part of the manufacturer’s special extension sets with a Y-site. 
Th e full bene ts of this product are achieved only when the entire system is used. Users should evaluate 
compatibility w ith existing I V products (e.g., extension sets) a nd carefully a ssess total system needs, 
costs, and bene ts.

BAXTER HEALTHCARE NEEDLE*LOCK

Baxter Healthcare Corp.
IV Systems Div. [106390]
1425 Lake Cook Rd.
Deer eld, IL 60015
(708) 940-5000

Description and use: Th e Needle*Lock consists of a ne edle recessed in a p lastic housing with a Luer  
connector on one end that can connect to any Luer connection (e.g., syringe, IV set). Th e needle housing 
at the other end of the device has a plastic hook that allows the Needle*Lock device to be secured on the 
Y-site. Th is device is available alone or as part of a secondary medication or IV set (Figure 6.13).
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List prices:

Cost/unit:
$0.50, Needle*Lock (18 or 20 G)
$3.78, secondary medication set with Needle*Lock (18 G)
$4.25, IV set with Needle*Lock (20 G)

Comments: Th is device may be useful for piggybacking medications, because it provides a secure 
connection without taping. It cannot be secured directly to a catheter except at a Y-site. If this prod-
uct is compatible with existing IV sets, it may be less expensive than some of the other devices in 
this group.

BURRON MEDICAL SAFSITE‘

Burron Medical Inc.
Div. B. Braun of America Co. [101098]
824 12th Ave.
Bethlehem, PA 18018
(215) 691-5400; (800) 523-9695

Description and use: Th e Safsite is a re ex valve with a Luer connection at both ends. It opens when any 
standard Luer t aper is connected and closes when the taper is disconnected. Th e valve is designed to 
replace an injection adapter and is compatible with standard IV sets. Th e Safsite can be purchased sepa-
rately or with diff erent extension sets. It is available with a Luer-lock replacement cap. A Luer ad apter 
that can  t on a Winthrop Pharmaceuticals Carpuject cartridge is also available; this adapter replaces 
the Carpuject needle provided and  ts onto the Safsite (Figure 6.14).

List prices:

Cost/unit:
$2.30, Safsite re ux valve with small-bore T-port extension set, male Luer-slip  tting
$2.20, Safsite re ex valve with 6² small-bore extension set, male Luer-slip  tting
$1.07, Safsite re ux valve adapter
$0.25, Carpuject cartridge Luer adapter

FIGURE 6.13 Baxter Healthcare Needle*Lock (device as packaged [left ] and attached to a Y-site [center] and 
a secondary medication set). (From Baxter Healthcare Needle*Lock, Round Lake, IL.)
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Comments: Some users may be concerned about environmental pathogens entering this system; how-
ever, the Safsite valve is available with a standard dead-end cap similar to port covers on a stopcock. Th is  
device can be used as an injection adapter, in place of a stopcock, or with the manufacturer’s extension 
sets. It is not compatible with the injection adapters on existing IV sets.

Burron plans to off er its new Safsite Access Pin, which is designed to convert a Y-site on an adminis-
tration set to a needle-free access site.

ICU MEDICAL CLICK LOCKTM

ICU Medical Inc. [105658]
142 Technology Dr.
Irvine, CA 92718
(714) 753-1599; (800) 824-7890

Description and use: Th e Click Lock consists of a ne edle recessed in a p lastic housing w ith a Luer  
connector on one end that can connect to any Luer connection (e.g., syringe, IV set) (Figure 6.15).

List prices:

Cost/unit:
$1.60, Click Lock (with 18, 20, 21, or 23 G needle)
$0.48, injection adapter
$0.07, replacement needle (18, 20, 21, or 23 G)

Comments: Th is product is not compatible with some catheters unless the manufacturer’s adapter is used, 
and i t requires t he manufacturer’s ad apter for piggybacking medications. A c atheter or I V s et w ith a 
Y-site or injection adapter may not be compatible with the Click Lock because the needle may not  t in 
the injection site or adapter. However, the manufacturer states that a new version will soon be available 
that ensures a secure and locked connection to injection ports on all standard IV administration sets with 
a Y-site. Th e manufacturer claims that the needles on the Click Lock can be replaced, which reduces costs. 
However, the risk of infection should be evaluated by the hospital before considering this procedure.

FIGURE 6 .14 Burron Me dical S afsite ( re ex valves as packaged [left ], T-port e xtension s et w ith re  ux valve 
attached to a T-port extension with a dead-end cap on valve [center], and re ux valve attached to an extension set 
as it might be used). (From Burron Medical Safsite, Bethlehem, PA.)
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IMS STICK-GARD

International Medication Systems (IMS) Ltd. [104648]
1886 Santa Anita Ave.
South El Monte, CA 91733
(818) 442-6757; (800) 423-4136

Description and u se: Th e St ick-Gard consists of a ne edle recessed in a p lastic housing to a ny Luer 
connector on one end that can connect to any Luer connection (e.g., syringe, IV set). Th is device can 
also be used with selected IMS MIN-I-JET pre lled syringes and is available in 18 or 20 G needles 
(Figure 6.16).

List price:

Cost/unit:
$0.19, Stick-Gard

Comments: Th is product appears to work well for intermittent medications with IV sets or catheters and 
may be less expensive than some of the other devices in this group.

L & W TECHNOLOGY SAFEPORTTM

L & W Technology Inc. [108520]
P.O. Box 69392
Los Angeles, CA 90069
(213) 275-7464; (800) 648-5920

Description and use: Th e Safeport injection site, which is used in place of an injection adapter, works like 
an automatic stopcock. Th is product is designed with an antiback ow and antiair embolism valve. It has 
Luer lock connections at each end, and a syringe or IV line can be locked onto the Safeport for continuous 
or intermittent use. Th e double- and triple-port manifolds have an in-line check valve in the main  ow 
channel, allowing injections to be given without needing to manually pinch off  the IV line (Figure 6.17).

FIGURE 6.15 ICU Medical Click Lock (as packaged [bottom] a nd set up for u se) (ICU Medical Click Lock, 
San Clemente, CA.)
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List prices:

Cost/unit:
$2.35, single-port Safeport
$4.70, double-port Safeport
$6.95, triple-port Safeport

Comments: Th is device is designed to be used for ICU or anesthesia patients who may need to have a 
syringe left  on the IV line while being closely supervised for intermittent medication doses (e.g., during slow 
administration of a drug such as Dilantin), for multiple simultaneous injections, or for other applications 

FIGURE 6.16 IMS Stick-Gard (as packaged [left ] and set up for use). (From IMS Stick-Gard, South El Monte, CA.)

FIGURE 6.17 L&W Technology Safeport (single port as packaged [left ] and triple port with syringes attached as 
it might be used). (From L&W Technology Safeport, Ottawa, ON.)
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in which a s topcock would normally be used. When this device is used in place of a s topcock, it does 
not reduce the risk of needlesticks, because a needle would not normally be used. (When a stopcock is 
used, it has a Luer connection so that a syringe would be hooked up directly; no needle is needed.) Users 
may be concerned about environmental pathogens entering the system; however, the Safeport is capped 
with a standard dead-end cap similar to port covers on a stopcock. Th is is a relatively expensive device 
and is intended for specialized use, and the user must ensure that Luer connections are present at t he 
site of applications.

PASCALL MEDICAL SPIVE

Pascall Medical Corp. [108524]
Suite 618, Cape Royal Bldg.
1980 N. Atlantic Ave.
Cocoa Beach, FL 32931
(407) 784-4448; (800) 848-3036

Description a nd u se: Th e S PIVE ( Special P urpose I V E ntering) de vice i s a re cessed ne edle de vice 
designed to be used only at a catheter with an injection adapter to administer intermittent medications. 
Th e device terminates in a Luer connector. Th is product is packaged as it is used, without a cap over the 
needle (Figure 6.18).

List price:

Cost/use:
$0.45, SPIVE

Comments: Th is product has just recently been introduced. It is not i ntended for use at a Y-site or for 
nursery applications.

RYAN MEDICAL SAF-T CLIK“ IV IN-LINE CONNECTOR

Ryan Medical Inc. [108525]
Suite 201, 7106 Crossroads Blvd.
Brentwood, TN 37027
(615) 370-4242 (Figure 6.19)

FIGURE 6.18 Pascall Medical SPIVE (attached to syringe). (From Pascall Medical SPIVE, Cocoa Beach, FL.)
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Description and use: Th e Saf-T Clik consists of two components that lock together; one component has a 
short needle with a protective case that can  t a Luer adapter, and the other is a special injection adapter 
that  ts into the  rst component.

List prices:

Cost/unit:
$0.98, Saf-T Clik
$0.43, protected needle adapter
$1.18–$1.30, connector with minibore tubing, extension set
$0.56, heparin lock
$0.90, extension set with minibore J-loop tubing
$2.80, extension set with back-check valve
$1.90, extenuation set with side-clamp

Comments: Th is product is compatible with only the manufacturer’s extension sets or special injection 
adapters to the catheter. Th e short needle component is protected with a cap that allows reuse if multiple 
injections are necessary. However, there may be a risk of infection if a new protected needle component 
is not used each time. Th e manufacturer is developing an additional extension set.

TRI-STATE HOSPITAL SUPPLY KLEEN-NEEDLE“

Tri-State Hospital Supply Corp. [103919]
301 Catrell Dr.
P.O. Box 170
Howell, Ml 48843
(517) 546-5400; (800) 248-4058 (Figure 6.20)

Description and use: Th e Kleen-Needle system consists of a s hort needle recessed in a p lastic housing 
with a Luer lock on one end; the other end screws into Tri-State’s own heparin lock (injection adapter). 
However, the needle part of the system can be used alone on a standard Y-site.

List prices:

Cost/unit:
$0.60, Kleen-Needle
$0.80, heparin lock

FIGURE 6.19 Ryan Medical Saf-T Clik (as packaged [bottom], attached to a syringe as it might be used [top left ], 
and the protected needle adapter). (From Ryan Medical Saf-T Clik, Brentwood, TN.)
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Comments: Th is product can be used for intermittent medications using existing IV sets or the manu-
facturer’s heparin lock.

Product Group 5: Blood Collection Systems

General Description

Th is group is made up of two subgroups: blood collection tube adapters and an in-line collection sys-
tem. Two of the devices are similar to conventional blood collection adapters that accept a needle and 
connect to the blood collection tube; the examined devices, however, have a protective sheath that can 
be positioned over the needle aft er use. Th e blood collection adapters are either reusable or disposable. 
(Standard blood collection devices are reusable; however, some hospitals may be disposing of them aft er 
each use.)

General Eff ectiveness

Both disposable and reusable systems have their respective advantages and disadvantages. A disposable 
system should be eff ective aft er its needle is retracted; however, it costs more than a reusable system and 
is quite bulky, and carrying several blood adapters in a tray can be inconvenient for a phlebotomist (the 
manufacturer does provide a pouch for carrying adapters). Also, a large disposal container is needed to 
dispose of the adapter and needle. Although reusable systems provide a relatively safe way of recapping, 
the risk of needlestick is still present because the inner needle is exposed aft er unscrewing the needle 
from the adapter.

Th e Baxter/Edwards VAMP (Venous/Arterial blood Management Protection) in-line system does not 
serve as a ne edlestick-prevention device, because a ne edle would not no rmally be used to d raw blood 
from a t ransducer system; typically, a s topcock would be used for this purpose. However, this system 
does minimize blood leakage when drawing blood and may help minimize infection. Use of this device 
should also be monitored to determine any change in patient infection rate.

FIGURE 6.20 Tri-State Hospital Supply Kleen-Needle (attached to a syringe as it might be used [top] and Kleen-
Needle [bottom left ] and heparin lock as packaged). (From Tri-State Hospital Supply Kleen-Needle, MI.)
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BAXTER/EDWARDS VAMP‘

Baxter Healthcare Corp.
Edwards Critical-Care Div. [106431]
P.O. Box 11150
Santa Ana, CA 92711
(714) 250-2500; (800) 424-3278

Description and use: Th e VAMP system is a c losed, needleless system for drawing blood from a blo od 
pressure transducer line. Blood can be drawn into a syringe or blood collection tube. A blunt cannula 
adapter is attached to a syringe, and the sample site is designed to accept the blunt cannula. Th e invasive 
line has a reservoir to contain the initial blood in the line; this blood is reinfused into the patient aft er 
the sample is withdrawn (Figure 6.21).

List prices:

Cost/unit:
$10.00, VAMP kit
$33.00, VAMP kit with transducer system

Comments: Th is system does not reduce the risk of needlesticks because the standard system would use 
a stopcock, which does not require a needle. Th e manufacturer claims that this system may reduce the 
risk of infection associated with Luer connectors at a stopcock.

MEDICAL SAFETY PRODUCTS ACCI-GUARD“

Medical Safety Products Inc. (MSPI) [108521]
Suite 500
2696 S. Colorado Blvd.
Denver, CO 80222
(303) 756-5151; (800) 677-1115

Description and u se: Th e Acci-Guard i s a reu sable blood collection holder. A ft er w ithdrawing blood, 
the needle is withdrawn into a p lastic case, where it can safely be recapped. Th e needle must then be 
unscrewed and disposed of. It is compatible with sampling needles up to 1½² long (Figure 6.22).

FIGURE 6.21 Baxter/Edwards VAMP (blunt cannula at tached to a blo od collection adapter [top arrow] and 
sample site [bottom arrow]). (From Baxter/Edwards VAMP, Irvine, CA.)
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List price:

Cost/unit:
$1.55–$1.95, Acci-Guard (estimated 200 uses)

Comments: Th is device helps reduce the risk of needlesticks. However, it may not b e possible to u se a 
screw-top disposal container. If the needle is manually unscrewed, the inner needle, which is covered 
only by soft  rubber, presents the risk of needlestick (Figure 6.23).

FIGURE 6.22 Medical Safety Products Acci-Guard (set up for use [left ] and aft er use showing protected needle). 
(From Medical Safety Products Acci-Guard, Englewood, CO.)

FIGURE 6.23 Ryan Medical Adapter (set up for u se [left ] a nd aft er use showing protected needle). (From Ryan 
Medical Adapter, Brentwood, TN.)
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RYAN MEDICAL BLOOD ADAPTER

Ryan Medical Inc. [108525]
Suite 201
7106 Crossroads Blvd.
Brentwood, TN 37027
(615) 370-4242

Description and use: Th e Blood Adapter has a sheath that locks over the outer needle aft er use. It is compatible 
with sampling needles up to 1½² long. Th e adapter is disposable and can be used only once.

List price:

Cost/unit:
$0.17, Blood Adapter

Comments: Th is device reduces the risk of needlesticks; however, the whole adapter must be discarded. 
Th is may be costlier and inconvenient to the user, who must carry an adapter for each patient (the manu-
facturer does provide a pouch for carrying adapters).

Product Group 6: Disposable Syringes

General Description

Th e products in this group have a syringe and needle with a plastic sheath that locks over the needle aft er 
use. Th ese devices can be used for IV or IM therapy and can reduce the risk of needlesticks. However, they 
are available in only limited sizes. Two manufacturers have only a 3 cc syringe. One manufacturer has 
safety syringes in diff erent sizes, but only up to 5 cc. Other disadvantages include the additional disposal 
bulk and higher cost.

General Eff ectiveness

Th ese products are easy to use and off er excellent protection against needlesticks aft er the protective sheath 
is locked into position. However, available syringe sizes are extremely limited at present (Figure 6.24).

FIGURE 6.24 Becton Dickinson Safety-Lok Syringe (set up for use [left ] and aft er use showing protected needle 
for disposal). (From Becton Dickinson safety-Lok Syringe, Rutherford, NJ.)
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BECTON DICKINSON SAFETY-LOKTM SYRINGE

Becton Dickinson and Co.
Becton Dickinson Div. [101093]
One Stanley St.
Rutherford, NJ 07070
(201) 460-2000

Description and use: Th e Safety-Lok Syringe is a 3 cc syringe and needle combination used primarily to 
administer medication. It has a protective shield that the user locks in place over the needle aft er use and 
before disposal. Th is product is currently available in diff erent needle sizes with only a 3 cc syringe.

List price:

Cost/unit:
$0.26, Safety-Lok

Comments: Th is product reduces the risk of needlesticks, but has limited applications.

NEEDLEPOINT GUARD SAFETY SYRINGE

NeedlePoint Guard Inc. [108060]
3969 Reuting Rd.
P.O. Box 1646
Grand Island, NE 68802-1646
(308) 384-3513; (800) 635-5878 (Figure 6.25)

Description and use: Th e Safety Syringe is a disposable syringe that has a protective shield that locks over 
the used needle. It is available in  ve diff erent sizes—0.5 cc, 1 cc (insulin and tuberculin), 3 cc, and 5 cc—
with various needle gauges and lengths. Th e 5 cc syringe may be an adequate size for blood samples. 
Th e needle and the protective shield can be separated from the syringe to allow recapping of the syringe 
(e.g., for obtaining blood gas samples).

FIGURE 6.25 NeedlePoint Guard Safety Syringe (set up for use [left ] and aft er use showing protected needle for 
disposal). (From NeedlePoint Guard Safety Syringe, Grand Island, NE.)
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List prices:

Cost/unit:
$0.36, 0.5 and 1 cc Safety Syringe
$0.33, 3 and 5 cc Safety Syringe

Comments: Th is product reduces the risk of needlesticks and is the only product that is currently avail-
able in diff erent sizes.

SHERWOOD MEDICAL MONOJECT“

Sherwood Medical Co.
Sub. American Home Products [101927]
1915 Olive St.
St. Louis, MO 63103
(314) 621-7788; (800) 325-7472

Description a nd u se: Th e Monoject s yringe h as a p rotective s heath t hat e xtends over t he ne edle a nd 
clicks into either of two positions. Th e  rst click position can be used to transport the medication to the 
patient’s bedside without locking the sheath over the needle. Th e second click position is used to lock the 
sheath over the needle by turning the sheath in either direction. Th e Monoject is available with diff erent 
gauge needles, but currently only in a 3 cc syringe.

List price:

Cost/unit:
$0.39, Monoject

Comments: Th is device reduces the risk of needlesticks. Protection against needlesticks during transport 
to the patient is an advantage, although the user may put the device at the  rst click position aft er the injec-
tion and assume it is permanently locked. Sherwood Medical also provides a safety feature in its standard 
syringes—a plastic holder for the needle cap that allows the user to perform one-handed recapping if prop-
erly trained, similar to a recapping device. Th is may be appropriate in some circumstances (Figure 6.26).

Product Group 7: Needle Guards

General Description

Th is g roup i ncludes ne edles w ith a g uard t hat c an b e p ositioned o ver t hem a ft er u se. Th ese c an b e 
purchased s eparately or w ith s yringes. O ne m anufacturer a lso provides t he g uard w ithout a ne edle. 
Products in this group can be used with a syringe (including some pre lled syringes) or (for one manu-
facturer’s product) to replace a blood collection needle.

General Eff ectiveness

Needle guards provide one of the most adaptable designs for hospitalwide use of needlestick-prevention 
devices and reduce the risk of needlesticks aft er the protective sheath is locked into position. Th ey  also 
provide the hospital with one product that can be used to administer IV or IM medications, as well as to 
collect blood samples. However, the major limitations of this group include the cost increase over using 
a traditional needle and the possible awkwardness in using the device—the distance between the user’s 
hand and the patient’s vein is signi cantly greater because of the length of the needle guard; also, only 
limited needle gauges and lengths are currently available (Figure 6.27).

ICU MEDICAL HR NEEDLETM

ICU Medical Inc. [105658]
142 Technology Dr.
Irvine, CA 92718
(714) 753-1599; (800) 824-7890
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Description and use: Th e HR Needle has a plastic sheath that covers the needle aft er use. It is available in 
diff erent sizes and in a blood collection adapter version for drawing blood.

List price:

Cost/unit:
$0.40, HR Needle

FIGURE 6.26 Sherwood Medical Monoject (set up for use [left ] and aft er use, showing protected needle for dis-
posal). (From Sherwood Medical Monoject, Sherwood.)

FIGURE 6.27 ICU Medical HR Needle (set up for use [left ] and aft er use, showing protected needle for disposal). 
(From ICU Medical HR Needle, Irvine, CA.)
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Comments: Th is device can reduce the risk of needlesticks. It is available for use with syringes or blood 
collection systems. Th e user could get s tuck w ith t he inner needle of a blo od collection needle when 
disposing of it. However, some disposal containers a llow the needle to b e unscrewed directly into the 
container, avoiding this problem. Users may  nd the HR Needle awkward to use because the distance 
between the vein and the user’s hand is doubled, which may make it diffi  cult to control the needle dur-
ing insertion.

NORTH AMERICAN MEDICAL PRODUCTS SAFE-SITETM

North American Medical Products (NAMP) Inc. [108522]
Bldg. 501, Rotterdam Industrial Park East Rd.
Schenectady, NY 12306
(518) 356-8110

Description and use: Th e Safe-Site is a protective guard that extends over the needle and locks in place. It 
is available with needle gauges 19, 20, 22, and 25 and needle lengths of 3/4², 5/8², and 1². It is also avail-
able separately for use with a user-supplied needle. Th e manufacturer will provide customized packages 
of other needle gauges and diff erent syringe sizes. Th e guard can also be moved down to help stabilize it 
on a Y-site for piggyback infusions.

List prices:

Cost/unit:
$0.29, Safe-Site without needle and syringe
$0.31, Safe-Site and needle
$0.39, Safe-Site with needle and syringe

Comments: Th is device can reduce the risk of needlesticks. It can be used with a user-supplied needle of 
any gauge, but only up to 1² length. However, this device doubles the distance between the user’s hand 
and the patient’s vein (or point of use), which may be awkward for some users (Figure 6.28).

FIGURE 6.28 North American Medical Products Safe-Site (set up for use [left ] and aft er use, showing protected 
needle for disposal). (From North American Medical Products Safe-Site, Schenectady, NY.)
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Product Group 8: Needle-Recapping Devices

General Description

Th is group includes any device that can be used to recap a needle to help prevent a needlestick.

General Eff ectiveness

Th e two products examined have major limitations: (1) a recapping device is inconvenient because it 
will not a lways be readily available when it is needed, and users may avoid using it or forget to use it; 
and (2) it may not be compatible with some needle caps. An ideal needlestick-prevention device should 
be incorporated into the design of the needle so that it is readily available. A recapping device would 
need to be carried around by the user at all times and is not eff ective if the needle cap is misplaced or 
is not placed in the device initially. Because this device is separate from the needle, it is inconvenient, 
especially i n emergen cy si tuations. I n add ition, t he O n-Gard Re capperTM i s bu lky, a nd ne edle c aps 
sometimes fall into the device; the Terumo Safe-Guard shield appears too small to provide adequate 
protection.

However, there may be some applications for which a re capping device would be useful, and these 
devices are cost-eff ective. Some possible areas of use are the PACU, ICU/CCU, and dental clinics, where 
medications are administered serially from a single syringe and must be recapped to maintain sterility. 
Th ere may also be a need to recap during surgical procedures and when obtaining blood gas samples 
(to prevent air contamination). Other methods of safe recapping, such as the one-handed scoop tech-
nique, require no additional devices, but do require a conveniently located  at surface.

ON-GARD SYSTEMS RECAPPER

On-Gard Systems Inc. [108523]
Suite 710, 1900 Grant St.
Denver, CO 80203
(303) 860-0723; (800) 878-8111

Description and use: Th e Recapper is used to recap needles aft er use. Th e cap is placed into the device 
before remo ving t he ne edle. Th is device allows for the needle to then be safely recapped aft er use. 
Accessories available include a s tand to a llow one-handed recapping and a me dical waste system that 
consists of two components: a sharps container and a container with disposable infectious waste bags 
(Figure 6.29).

FIGURE 6.29 On-Gard Systems Recapper. (From On-Gard Systems Recapper, Denver, CO.)
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List price:

Cost/unit:
$29.50, Recapper (reusable)

Comments: Th is product, l ike other recapping products, has major l imitations as a ne edlestick-prevention 
device. It is bulky and inconvenient for the user to carry around, and during emergencies, the user may easily 
forget to use it. One hospital chained the device to each bed, but found that the health care practitioners were 
still not u sing it. We also found that some of the caps fall into the device and are then diffi  cult to remove. 
However, the recapper may have a role in controlled environments, where recapping is necessary.

TERUMO SAFE-GUARD SHIELD

Terumo Corp. [101790]
2100 Cottontail Lane
Somerset, NJ 08873
(201) 463-1300; (800) 283-7866

Description and use: Th e Safe-Guard Shield is a plastic shield that holds the needle cap and allows recap-
ping with the shield in front of the user’s  ngers (Figure 6.30).

List price:

Cost/unit:
$0.50, Safe-Guard Shield

Comments: Th is product appears too small to p rovide adequate protection from a ne edlestick during 
recapping of a needle. Th is product is not recommended because it would not readily be available to the 
user, especially during emergencies.

Discussion and Recommendations: Selecting Needlestick-Prevention 
Devices for Four Clinical Applications

General Recommendations

Although a great number of needlestick-prevention products are available, none of the devices or systems 
that we examined is without limitations with regard to cost, applicability, and eff ectiveness. Some devices 
marketed as r isk-reducing products off er no prot ection f rom ne edlesticks. Th e needlestick-prevention 

FIGURE 6.30 Terumo Safe-Guard Shield. (From Terumo Safe-Guard Shield, Somerset, NJ.)
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market will likely change as new designs are introduced and needs are better de ned. Th e assessments 
included in this report should help users evaluate new products as they become available.

When purchasing any needlestick-prevention devices, users should consider a number of factors. Th e 
most important is whether the product will protect users from sticks with contaminated needles. If the 
device is used for applications in which needles are not normally used, or if it leaves the needle exposed 
aft er use, it will not reduce the risk of needlesticks.

Another factor is whether the product is compatible with existing products and whether additional 
products are needed. For example, some of the IV medication connectors have secure locking mecha-
nisms, but if the hospital is not using the manufacturer’s extension sets, these devices would then have 
to be used at the catheter site, which may not be convenient.

Assessing the extent of user training required for a product and whether the product could be eas-
ily misused is another important factor. Generally, using a p roduct with a w ell-designed, convenient, 
integral protective mechanism will be more eff ective than relying heavily on training. Ideally, the device 
should re quire no  u ser a ction (e.g., s hould h ave a  re cessed ne edle); ot herwise, t he a ction s hould b e 
minimal and convenient. Users will be tempted to ig nore or bypass any protective mechanism that is 
inconvenient or requires extra steps.

We strongly recommend that a hospital perform a c linical evaluation of each product of interest to 
determine its eff ectiveness and utility. Th e physicians, nurses, and other health care workers who will be 
using the systems are critical participants in clinical trials. Th eir input is oft en over-looked, even though 
they are the day-to-day users of the devices and are likely to make valuable contributions to the selection 
process, both in reviewing demonstration products and during  nal decision making. Users who feel 
that a product is forced on them without their input are bound to  nd faults with the  nal selection and 
may fail to use it correctly. In addition, the Infection Control or Safety Committee should monitor these 
new devices for proper usage, for any increases in patient infection, and for any decrease in needlestick 
injuries, as well as the need for larger needle disposal containers or more frequent replacement of dis-
posable materials (some prevention methods may add considerable bulk).

Because a single device will not meet all of a hospital’s needs, users should carefully assess avail-
able p roducts a nd at tempt to s elect t he m inimum n umber o f de vices ne cessary. U sing m ultiple 
devices increases the amount of t raining needed and the associated r isk of confusion and misuse. 
Th e four main clinical applications we have identi ed in examining these devices are delivering IV 
medications, delivering IM/subcutaneous injections, introducing catheters, and collecting blood. In 
some cases, it may be possible to use the same product for more than one purpose (e.g., IV and IM 
injections).

Cost will a lso be a m ajor concern. Hospitals should not pa y an excessive amount to ac hieve only a 
minimal reduction in risk. In Analyzing Costs Associated with Needlesticks and Preventive Devices, we 
discuss cost in greater detail and provide a sample CAHDModel.

Product Group Recommendations by Application

Based on our observations and our discussions with clinical consultants, we have provided guidance on 
the Product Groups that are most suitable for speci c clinical uses. We caution readers not to base pur-
chasing decisions on this abbreviated listing alone, but to review this entire Special Report and Product 
Review to gain perspectives on the effi  cacy of the examined products and the clinical issues surrounding 
their use.

Several of the products we examined are not recommended as needlestick-prevention devices. 
Products currently available in Product Group 2 , pre lled medication systems, are similar to u sing a 
needle and syringe—the user is at r isk from the exposed needle aft er it is used and until it is disposed 
of. Th e i n-line collection device i n Product Group 5 do es not re quire a ne edle to d raw blood f rom a 
transducer system. And the needle recapping products in Product Group 8 a re not re commended for 
most applications, because they are not incorporated into the design of the needle device and may not 
always be readily available.
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See Table 6.1 for a list of the eight Product Groups and the clinical applications for which they are 
suitable, a nd Table 6 .2 f or c omments o n i ndividual p roducts. A lso, c arefully re view e ach P roduct 
Group b efore m aking a   nal p urchasing de cision. B elow, w e p rovide b rief d iscussions o n e ach 
application.

Applications 1 and 2: Delivering IV Medications and Delivering IM (and Subcutaneous) Injections

We have combined these two applications because of the overlap in the available alternatives. IV appli-
cations c an b e b roken i nto t wo sub categories—administering i ntermittent ( push) me dications a nd 
delivering secondary medications (piggybacking). Some devices may be suitable for both IV subcatego-
ries, IM injections; other devices may be suitable for only one or two of these uses.

Also, s ome c ontroversy e xists a mong e xperts a bout t he p otential for c ross-contamination w hen a 
needlestick injury occurs with a needle used for administering medication through the IV set. Th e risk 
of contact with the patient’s blood appears to be less likely when administering drugs at a distance from 
the catheter site.

Product G roup 1—Needleless M edication/Vaccine I njectors. Th e si ngle p roduct t hat w e e xamined i n 
Group 1 , t he Bio ject Bio jector, h as s ome l imitations f or I M app lications a nd i s not de signed f or I V 
applications. Currently, it can deliver only a 0.5 mL dose and may be less convenient on a nursing  oor, 
where several nurses may need the device at the same time. Th e Biojector is most useful where frequent 
vaccinations are being given, such as in a clinic.

Product Group 4—IV Medication Connectors. Most of the products in this group meet the needs of 
both I V app lications ( intermittent a nd s econdary), a lthough e ach p roduct s hould b e a ssessed f or 
these appl ications i ndividually. Th e si mplest devices a re t hose t hat have a re cessed needle a nd can 
be used on most catheter and IV-set Y-sites. However, use of these special protective connectors may 
require the user to remove or discard a needle already provided with existing supplies (e.g., a needle 
used to draw solution into a syringe from a medication container or packaged inside a secondary set). 
Th e other systems in this group are useful for only specialized applications or require converting the 

TABLE 6.1 Recommended Product Groups by Application

Application

Delivering IV Medications Delivery IM/
Subcutaneous 

Injections
Introducing 

Catheters
Collecting 

BloodProduct Group Intermittent Secondary

1.  Needleless medication/vaccine 
injections

NA NA Yes NA NA

2. Pre lled medication systems Not recommended 
as needlestick-
prevention devices

3. IV starters with catheters NA NA NA Yes NA

4. IV medication connectors Yes Yes NA NA NA

5. Blood collection system NA NA NA NA Yesa

6. Disposable syringes Yes NA Yes NA Yes

7. Needle guards Yes Yes Yes NA Yes

8. Needle-recapping devices Have limited 
applicationsb

a In-line connectors are not recommended as needlestick-prevention devices.
b See Product Group 8 in the Product Reviews.
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entire s ystem (e.g., u sing s pecial e xtension s ets a nd ot her c omponents). C omplete c onversion w ill 
probably be more complex and costly, but may be more eff ective for some hospitals than using a sim-
pler system.

If t he device manufacturer off ers a s econdary me dication s et w ith t he preventive de vice, t he p os-
sibility of using a needle that is typically supplied with secondary sets would be eliminated. Some users 
reportedly use tape at the Y-site to secure a secondary-set needle in place; this is not a recommended 
procedure. A lthough add itional supp ort s hould not b e re quired, s ome of t he e xamined de vices m ay 
provide more support or lock in place.

Product Group 6—Disposable Syringes. Th ese syringes can be used for intermittent IV and IM injections, 
but not for secondary sets. At present, their overriding disadvantage is that they come in an inadequate 
range of sizes.

Product Group 7—Needle Guards. Th ese devices are versatile enough to be used not only for intermit-
tent and secondary IV applications, but also for IM applications. However, the extra length of the guard 
may make it awkward when using secondary sets and during IM injections. Hospital clinicians should 
investigate this before making a purchasing decision.

Application 3: Introducing Catheters

Product Group 3—IV Starters with Catheters. Th e four products that we examined represent diff erent 
clinical applications and have diff erent needlestick-prevention designs. Th ree of these products appear 
to eff ectively reduce the risk of needlesticks. Th e Critikon ProtectIV can be used to replace many com-
mon catheters. Th e Menlo Care Landmark catheter is expensive and is primarily intended for interme-
diate-term and special applications. Th e Ryan Medical Shamrock is appropriate only for short-term use 
and where its metal needle will not be a problem; it provides protection as long as the user remembers to 
properly cover the needle. Th e Deseret Intima reduces some of the risk of needlesticks, but can still pose 
a signi cant hazard—for example, if misplaced in linens. Th us, hospitals will need to consider speci c 
clinical needs and determine whether these or other products are appropriate.

Application 4: Collecting Blood

Product Group 5—Blood Collection Systems. Both disposable and reusable systems have advantages and 
disadvantages. Although reusable systems do not el iminate the risk of needlesticks because the inner 
needle is exposed aft er unscrewing the needle from the adapter, they do provide a relatively safe way of 
recapping. Th e disposable adapters el iminate the need to re cap (and a lso the exposure to t he needle). 
However, disposable adapters are bulkier, making them more diffi  cult to c arry a nd c reating g reater 
disposal bulk, and they are costlier than reusables.

As mentioned above, in-line collection products are not needlestick-prevention devices.

Product Group 6—Disposable Syringes. Refer to the comments for Applications 1 and 2. Also, because of 
the syringe sizes, the amount of blood that can be collected would be limited.

Product Group 7—Needle Guards. Refer to the comments for Applications 1 and 2. Also, needle guards 
would be disposed of in a manner similar to reusable adapters (i.e., the inner needle would be exposed). 
Users should determine whether they would be awkward to use before purchasing these devices.

Analyzing Costs Associated with Needlesticks and Preventive Devices

Needlestick-prevention de vices u sually c ost mo re t han c omparable no npreventive de vices c urrently 
being used in most hospitals. Th is cost increase, however, may be off set by savings that result f rom a 
decreased number of needlesticks. Because questions will l ikely be raised by studies published in the 
literature or presented by manufacturers (e.g., what factors must be considered in assessing cost?), we 
discuss below some of the costs associated with needlestick injuries and present the results of one pub-
lished report, in which the authors compared the costs of using nonpreventive and preventive devices.
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Rather than attempting to duplicate this study, and because needlestick-prevention devices are neces-
sary for personal safety, hospitals should concentrate on conducting a cost comparison among preven-
tive alternatives to determine the most cost-eff ective systems for their institution. Th e second half of this 
article provides guidance on how to perform such a comparison.

Cost of a Needlestick

Th e cost of occupational needlestick injuries will depend on the needlestick follow-up procedures taken; 
the procedures necessary will vary depending on the likelihood of infections. When the source of the 
needle is known and HIV or HBV contamination is unlikely, prophylactic treatment may be limited to 
testing the patient (source) for HIV and HBV, testing the person receiving the needlestick for adequate 
HBV and possibly HIV antibodies, and administering gamma globulin. When the source is unknown 
or is likely to have been HIV or HBV infected, additional measures may be appropriate, possibly includ-
ing prophylactic zidovudine (Retrovir) treatments, which may help reduce the risk of AIDS. (Th e use of 
zidovudine in this context is still controversial.)

Assessing needlestick injury costs requires determining the number of needlesticks occurring in the 
hospital, classifying these incidents according to the extent (and cost) of treatment, and then calculat-
ing total post-needlestick prophylactic treatment. In addition, cost estimates associated with lost time, 
Worker’s Compensation insurance, and possible legal costs and liability in the event of a lawsuit should 
be considered. Some of these data may be impossible to estimate accurately, especially liability costs; one 
successful liability claim could easily override all other considerations.

Cost estimates published in the literature or provided by manufacturers should be carefully exam-
ined. D etermine w hether t hese e stimates a re ba sed on ac tual c osts to t he hospital or t ypical pat ient 
charges f or t hose l aboratory p rocedures. P ersonnel t ime c osts (e.g., f or t he i nfection c ontrol n urse) 
should be included only if the amount of time is signi cant enough to justify staffi  ng changes.

In a recent study,25 t he average cost for a ne edlestick (treatment, prophylaxis, a nd employee health 
department personnel t ime) was $ 405, w ith t he largest portion of t he tot al cost (60%) being hepatitis 
screens. Using the costs of six conventional needled devices currently in use, the authors calculated the 
cost of a needlestick as a percentage of the cost of the device that caused the injury. Because of the oft en 
large price diff erences between diff erent devices, the percentages varied widely. For example, needlesticks 
caused by IV catheters (stylets) cost only 10% of the device’s purchase price, whereas needlesticks caused 
by IV tubing needle assemblies cost 457%. (Th e other percentages were 23% for disposable syringes, 27% 
for butter y needle IV sets, 57% for pre lled cartridge syringes, and 157% for vacuum tube phlebotomy 
sets.) On average, needlesticks cost an overall 36% above the purchase prices of the devices. Th us, a hos-
pital could pay an additional 36% for preventive devices (assuming that they would totally eliminate the 
costs associated with needlesticks) without increasing total costs.

Cost Comparisons of Preventive Alternatives

Regardless of the cost of needlestick follow-up, hospitals are obligated to p rovide adequate preventive 
measures for their employees. Industry and government standards are likely to reinforce this obligation, 
as d iscussed i n t he I ntroduction to t his re port. Th erefore, a p rimary c oncern for h ospitals i s s elect-
ing the most cost-eff ective preventive strategy. Needlestick-prevention devices will l ikely be a c ritical 
component in such a program; however, these products vary considerably not only in cost, but also in 
eff ectiveness, as discussed in this report.

Th e following d iscussion provides g uidance on making a c ost comparison a mong products u nder 
consideration for preventing needlesticks (eff ectiveness must be add ressed using t he g uidance i n t he 
Product Review section a nd Selecting Needlestick-Prevention Devices for Four Clinical Applications 
earlier in this section). We also reemphasize the need for clinical trials. While we present some illustra-
tive examples here, these should not be interpreted as necessarily typical or appropriate for an individual 
hospital. To enable each hospital to examine its own speci c cost issues, we have provided a CAHDModel 
for one needlestick application that incorporates the principles below. Speci c instructions for using the 
CAHDModel and entering institutional data are provided in the CAHDModel soft ware.
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Because mo st h ospitals a re c oncerned w ith t he i mpact o f ne edlestick-prevention de vices o n t heir 
budget, we suggest comparing the cost of using each new alternative to the cost of using current conven-
tional (nonpreventive) devices, then using this diff erence for comparing alternative preventive products. 
Th is method will show how each new alternative under consideration compares with current costs and 
will a lso help organize i nstitutional t hinking i n c onsidering a ll t he c hanges t hat w ill b e re quired i n 
converting from the current system to an alternative system.

Th ree major guidelines should be used in this cost assessment. First, calculate prices on an annual 
basis; using costs per use, cost per pat ient, or ot her similar comparisons can be misleading. Because 
the marketplace is likely to change rapidly, estimates should be made for no more than a 1 year period. 
Prices used should be those negotiated with the supplier, list prices can also be misleading.

Second, in performing a comparison, include all relevant costs in the analysis of each alternative. For 
example, if you will be switching the type of syringe used, include the cost of the old syringes in the cost 
of the current system and the cost of the new syringes in the alternative system. Do not i nclude costs 
that are common to both alternatives (e.g., in the previous example, if the same syringe is used in both 
alternatives, exclude it from the calculation because it will have no impact on the cost diff erence).

TABLE 6.3 Sample CAHDModel Output

CAHDModel

Application: Delivering IV Medications

Alternative 1 Alternative 2

Preventive Devices Units/Year $/Unit $/Year Preventive Devices Units/Year $/Unit $/Year

Disposable syringes/
needles, 1 cc

20,000 $0.35 $7,000 Needle guards/needles 
for secondary med sets

20,000 $0.40 $8,000

Disposable syringes/
needles, 3 cc

50,000 $0.35 $17,500 Needle guards/
needles-syringes

110,000 $0.40 $44,000

Disposable syringes/
needles, 5 cc

30,000 $0.33 $9,900 Conventional syringes, 
1 cc

20,000 $0.20 $4,000

Recessed needle for 10 cc 
syringes

10,000 $0.20 $2,000 Conventional syringes, 
3 cc

50,000 $0.20 $10,000

Conventional syringes, 
10 cc

10,000 $0.18 $1,800 Conventional syringes, 
5 cc

30,000 $0.20 $6,000

Secondary med sets/
recessed needles

20,000 $3.50 $70,000 Conventional syringes, 
10 cc

10,000 $0.18 $1,800

Total annual cost $108,200 Total annual cost $73,800

Currently Used Devices Currently Used Devices
Disposable syringes/
needles, 1 cc

20,000 $0.22 $4,400 Disposable syringes/
needles, 1 cc

20,000 $0.22 $4,400

Disposable syringes/
needles, 3 cc

50,000 $0.22 $11,000 Disposable syringes/
needles, 3 cc

50,000 $0.22 $11,000

Disposable syringes/
needles, 5 cc

30,000 $0.20 $6,000 Disposable syringes/
needles, 5 cc

30,000 $0.20 $6,000

Disposable syringes/
needles, 10 cc

10,000 $0.20 $2,000 Disposable syringes/
needles, 10 cc

10,000 $0.20 $2,000

Secondary med sets/
needles

20,000 $2.00 $40,000 Total annual cost $23,400

Total annual cost $63,400
Total annual diff erence $44,800 Total annual cost 

diff erence
$50,400
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Th ird, t he a nalysis s hould t ake i nto a ccount a ll c linical appl ications. Th ese will  u sually f all 
into the four categories identi ed in  S electing N eedlestick-Prevention D evices f or F our C linical 
Applications: d elivering IV  m edications, d elivering IM  (and s ubcutaneous) in jections, in troduc-
ing catheters, and collecting blood. Th e Recommended Product Groups by Application table (Table 
6.1) s hows t he P roduct Gro ups d iscussed i n o ur P roduct Re views t hat m ight b e app ropriate f or 
each application. Because of the overlap between applications and device types, the analysis should 
encompass a ll a nticipated c hanges. F or e xample, ne edle g uards c an b e u sed f or b oth I V a nd I M 
applications. An overall assessment allows alternatives to be compared and cost diff erences to b e 
kept in perspective.

Th e sample CAHDModel output (Table 6.3) i llustrates a c ost analysis of products used for del iver-
ing I V me dications. Th is mo del c ompared t he c osts o f t wo p roposed a lternative s ystems u sing p re-
ventive devices w ith current systems using nonpreventive devices. Note t he cost d iff erences between 
Alternatives 1 and 2. (Th is sample is intended for illustrative purposes only; actual output may vary.)

Cost analysis following these principles will provide a useful guide in estimating the cost of preven-
tive de vices, c ompared b oth w ith c urrent de vices a nd w ith si milar de vices. C AHDModel w ill g uide 
your a nalysis a nd p erform t he ne cessary c alculations for you. A lthough c ost i s c ertainly i mportant, 
product eff ectiveness, training requirements, and user acceptance are also key issues that must be con-
sidered before making a decision, as discussed in this report.
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UPDATES OF PRODUCT REVIEWS*

UPDATE TO GENERAL RECOMMENDATIONS

When you are conducting clinical evaluations of needlestick-prevention devices, consider special needs 
and situations t hat may arise, in addition to ro utine applications. For example, consider whether t he 
device will hamper (slow) response during a code procedure or whether high pressures that occur during 
rapid infusion of a viscous  uid, such as dextrose, will cause disconnections.

Product Group 1: Needleless Medication/Vaccine Injectors

BIOJECT INC. [108133]

Bioject Biojector 50 (1.1 version)

As of November 1, 1991, a modi ed unit, described below, has superseded the unit that we assessed.

Bioject Biojector 50 (1.2 version)

New Product

Th e manufacturer states that the new Biojector 50 (1.2 version) has a wider operating temperature range 
of 50°F–100°F, is noiseless, and uses the same medication ampules as the 1.1 version; list price: $575.

Product Group 2: Pre lled Medication Systems

WINTHROP PHARMACEUTICALS
Div. Sterling Drug Inc. [104392]

Carpuject
No changes have been reported.

* ECRI Special Report and Product Review. Health Devices 20(5):154–180, 1991.
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WYETH-AYERST LABORATORIES [101864]

Tubex
Th e Tubex injector was modi ed as of July 1991. Th e injector now has teeth inside the collar to grip the cartridges 
more securely. Also, as of September 1991, the modi ed injector can accommodate Dosette cartridges.

Product Group 3: IV Starters with Catheters

CRITIKON INC.
A Johnson & Johnson Co. [101346]

ProtectlV
No changes have been reported.

DESERET MEDICAL INC.
Becton Dickinson and Co. [101750]

Intima
No changes have been reported.

MENLO CARE INC. [107575]

Landmark
No changes have been reported.

RYAN MEDICAL INC. [108525]

Shamrock
No changes have been reported.

Product Group 4: IV Medication Connectors

Products from manufacturers included in the previous section of this chapter.

BAXTER HEALTHCARE CORP.
IV Systems Div. [106390]

InterLink IV Access System
NOTE: As of September 16, 1991, Becton Dickinson (Becton Dickinson Div. [101093], One Stanley St., 
Rutherford NJ 07070) has been manufacturing and marketing the InterLink cannula components of the 
InterLink IV Access System. Baxter will continue to manufacture and market only the injection site and 
any products that have the injection site (e.g., IV administration sets).

Baxter now has additional products available with the InterLink system:

Vial access cannula—allows needleless access to single-dose vials and is compatible with all • 
syringes.
Th ree-way connector—compatible with any IV tubing to a llow multiple needleless access to I V • 
administration sets.
IV ad ministration s ets a nd s pecialty e xtension s ets—compatible w ith t he I nterLink c annula; • 
a new Y-lock cannula is available to connect a secondary medication set to the primary IV admin-
istration set.
Th e I nterLink t hreaded-lock c annula w ith l ipid-resistant m aterial—suitable f or ad ministering • 
lipid therapy.

COMMENT: At this time, the InterLink lever-lock cannula assessed in the May 1991 issue and the new 
Y-lock cannula should not be used for administering lipid therapy because of their construction. Certain 
plastics, sometimes used in devices of this type by various manufacturers, are not lipid resistant; users 
should verify that the product being used is suitable for lipid infusion. Th e packaging of the InterLink 
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cannula is labeled with a warning that the product is not intended for this use (see Health Devices Alerts 
Action Items, Accession No. 01714, June 21, 1991).

Needle*Lock
Baxter now has four basic IV sets available for use with the 20 G Needle*Lock device.

BURRON MEDICAL INC.
Div. B. Braun of America Co. [101098]

Safsite
An access pin is now available to a llow the Safsite valve to be used with a Y-site of any administration 
set. List prices: pin, $0.50; purchased with the Safsite valve, $1.80.

ICU MEDICAL INC. [105658]

Click Lock
No changes have been reported.

COMMENT: Th e manufacturer states that this product was designed for multiple-use on single patients 
to reduce the costs associated with intermittent drug administration. In the May 1991 issue, we recom-
mended that hospitals review the infection control considerations of this use of the Click Lock.

Piggy Lock

New Product
Whereas the Click Lock is designed for connection to c entral and peripheral l ines, the Piggy Lock is 
designed for piggybacking medications into any standard Y-site.

Th is new IV connection device is compatible with all Y-sites of standard administration sets. It has 
the same stainless-steel cannula as the Click Lock, but has a bl ue locking r ing that locks around any 
Y-site (see Photo A). Like the Click Lock, the Piggy Lock is designed as a m ultiple-use, single-patient 

PHOTO A CU Medical Piggy LockTM (the blue locking ring [arrow] locks around any Y-site). (From CU Medical 
Piggy Lock.)
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product to reduce the costs associated with intermittent drug administration (see COMMENT above). 
List price: $1.60.

INTERNATIONAL MEDICATION SYSTEMS (IMS) LTD. [104648]

Stick-Gard
No changes to the product have been reported. However, Becton Dickinson is marketing the Stick-Gard 
as the Becton Dickinson Safety Gard IV needle.

L&W TECHNOLOGY INC. [108520]

Safeport
Th e new l ist prices for t his product a re $1.55 for t he single-port Safeport (SIS-002) a nd $5.00 for t he 
triple-port Safeport (SM-001).

L & W Technology now off ers the following new extension sets, which allow needleless IV line access 
and aspiration of samples from the IV line because they do not c ontain the antiback ow valve found 
in other Safeport products; according to the manufacturer, all L & W Technology products can be used 
for lipid therapy.

End-port access site (ES l00)—a 7-in. extension set with a Safeport valve on one end and a Luer • 
connection on the other; list price: $2.10.
Single-port extension set (ES 150)—an 11-in. extension set with a si ngle needleless access port; • 
list price: $2.40.
Double-port extension set (ES 200)—a 20-in. extension set with two needleless access ports simi-• 
lar to the single-port extension set; list price: $3.70.
Triple-port extension set (SM-00lT)—a 48-in. extension set similar to t he SM 001, but with the • 
tubing included; list price: $5.25.

PASCALL MEDICAL CORP. [108524]

SPIVE
Th e list price is now $0.39.

RYAN MEDICAL INC. [108525]

Saf-T Clik
No changes have been reported.

TRI-STATE HOSPITAL SUPPLY CORP. [103919]

Kleen-Needle
No changes have been reported.

Products from manufacturers not included in previous section of this chapter.

BEECH MEDICAL PRODUCTS [108874]

P.O. Box 704
Washington Crossing, PA 18997
(215) 493-2785; (800) 235-5833

Beech Medical has a product line of diff erent IV medication connectors.

Pro-LokTM

Th is shielded needle connector assembly has a re cessed replaceable needle that can be used with any 
injection adapters or that can be locked onto the Pro-Lok intermittent injection cap ($0.50); four exten-
sion sets of diff erent leng ths a re a lso available w ith t he i ntermittent i njection c ap ($1.60–$1.80 w ith 
injection cap); list price: $1.65. (See Photo B.)
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Versa-LokTM

Th is shielded-needle Y-site connector has a recessed replaceable needle that locks to a secondary line at 
the Y-site (see Photo C); list price: $1.75.

PHOTO B Beech Medical Pro-Lok (locked [top], unlocked [center], and needle packaging). (From Beech Medical 
Pro-Lok, Newtown, PA.)

PHOTO C Beech Medical Versa-Lok (as it is packaged [top] and ready for use). (From Beech Medical Versa-Lok, 
Minneapolis, MN.)
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EDGE MEDICAL [108902]

1107 Fair Oaks Ave., Suite 106
South Pasadena, CA 91030
(213) 275-7654

Safe-DrawTM

Th is multidose drug-vial adapter allows syringes to be  lled from all sizes of drug vials without the use 
of a needle (see Photo D).

Product Group 5: Blood Collection Systems

Products from manufacturers included in previous section of this chapter.

BAXTER HEALTHCARE CORP.

Edwards Critical-Care Div. [106431]

VAMP
Th is product may reduce the risk of needlestick injuries where personnel are currently drawing blood sam-
ples from a catheter into a syringe and then transferring the blood to a blood collection tube with a needle.

MEDICAL SAFETY PRODUCTS INC. (MSPI) [108521]

Acci-Guard
No changes have been reported. MSPI will soon have available a biohazard container, described below, 
intended as a companion product to the Acci-Guard.

Biohazard Container

New Product
When used with the Acci-Guard, this container will provide a system for point-of-use needlestick pro-
tection and needle disposal without exposure to the inner or outer end of the blood collection needle. Th e 
container can also be used with standard blood collection holders. Th e list price is not yet available.

RYAN MEDICAL INC. [108525]

Blood Adapter
No changes have been reported.

Products from manufacturers not included in previous section of this chapter.

PHOTO D Edge Medical Safe-Draw multidose drug vial adapter. (From Edge Medical Safe-Draw, Boulder, CO.)
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BECTON DICKINSON VACUTAINER SYSTEMS [103615]

One Stanley St.
Rutherford, NJ 07070
(201) 460-2000

Safety-Lok Needle Holder
Locking the safety sheath in place on this disposable safety blood collection tube holder requires two 
hands (see Photo E). L ist price: $ 0.49. A c arrying pouch i s a lso available ( list price: $15.95, $5.25 for 
shoulder strap).

BIO-PLEXUS INC. [108876]

P.O. Box 826
Tolland, CT 06084
(203) 871-8601

Punctur-Guard‘

Th is blood-collection needle has a blunt inner cannula that extends beyond the tip of the needle before 
it is removed from the vein. Th e Punctur-Guard is placed in a standard blood collection tube holder, 
and blood tubes are pressed into it until resistance is felt; the patient’s blood can then be drawn. When 
the last blood tube has been f illed, the user advances the tube until a click is heard, and the blunt 
inner cannula is released. When the user removes the needle, it has a blunt t ip (see Photo F). List 
price: $0.25.

COMMENT: Hospitals should ensure t hat personnel a re properly t rained i n using t his product. Th e 
manufacturer p rovides c omplimentary i n-service t raining. I f t he p roduct i s re capped a nd m anually 
unscrewed from the blood adapter when disposing of the Punctur-Guard, the inner needle at the back 
end, which is covered by a latex boot, presents the risk of needlestick. Th e manufacturer recommends 
following CDC guidelines by not recapping the product with the traditional two-handed technique and 

PHOTO E Becton Dickinson Vacutainer Systems Safety-Lok Needle Holder (set up for u se [left ] and aft er use, 
showing protected needle). (From Becton Dickinson Vacutainer Systems Safety-Lok, Rutherford, NJ.)
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by using it in conjunction with a screw-top waste-disposal unit. Th is method would eliminate the risk 
of needlestick injuries.

VIGGO-SPECTRAMED INC. [107830]

1900 Williams Dr.
Oxnard, CA 93030
(805) 983-1300; (800) 235-5945 (outside CA);
(800) 631-7015 (within CA)

Safedraw Closed-Loop Blood Sampling System
Th is blood pressure monitoring set allows the user to draw blood from arterial lines without using a 
needle. It is packaged with a pressure line, a volume-restricted syringe, and a blood-sampling septum 
with necessary connections (see Photo G). Th e Safedraw System is also available without a disposable 
transducer. It can be used with syringes and blood-collection tubes. List price: $14.95 for Safedraw 
System only.

Product Group 6: Disposable Syringes

BECTON DICKINSON AND CO.

Becton Dickinson Div. [101093]

Safety-Lok Syringe
No changes have been reported.

SHERWOOD MEDICAL CO.

SUB. AMERICAN HOME PRODUCTS [101927]

Monoject with Safety Shield
No changes have been reported.

Product Group 7: Needle Guards

Products from manufacturers included in previous section of this chapter.

PHOTO F Bio-Plexus Punctur-Guard (set up for use [left ] and with the blunt inner cannula extended beyond the 
tip of the needle aft er use). (From Bio-Plexus Punctur-Guard, Vernon, CT.)
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ICU MEDICAL INC. [105658]

HR Needle
No changes have been reported.

NORTH AMERICAN MEDICAL PRODUCTS (NAMP) INC. [108522]

Safe-Site
Th e following l ist prices h ave c hanged: S afe-Site w ithout ne edle a nd s yringe, $ 0.34; S afe-Site w ith 
needle, $0.37; Safe-Site with needle and syringe, $0.46.

Th e Safe-Site is now available with 1¼-in. needles. A stopcock can be used with it to provide multiple 
drug administration through a Y-site. NAMP also provides vented or nonvented secondary medication 
sets w ith a S afe-Site needle g uard. L ist prices: vented secondary medication set w ith Safe-Site, $1.80; 
nonvented secondary medication set with Safe-Site, $1.67.

Products from manufacturers not included in previous section of this chapter.

CONCORD/PORTEX [107113]

Kit St., P.O. Box 724
Keene, NH 03431-5911
(603) 352-3812; (800) 258-5464

Needle-Pro‘

Th e Needle-Pro is a p lastic sheath that  ts on syringes before a needle is attached. Aft er the needle is 
used, the plastic sheath can be pressed over it by leaning the needle against a hard surface (see Photo H). 
Th e Needle-Pro can be used with needles up to 1½-in. length. List price: $0.20.

COMMENT: Th is device will require appropriate training before use.

PHOTO G Viggo-Spectramed SafedrawTM Closed-Loop Blood Sampling System (note Safe Needle [needle-
less s yringe a dapter, a rrow] a nd blo od-sampling s eptum [ in c ircle]). (From Vi ggo-Spectramed S afedraw, 
Oxnard, CA.)
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Product Group 8: Needle-Recapping Devices

Products from manufacturers included in previous section of this chapter.

ON-GARD SYSTEMS INC. [108523]
New Address/Telephone Number:
1800 Fift eenth St., Suite 100
Denver, CO 80202
(303) 825-5210

Recapper
Th is de vice c an b e a c ost-eff ective tool for reducing needlestick injuries in the applications listed in 
the M ay 1991 i ssue—that i s, i n c ontrolled environments, suc h a s PACUs, w here re capping i s ne ces-
sary. However, this device is not recommended as a general, hospitalwide needlestick-prevention device 
because it is awkward to carry and therefore may not be available when needed.

TERUMO CORP. [101790]
New Telephone Number: (908) 302-4900

Safe-Guard Shield
No changes have been reported.

Products from manufacturers not included in previous section of this chapter.

J & T PRODUCTS LTD. Exclusive U.S. Distributor:
16B Regent St. SEPTODONT INC. [108875]
Newtownards, County Down, P.O. Box 11926
BT23 4LH Wilmington, DE 19850-1926
Northern Ireland (302) 328-1102; (800) 872-8305
Fax: 0232-243861
DisposiNeedle MK IITM

PHOTO H Concord/Portex Needle-Pro (set up for use [left ] a nd a ft er u se, s howing prot ected ne edle). (From 
Concord/Portex Needle-Pro, Keene, NH.)
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Th is s elf-contained s ystem i s de signed a s a c ombination re capping de vice a nd s harps c ontainer; t he 
container  ts on the device to easily dispose of used needles (see Photo I). Th e recapping device can also 
be used with standard sharps containers. List price: $145.

Product Group 9: Sharps Pincushion Container

The following product is different from other needlestick-prevention devices and cannot be placed 
in a ny o f t he ot her eig ht product g roups. A lso, b ecause i t i s not s trictly a s harps w aste d isposal 
unit, despite its similarities with these devices, we are including it with this review of needlestick-
prevention devices. (We will be evaluating sharps waste disposal units in a f uture issue of Health 
Devices.)

AIR SUPPORT MEDICAL [108873]

P.O. Box 99
199 Ramond St.
Hope, IN 47246
(812) 546-0050

Sharps Pin Cushion Container
Th is product, consisting of a plastic holder, a plastic container  lled with foam material, and a plastic lid 
that locks the container when properly closed, is both a sharps container and a needlestick-prevention 
device. It is small and very easy to use and is intended to be used at the point of patient contact. Needles 
can be stuck into the foam portion of the unit immediately aft er use (see Photo J).

PHOTO I J & T Products (distributed by Septodont) DisposiNeedle MK II (with recapping device [white] attached 
to sharps container). (From J & T Products DisposiNeedle MK II, Lapeer, MI.)
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Th is product is designed for single-patient use and for no more than  ve sharps, except for butter y 
needles, and it is primarily intended for use in an emergency room or OR. Users should evaluate whether 
this product is more eff ective than a sm all sharps container and whether it is cost-eff ective. List price: 
$1.50.

Source: ECRI Evaluation Updates. Health Devices 20(12):460–7, 1991.

PHOTO J Air Support Medical Sharps Pin CushionTM container. (From Air Support Medical Sharps Pin Cushion, 
Hope, IN.)
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Introduction

A s tudy by t he I nternational A ssociation for Hospital S ecurity re ported t hat i n 1990 v irtually e very 
hospital experienced on-site violence. One in four experienced an arson  re. One in  ve experienced an 
armed robbery, an on-site rape, or an on-site homicide.

Two disturbing future trends were noted. Th e  rst is an acceleration of lawsuits charging that health 
care facilities have failed to maintain safe premises. Th e second trend is toward increased kidnappings, 
extortion, and terrorism at health care facilities with prominent physicians and principals of hospitals 
becoming targets of threats and requiring protection.

Pressures That Cannot Be Overlooked

Even i f t he ad ministrator o f a h ealth c are f acility w ere tem pted to ig nore t heir mo ral a nd e thical 
responsibilities to provide safe premises, there are three overriding sets of pressures that cannot be 
overlooked—lawsuits, staff  moral, and bad publicity.

With hospitals no longer immune from suits by patients, visitors, staff , vendors, or even outsiders, 
the number of lawsuits for failure to p rovide adequate security, as well as t he size of t he awards or 
settlements, has become a matter of concern second only to malpractice. For example:

Two lawsuits seeking $42.5 million in damages have been  led in federal court by families of • 
two people shot to de ath at a K ansas Medical Center. Th e lawsuit stems from a f atal shotgun 
attack in the facility’s emergency room. Th e v ictims were a h ospital v isitor and a do ctor who 
was completing his residency training at the center.
A $13 million negligence lawsuit has been  led against a hospital in Utah by lawyers for a 12-year-• 
old mother who claimed she had been raped at 3:00 a m aft er giving birth at the hospital.
A lawsuit asking $1 million in damages from a Tennessee Medical Center has been  led on behalf • 
of two children whose mother was stabbed to death at the hospital while visiting her grandmother 
who was a patient there.
A medical center in Spring eld, MA, its chief of security, and others were named in a $44 million • 
lawsuit for lack of security by the mother of a 7-year-old boy who was stabbed to death in the medical 
center’s parking lot.
In a nother pa rking lot i ncident, a n a nesthesiologist at a memo rial h ospital sue d t he h ospi-• 
tal for $6 m illion for i nadequate security following h is being shot i n t he abdomen during a 
mugging.
Th e director of a psychiatric center in Brooklyn, NY, was sued for $16 million by the brother of a • 
nurse who was killed by a patient there.

Many hospitals have quietly settled a n umber of lawsuits, especially in connection with rape, other 
types of assaults, or infant kidnapping—for big dollars. Furthermore, the current trend is for juries to 
substantially increase the amount awarded to a plaintiff  through punitive damages when they  nd a 
hospital negligent in providing adequate security.

Additional References ...................................................................7-102
Appendix 7.A.5 ..............................................................................7-103
Appendix 7.A.6 ..............................................................................7-105
Appendix 7.A.7 ..............................................................................7-108
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Whether it is true or not, the perception by nurses, physicians, and other staff  members, that secu-
rity is inadequate at a hospital, frequently provokes protests and disputes. At a hospital in New Haven, 
CT, 700 employees signed a petition demanding tighter security following a mugging in the hospital’s 
garage. At a medical center in Bakers eld, big headlines in local newspapers reported that employees 
were protesting the lack of security and indicated that some nurses were carrying revolvers to work. 
At a h ospital in Brooklyn, interns and residents picketed t he hospital demanding increased security 
at t heir residence hall. Of even greater consequence was t he d iffi  culty of a h ospital in New Orleans, 
in attracting nurses to meet Joint Commission for Accreditation Healthcare (JCAH) staffi  ng require-
ments. In a local newspaper, a former nurse charged that the lack of security hampered the recruitment 
of nurses. When JCAH denied accreditation to the hospital, the hospital, among other improvements, 
added security personnel.

A v iolent c rime i n a h ospital oft en brings with it newspaper, radio, and TV publicity, sometimes 
national as well as local, and tends to d istort the true picture of security at t he institution. Some times 
the very nature of the crime, especially infant kidnappings, encourages the press to have a  eld day at the 
expense of the institution. Bad publicity of this kind can undo years of excellent public relations work.

In order to m inimize t he potential for v iolent crime, i t i s of pa ramount i mportance to e stablish a 
viable access  control program. I nstitutional offi  cers must be able to regulate the  ow of visitors and 
patients, and everyone’s identity must be easily recognized. At Children’s Memorial Hospital in Chicago, 
the color of visitor passes has been set up on each  oor. Th e hospital learned the hard way, aft er a baby 
was kidnapped there in 1980. At the Presbyterian Hospital in New York City, uniformed offi  cers issue 
color-coded adhesive passes, which l imit the v isitor to a s peci c  oor or area of the hospital. Visitors 
must state who they are visiting, and the name is checked on a computer printout. Th e two-visitors-at-
a-time rule is also enforced. Th e result of such strict access controls? A 65% reduction in the number of 
reported crimes over an 18 month period.

Th e following, in three sections, outlines through epidemiology and design programs some of those 
steps that can be implemented to reduce violence to health care workers (HCWs).

Preventing Workplace Violence in the Health Care Workplace

Jane Lipscomb, Jonathan Rosen, Matthew London, 
and Kathleen McPhaul

Workplace v iolence is a le ading cause of occupational injury for HCWs, especially staff  who provide 
direct pat ient care in emergency rooms, psychiatric, ger iatric, home care, and forensic and criminal 
justice settings. Although the main source of physical assaults is patients, perpetrators of violence 
against HCWs may include v isitors and coworkers. Exposure to v iolence can a lso arise from strang-
ers when HCWs conduct home v isits i n h igh crime a reas. Domestic v iolence may a lso occur i n t he 
workplace.

Violence in any health care organization is a major deterrent to quality of care. Despite the obvious 
link between patient and staff  safety, there is a prevailing bias that the risk of being assaulted by violent 
patients “is part of the job.” All too frequently this dangerous bias is expressed by hospital administra-
tors, c riminal justice authorities, a nd e ven by HCWs t hemselves. C onsequently, i nstitutional ac cep-
tance of workplace v iolence is a m ajor obstacle to de veloping eff ective v iolence prevention programs 
and p rotective re gulations. O ther ba rriers i nclude le an s taffi  ng, n urse s hortages, i ncreases i n mo re 
acutely i ll pat ients, a nd a n a ntiregulatory outlook a mong many hospital administrators a nd govern-
ment offi  cials.

In addition, government, certifying and/or licensing bodies, managers, and community organizations  
frequently prioritize pat ient safety over worker safety, w ithout recognizing t hat t hey a re i nextricably 
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linked. Staff  working in a State hospital for the mentally retarded and developmentally disabled told the 
authors that their management interprets federal patient safety and accrediting criteria as requiring staff  
to “take the bullet” in the event that a patient is potentially at risk of assault by another patient.

Th ere is a direct link between staff  safety and patient safety. Violent patients/clients oft en assault and 
threaten other patients/clients in addition to their caretakers. Researchers have found that violence expe-
rienced by health care staff  is associated with lower patient ratings of the quality of care.32 Lean staffi  ng 
has a major negative impact on timeliness and attentiveness to pat ient needs, frustrating patients, and 
caregivers alike. Staff  shortages and injuries have led to e xcessive use of mandatory overtime and the 
resulting staff  exhaustion and burnout. Additionally, replacement staff  is oft en unfamiliar with patient’s 
individual needs, triggers, and behaviors. As the quality of care declines, tension and con ict among 
caregivers and patients inevitably increases.

In this section we will review what is known about the scope of the problem and risk factors for work-
place violence in a variety of health care settings. We will emphasize the key steps necessary for health 
care organizations to i nstitute eff ective violence prevention programs. Th e discussion will include the 
community health care as well as the institutional setting, as some of the r isk factors and prevention 
strategies diff er. Although institution-based workers experience higher rates of physical assault, com-
munity health care poses a greater risk of fatal injury. We will describe two intervention research projects 
undertaken by the authors: (1) implementation and evaluation of a comprehensive violence prevention 
program in a State-operated mental health system; and (2) evaluating risk factors and establishing safety 
measures for community mental health workers providing care in client’s homes in the context of State 
policy reform.

Typology

Th e California Division of Occupational Safety and Health (Cal/OSHA) developed a “typology” of 
workplace violence that describes the relationship between the perpetrator of violence and the victim 
(see Table 7.1). A lthough pat ient or c lient v iolence (type I I) i s t he predominant concern; in t he com-
munity setting there is the additional risk of being attacked by members of the public while traveling 
to clients’ homes (type I). Coworker v iolence (type III) is highly prevalent in hierarchical health care 
organizations, while incidents of domestic violence (type IV) occur in health care work sites as in other 
industries.

TABLE 7.1 Typology of Workplace Violence

Type Description

I: Criminal intent Th e perpetrator has no legitimate relationship to the business or its employee, and is 
usually committing a crime in conjunction with the violence. Th ese crimes can 
include robbery, rape, or other type of assault.

II: Customer/client Th e perpetrator has a legitimate relationship with the business and becomes violent 
while being served by the business. Th is category includes customers, clients, patients, 
students, inmates, and any other group for which the business provides services. It is 
believed that a large portion of customer/client incidents occur in the health care 
industry, in settings such as nursing homes or psychiatric facilities; the victims are 
oft en patient caregivers.

III: Worker-on-worker Th e perpetrator is an employee or past employee of the business or organization who 
attacks or threatens another employee(s) or past employee(s) in the workplace.

IV: Personal relationship Th e perpetrator usually does not have a relationship with the workplace but has a 
personal relationship with the intended victim. Th is category includes victims of 
domestic violence assaulted or threatened while at work.

Sources: Adapted from Cal/OSHA 1995; Howard 1996; IPRC 2001.
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In developing a workplace violence prevention program it is important for the planners to understand 
that mitigation of risks will vary depending on the type of violence that is being addressed. Eff ective 
programs require a site-speci c risk evaluation and a targeted intervention program.

Magnitude and Severity of the Problem

Th e U.S. Department of Justice (DOJ) has estimated that annually between 1993 and 1999, 1.7 million 
“violent victimizations” de ned as assaults, verbal threats, harassment, occur at work across all indus-
tries i n t he United St ates.7 I n add ition, app roximately 5 00–600 w orkplace h omicides a re re ported 
annually to the U.S. Bureau of Labor Statistics (BLS 2007). Health care leads all other industries in 
the number of nonfatal assaults resulting in lost workdays in the United States; contributing 45% of 
all such a ssaults. According to t he a nnual BLS Su rvey of Occupational I llness a nd I njuries, which 
captures o nly i ncidents de  ned a s “ OSHA re portable,” t he r ate o f no nfatal a ssaults to w orkers i n 
the “nursing a nd personal care facilities” i ndustry was 31.1 per 10,000 compared to 2 .8 per 10,000 
in the private sector as a whole.8 By contrast, the more sensitive DOJ National Crime Victimization 
Survey (NCVS) report, estimated an overall average annual rate for nonfatal violent crimes at work of 
12.5 per 1000 workers. In the health care  eld, the average annual rates between 1993 and 1999 were 
higher: 16.2 (physicians), 21.9 (nurses), and 68.4 (professional or custodial mental health workers).7 
In some state psychiatric hospitals and schools for the developmentally disabled, the annual rates are 
even higher, with several institutions reporting greater than 100 assaults per 100 staff .9

In December 2007, the Washington State Department of Labor and Industries issued a report titled 
“Violence in Washington State Workplaces 2000–2005” that presented data from the U.S. BLS’ Survey of 
Occupational Injuries and Illnesses and from Washington State’s workers’ compensation claims related 
to assaults and violence.25 Th e number of violence-related claims for the period 2000–2005 was approxi-
mately 12% lower than that for the period 1995–2000 (Figure 7.1).

Health- and social service-related occupations accounted for approximately one-half of all violence-
related claims over the study period. Nurses’ a ides and orderlies, police offi  cers, health a ides, psychi-
atric a ides, s ocial w orkers, a nd p rivate s ecurity g uards h ad t he h ighest n umber o f v iolence-related 

FIGURE 7.1 Violence-related claims rates for high risk state fund industries, 2000–2005.
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claims. Health Care and Social Assistance is the highest risk major industry. Although violence-related 
claims r ates fell by 35% during t he s tudy p eriod, t he c laims r ate i n t his i ndustry i s a bout  ve times 
higher t han for a ll i ndustries combined. Psychiatric a nd Substance Abuse Hospitals s aw a n i ncrease 
of over 81% in their violence-related claims rates during the study period. In contrast, violence-related 
claims rates in other Health Care and Social Assistance industries fell throughout the study period 
(see chart below).

For nonfatal violence-related injuries, workers’ compensation data ranked Social Services (142 
per 10,000 workers) as the highest risk industry followed by Health Services (74.6 per 10,000 work-
ers). Re sidential C are w as r anked s econd a mong s peci c i ndustry c odes (301 p er 10,000 workers); 
Individual Family and Social Services was ranked 10th (79 per 10,000 workers). Notably, these two 
speci c industry sectors reported the second and third greatest percent increase in assault rates over 
the period 1995–2000, 46% and 33%, respectively.

Among Washington St ate w orkers ac ross a ll i ndustry c odes, r ates o f c ompensable a ssault c ases 
were substantially higher for state (30.4 per 10,000 workers) and local government workers (8.9 per 
10,000 workers), compared with private sector workers (2.3 per 10,000 workers). Diff erences between 
public and private workers’ risk can be explained in part by the nature of the patient client popula-
tions that public employees serve. Th e most diffi  cult patients/clients who are indigent, criminal, dually 
diagnosed, or who are refused treatment in private or non-for-pro t facilities are typically placed in 
state- and county-run institutions. Th is is in part the explanation for why the Crime Victims Survey 
 nds that public employees are 16% of the workforce nationally, but 32% of the victims of workplace 
violence. While the incidence of workplace assaults has been trending sharply downward for private 
sector workers, both in Washington State and nationally, the trend has risen signi cantly for public 
sector employees.26

Risk Factors

In 1 996, t he N ational I nstitute f or O ccupational S afety a nd H ealth (N IOSH) i ssued a b ulletin o n 
workplace v iolence. B ased on i ts re view of t he published s cienti c l iterature, N IOSH l isted 10 r isk 
factors for workplace v iolence, two of which included “working with unstable or volatile persons in 
health care, social service, or criminal justice settings” and “working in community-based settings”.10 
See also Figure 7.2.

In guidelines published by the Occupational Safety and Health Administration (OSHA) that focused 
on health care a nd social service workers, t he agency identi ed additional r isk factors t hese workers 
face: the use of hospitals for the care of acutely disturbed and violent individuals; the increased number 

FIGURE 7.2 Risk factors for violence in hospital settings. (From http://www.cdc.gov/niosh/2002-101.html)

Working directly with volatile people, especially, if they are under the in uence of drugs or alcohol or have a history 
of violence or certain psychotic diagnoses

Working when understaff ed—especially during meal times and visiting hours
Transporting patients
Long waits for service
Overcrowded, uncomfortable waiting rooms
Working alone
Poor environmental design
Inadequate security
Lack of staff  training and policies for preventing and managing crises with potentially volatile patients
Drug and alcohol abuse
Access to  rearms
Unrestricted movement of the public
Poorly lit corridors, rooms, parking lots, and other areas
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of mentally ill patients who have been “deinstitutionalized” or released from psychiatric hospitals with 
inadequate follow-up care; isolated work with clients; lack of staff  training; and inadequate staffi  ng dur-
ing off -shift s and at times of increased activities, such as meal time.6

Research

In 2 001, a g roup o f e xperts gat hered f or a W orkplace Violen ce I ntervention Re search Workshop i n 
Washington, DC at the invitation of NIOSH and the University of Iowa. Th e workshop’s  ndings culmi-
nated in the publication of a report titled “Workplace Violence: A Report to the Nation” and also con-
gressional action to dedicate a signi cant amount of NIOSH extramural research funding to workplace 
violence prevention research. Among its  ndings, the report noted the lack of systematic national data 
collection on workplace assaults, the paucity of data evaluating violence prevention strategies, and the 
methodological  aws in published intervention research to date.12

As bac kground to t his re port, i n 2 000, re searcher C arol Ru nyan a nd her c olleagues re viewed t he 
violence prevention i ntervention l iterature t hat w as available at t he t ime a nd found  ve studies that 
evaluated violence prevention training interventions, two that examined postincident psychological 
debrie ng programs, and two that evaluated administrative controls to prevent violence.13–23 Findings 
from these studies were mixed, with six reporting a positive impact and three reporting no or a negative 
impact (see Figure 7.4). All were quasiexperimental and lacked a formal control group. Runyan and her 
coauthors criticized the design of the published violence prevention interventions available at the time 
because they lacked systematic rigor.13

In the same year, Runyan et al. conducted their literature review, researchers Judith Arnetz and Bengt 
Arnetz reported on a randomized control trial of 47 health care workplaces. In the intervention facili-
ties, there was “structured feedback” from supervisors following incidents.13 Th ey found signi cantly 
more (50%) v iolent incidents reported in t he intervention facilities compared w ith t he control g roup 
workplaces. Th e authors at tributed t his  nding to a n i ncreased awareness of t he workplace v iolence 
incidents on the part of staff  and improved supervisory support at the intervention facilities.

Between 2000 and 2004, Lipscomb and her colleagues conducted an intervention eff ectiveness study 
to de sign a nd e valuate a c omprehensive p rocess f or i mplementing t he O SHA Violen ce P revention 
Guidelines and to evaluate its impact in a large state operated mental health setting.24 Program impact 
was evaluated by a combination of quantitative and qualitative assessments.

Recent work by Peek-Asa et a l. examined a re presentative sample of hospitals in two states, one of 
which had enacted a law requiring a violence prevention program. Th e research included the use of on-
site visits to assess architectural and design features as a component of workplace violence prevention 
programs. Th e most common environmental feature i n t he hospitals i n b oth s tates was su rveillance 
cameras. Eliminating areas where employees work a lone or can become isolated was much less com-
monly achieved (8.8% and 0%). Controlled access was surprisingly low as well, 40% in the state with the 
workplace violence law and 22% in the comparison state.

Finding from this group of intervention studies is summarized in Figure 7.3.

Types of Intervention Evaluated and Their Finding

Institutional Settings: Risks and Preventive Strategies

Institutional health c are s ettings w here workers a re e specially v ulnerable i nclude mental health a nd 
acute psychiatric settings, emergency departments, geriatric and geropsychiatric units, and some inten-
sive care areas such as neurotrauma.

For example, in a W ashington State forensic hospital, a f acility t hat t reats t he criminally mentally 
ill, staff  completed a s elf-administered su rvey a nd reported a n i ncidence rate of 415 assaults per 100 
employees per year; on average, each employee suff ered more than four assaults per year. Seventy-three 
percent of staff  who completed the survey and reported that they had been assaulted by a patient during 
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the previous year, suff ered at least a minor injury. Factors such as working in isolation, being a mental 
health technician, and working on the geriatric-medical hospital unit were associated with more severe 
employee injuries. Employees suff ered less severe injuries if they received assault management training 
within the prior year.28

Many psychiatric settings now require that all patient care providers receive annual training in the 
management of aggressive patients. To date, few studies have examined the eff ectiveness of such train-
ing. Th ose that have done so have generally found improvement in nurses’ knowledge, con dence, and 
sense of safety aft er being trained in how to manage aggressive behavior. While training can improve 
the individual skills of workers, it does not address the organizational improvements that can only be 
achieved through a comprehensive violence prevention program. Th ese include environmental, admini-
strative, and clinical approaches to violence prevention. Training is just one administrative approach.

Th e emergen cy de partment i s a nother h igh r isk s etting f or s taff  a ssaults. Weapons i n emergen cy 
departments are a major factor in severe or fatal injuries. A National Institute of Justice report estimated 
that, in 1994, there were enough guns owned in the United States that every adult could have one.29 Th e 
wide availability of  rearms, as well as the gang violence that oft en spills into emergency departments, 
create a “perfect storm” for deadly incidents in our overwrought emergency rooms. A 14 year study con-
ducted at a Los Angeles hospital found that between 1979 and 1993, 26% of major trauma patients were 
armed with deadly weapons. Th e hospital’s screening process used either metal detectors or involved 
the removal and inspection of all clothing. Th is yielded an average of 5.4 weapons a day, of which 84% 
were guns and most of the remaining weapons were knives.30 Focus groups of emergency department 
staff , conducted by the authors in a number of states, adds to the evidence that much of the emergency 
department violence is gang-related.

A re cent s tudy o f a 7 70-bed ac ute c are hospital, i n F lorida, su rveyed nurses working i n i ntensive 
care, the emergency department, and  oor nurses. When asked about their experience with workplace 
violence during the prior year, every nurse in the emergency room reported being verbally abused and 
82.1% reported being physically assaulted. Even among the  oor nurses, 80.6% reported verbal abuse 
and 63.3% reported physical assault.31

Gates et al. examined workplace violence in  ve facilities with emergency departments in a m id-
western c ity. Facilities i ncluded a L evel 1 T rauma hospital w ith s eparate me dical, ps ychiatric, a nd 

FIGURE 7.3 Types of intervention evaluated and their  nding.

Training
Lehman (1983) VA Hospital +
Infantino and Musingo (1985) +
Carmel and Hunter (1990) -
Parks (1996) -
Goodridge et al. (1997) +

Post incidence debrie ng
Flannery et al. (1998) +
Matthews (1998) -

Other strategies
Drummond et al. (1989) - +
Hunter and Love (1996) +
Arnetz and Arnetz (2000) -

Comprehensive program
Lipscomb et al. (2006) +/-

Policy/regulation
Peek-Asa et al. (2007) +/-
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“medivac” c are, a nd f our f acilities w ith a gener al emergen cy de partment. Th ey f ound t hat 32% o f 
surveyed staff  (n = 115) worked in facilities where patient and triage areas are open to the public; 25% 
reported that weapons were easily brought into their facilities, and 22% noted a lack of metal detectors 
or alarms in their emergency department (ED). Sixty percent felt that long waiting times contributed 
to violence in their facilities.62

Although men tal h ealth a nd emergen cy de partments h ave b een t he f ocus o f re search a nd e ven 
some legislation, no department within a health care setting is immune from workplace violence. 
Consequently, violence prevention programs should be developed for all departments and units.

Violence Prevention Policy and Programming

Th ere is no federal standard that addresses how to develop a workplace violence prevention program. 
A number of states including California, Illinois, Kansas, Michigan, New York, and Washington have 
laws addressing some aspects of a violence prevention program in health care.

In 1993, aft er the murders of three emergency room physicians, Cal/OSHA published the  rst set 
of nonmandatory guidelines describing the components of a comprehensive workplace violence pre-
vention program.1,51 Aft er s everal years of pressure from a m ultiunion task force on workplace v io-
lence, federal OSHA followed California’s lead and, in 1996, issued a similar set of guidelines, entitled 
Guidelines for Preventing Workplace Violence for Health Care and Social Service Workers.52

Th e 1996 Federal OSHA g uidelines provide a f ramework for addressing t he problem of workplace 
violence a nd i nclude t he ba sic elements of a ny proactive health a nd s afety program. We have found 
that establishing an ongoing process with appropriate management leadership and worker and union 
involvement is a critical  rst step. Also it is very important for participants to recognize that the goal of 
the program is organizational improvement and not strictly changing the practice of individual work-
ers. Changing the cultural bias that “violence is part of the job” is a key starting point.

 1.  Management commitment. Management commitment must be evident in the form of high-level 
management involvement and support for a written workplace violence prevention policy and its 
implementation.

 2.  Employee involvement. Meaningful employee involvement in policy development, risk assessment, 
joint management–worker violence prevention committees, postassault counseling and debrief-
ing, and follow-up are all critical program components. Th is must include frontline workers and, 
where a union exists, union representatives. Th e direct care staff  has a wealth of knowledge about 
the risks and solutions and is key to implementing proposed interventions. Commitment of nec-
essary time, resources, and personnel to violence prevention programs is the main determiner of 
their eff ectiveness.

 3.  Worksite a nalysis. A w orksite a nalysis i s t he foundation on w hich a n e ff ective program e xists. 
Th is analysis should use all available “data” sources and be repeated, at least in part, on a periodic 
basis. “Data” sources include: OSHA logs, unusual incident logs, overtime usage, patient incident 
records, and workers compensation data. Th is information can be invaluable in identifying trends 
and risk factors.52

However, a n umber o f re searchers h ave iden ti ed signi cant b arriers a nd d isincentives t o 
reporting workplace incidents and injuries.53–55 In the Washington State forensic hospital sur-
vey, referenced earlier in the chapter, staff  reported 415 assaults per 100 employees per year. By 
comparison, the hospital incident reporting system re ected a rate of only 35.3 assaults per 100 
employees. Of those reporting a moderate, severe, or disabling injury related to an assault, only 
43%  led for workers’ compensation.28

Th us, relying solely on existing data sources may severely underestimate the extent of the prob-
lem and will fail to t ake into account signi cant risk factors that have not been documented. 
Th e institutionally collected data sources should be complemented with information generated 
from staff  surveys, focus groups, and other forms of direct communication with frontline workers. 
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Finally, regular walk-through surveys of all areas of the facility should be conducted, and should 
include staff  from each area and from all shift s . Special at tention should be paid to t hose areas 
where assaults have occurred. When a unit or facility is undergoing renovations or a “new design” 
it is very important to build safety into the design. It is almost always cheaper to building in safety 
than to retro t.

 4.  Hazard prevention and control. Hazard prevention and control measures should be based on the 
factors identi ed during the risk assessment. A variety of controls should be used as follows: (1) 
Engineering controls that eliminate or reduce the risk through technology or design such as door 
locks, convex mirrors, bolting down furniture; (2) implementing administrative measures includ-
ing policies and procedures, personal alarms, training, communication, teamwork, and appropri-
ate staffi  ng; and (3) clinical strategies such as patient programming, review of patient diagnoses 
and treatment plans, approaches to dealing with multiassaultive patients. It is also important for 
health c are organizations to e stablish s trong relations w ith c riminal justice authorities s o t hat 
crimes t hat a re c ommitted o n h ospital p remises a re app ropriately p rosecuted. O ft en criminal 
justice authorities and hospital administrators do not w ant to b other with v iolent pat ients who 
are already con ned in a public institution. Th is fosters further violence in the aff ected health care 
setting and creates an unfair double standard of prosecution.

Hazard prevention and control measures to consider include: modifying the layout of admis-
sions areas, nurses’ stations, medication rooms, lounges, patient rooms, or offi  ces; limiting access 
to certain areas; evaluating all furnishings to ensure that they are not used as weapons; install-
ing metal detectors; improving lighting, air quality, and noise levels; adding mirrors or cameras, 
removing trees or shrubbery from doorways and structures. Other options include hiring trained 
security personnel, increasing direct-care staff , or redeploying existing staff  more eff ectively such 
as adding a second person for overnight duty. Developing and implementing appropriate policies 
and providing regular t raining a re i mportant ad ministrative controls, for example i ssuing cell 
phones and personal alarm devices to workers.

Additionally, programs need to b e in place to provide support to a ssault victims and to t heir 
coworkers. Typically these are called Critical Incident Stress Management or Trauma Response 
Program. Th ey feature trained teams that can debrief aff ected staff  and refer them to easy access 
to medical a nd mental health services, a ssistance w ith t he workers’ compensation, a nd support 
in accessing the criminal justice system, when appropriate. Th e timing of debrie ng can be very 
important in whether aff ected staff  are willing and ready to pa rticipate. Further, many of these 
programs s uff er b ecause t hey do not i nclude follow-up ac tions such a s i ndividual re ferrals for 
counseling o r g roup d iscussions a bout le ssons le arned to p revent si milar i ncidents. A m ajor 
impact of workplace violence is posttraumatic stress disorder (PTSD) among staff , which oft en 
goes u ntreated ( FLANNERY R d ate). F inally, to t he e xtent p ossible e xposure to t he p otential 
violence should be el iminated. An example would be not ac cepting certain A xis I I personality 
disorder patients in a facility that is not prepared to address their behaviors and needs. It is also 
important to intervene early with patients who are multiassaultive by trying a variety of clinical 
strategies, transfer, to a more secure facility, or prosecution, as appropriate.

 5. Training and education. At the time of hiring and annually thereaft er, worksite- and job-speci c 
training should be provided covering the risk factors, prevention measures, and relevant policies 
and procedures. Th is training should not be generic. For direct care staff , training should include 
skills in preventing and managing aggressive behavior.

 6.  Recordkeeping and program evaluation. Recordkeeping and program evaluation are l inked and 
should include incidents of physical and verbal assaults. Early intervention at early signs of agita-
tion may prevent violence from escalating into physical assault. It is a mistake to rely solely on 
workers’ compensation claims or OSHA logs. Staff  should be actively encourages to report all 
incidents. Th ere should be systems for communicating about agitated patients within the treat-
ment t eam, a cross s hift s, a nd a mong nonunit s taff  suc h a s re creation, program, vo cational, or 
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occupational therapists. Incidents should be investigated promptly, with the focus on prevention, 
and a ny results or recommendations relayed to t he individual a nd team who made t he report. 
Retaliation of any k ind against employees for  lling out an incident report or  ling a w orkers’ 
compensation claim shall not be tolerated. Reporting, investigation, evaluation, and communica-
tion of incidents are a critical means of preventing workplace violence. It is also key to providing 
historical data for evaluating the eff ectiveness of the workplace violence prevention program and 
evaluating eff ectiveness of control measures.

Th e O SHA Gu idelines merely p rovide a f ramework f or de veloping a v iolence p revention p rogram. 
Because these guidelines are “performance-based” rather than prescriptive, the responsibility lies with 
each em ployer to de velop a sp eci c a nd e ff ective p rocess f or t ailoring t he g uidelines to t he s peci c 
needs and conditions in their facilities. As stated earlier, experience has proven that input from staff  and 
unions (where present) is key. It should be noted that a number of international professional and govern-
mental agencies have also issued guidance on violence prevention in health care settings.56–61

Case Example: Institutional Psychiatric Facility. Implementation of the OSHA Violence Prevention 
guidelines was the basis of a 4 ye ar research collaboration (2000–2004) that included an academic 
research te am, a s tate men tal h ealth s ystem, a nd a jo int-labor m anagement h ealth a nd s afety 
committee.24

Th e a gency a nd l abor u nions h ad a lready b een i nvolved f or ye ars i n c ollaborative e ff orts to 
reduce workplace v iolence by implementing programs including t raining, a w ritten policy enti-
tled “ Safe & Th erapeutic E nvironment Plan”, d ata c ollection, a nd p ostassault c are. P reliminary 
work by the joint health and safety committee in two hospitals demonstrated the feasibility of the 
intervention, u sing a pa rticipatory approach, to f acility a nd w ard-speci c r isk a ssessments a nd 
interventions.33

Th e NIOSH funded research project involved three intervention facilities and three comparison 
or “usual care” facilities. Th e intervention facilities included two adult and one children’s in-patient 
psychiatric hospital. What follows is a brief description of the project’s activities.

Each intervention hospital formed a facility level advisory group comprised of direct care staff , 
management, a nd u nion re presentatives. Th ese l abor-management c ommittees me t re gularly a nd 
provided input during each stage of the project and directed every aspect of the intervention at their 
facilities. Th e project included four hazard analysis ac tivities: data analysis, s taff  focus groups, an 
environmental audit, and staff  surveys.

Th e f ocus g roups w ere c onducted b y a t rained f acilitator a nd w ere re corded a nd re ported. 
Participants were direct care staff . Supervisors were not included so as to avoid staff  discomfort or 
inhibition among focus group attendees. Using a s tandard set of questions, the facilitator engaged 
participants in discussion about their experiences, perception of risk factors, and ideas for solutions 
to workplace violence on their wards.

An a rchitect w ith de cades of e xperience i n de signing s ecure i nstitutional s ettings c onducted 
the environmental audits i n e ach o f t he i ntervention f acilities; f acility adv isory g roup memb ers 
participated in t hese audits. Th e a rchitect’s approach was unique in t hat he made a s trong eff ort 
to merge his knowledge of materials, hardware, and design with the clinical design and objectives 
of each ward. He did this by talking to the project advisory groups (PAGs) prior to conducting the 
audits and informally interviewing direct care staff  during the inspections. For example, the design 
of the nurses’ station has a sig ni cant impact on the ability of ward staff  to ob serve and interact 
with patients. Each facility received a report that included short- and long-term recommendations 
for improvements.

(continued)
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Th e data a nalysis looked at n umber of i ncidents a nd severity ( lost t ime) of i ncidents by ward/
unit, time of day, activity, and location. Th ese data helped the facility advisory groups select target 
wards/units for the intervention study and also focus eff orts to higher risk activities and time frames. 
Additionally, some facilities analyzed the number of assaults that derived from patients who were 
repeat assaulters. In the adult facilities there was a startling trend that small number of patients who 
were repeat assaulters oft en was responsible for more than 50% of the assaults annual.

A staff  survey, informed by the focus group  ndings, was developed and administered to a ll staff  
during work time. Th e survey included questions about verbal threats of assaults, as well as physical 
assaults w ith m ild, mo derate, s evere, a nd d isabling i njuries. O ther que stions a ssessed procedures, 
communication, and work organization, as well as staff  perceptions regarding the quality of the OSHA 
Violence Prevention elements at their facility and their perceptions of the quality of violence preven-
tion training. Th e survey a lso included a s ection on staff  satisfaction. Th is instrument was admini-
stered early in the project and repeated two years later to evaluate the impact of the program.

Th e agency had already institutionalized training for direct care staff  that consisted of a 2.5 day 
initial a nd 1 d ay a nnual P revention a nd M anagement o f Cr isis Si tuations ( PMCS) t raining p ro-
gram. Th is c urriculum was developed by i nternal t raining experts a nd had been recently revised 
and updated. Th erefore the emphasis of the project’s training component focused on communicat-
ing ongoing  ndings from the risk analysis phase of the project and consolidating eff orts to imple-
ment solutions. Th is strategy was operationalized midway through the intervention when direct care 
staff  were brought together for a series of “solutions-mapping” sessions where the results of the risk 
assessments were presented and then small groups worked collectively prioritize the actionable items 
with facility managers.

Each intervention facility developed their own hazard control plan based on the  ndings of their 
data analysis, focus groups, environmental audit, and staff  su rvey. Control strategies included any 
engineering, administrative, or clinical activities designed to protect workers and patients from vio-
lence. Examples included:

Improved change of work shift  communication and teamwork, especially between psychiatrists, 
psychologists, social workers, and direct care staff 

Installation of a new personal alarm system as a statewide agency initiative
Elimination of long waits in food lines
Addition of a telephone in the day room
Change in locks and other hardware
Replacement of portable furnishings with secure items that cannot be used as weapons

A comparison of pre- and postintervention survey data indicated an improvement in staff  percep-
tion of the quality of the facility’s violence prevention program as de ned by the OSHA elements in 
both intervention and comparison facilities over the course of the project. Many health care organi-
zations lack adequate quantitative data systems for tracking incidents, lost time, and severity. Th is  
combined with the dynamic environments in which intervention programs are implemented makes 
traditional approach to evaluating eff ectiveness diffi  cult. Th e impact on the rates of staff -reported 
physical a ssaults was equivocal, however. Qualitative  ndings included reports from intervention 
sites of a number of project successes, including a v iolence prevention training coach at one study 
site and the adoption of one facility’s written violence prevention program into the facility’s overall 
strategic plan. Intervention sites generated a list of violence prevention best practices that were then 
shared with the Directors of their sister facilities within the state system.

Th e agency had i mplemented multiple interventions system-wide that made i t particularly dif-
 cult to i solate t he i mpact o f t he s tudy i nterventions i n a ny qu antitative w ay. Fu rthermore, t he 
national trend toward elimination of the use of restraint and seclusion was in full eff ect at the time 
of t he s tudy. I n s ome f acilities i ts i ntroduction w as do ne w ithout ade quate c ommunication a nd 

(continued)
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Community Settings: Risks and Preventive Strategies

Advocates of the developmentally disabled have successfully pushed for reforms resulting in a transfer-
ring of care from restrictive institutional environments to group homes, family care, and day programs. 
While this transformation in public policy has been largely positive and bene cial, it has not included 
the commensurate provision of staffi  ng and resources necessary to provide for client and staff  safety. Th e 
largely nonpro t sector pays very low wages to direct care staff  and minimal bene ts. For these reasons, 
and due to poor working conditions, one of our society’s most vulnerable patient populations is being 
served by a transient and unstable workforce. In general, these facilities are regulated for the protection 
of the clients and subject to frequent audits and inspections by public agencies. Considerably less atten-
tion is given to the safety of the work environment, despite substantial workers’ compensation costs and 
high staff  t urnover. Social service workers, particularly those employed by public and nonpro t agen-
cies that provide outpatient and residential services to the mentally retarded, severely developmentally 
disabled, or me ntally i ll, oft en care for clients whose behavior is not su ffi  ciently stable for t hese non-
institutional settings. Th is poses a risk to fellow clients and staff .

Th e risks to visiting social service and HCWs have been documented by a number of researchers.34–38 
Homicides o f v isiting s ocial w orkers a nd n urses h ave b een re ported i n Texas, M aryland, M ichigan, 
Kansas, New York, Washington, Ohio, and Kentucky. In response to these deaths, legislation has been 
introduced i n several of t hese s tates (Michigan, K ansas, New York, a nd Washington) to s trengthen 
and/or re quire s pecific s afety me asures f or t hese at -risk w orkers.27,39–41 Th ese m easures in clude 
community-speci c violence prevention training, the use of cell phones or pagers, having a c oworker 
come along when visiting high risk clients,27 and maximum caseloads. Important r isk factors emerg-
ing f rom t hese homicides i nclude: (1) t he c lient’s perception, t hat t he v isit would re sult i n removing 
children f rom the home (New York, Texas, and Michigan); (2) care provider unknown to t he pat ient 
(Washington and Maryland); (3) client in mental health crisis requiring possible involuntary commit-
ment ( Washington, Ka nsas); (4) r elevant c riminal hi story n ot k nown t o cas e w orker ( Washington, 
Kansas, and New York); and (5) worker visiting alone (all).42–49

Protecting home v isiting mental health workers present substantial a nd complex challenges. E ach 
home entered by the employee is a unique and unpredictable work environment. Unlike some institu-
tional settings, there are no security guards screening for weapons and contraband, no a larm systems 
or panic buttons, no video monitors, mirrors, special lights, quick release locks, or drop phones, and no 
additional staff  to assist if a patient becomes agitated during the course of the visit.

In addition, home care workers oft en conduct visits without information about a patient’s history of 
violence, criminal justice background, or recent stability and behavior. In community and home-based 
settings, unlike institutional settings, pat ient behavior is not mo nitored by quali ed clinicians on an 
around-the-clock basis. Case workers are oft en the  rst to d iscover during a home visit when patients 
are decompensating, refusing medications, or having social problems that aff ect their potential danger-
ousness. Th e tools available in an inpatient setting such as chemical restraints, one to one observation, 
or other clinical interventions are not applicable to the community setting.24,50

Fortunately, the majority of developmentally disabled and/or mentally ill clients who live at home do so 
because their condition is stable. Home visiting services enable these clients to remain in the community, 
where they can be close to family and friends. Yet, clients may decompensate and become upset, agitated, 
or out of control posing a “ high r isk” to a h ome v isiting worker. Home v isits which are identi ed as 
being “high risk” should always be conducted by pairs of workers, in the company of a police offi  cer 

prepara tion of d irect care staff . In these instances there was oft en confusion about direct care staff  
roles when a pat ient became v iolent. Th e goal of this eff ort has been bene cial in eliminating the 
unnecessary use of restraint and seclusion and focusing on prevention eff orts. However, the policy 
and its implementation have yet to clarify what steps should be taken when prevention fails.

(continued)
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or sheriff , or at a s afe neutral setting. Th e assessment of risk should be based on the patient’s history, 
clinical recommendations, and the input of family and friends.

What Needs to Be Done

Establishing a task force, workgroup, or using an existing health and safety committee or forum is the  rst 
step in developing a comprehensive violence prevention program. As stated earlier this process must include 
appropriate management decision makers, union representatives, direct care staff , and discipline chiefs. 
Once the team is established, existing and new risk assessment measures should be planned, reviewed, 
and analyzed. Th e focus should be implementing practical improvements whenever possible. Th e team’s 
eff orts must be communicated through a variety of ways so that all hospital stake holders are a part of the 
program. It is especially important to improve systems of providing risk information to direct care staff . 
Th e program should work at changing organizational culture so that violence whether verbal or physical 
is never considered “part of t he job.” St rong messages, w ritten a nd oral, f rom top m anagement, u nion 
leaders, and supervisors should encourage the reporting of verbal and physical violence. Staff  will begin to 
“believe” when they see that their reports do not lead to recrimination and do cause protective interven-
tions. In our experience, real or perceived patient privacy concerns and a “ blame the v ictim” mentality 
discourage the sharing of important information. Th e following barriers deserve speci c discussion:

Case Example: Community Setting. Following the murder of a visiting social worker in a northwestern 
state, the authors of this chapter were invited to conduct a consultative  eld study. Th e victim’s union 
arranged for access to multiple administrators, agencies, and groups of community-based  eld work-
ers caring for the mentally ill. Factors reported to be associated with violence included high casel-
oads, sicker clients, paperwork burdens, management emphasis on productivity rather than quality 
or safety, and other concerns such as lack of access to criminal history and patients’ inability to obtain 
needed psychiatric medications. Ironically, a n umber of states have passed laws requiring criminal 
background checks on staff  who do not h ave a legal right to access criminal history information on 
potentially violent clients. Th e federal reimbursement for home visits is based on a “per visit” system. 
Th is creates a  nancial disincentive for more than one staff  to participate in a home visit.

Th e frequency of violent encounters varied by mental health setting. By far, Community 
Emergency and Treatment Centers (E and Ts) reported having the most f requent experience with 
combative and assaultive clients. Th e very purpose of E and Ts is short-term institutionalization for 
the acutely and dangerously mentally ill. Staff  make the  nal judgment for involuntary commitment, 
oft en in settings like emergency rooms, clinics, and client homes. Generally, outpatient and home 
visiting settings report less overt violence, but more verbal aggression and fear associated with the 
potential for v iolence. Th ey a lso report a l ack of safety and security programs, including training. 
Unpredictable behavior, a symptom of some mental illnesses, increases the risk of assault to workers. 
Many outpatient case managers and mental health workers are responsible for transporting clients, 
frequently without a coworker present. Workers describe instances of unpredictable behavior on the 
part of their passenger/client, such as changing the gearshift  or trying to exit the vehicle while it is 
in motion.

Staff  in the community mental health system reported the full spectrum of violence, from sexual 
harassment, verbal threats of harm, spitting, profane language, and unwanted touching and physical 
contact, to major assaults with physical injuries or even death. Generally, physical assaults are the 
primary cause of concern, as they result in lost work time, medical costs, pain and suff ering, psycho-
logical trauma, and even permanent disability or death. Much of the verbal and sexual aggression and 
minor assaults are not reported and, thus, not offi  cially recognized. Th e relationships between lower 
level violence and patient safety, quality of care, absenteeism, staff  retention, and job satisfaction have 
not been researched, but merit additional investigation.
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Incomplete access to client history of violence and criminal background: In the aft ermath of the tragic 
death of a mental health worker in Washington State, administrators began to investigate the barriers to 
obtaining relevant information, such as a client’s criminal history and evidence of past violent behavior. 
In most s tates t here a re le gal a nd re gulatory ba rriers to ac cessing c riminal bac kground re cords t hat 
may be relevant to client and staff  safety. In the Washington State and New York fatality cases, relevant 
information about several past episodes of violent behavior involving law enforcement were not known 
to the case workers when they visited the client alone. Th is type of information is critical for all psychi-
atric care workers to have, but is of the utmost importance to community-based mental health workers. 
Some solutions to this dilemma include increased interagency cooperation about patient histories; using 
a speci c patient assessment tool for history of violence; and new legislation and regulations that allow 
increased access to criminal background information to case workers.

More acutely il l and dually diagnosed individuals: Deinstitutionalization of the mentally i ll has led to 
a change in the patient demographics among those who remain in the inpatient facilities. Th ey tend to 
be the more chronic patients, dually diagnosed with addiction and psychiatric illness, and criminal justice 
backgrounds. Further, public policy has led to the transfer of large numbers of psychiatric patients into 
the state and county prison systems that are ill equipped to provide care for such individuals. In 1996, the 
cost of inpatient psychiatric care in New York State (NYS) was $225,000 per patient compared to $28,000 
per state prison inmate. Th e pressures to reduce state budgets, cut taxes, and reduce “big government” 
are clearly factors in this policy shift . Th ese public policy shift s have also led to limits on public funding 
for social services, lean staffi  ng in hospitals, and cutbacks in public health programs.

NYS has just passed legislation to increase mental health treatment and staffi  ng in the prison system, 
especially directed toward prisoners in Special Housing Units, discipline units where inmates had previ-
ously been kept in isolation for 23 h per day, with only 1 day for recreation and little to no mental health 
programming. However, it is clear that a real policy shift  will require a sea change in society’s priorities 
to increase resources for the mentally ill and disabled.

Support for  ling c riminal ch arges: A sig ni cant ba rrier to v iolence prevention eff orts i s t he practice 
of organizations discouraging or interfering with workers who want to press criminal charges against 
patients who have assaulted them Workers are oft en led to b elieve that they check their legal rights at 
the door upon arriving at work. Health care and social services workers are oft en told that they should 
expect to be assaulted due to t he nature of their work. Th is is a double standard as an assault in a ba r 
or on the street would not be tolerated. Health care organizations should meet with district attorneys, 
police chiefs, and judges to develop understanding, and in some cases, written agreements, on how they 
will work together to prosecute appropriate cases. It is especially important that programs include an 
evaluation component, so that progress can be measured, various interventions graded and modi ed as 
indicated, and that programs can be sustained.

Recommendations and Conclusions

In order to curtail violence in health care and social service agencies, we recommend a federal OSHA 
standard should be established that that mandates comprehensive violence prevention programs for all 
health care and social service workplaces in the public, private, and non-for-pro t sectors. Until that 
time, s tates should promulgate legislation a nd regulations t hat require performance-based programs 
that are tailored to t he actual needs and conditions of each regulated organization. Th ey should man-
date staff  a nd union participation in all aspects of the program. Th ey should be reviewed and revised 
periodically, e specially f ollowing a s erious i ncident. Th ey s hould i nclude a ll elemen ts o f t he O SHA 
Guidelines. Th ese standards should be incorporated into current institutional licensure and accredita-
tion criteria. Th is has been successfully done with respect to bloodborne pathogen exposure in health 
care, where both OSHA and the Joint Commission (formerly the Joint Commission on Accreditation of 
Health Care Organizations) have provided speci c requirements for health care facilities. Th ere must 
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be an eff ective complaint and enforcement mechanism so that staff  who are victimized have recourse. 
We have found that without legislation, regulation, and enforcement most employers will not commit 
the resources necessary to establish eff ective programs.

Additionally, severe workplace assaults must be evaluated for their possible criminality; and, where 
appropriate, referrals to the criminal justice system must be made.

Policies to safeguard the rights of the mentally ill and developmentally disabled, must be balanced with 
the right of workers to return home safely to their family at the end of each workday. Ignoring the dangers 
to t he workforce has a lready contributed to re duced morale, a n exodus of experienced s taff , a nd s taff  
shortages—all of which negatively impact the quality of care and increase the likelihood of violence.

In this section we have not addressed staff  on  staff  violence or domestic violence in the health care 
workplace in a comprehensive way. In part this is due to the need to focus on Type II violence. It is also 
because t here i s a pa ucity of d ata, re search, or i ndustry experience i n de veloping eff ective programs 
addressing Types III and IV violence. Clearly, it is time to put resources into developing and evaluating 
programs to curtail all types of violence in health care.

Being assaulted at work should never be part of anyone’s job.
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Guidelines for Security and Safety of Health Care
and Community Service Workers

Joyce A. Simonowitz

Preface

Violence is an escalating problem in workplaces, and health care settings are not exempt from this 
trend. In the past, health care professionals have generally regarded themselves as immune to harm 
arising from their work. When workplace violence resulted in injuries, administrators and supervisors 
oft en expressed sentiments that the HCW might have been at fault or that these incidents were “part of 
the job.” Th ese guidelines were developed in response to the increasing number of severe injuries, some 
resulting in death, experienced by health care and community service workers. A variety of individuals, 
organizations, unions, and state and local government agencies have requested assistance f rom t he 
Cal/OSHA to control this serious occupational health hazard.
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Th ese guidelines are designed to assist all health care, community workers, and support staff  who may 
be exposed to v iolent behavior f rom pat ients, clients or the public. Because every work situation that 
could present a t hreat to worker safety cannot be covered, the focus is on major health care and com-
munity service locations, such as public and private medical services (acute-care hospitals, emergency 
rooms, long-term care facilities, public health and other clinics, home health services and prehospital 
care); psychiatric service (inpatient, clinic, residential and home visiting); alcohol and drug treatment 
facilities and social welfare agencies including unemployment and welfare eligibility offi  ces, homeless 
shelters, parole and public defender services and child welfare services. Th e recommended courses of 
action, however, may also be applied to prevent violence in any facility.

Measures to p revent a ssaults s hould i nclude eng ineered s ystems a nd ad ministrative me asures a s 
well as training. Alarm systems are one of the most important protective measures for hospitals and 
clinics. Of course, back-up security staff  to respond to the alarm must accompany any alarm system. 
Many of the basic problems leading to violence may be traced to inadequate staffi  ng levels, therefore 
an eff ective administrative measure is to ensure that appropriate staffi  ng is maintained at a ll times. 
Training of all personnel is a necessary preventive as well as protective measure. Although the temp-
tation to place the responsibility for controlling violence on the trained employee is great, it will not 
be suffi  cient to prevent serious injuries. A concerned administration that implements and maintains 
a well-developed program should be able to succeed in reducing the incidence of assaults and injuries 
in the workplace.

Th is section does not c over public safety work, such as in police or corrections departments where 
exposure to violence is well recognized and already addressed by department guidelines or regulations. 
Th ese guidelines do not speci cally address conditions of service industry workers in the private sec-
tor, such as sales personnel or restaurant workers. Some of the guidelines, however, may be adapted to 
protect these workers from violent acts that may occur in their contacts with the general public.

I am grateful to a ll who have contributed to t his section. I a m aware that updates will be needed as 
needs are identi ed and technology is re ned.

I want to speci cally acknowledge Melody M. Kawamoto, MD, for her assistance in editing this chapter.

Introduction: The Problem

During the past two decades, we have seen a sharp increase in violence in our cities, country, and soci-
ety. Estimates show that nearly one-third of all Americans are victimized by crime each year (Poster 
and Ryan, 1989). Violence in the workplace is a manifestation of this problem, with homicide being the 
third leading cause of occupational death among a ll workers in the United States from 1980 to 1988 
(Jenkins et al., 1992) and the leading cause of fatal occupational injuries among women from 1980 to 
1985 (Levin et al., 1992).

Higher rates of occupational homicides were found in the retail and service industries, especially 
among sales workers (Jenkins et al., 1992). Th is increased risk may be explained by contact with the 
public a nd t he h andling o f mo ney ( Kraus, 1 987). Re search i nto t he c auses o f t he i ncreasing i nci-
dence of death and serious injury to HCWs has led to t he theory that exposure to t he public may be 
an important r isk (Lipscomb a nd Love, 1992; Lavoie et a l., 1988). Th e r isk i s increased pa rticularly 
in emot ionally c harged si tuations w ith men tally d isturbed p ersons o r w hen w orkers app ear to b e 
unprotected.

During the past few years, violence resulting in the death of California health care and community 
workers o ccurred i n emergen cy ro oms, ps ychiatric h ospitals, c ommunity mental h ealth c linics, a nd 
social service offi  ces. Assaults, hostage taking, rapes, robbery, and other violent actions are also reported 
at these and other health care and community settings. In a study by Conn and Lion (1983), assaults by 
patients in a general hospital occurred in a variety of locations. Although 41% of assaults occurred in 
the psychiatric units, they also occurred in emergency rooms (18%), medical units (13%), surgical units 
(80%), and even pediatric units (7%).
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Carmel and Hunter (1989) found that the psychiatric nursing staff  o f a m aximum security forensic 
hospital in California sustained 16 assault injuries per 100 employees per year. Th is investigation used 
the OSHA de nition for occupational industry: an injury that results in death, lost work days, loss of 
consciousness, restriction of work or motion, termination of employment, t ransfer to a nother job, or 
medical treatment other than  rst aid (Bureau of Labor Statistics, 1986). Work-related injuries reported 
on OSHA forms and reported to the BLS for 1989 occurred at a rate of 8.3 per 100 full-time workers in 
all industries combined. Th e highest rate, 14.2 per 100 full-time workers, was seen in the construction 
industry (Bureau of Labor Statistics, 1991). In comparison, data collected by Carmel and Hunter suggest 
that some psychiatric workers may be at a higher risk for injuries from all causes in the country’s most 
hazardous industry (Lipscomb and Love, 1992).

Madden e t a l. (1976), L anza (1983), a nd Poster a nd R yan (1989) h ave re ported t hat 4 6%–100% o f 
nurses, psychiatrists, and other therapists in psychiatric facilities experienced at least one assault during 
their career. Research on the causes and methods of prevention of violence in psychiatric facilities was 
funded by the California Department of Industrial Relations aft er t he death of a ps ychiatric hospital 
worker in 1989. Th is investigation is in progress at the forensic hospital at the present time.

Lavoie e t a l. (1988), i nvestigated 1 27 l arge, u niversity-based h ospital emergen cy de partments a nd 
reported that 43% (55) had at le ast one physical at tack on a me dical staff  member per month. Of the 
reported acts of violence in the last 5 years, 7% (9) resulted in death. Emergency room personnel face a 
signi cant risk of injury from assaults by patients, but in addition, may be abused by relatives or other 
persons associated with the patient. Further, the violence that occurs in the emergency room is oft en 
shift ed into the hospital when the patient is transferred to the receiving unit.

Bernstein (1981) reported that 26% of reported assaultive behaviors in a study of California psycho-
therapists occurred in the outpatient setting. Th e death of an outpatient psychiatric worker in 1989 in 
California at the hands of a homeless client underscores the risk that exists in this setting. Investigations 
by OSHA offi  cials in two California counties identi ed a nearly complete lack of security measures in 
outpatient facilities, leaving workers unprotected and vulnerable to abuse and assaults.

Community service workers are at risk of hostile behavior from the public when they visit clients at 
hotels, apartments, or homes in unfamiliar or dangerous locations, especially at n ight. Child welfare 
workers h ave re ported t hat pa rents o f c hildren w ho a re b eing t aken to f oster h omes o r ot her t ypes 
of court action have become violent and assaulted workers with knives and  sts. Sexual assaults with 
serious i njury, ot her ph ysical a ssaults, a nd robb eries h ave b een re ported b y w orkers i n t he h ospital 
and community. I n add ition, c lients or t heir relatives a nd f riends may d irect t heir a nger, w hich c an 
be extreme or v iolent, at c ommunity workers. In Canada, in community settings, physical at tacks by 
patients were reported by 1.1%–14.1% of nurses surveyed by the Manitoba Association of Registered 
Nurses (Liss, 1993).

Few research i nvestigations have focused on t he i ncidence of v iolence to c ommunity workers, but 
reports have been received from many sources such as union workers or parking enforcement workers 
who have suff ered abusive and at times violent behavior from hostile motorists. Hotel housekeepers are 
currently being studied aft er complaining of sexual abuse and threats in hotels in which they work. Such 
research is needed to identify the scope of violence in the medical  eld and the community as a whole.

Risk Factors

Risk factors may be viewed from the standpoint of (1) the environment, (2) work practices, and (3) victim 
and perpetrator pro le.

Environmental Factors

Health care and community service workers are at increased risk of assaults because of increased vio-
lence in our society. Th is increase in violence is thought to be a result of such factors as the easy availabil-
ity of guns and weapons; the use of violence by many in the population as a means of solving problems; 
the increase in unemployment poverty and homelessness; the decrease in social services to the poor and 
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mentally ill; the increase in gang-related activity and drug and alcohol use; violence depicted in televi-
sion and movies and the increasing use of hospitals by police and criminal justice systems for acutely 
disturbed patients. Th ese may be thought of as a partial listing, which may have a direct contribution to 
the safety and security of workers.

An important risk factor at hospital and psychiatric facilities is the carrying of weapons by patients 
and their family or friends. Wasserberger et al. (1989) reported that 25% of major trauma patients treated 
in the emergency room carried weapons. Attacks on emergency rooms in gang-related shootings have 
been documented in two Los Angeles hospitals (Long Beach Press Telegram, 1990). Goetz et al. (1991) 
found that 17.3% of psychiatric patients searched were carrying weapons.

Other risk factors include the early release from hospitals of the acute and chronically mentally ill, the 
right of patients to refuse psychotropic treatment, inability to involuntarily hospitalize mentally ill persons 
unless they pose an immediate threat to themselves or others and the use of hospitalization in lieu of incar-
ceration of criminals. McNeil et al. (1991) found that police referrals were signi cantly more likely to have 
displayed violent behavior such as physical attacks and fear-inducing behavior during the two weeks before 
coming to the psychiatric emergency service and during the initial 24 h of evaluation and treatment.

Work Practices

Many studies have implicated staffi  ng patterns as contributors to violence. Both Jones (1985) and Fineberg 
et al. (1988) found that shortage of staff  and the reduction of trained, regular staff  increased the incidence 
of violence. Assaults were associated with meal times, visiting times, and times of increased staff  respon-
sibilities. Th is suggests that staffi  ng evaluations do not take into account the potential hazards associated 
with increased activity in the units or for times when transportation of clients is needed. Assaults were also 
noted at night when staffi  ng is usually reduced. Frequency of exposure to and interaction with patients or 
clients are known factors that increase a health care or community worker’s vulnerability. Work in high 
crime areas, at a n isolated work station or working alone without systems for emergency assistance may 
increase the risk of assaults. In addition, typical work activities may arouse anger or fear in some patients 
and result in acts of violence. Long waits in emergency rooms and inability to obtain needed services are 
seen as contributors to the problem of violence. Th is was evidenced in the emergency department shooting 
in Los Angeles where three doctors were shot by an angry, dissatis ed, and disturbed client.

Perpetrator and Victim Profi le

It is diffi  cult to predict when or which patients/clients will become violent, since the majority of assaults 
are perpetrated by a minority of persons. More acute and untreated mentally ill persons are being admit-
ted to and quickly released from psychiatric hospitals and are in need of intensive outpatient treatment 
and services. Th ese services are oft en lacking due to funding cuts. Further, clearly only a small percent-
age of violence is perpetrated by the mentally ill. Gang members, distraught relatives, drug users, social 
deviants, or threatened individuals are oft en aggressive or violent.

A h istory o f v iolent b ehavior i s o ne o f t he b est i ndicators o f f uture v iolence b y a n i ndividual. 
Th is information, however, may not be available, especially for new patients or clients. Even if this infor-
mation were available, workers not directly involved with the individual client would not have access 
to it. At times violence is not aimed at the actual care giver. Keep et al. (1992) reported on the gunshot 
death of a nurse and an emergency medical technician student who were targets of a disturbed family 
member of a patient who died in surgery the previous day.

Workers who make home visits or community work cannot control the conditions in the community 
and have little control over the individuals they may encounter in their work. Dillon (1992) reported the 
shooting death of four county workers in upstate New York and the beating death of a case worker who 
removed a 7-year-old child from a violent home. Th e victim of assault is oft en untrained and unprepared 
to evaluate escalating behavior and to know and practice methods of defusing hostility or protecting 
themselves from violence. Training, when provided, is oft en not required as part of the job and may be 
off ered infrequently. However, using training as the sole safety program element creates an impossible 
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burden on the employee for safety and security for him or herself, coworkers or other clients. Personal 
protective measures may be needed and communication devices are oft en lacking.

Cost of Violence

Little has been done to study the cost to employers and employees of work-related injuries and illnesses, 
including assaults. A few studies have shown an increase in assaults over the past two decades. Adler 
et al. (1983) reported 42 work days lost over a 2 year period due to violence to 28 workers, an increase 
from the previous 2 ye ars in which 11 workers lost 62 work days. Carmel and Hunter (1989) reported 
that of 121 workers sustaining 134 injuries, 43% involved lost time from work with 13% of those injured 
missing more than 21 days from work. In this same investigation, an estimate of the costs of assault was 
that the 134 injuries from patient violence cost $766,000 and resulted in 4291 days lost and 1445 days of 
restricted duty. Lanza and Milner (1989) reported 78 assaults during a 4 mo nth period. If this pattern 
were repeated for the remainder of the year, 312 assaults could be expected with a s taggering cost per 
year from medical treatment and lost time. Additional costs may result from security or response team 
time, employee assistance program or other counseling services, facility repairs, training and support 
services for the unit involved, modi ed duty and reduction of eff ectiveness of work productivity in all 
staff  due to a heightened awareness of the potential for violence.

True rates of violence at health care and community service facilities, however, must be assumed to 
be higher than documented rates. Episodes of violence are oft en unreported. I f reported, records are 
not necessarily maintained. Nurses and other health care professionals are reluctant to report assaults 
or threatening behavior when the prevailing attitude of administrators and supervisors and sometimes 
other staff  members, is that violence “comes with the territory” or “health professionals accept the risk 
when they enter the  eld.” Administrators, peers and even the victims themselves, may initially assume 
that the violent act resulted from a failure to deal eff ectively or therapeutically with the client or patient 
and t hus at tribute t he incident to p rofessional incompetence. Lanza a nd Cari o (1991), in a s tudy to 
determine causal attributions made to nurses who are victims of assault, found that women are blamed 
more than men, and that if injured, “the nurse must have done something wrong.”

In addition to t he blame and potential for improper evaluation of the worker’s skills, physical and 
emotional injury may have occurred. Poster and Ryan (1989a) report that cognitive emotional and phys-
ical sequelae may be present long aft er the victim has returned to work. Davidson and Jackson (1985), 
Lanza (1983, 1985b), and Poster and Ryan (1989a) reported that assaulted workers experience feelings of 
self-doubt, depression, fear, posttraumatic stress syndrome, loss of sleep, irritability, disturbed relation-
ships with family and peers, decreased ability to function eff ectively at the workplace, increased absen-
teeism and  ight from the health care profession. Th e mental costs to the victim of violence should be 
recognized and even if physical injury did not occur, professional counseling services may be required 
to a id in a n employee’s recovery. Th e a rticles referenced a ll describe t he need for a nd t he conduct of 
counseling programs. Ryan and Poster (1989b) document the bene ts of counseling for rapid recovery 
aft er a ssault. Th e costs to t he employee are oft en u nrecognized and thus are not i ncluded in any cost 
accounting of the problem.

White and Hatcher (1988) discuss costs to t he organization and the v ictim of v iolence pointing to 
the increased costs due to the “second injury” phenomenon of perceived rejection of the victim by the 
agency, coworkers and even family, resulting in  ling of lawsuits. Th ese suits may cause substantial long-
term costs to the agency.

Prevention

Although it is diffi  cult to pinpoint speci c causes and solutions for the increase in violence in the work-
place and in particular health care settings, recognition of the problem is a beginning. Some solutions 
to the overall reduction of violence in this country may be found in actions such as eliminating vio-
lence in television programs, implementing eff ective programs of gun control, and reducing drug and 
alcohol abuse. All companies should investigate programs recently instituted by several convenience 
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store chains of robbery deterrence strategies such as increased l ighting, closed circuit TV monitors, 
visible money handling locations, if sales are involved, limiting access and egress and providing secu-
rity staff .

Other methods of preventing assault may be in expanding the national data base with standardized 
reporting and information collection systems. It may also be necessary to fund and conduct research on 
postassault outcomes, the need for rehabilitation for returning to work, the length of employment aft er 
assault and on techniques of preventing injury and death from occupational violence.

In a San Francisco hospital, methods have been developed to attempt to deal with violence issues with 
the formation of two focus groups. One group, the Violence Task Force, functions to advise the admin-
istration regarding modi cation of hospital policy toward reducing incidents of violence. Th e second 
group, San Francisco Emergency Workers Critical Incident Stress Debrie ng Team, counsels victims of 
physical, sexual or verbal assault. Th is group also provides needed support to staff  who may be exposed 
to bloody and brutal scenes in their work environment.

White and Hatcher (1988) have outlined management and medical objectives and responses to v io-
lence-induced t rauma a s well a s de cision t rees a nd c hecklists to a id i n a ssessing a nd c onstructing a 
response plan. Although not ne cessarily incident preventing, a re sponse plan should be incorporated 
into an overall plan of prevention.

Training employees in management of assaultive behavior (MAB) or professional assault response has 
been shown by Carmel and Hunter (1990) to reduce the incidence of assaults to hospital staff . Infantino 
and Musingo (1985) and Blair and New (1991) also found that new and untrained staff  were at highest 
risk for injury.

Keep and Gilbert (1992) report that legislation is being proposed in California to make violence 
to emergency personnel reportable to lo cal police and criminal charges pressed if there is suffi  cient 
evidence. Th is action is also recommended by Morrison and Herzog (1992), especially in relation to 
emergency department staff . Other staff  of facilities such as psychiatric units should be advised and 
policies established to assist in the decision of the appropriateness and eff ectiveness of such action.

Administrative controls and mechanical devices are being recommended and gradually implemented, 
but the problems appear to be escalating. Although long ignored by hospital and other administrators 
and professionals, the problem of workplace violence is being recognized. Increasing numbers of health 
care and community service workers as well as OSHA professionals have come to t he conclusion that 
injuries related to workplace violence should no longer be tolerated. In the past, little was done to protect 
workers from violence. Currently, as discussed, a v ariety of health care, community service facilities, 
unions and researchers are seeking solutions to t he problem. Managers and administrators are being 
advised to m ake t he provision of adequate measures to p revent v iolence a h igh priority. Some safety 
measures may seem expensive or diffi  cult to implement but are needed to adequately protect the health 
and well being of health care and community service workers. It is also important to recognize that the 
belief that certain risks are “part of the job” contributes to the continuation of violence and possibly 
the shortage of trained health care and community service workers.

Cal/OSHA recognizes its obligation to develop standards and guidelines to provide safe workplaces 
for h ealth c are a nd c ommunity s ervice w orkers. Th ese work places s hould b e f ree f rom he alth a nd 
safety hazards, including fear a nd t he t hreat of assaults. Th e Injury a nd I llness Prevention Program, 
as de ned under the General Industry Safety Order, Section 3203, requires all employers to develop an 
Injury and Illness Prevention Program for hazards unique to their place of employment. Th is Injury and 
Illness Prevention Program should provide the framework for each employer’s program of preventing 
assaults—one of the major hazards of work in health care and community service and perhaps in the 
community as a whole.

Th ese Cal/OSHA guidelines are designed to assist managers and administrators in the development 
and implementation of programs to p rotect their workers. A lthough not e xhaustive, these guidelines 
include ph ilosophical approaches as well a s practical methods to p revent a nd control a ssaults. Th e 
potential for violence may always exist for health care and community service workers, whether at large 
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medical c enters, c ommunity-based d rug t reatment p rograms, men tal h ealth c linics, o r f or w orkers 
making home visits in the community. Because of the potential for injury to workers, health care and 
community service organizations must comply with Title 8 of the CCR, Section 3203. Th is  regulation 
requires an Injury and Illness Prevention Program which stipulates that responsible persons perform 
worksite analyses, identify sentinel events, and establish controls and training programs to re duce or 
eliminate h azards to w orker health a nd s afety. A c opy o f t he St ate o f New Jersey O SHA Gu idelines 
(Appendix 7.A.3) on measures and safeguards in dealing with violent or aggressive behavior in public 
sector health care facilities is provided as an example of one of the  rst state OSHA recommendations 
addressing this serious issue. We anticipate more states and federal OSHA will eventually follow suit.

Many health c are providers, researchers, educators, u nions, a nd OSHA en forcement professionals 
contributed to the development of these guidelines. Th e cooperation and commitment of employers is 
necessary, however, to translate these guidelines into an eff ective program for the occupational health 
and safety of health care and community service workers.

Program Development

Th e guidelines are divided into two major divisions: (1) general provisions and program development 
and (2) speci c work setting requirements. General provisions and program development include provi-
sions that must be adopted by all high risk industries to assess risk and to develop needed programs.

Within the speci c work setting, guidelines will be subdivided into (a) engineering controls, (b) work 
practices, (c) personal protective measures, and (d) individualized training measures by major worksite 
category, i.e., inpatient psychiatric hospitals and psychiatric units, hospital and emergency rooms, out-
patient facilities, and community workers.

General Program Essentials

Management Commitment and Employee Involvement

Commitment and involvement are essential elements in any safety and health program. Management 
provides the organizational resources and motivating forces necessary to deal eff ectively with safety and 
security hazards. Employee involvement, both individually and collectively, is achieved by encouraging 
participation in the worksite assessment, developing clear eff ective procedures, and identifying existing 
and potential hazards. Employee k nowledge and skills should be incorporated into any plan to a bate 
and prevent safety and security hazards.

Commitment by Top Management

Th e implementation of an eff ective safety and security program includes a commitment by the employer 
to provide the visible involvement of administrators of hospitals, clinics, and agencies, so that all employ-
ees, from managers to line workers, fully understand that management has a serious commitment to the 
program. An eff ective program should have a team approach with top management as the team leader 
and should include the following:

 1.  Th e demo nstration o f m anagement’s c oncern f or em ployee emot ional a nd physical s afety a nd 
health by placing a high priority on eliminating safety and security hazards.

 2. A policy which places employee safety and health on the same level of importance as patient/client 
safety. Th e responsible implementation of this policy requires management to integrate issues of 
employee safety and security with restorative therapeutic services to assure that this protection is 
part of the daily hospital/clinic or agency activity.

 3. Employer commitment to security through the philosophical refusal to tolerate violence in the insti-
tution and to employees and the assurance that every eff ort will be made to prevent its occurrence.

 4. Employer commitment to assign and communicate the responsibility for various aspects of safety 
and security to supervisors, physicians, social workers, nursing staff , and other employees involved 
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so that they know what is expected of them. Also to ensure that recordkeeping is accomplished 
and utilized using good principles of epidemiology to aid in meeting program goals.

 5. Employer commitment to provide adequate authority and resources to a ll responsible parties so 
that assigned responsibilities can be met.

 6. Employer commitment to ensure that each manager, supervisor, professional, and employee 
responsible for the security and safety program in the workplace is accountable for carrying out 
those responsibilities.

 7. Employer develops and maintains a program of medical and emotional health care for employees 
who are assaulted or suff er abusive behavior.

 8. Development of a safety committee in keeping with requirements of GISO 3203 and which evalu-
ates all reports and records of assaults and incidents of aggression. When this committee makes 
recommendations for correction, the employer reports back to the committee in a timely manner 
on actions taken on the recommendation.

Employee Involvement

An eff ective program includes a commitment by the employer to provide for, and encourage employee 
involvement in the safety and security program and in the decisions that aff ect worker safety and health 
as well as client well-being. Involvement may include the following:

 1. An employee suggestion/complaint procedure which a llows workers to b ring t heir concerns to 
management and receive feedback without fear of reprisal or criticism of ability.

 2. Employees follow a procedure which requires prompt and accurate reporting of incidents with or 
without injury. If injury has occurred, prompt  rst aid or medical aid must be sought and treat-
ment provided or off ered.

 3. Employees participate in a safety and health committee that receives information and reports on 
security problems, makes facility inspections, analyzes reports and data, and makes recommenda-
tions for corrections.

 4. Employees participate in case conference meetings, a nd present pat ient information a nd prob-
lems which may help employees to identify potentially violent patients and discuss safe methods 
of managing diffi  c ult clients. (Identi cation of potential perpetrators.)

 5. Employees participate in security response teams that are t rained and possess required profes-
sional assault response skills.

 6. Employees participate in training and refresher courses in professional assault response training 
such as PART“ to learn techniques of recognizing escalating agitation, de ecting, or controlling 
the undesirable behavior and, i f necessary, of controlling assaultive behavior, protecting clients 
and other staff  members.

 7. Participation in training as needed in nonhospital work settings, such as “dealing with the hos-
tile client” or even the police department program of “personal safety” should be provided and, 
required to be attended by all involved employees.

Written Program

Eff ective implementation requires a written program for job safety, health, and security that is endorsed 
and advocated by the highest level of management and professional practitioners or medical board. Th is  
program should outline the employer’s goals and objectives. Th e written program should be suitable for 
the size, type, and complexity of the facility and its operations and should permit these guidelines to be 
applied to the speci c hazardous situation of each health care unit or operation.

Th e written program should be communicated to all personnel regardless of number of staff  or work 
shift . Th e program should establish clear goals and objectives that are understood by all members of the 
organization. Th e communication needs to be extended to physicians, psychiatrists, etc. and all levels of 
staff , including housekeeping, dietary, and clerical.
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Regular Program Review and Evaluation

Procedures and mechanisms should be developed to evaluate the implementation of the security 
program a nd to mo nitor progress. Th is e valuation a nd re cordkeeping program s hould b e re viewed 
regularly by top management and the medical management team. At least semiannual reviews are rec-
ommended to evaluate success in meeting goals and objectives. Th is will be discussed further as part 
of the recordkeeping and evaluation.

Program Elements

An eff ective occupational safety and health program of security and safety in medical care facilities and 
community service includes the following major program elements: (A) worksite analysis, (B) hazard 
prevention and control, (C) engineering controls, (D) administrative controls, (E) personal protective 
devices, (F) medical management and counseling, (G) education and training, and (H) recordkeeping 
and evaluation.

Worksite Analysis

Worksite a nalysis i denti es existing hazards a nd conditions, operations a nd situations t hat create or 
contribute to hazards, and areas where hazards may develop. Th is includes close scrutiny and tracking 
of injury/illness and incident records to identify patterns that may indicate causes of aggressive behavior 
and assaults.

Th e objectives of worksite analyses are to recognize, identify, and to plan to correct security hazards. 
Analysis utilizes existing records and worksite evaluations including:

Record Review

 1. Analyze medical, safety, a nd i nsurance records, i ncluding t he OSHA 200 log a nd i nformation 
compiled for incidents or near incidents of assaultive behavior from clients or visitors. Th is  pro-
cess should involve health care providers to ensure con dentiality of  re cords of  p atients a nd 
employees. Th is information should be used to identify incidence, severity, and establish a base-
line for identifying change.

 2. Identify and analyze any apparent trends in injuries relating to particular departments, units, job 
titles, unit activities or work stations, activity, or time of day. It may include identi cation of sen-
tinel events such as threatening of providers of care or identi cation and classi cation of clients 
anticipated to be aggressive.

Identifi cation of Security Hazards

Worksite analysis should use a systematic method to identify those areas needing in-depth scrutiny of 
security hazards. Th is analysis should do the following:

 1. Identify those work positions in which staff  is at risk of assaultive behavior.
 2. Use a checklist for identifying high risk factors that includes components such as type of client, physi-

cal risk factors of the building, isolated locations/job activities, lighting problems, high risk activities 
or situations, problem clients, uncontrolled access, and areas of previous security problems.

 3. Identify low r isk p ositions f or l ight o r rel ief duty o r re stricted ac tivity w ork p ositions w hen 
injuries do occur.

 4. Determine if risk factors have been reduced or eliminated to the extent feasible. Identify existing 
programs i n p lace a nd a nalyze e ff ectiveness of t hose programs, i ncluding eng ineering c ontrol 
measures and their eff ectiveness.

 5. Apply a nalysis to a ll ne wly planned a nd mo di ed facilities, or a ny public s ervices program to 
ensure that hazards are reduced or eliminated before involving patients/clients or employees.

 6. Conduct periodic surveys at least annually or whenever there are operation changes, to identify 
new o r p reviously u nnoticed r isks a nd de  ciencies a nd t o a ssess t he eff ects o f c hanges i n t he 
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building design, work processes, patient services, and security practices. Evaluation and analysis 
of information gathered and incorporation of all this information into a p lan of correction and 
ongoing surveillance should be the result of the worksite analysis.

Hazard Prevention and Control

Selected work settings have been utilized for discussion of methods of reducing hazards. Each of 
the s elected w ork si tuations—psychiatric h ospitals a nd ps ychiatric w ards, h ospitals a nd emergen cy 
rooms, outpatient facilities, and community work settings—will be addressed with general engineering 
concepts, speci c engineering and administrative controls, work practice controls, and personal protec-
tive equipment as appropriate to control hazards. Th ese methods are contained in (B) through (F).

Engineering Administrative and Work Practice Controls for All Settings

General Building, Workstation and Area Designs
Hospital, clinic, emergency room, and nurse’s station designs are appropriate when they provide secure, 
well-lit protected areas which do not facilitate assaults or other uncontrolled activity.

 1. Design of facilities should ensure uncrowded conditions for staff  and clients. Rooms for privacy 
and protection, avoiding isolation are needed. For example, doors must be  tted with windows. 
Interview rooms for new pat ients or k nown assaultive pat ients should ut ilize a s ystem which 
provides privacy but which may also permit other staff  to see activity. In psychiatric units “time 
out” or s eclusion ro oms a re ne eded. I n emergency departments, ro oms a re ne eded i n which 
agitated patients may be con ned safely to protect themselves, other clients, and staff .

 2. Patient care rooms and counseling rooms should be designed and furniture arranged to prevent 
entrapment of the staff  a nd/or reduce anxiety in clients. Light switches in patient rooms should 
be located outside the room. Furniture may be  xed to the  oor, soft  or with rounded edges and 
colors restful and light.

 3. Nurse stations should be protected by enclosures which prevent patients from molesting, throw-
ing objects, re aching i nto t he s tation ot herwise c reating a h azard or nuisance to s taff —such 
barriers should not restrict communication but should be protective.

 4. Lockable and secure bathroom facilities and other amenities must be provided for staff  members 
separate from client rest rooms.

 5. Client access to staff  counseling rooms and other facility areas must be controlled; that is, doors 
from client waiting rooms must be locked and all outside doors locked from the outside to prevent 
unauthorized entry, but permit exit in cases of emergency or  re.

 6. Metal bars or protective decorative grating on outside ground level windows should be installed 
(in accordance with  re department codes) to prevent unauthorized entry.

 7. Bright a nd e ff ective lighting systems must be provided for all indoor building areas as well as 
grounds around the facility and especially in the parking areas.

 8. Curved mirrors should be installed at intersections of halls or in areas where an individual may 
conceal his or her presence.

 9. All permanent and temporary employees who work in secured areas should be provided with keys 
to gain access to work areas whenever on duty.

 10. Metal de tectors s hould b e i nstalled to s creen pat ients a nd v isitors i n ps ychiatric f acilities. 
Emergency rooms should have available handheld metal detectors to use in identifying weapons.

Maintenance

 1. Maintenance must be an integral part of any safety and security system. Prompt repair and 
replacement programs are needed to ensure the safety of staff  and clients. Replacement of burned 
out lights, broken windows, etc. is essential to maintain the system in safe operating conditions.

 2. If an alarm system is to be eff ective, it must by used, tested, and maintained according to s trict 
policy. Any personal alarm devices should be carried and tested as required by the manufacturer 
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and facility policy. Maintenance on personal and other alarm systems must take place monthly. 
Batteries and operation of the alarm devices must be checked by a security offi  cer to ensure the 
function and safety of the system as prescribed by provisions of GISO 6184.

 3. Any mechanical device utilized for security and safety must be routinely tested for eff ectiveness 
and maintained on a scheduled basis.

Psychiatric Hospital/In-Patient Facilities

Engineering Control

Alarm systems are imperative for use in psychiatric units, hospitals, mental health clinics, emergency 
rooms, o r w here d rugs a re s tored. W hereas a larm s ystems a re not ne cessarily p reventive, t hey m ay 
reduce serious injury when a c lient is escalating in abusive behavior or threatening with or without a 
weapon.

 1. Alarm systems which rely on the use of telephones, whistles, or screams are ineff ective and dan-
gerous. A proper system consists of an electronic device which activates an alert to a d angerous 
situation in two ways, visually and audibly. Such a s ystem identi es the location of the room or 
location of the worker by means of an alarm sound and a lighted indicator which visually identi-
 es the location. In addition, the a larm should be sounded in a s ecurity area or other response 
team areas which will summon aid. Th is type of alarm system typically utilizes a pen-like device 
which is carried by the employee and can be triggered easily in an emergency situation. Th is  sys-
tem should be in accordance with provisions of California Title 8, GISO Section 6184, Emergency 
Alarm Systems (State of California, Department of Industrial Relations GISO). Back-up security 
personnel must be available to respond to the alarm.

 2. “Panic buttons” a re needed i n medicine rooms, nurses s tations, s tairwells, a nd ac tivity rooms. 
Any such a larm system may incorporate a tele phone paging system in order to d irect others to 
the location of the disturbance but alarm systems must not depend on the use of a telephone to 
summon assistance.

 3. Video screening of high risk areas or activities may be of value and permits one security guard to 
visualize a number of high risk areas, both inside and outside the building.

 4. Metal detection systems such as handheld devices or other systems to identify persons with hid-
den weapons should be considered. Th ese systems are in use in courts, boards of supervisors, some 
Departments of Public Social Service, schools, and emergency rooms. Although controversial, the 
fact remains that many people, including homeless and mentally i ll persons do o r are forced to 
carry weapons for defense while living on the streets. Some system of identifying persons who are 
carrying guns, knives, ice picks, screw drivers, etc. may be useful and should be considered. In 
psychiatric facilities, patients who have been on leave or pass should be screened upon return for 
concealed weapons.

Administrative Controls

A sound overall security program includes administrative controls that reduce hazards from inadequate 
staffi  ng , insuffi  cient security measures, and poor work practices.

 1. In order to enable staff  memb ers to iden tify a nd de al e ff ectively w ith c lients w ho b ehave i n 
a v iolent manner, t he ad ministrator must insist on plans for pat ient t reatment regimens a nd 
management of clients which include a gradual progression of measures given to staff  to prevent 
violent behavior from escalating. Th ese me asures should not en courage i nappropriate u se of 
medication/restraints or isolation. However, t he least restrictive yet appropriate and eff ective 
plan for preventing a client from injuring staff , other clients and self must be developed and be 
part of every unit and care plan. Th is enables a staff  member to take primary prevention steps 
to stop escalating aggressive behavior. Th ese procedures should cover verbal or physical threats 
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or acting out of disturbed clients to help both the client and staff  to feel a sense of control within 
the unit.

 2. Security guards must be provided. Th ese security guards should be trained in principles of human 
behavior and aggression. Th ey should be assigned to a reas where t here may be psychologically 
stressed clients such as emergency rooms or psychiatric services.

 3. In order to staff  safely, a written acuity system should be established that evaluates the level of staff  
coverage vis-à-vis patient acuity and activity level. Staffi  ng of units where aggressive behavior may 
be expected should be such that there is always an adequate, safe staff /patient ratio. Th e provi-
sion of reserve or emergency teams should be ut ilized to p revent staff  members being left  with 
inadequate supp ort (regardless o f s taffi  ng quot as) overwhelmed by c ircumstances o f c ase lo ad 
that would prevent adequate assessment of severity of illness. Th is also requires administrators to 
analyze and to identify times or areas where hostilities take place and provide a back-up team or 
staff  at levels which are safe, such as in admission units, crisis or acute units or during the 9 h or 
meal times or any other time, or activity identi ed as high risk.

Provision of suffi  cient staff  for interaction and clinical activity is important because patients/
clients need access to medical assistance f rom staff . Possibility of v iolence oft en threatens staff  
when the structure of the patient/nurse relationship is weak. Th er efore, suffi  cient staff  members 
are essential to allow formation of therapeutic relationships and a safe environment.

 4. It is necessary to e stablish on-call teams, reserve or emergency teams of staff  who may provide 
services in hospitals such as, responding to emergencies, transportation or escort services, din-
ing room assistance, or many of t he ot her ac tivities which tend to re duce available s taff  where 
assigned.

 5. All oncoming staff  or employees should be provided with a census report which indicates precau-
tions for every c lient. Methods must be developed a nd enforced to i nform  oat staff , new staff  
members, or oncoming staff  at change of shift s of any potential assaultive behavior problems with 
clients. Th ese methods of identi cation should include chart tags, log books, census reports, and/
or other information system within the facility. Other sources of information may include man-
datory provision of probation reports of clients who may have had a h istory of violent behavior. 
However, the need for a program of “Universal Precautions for Violence” must be recognized and 
integrated in any patient care setting.

 6.  Staff  members should be instructed to limit physical intervention in altercations between patients 
whenever possible unless there are adequate numbers of staff  or emergency response teams, and 
security c alled. I n t he c ase w here s erious i njury i s to b e p revented, emergen cy a larm s ystems 
should always be activated. Administrators need to give clear messages to clients that violence 
is not p ermitted. Legal charges may be pressed against clients who assault other clients or staff  
members. Administrators should provide information to staff  who wish to press charges against 
assaulting clients.

 7. Policies must be provided with regard to safety and security of staff  when making rounds for 
patient checks, key and door opening policy, open vs. locked seclusion policies, evacuation policy 
in emergencies, and for patients in restraints. Monitoring high risk patients at night and whenever 
behavior indicates escalating aggression, needs to be addressed in policy as well as medical man-
agement protocols.

 8. Escort services by security should be arranged so that staff  members do not have to walk alone in 
parking lots or other parking areas in the evening or late hours.

 9. Visitors and maintenance persons or crews should be escorted and observed while in any locked 
facility. Oft en they have tools or possessions which could be inadvertently left  and inappropriately 
used by clients.

 10. Administrators need to work with local police to establish liaison and response mechanisms for 
police assistance when calls are made for help by a clinic or facility, and conversely to facilitate the 
hospital’s provisions of assistance to local police in handling emergency cases.
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 11. Assaultive clients may need to be considered for placement in more acute units or hospitals where 
greater security may be provided. It is not wise to force staff  members to confront a continuously 
threatening client, nor is it appropriate to allow aggressive behavior to go unchecked. Some pro-
grams may have the option of transferring clients to acute units, criminal units, or to other more 
restrictive settings.

Work Practice Controls

 1. Clothing should be worn which may prevent injury, such as low-heeled shoes, use of conservative 
earrings or jewelry, and clothing which is not provocative.

 2. Keys should be inconspicuous and worn in such a manner to avoid incidents yet be readily avail-
able when needed.

 3. Personal alarm systems described under engineering controls must be utilized by staff  members 
and tested as scheduled.

 4. No employee should be permitted to work alone in a unit or facility unless backup is immediately 
available.

Clinics and Outpatient Facilities

Engineering Controls

 1. An emergency personal alarm system is of the highest priority. An alarm system may be of two 
types: the personal alarm device as identi ed under hospitals and inpatient facilities or the type 
which is triggered at the desk of the counselor of medical staff . Th is desk system may be silent in 
the counseling room, but audible in a central assistance area and must clearly identify the room in 
which the problem is occurring. “Panic buttons” are needed in medicine rooms, bathrooms, and 
other remote areas such as stairwells, nurses stations, activity rooms, etc.

Such systems may use a backup paging or public address system on the telephone in order to 
direct others to the location for assistance but alarm systems must not depend on the use of tele-
phone to summon assistance.

 2. Maintenance is required for alarm systems as outlined in the Appendices, GISO, Section 6184.
 3. Reception areas should be designed so that receptionists and staff  may be protected by safety glass 

and locked doors to the clinic treatment areas.
 4. Furniture in crises treatment areas and quiet rooms should be kept to a minimum and be  xed to 

the  oor. Th ese rooms should have all equipment secured in locked cupboards.
 5. First-aid kits shall be available as required in GISO Section 3400.

All requirements of the Bloodborne Pathogen Standard, GISO Section 5193, apply to clinics where blood 
exposure is possible.

Work Practice and Administrative Controls

 1. Psychiatric c lients/patients s hould b e e scorted to a nd f rom w aiting ro oms a nd not p ermitted 
to move about unsupervised in clinic areas. Access to clinic facilities other than waiting rooms 
should be strictly controlled with security provisions in eff ect.

 2. Security guards trained in principles of human behavior and aggression should be provided 
during clinic hours. Guards should be provided where there may be psychologically stressed 
clients o r p ersons w ho h ave t aken h ostile ac tions, suc h a s i n emergen cy f acilities, h ospitals 
where there are acute or dangerous pat ients or areas where drug or other criminal activity is 
commonplace.

 3.  Staff  memb ers s hould b e g iven t he g reatest p ossible a ssistance i n ob taining i nformation to  
evaluate the history of, or potential for, violent behavior in patients. Th ey should be required to 
treat and/or interview aggressive or agitated clients in open areas where other staff  may observe 
interactions but still provide privacy and con dentiality.
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 4. Assistance and advice should be sought in case management conference with coworkers and 
supervisors to a id in identifying t reatment of potentially v iolent c lients. W henever a n agitated 
client or visitor is encountered, treatment or intervention should be provided when possible to 
defuse the situation. However, security or assistance should be requested to assist in avoiding 
violence.

 5. No employee should be permitted to work or stay in a facility or isolated unit when they are the 
only staff  member present in the facility, if the location is so isolated that they are unable to obtain 
assistance if needed, or in the evening or at night if the clinic is closed.

 6. Employees must report all incidents of aggressive behavior such as pushing, threatening, etc. with 
or without injury, and logs maintained recording all incidents or near incidents.

 7. Records, logs , or  agging charts must be updated whenever information is obtained regarding 
assaultive behavior or previous criminal behavior.

 8. Administrators should work with local police to e stablish liaison and response mechanisms for 
police assistance when calls a re made for help by a c linic. L ikewise, t his w ill a lso facilitate t he 
clinics provision of assistance to local police in handling emergency cases.

 9. Referral systems and pathways to psychiatric facilities need to be developed to facilitate prompt 
and safe hospitalization of clients who demonstrate violent or suicidal behavior. Th e se methods 
may include: direct phone link to the local police, exchange of training and communication with 
local psychiatric services, and written guidelines outlining commitment procedures.

 10. Clothing and apparel should be worn which will not contribute to injury such as low-heeled shoes, 
use of conservative earrings or jewelry, and clothing which is not provocative.

 11. Keys should be kept covered and worn in such a manner to avoid incidents, yet be available.
 12. All protective devices and procedures should be required to be used by all staff .

Emergency Rooms and General Hospitals

Engineering Controls

 1. Alarm systems or “panic buttons” should be installed at nurses stations, triage stations, registra-
tion areas, hallways, and in nurse lounge areas. Th ese alarm systems must be relayed to security 
police or locations where assistance is available 24 h per day. A telephone link to the local police 
department should be established in addition to other systems.

 2. Metal de tection s ystems i nstalled at emergen cy ro om en trances m ay b e u sed to iden tify g uns, 
knives, or ot her weapons. L ockers can be used to s tore weapons a nd belongings or t he weapons 
may be transferred to the local police department for processing if the weapons are not registered. 
Handheld metal detection devices are needed to identify concealed weapons if there is no larger sys-
tem. Signs posted at the entrance will notify patients and visitors that screening will be performed.

 3. Seclusion or security rooms are required for containing confused or aggressive clients. Although 
privacy may be needed both for the agitated patient and other patients, security, and the ability to 
monitor the patient and staff  is also required in any secluded or quiet room.

 4. Bullet-resistant glass should be used to provide protection for triage, admitting, or other recep-
tion areas where employees may greet or interact with the public.

 5. Strictly enforced limited access to emergency treatment areas are needed to eliminate unwanted 
or dangerous persons in the emergency room. Doors may be locked or key-coded.

 6. Closed circuit TV monitors may be used to survey concealed areas or areas where problems may 
occur.

Work Practices and Administrative Controls

 1. Security guards trained in principles of human behavior and aggression must be provided in all 
emergency rooms. Death and serious injury have been documented in emergency areas in hos-
pitals, but the presence of security persons oft en reduces the threatening or aggressive behavior 
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demonstrated b y pat ients, rel atives, f riends, o r t hose s eeking d rugs. A rmed g uards m ust b e 
considered in any risk assessment in high volume emergency rooms.

 2.  No staff  person should be assigned alone in an emergency area or walk-in clinic.
 3.  Aft er dark, all unnecessary doors are locked, access into the hospital is limited and patrolled by 

security.
 4. A re gularly up dated p olicy s hould b e i n p lace d irecting h ostile pat ient m anagement, u se o f 

restraints, or other methods of management. Th is policy should be detailed and provide guide-
lines for progressively restrictive action as the situation calls for.

 5. Any verbally threatening, aggressive, or assaultive incident must be reported and logged.
 6. Name tags need to b e worn at a ll t imes in the hospital and emergency room. Hospital policy 

must d emand t hat p ersons, in cluding s taff , w ho en ter i nto t he t reatment a rea o f t he emer -
gency room have or seek permission to enter the area to reduce the volume of unauthorized 
individuals.

When t ransferring a h ostile o r a gitated pat ient (or o ne w ho m ay h ave rel atives, f riends, o r 
enemies who pose a s ecurity problem) to a u nit within the hospital, security is required during 
transport and transfer to the unit. Th is security presence may be required until the patient is sta-
bilized or controlled to protect staff  who are providing care.

 7. Emergency or  ho spital s taff  who have been assaulted should be permitted and/or assisted to 
request police assistance or  le charges of assault against any patient or relative who injures, just 
as a private citizen has the right to do so. Being in the helping profession does not reduce the right 
of pressing charges or damages.

General Hospitals

 1. Information m ust b e c learly t ransmitted to t he re ceiving u nit o f s ecurity p roblems w ith t he 
patient. Charts must be  agged c learly not ing a nd identifying t he security r isks i nvolved w ith 
this patient.

 2. If patients with any disorder or illness have a known history of violent acts, it is incumbent upon 
the administration to demand health care providers or physicians to disclose that information to 
hospital staff  at the onset of hospitalization.

 3. Whenever patients d isplay a ggressive or  hostile b ehavior to hospital s taff  members, it must be 
made part of the care plan that supervisors and managers are noti ed and protective measures 
and action are initiated.

 4. Prompt medical or emotional evaluation treatment must be made available to any staff  who has 
been subjected to abusive behavior from a client/patient, whether in emergency rooms, psychiatric 
units, or general hospital settings.

 5. Visitors should sign in and have an issued pass particularly in newborn nursery, pediatric 
departments, or any other risk departments.

 6. Any patient who may be deemed at risk should be placed on a “restricted visitor list.” Restricted 
visitor lists must be maintained by security, nurses station, and visitor sign-in areas.

 7. Social service/worker staff  should be utilized to defuse situations. In-house social workers are an 
important part of the hospital staff  as are employee heath staff .

Home/Field Operations—Community Service Workers

Engineering Controls

 1. In order to provide some measure of safety and to keep the employee in contact with headquarters 
or a source of assistance, cellular car phones should be installed/provided for offi  cial use when 
staff  are assigned to duties which take them into private homes and the community. Th e workers 
may i nclude (to na me a f ew) pa rking en forcers, u nion business a gents, ps ychiatric e valuators, 
public social service workers, children’s service workers, visiting nurses, and home health aides.
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 2. Handheld alarm or noise devices or other eff ective alarm devices are highly recommended to be 
provided for all  eld personnel.

 3. Beepers o r a larm s ystems w hich a lert a c entral offi  ce of problems should be investigated and 
provided.

 4. Other protective devices should be investigated and provided such as pepper spray.

Work Practice and Administrative Controls

 1. Employees are to b e instructed not to en ter any location where they feel threatened or unsafe. 
Th is decision must be the judgment of the employee. Procedures should be developed to assist 
the employee to e valuate the relative hazard in a g iven situation. In hazardous cases, the man-
agers must facilitate a nd establish a “ buddy system.” Th is “buddy system” should be required 
whenever a n employee feels i nsecure re garding t he t ime of ac tivity, t he lo cation of work, t he 
nature of the client’s health problem, and history of aggressive or assaultive behavior or potential 
for aggressive acts.

 2. Employers must provide for the  eld staff  a program of personal safety education. Th is  program 
should be at t he m inimum, one provided by local police departments or ot her agencies which 
include training on awareness, avoidance, and action to take to prevent mugging, robbery, rapes, 
and other assaults.

 3. Procedures should be established to assist employees to reduce the likelihood of assaults and rob-
bery from those seeking drugs or money, as well as procedures to follow in the case of threatening 
behavior and provision for a fail-safe backup in administrative offi  ces.

 4. A f ail-safe bac kup s ystem i s provided i n t he ad ministrative offi  ce at a ll t imes of op eration for 
employees in the  eld who may need assistance.

 5. All incidents of threats or other aggression must be reported and logged. Records must be main-
tained and utilized to prevent future security and safety problems.

 6. Police assistance and escorts should be required in dangerous or hostile situations or at night. 
Procedures for evaluating and arranging for such police accompaniment must be developed and 
training provided.

Medical Management

A medical program which provides knowledgeable medical and emotional treatment should be estab-
lished. Th is program shall assure that victimized employees are provided with the same concern that 
is oft en shown to the abuse client. Violence is a major safety hazard in psychiatric and acute care facil-
ity emergency rooms, homeless shelters, and other health care settings and workplaces. Medical and 
emotional evaluation and treatment are frequently needed but oft en diffi  cult to obtain.

Th e consequences to em ployees who a re abused by c lients may i nclude de ath a nd s evere a nd l ife-
threatening i njuries, i n add ition to s hort- a nd long-term psychological t rauma, posttraumatic s tress, 
anger, anxiety, irritability, depression, shock, disbelief, self-blame, fear of returning to work, disturbed 
sleep patterns, headache, and change in relationships with coworkers and family. All have been reported 
by HCWs aft er assaults, particularly if the attack has come without warning. Th ey may also fear criti-
cism by managers, increase use of a lcohol and medication to c ope with stress, suff er from feelings of 
professional incompetence, physical illness, powerlessness, increase in absenteeism, and experience per-
formance diffi  culties.

Administrators a nd sup ervisors h ave oft en ig nored t he ne eds o f t he physically o r ps ychologically 
abused or assaulted staff , requiring them to continue working, obtain medical care from private medical 
doctors or blame the individual for irresponsible behavior. Injured staff  must have immediate physical 
evaluations, be removed from the unit and treated for acute injuries. Referral should be made for appro-
priate evaluation, treatment, counseling, and assistance at the time of the incident and for any required 
follow-up treatment.
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Medical Services

 1.  Th is should include provision of prompt medical evaluation and treatment whenever an assault 
takes place regardless of severity. A system of immediate treatment is required regardless of time 
of day or night. Injured employees should be removed from the unit until order has been restored. 
Transportation of the injured to medical care must be provided if it is not available on-site or in 
an employee health service. Follow-up treatment provided at no cost to employees must also be 
provided.

Counseling Services

 1. A trauma-crisis counseling or critical incident debrie ng program must be established and provided 
on an ongoing basis whenever staff  are victims of assaults. Th is “counseling program” may be devel-
oped and provided by in-house staff  as part of an employee health service, by a trained psychologist, 
psychiatrist, or  ot her c linical s taff  member such a s a c linical nurse specialist, a s ocial worker or 
referral may be made to a n outside specialist. In addition, peer counseling or support groups may 
be provided. Any counseling provided should be by well-trained psychosocial counselors whether 
through employee assistance program (EAP) programs, in-house programs, or by other professionals 
away from the facility who must understand the issues of assault and its consequences.

 2. Reassignment of staff  should be considered when assaults have taken place. At times it is very dif-
 cult for staff  to return to the same unit to face the assailant. Assailants oft en repeat threats and 
aggressive behavior and actions need to be taken to prevent this from occurring. Staff  develop-
ment programs should be provided to teach staff  and supervisors to be more sensitive to the feel-
ings and trauma experienced by victims of assaults. Some professionals advocate joint counseling 
sessions including the assaultive client and staff  member to attempt to identify the motive when it 
occurs in inpatient facilities and to defuse situations which may lead to continued problems.

 3.  Unit staff  should also receive counseling to prevent “blaming the victim syndrome” and to assist 
them with any stress problems they may be experiencing as a result of the assault. Violence oft en 
leaves staff  fearful and concerned. Th ey need to have the opportunity to discuss these fears and to 
know that administration is concerned and will take measures to correct de ciencies. Th is  may 
be called a defusing or debrie ng secession and unit staff  members may need this activity imme-
diately aft er an incident to enable them to continue working. First-aid kits or materials must be 
provided on each unit or facility.

 4.  Th e replacement and transportation of the injured staff  member must be provided for at the ear-
liest t ime. D o not le ave a u nit s hort s taff ed in the event of an assault. Th e d evelopment of a n 
employee health s ervice st aff ed b y a t rained o ccupational h ealth s pecialist, m ay b e a n i mpor-
tant addition to the hospital team. Such employee health staff  can provide treatment, arrange for 
counseling, refer to a specialist and should have procedures in place for all shift s. Employee health 
nurses should be trained in posttraumatic counseling and may be utilized for group counseling 
programs or other assistance programs.

 5. Legal adv ice re garding p ressing c harges s hould b e a vailable, a s w ell a s i nformation re garding 
workers’ compensation bene ts, and other employee rights must be provided regardless of appar-
ent i njury. I f a ssignment to l ight duty i s ne eded or d isability i s i ncurred, t hese s ervices a re to 
be provided without hesitation. Reporting to t he appropriate local law enforcement agency and 
assistance in making this report is to be provided. Employees may not be discouraged or coerced 
when making reports or workers’ compensation claims.

 6. All assaults must be investigated, reports made and needed corrective action determined. However, 
methods of investigation must be such that the individual does not perceive blame or criticism for 
assaultive action taken by clients. Th e circumstances of the incident or other information which 
will help to prevent further problems, needs to be identi ed, not to blame the worker for incom-
petence and compound the psychological injury which is most commonly experienced.
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Recordkeeping

Within the major program elements, recordkeeping is the heart of the program, providing information 
for analysis, evaluation of methods of control, severity determination, identifying training needs, and 
overall program evaluations.

Records shall be kept of the following:

 1. OSHA 200 log. OSHA regulations require entry in the Injury and Illness Log 200, of any injury 
which requires more than  rst aid, is a lost-time injury, requires modi ed duty or causes loss of 
consciousness. Assaults should be entered in the log. Doctors’ reports of work injury and supervi-
sors’ reports shall be kept of each recorded assault.

 2. Incidents of abuse, verbal attacks, or aggressive behavior which may be threatening to the worker but 
not resulting in injury, such as pushing, shouting, or an act of aggression toward other clients requir-
ing action by staff  should be recorded. Th is record may be an assaultive incident report or documented 
in some manner which can be evaluated on a monthly basis by department safety committee.

 3. A system of recording and communicating should be developed so that all staff  who may provide 
care for an escalating or potentially aggressive, abusive violent client will be aware of the status of 
the client and of any problems experienced in the past. Th is information regarding history of past 
violence should be noted on the patient’s chart, communicated in shift  change report and noted 
in an incident log.

 4. An information-gathering system should be in place which will enable incorporation of past his-
tory of v iolent behavior, i ncarceration, probation reports, or a ny ot her i nformation which w ill 
assist health care staff  to assess violence status. Employees are to be encouraged to seek and obtain 
information regarding history of violence whenever possible.

 5. Emergency room staff  should be encouraged to obtain a record from police and relatives, informa-
tion regarding drug abuse, criminal activity, or other information to adequately assist in assessing 
a patient. Th is would enable them to appropriately house, treat, and refer potentially violent cases. 
Th ey should document the frequency of admission of v iolent clients or hostile encounters with 
relatives and friends.

 6. Records need to be kept concerning assaults, including the type of activity, i.e., unprovoked sud-
den at tack, pat ient-to-patient a ltercation, a nd M AB ac tions. I nformation needed i ncludes who 
was assaulted and circumstances of the incident without focusing on any alleged wrongdoing of 
staff  persons. Th ese records also need to include a description of the environment, location, or any 
contributing factors, corrective measures identi ed, including building design, or other measures 
needed. Determination must be made of the nature of the injuries sustained: severe, minor or the 
cause of long-term disability, and the potential or actual cost to the facility and employee. Records 
of any lost time or other factors which may result from the incident should be maintained.

 7. Minutes of the safety meetings and inspections shall be kept in accordance with requirements of 
Title 8, Section 3203. Collective actions recommended as a re sult of reviewing reports or inves-
tigating accidents or inspections need to be documented with the administration’s response and 
completion dates of those actions should be included in the minutes and records.

 8. Records of training program contents and sign-in sheets of all attendees should be kept. Attendance 
records at a ll “PART” or “MAB” training should be retained. Quali cations of trainers shall be 
maintained along with records of training.

Training and Education

General

A major program element in an eff ective safety and security program is t raining and education. Th e 
purpose of training and education is to ensure that employees are suffi  ciently informed about the safety 
and security hazards to w hich they may be exposed and thus, are able to pa rticipate actively in their 
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own and coworkers protection. A ll employees should be periodically t rained in the employer’s safety 
and security program.

Training and education are critical components of a safety and security program for employees who 
are potential victims of assaults. Training allows managers, supervisors, and employees to understand 
security and other hazards associated with a job or location within the facility, the prevention and con-
trol of these hazards, and the medical and psychological consequences of assault.

 1. A training program should include the following individuals:
 a.  All aff ected employees including doctors, dentists, nurses, teachers, counselors, psychiatric 

technicians, social workers, dietary, and housekeeping, in short all health care and commu-
nity service staff  and a ll other staff  members who may encounter or be subject to a buse or 
assaults from clients/patients

 b. Engineers, security offi  cers, maintenance personnel
 c. Supervisors and managers
 d. Health care providers and counselors for employees and employee health personnel
 2.  Th e p rogram s hould b e de signed a nd i mplemented b y qu ali ed pe rsons. A ppropriate specia l 

training should be provided for personnel responsible for administering the training program.
 3. S everal t ypes o f p rograms a re a vailable a nd h ave b een ut ilized, suc h a s M AB, PART, P olice 

Department A ssault Avoidance P rograms, or Personal S afety t raining. A c ombination of such 
training may be incorporated depending on the severity of the risk and assessed risk. Th ese  man-
agement p rograms must b e p rovided a nd at tendance re quired at le ast ye arly. Updates m ay b e 
provided monthly/quarterly.

 4.  Th e program should be presented in the language and at a level of understanding appropriate for 
the individuals being trained. It should provide an overview of the potential r isk of i llness and 
injuries f rom assault and t he cause and early recognition of escalating behavior or recognition 
of situations which may lead to assaults. Th e means of preventing or defusing volatile situations, 
safe methods of restraint or escape, or use of other corrective measures or safety devices which 
may be necessary to reduce injury and control behavior are critical areas of training. Methods of 
self-protection and protection of coworkers, the proper treatment of staff  and patient procedures, 
recordkeeping, and employee rights need to be emphasized.

 5. Th e training program should also include the means for adequately evaluating its eff ectiveness. 
Th e adequacy of the frequency of training should be reviewed. Th e whole program evaluation 
may be achieved by using employee interviews, testing and observing, and/or reviewing reports 
of behavior of individuals in situations that are reported to be threatening in nature.

 6. Employees w ho a re p otentially e xposed to s afety a nd s ecurity hazards should b e g iven formal 
instruction on the hazards associated with the unit or job and facility. Th is includes information 
on the types of injuries or problems identi ed in the facility, the policy and procedures contained 
in the overall safety program of the facility, those hazards unique to the unit or program and the 
methods used by the facility to control the speci c hazards. Th e information should discuss the 
risk factors that cause or contribute to a ssaults, etiology of v iolence and general characteristics 
of violent people, methods of controlling aberrant behavior, methods of protection and reporting 
procedures, and methods to obtain corrective action.

Training for aff ected employees should consist of both general and speci c job training. “Speci c 
job training” is contained in the following section or may be found in administrative controls in 
the speci c work location section.

Job-Specifi c Training

New em ployees a nd re assigned w orkers o r re gistry s taff  s hould re ceive a n i nitial o rientation a nd 
hands-on training prior to being placed in a t reatment unit or job. Each new employee should receive 
a demonstration of alarm systems and protective devices and the required maintenance schedules and 
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procedures. Th e training should also contain the use of administrative or work practice controls to 
reduce injury.

 1.  Th e initial training program should include
 a. Care, use, and maintenance of alarm tools and other protection devices
 b. Location and operation of alarm systems
 c. MAB, PART, or other training
 d. Communication systems and treatment plans
 e. Policies and procedures for reporting incidents and obtaining medical care and counseling
 f. Injury and Illness Prevention Program (8 CCR 3203)
 g. Hazard Communication Program (8 CCR 5194)
 h. Bloodborne Pathogen Program if applicable (8 CCR 5193)
 i. Rights of employees, treatment of injury and counseling programs.
 2. On-the-job t raining s hould em phasize de velopment a nd u se o f s afe a nd e ffi  cient methods of 

de-escalating aggressive behavior, self-protection techniques, methods of communicating infor-
mation which will help other staff  to protect themselves and discussions of rights of employees 
vis-à-vis patient rights.

 3.  Speci c me asures at e ach lo cation, suc h a s p rotective e quipment, lo cation a nd u se o f a larm 
systems, determination of when to use the buddy system, and so on as needed for safety, must 
be part of the speci c training.

 4. Training unit coworkers from the same unit and shift  may facilitate team work in the work setting.

Training for Supervisors and Managers Maintenance and Security Personnel

 1. Supervisors and managers are responsible for ensuring that employees are not placed in assign-
ments that compromise safety and that employees feel comfortable in reporting incidents. Th ey  
must b e t rained i n me thods a nd procedures w hich w ill re duce t he s ecurity h azards a nd t rain 
employees to behave compassionately with coworkers when an incident does occur. Th ey need to 
ensure that employees follow safe work practices and receive appropriate training to enable them 
to do this. Supervisors and managers, therefore, should undergo training as comparable to that of 
the employee and such additional training as will enable them to recognize a potentially hazard-
ous situation, make changes in the physical plant, patient care treatment program, staffi  ng policy, 
and procedures or ot her such situations which a re contributing to h azardous conditions. Th ey  
should be able to rei nforce the employer’s program of safety and security, assist security guards 
when needed and train employees as the need arises.

 2. Training for engineers and maintenance should consist of an explanation or a d iscussion of the 
general h azards of v iolence, t he prevention a nd c orrection of s ecurity problems, a nd p ersonal 
protection devices and techniques. Th ey need to be acutely aware of how to avoid creating hazards 
in the process of their work.

 3. Security p ersonnel ne ed to b e re cruited a nd t rained w henever p ossible f or t he s peci c job 
and f acility. S ecurity c ompanies u sually provide gener al t raining on g uard or s ecurity i ssues. 
However, s peci c t raining by t he h ospital o r c linic s hould i nclude ps ychological c omponents 
of handling aggressive and abusive clients, types of disorders, and the psychology of handling 
aggression and defusing hostile situations. If weapons are utilized by security staff , special train-
ing and procedures need to be developed to prevent inappropriate use of weapons and the cre-
ation of additional hazards.

Evaluation of the Program

Procedures and mechanisms should be developed to evaluate the implementation of the safety and secu-
rity programs and to monitor progress and accomplishments. Top administrators and medical directors 
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should re view t he p rogram re gularly. S emiannual re views a re re commended to e valuate suc cess i n 
meeting goals and objectives. Evaluation techniques include some of the following:

 1. Establishment of a uniform reporting system and regular review of reports.
 2. Review of reports and minutes of Safety and Security Committee.
 3. Analyses of trends and rates in illness/injury or incident reports.
 4.  Survey employees.
 5. Before and aft er surveys/evaluations of job or worksite changes or new systems.
 6. Up-to-date records of job improvements or programs implemented.
 7. Evaluation o f em ployee e xperiences w ith h ostile si tuations a nd re sults o f me dical t reatment 

programs p rovided. F ollow up s hould b e re peated s everal w eeks a nd s everal mo nths a ft er an 
incident.

Results o f m anagement’s re view of t he program s hould b e a w ritten progress re port a nd program 
update which should be shared with all responsible parties and communicated to employees. New or 
revised goals arising from the review identifying jobs, activities, procedures, and departments should 
be shared with all employees. Any de ciencies should be identi ed and corrective action taken. Safety 
of employees should not be given a lesser priority than client safety as they are oft en de pendent on 
one another. If it is unsafe for employees, the same problem will be the source of risk to other clients 
or patients.

Managers, administrators, supervisors, and medical and nursing directors should review the program 
frequently to re evaluate goals and objectives and discuss changes. Regular meetings with all involved 
including the Safety Committee, union representatives, and employee groups at risk should be held to 
discuss changes in the program.

If we are to p rovide a s afe work environment, it must be evident from administrators, supervisors, 
and peer groups that hazards from violence will be controlled. Employees in psychiatric facilities, drug 
treatment programs, emergency ro oms, c onvalescent h omes, c ommunity c linics, o r c ommunity s et-
tings are to be provided with a safe and secure work environment and injury from assault is not to b e 
accepted or tolerated and is no longer “part of the job.”
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Glossary

Abusive behavior: Actions which result in injury such as slapping, pinching, pulling hair or other actions 
such as pulling clothing, spitting, threats, or other fear-producing actions such as racial slurs, posturing, 
damage to property, and throwing food or objects.

Assault: Any aggressive act of hitting, kicking, pushing, biting, scratching, sexual attack, or any other 
such physical or verbal attacks directed to the worker by a patient/client, relative, or associated individ-
ual which arises during or as a result of the performance of duties and which results in death, physical 
injury, or mental harm.

Assaultive i ncident: A n a ggressive ac t o r t hreat b y a pat ient/client, rel ative, o r a ssociated i ndividual 
which may cause physical or mental injury, even of a minor nature, requiring  rst aid or reporting.

Community worker: A ll employed workers who provide s ervice to t he community i n private homes, 
places of business, or other locations which may present an unsafe or hostile environment. Examples of 
such workers include, but are not l imited to, pa rking enforcement offi  cers, psychiatric social workers, 
home health workers, union representatives, visiting or public health nurses, social service workers, and 
home health aids. Th e location of the workplace may be mobile or  xed.

Inpatient f acility: A h ospital, c onvalescent h ospital, nursing h ome, b oard a nd c are f acility, h omeless 
shelter, developmentally disabled facility, correction facility, or any facility which provides 24 h staffi  ng 
and health care, supervision, and protection.
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Injury: Physical or emotional harm to an individual resulting in broken bones, lacerations, bruises and 
contusions, scratches, bites, breaks in the skin, strains and sprains, or other pain and discomfort imme-
diate or delayed, caused by an interaction with a patient/client or in the performance of the job.

MAB: A training program which trains staff  to prevent assaultive incidents and to implement emergency 
measures when prevention fails.

Mental harm: Anxiety, fear, depression, inability to perform job functions, posttraumatic stress syndrome, 
inability to sleep, or other manifestations of emotional reactions to an assault or abusive incident.

Outpatient facility: Any health care facility or clinic, emergency room, community mental health clinic, 
drug treatment clinic, or other facility which provides drop-in or other “as needed care” or service to 
the community in  xed locations.

PART: A t raining program de signed to p rovide a s ystematic approach to re cognition a nd c ontrol o f 
escalating aggressive and assaultive behavior in a patient/client or of other hostile situations.

Psychiatric inpatient facility: Public or private psychiatric inpatient treatment facilities.

Th re at: A serious declaration of intent to harm at the time or in the future.

Th reat or verbal attack: Any words, racial slurs, gestures or display of weapons which are perceived by 
the worker as a c lear and real threat to t heir safety and which may cause fear, anxiety, or inability to 
perform job functions.

Appendix 7.A.1

General Industry Safety Orders (Section 3203): 
Section 3203. Injury and Illness Prevention Program

 (a ) Eff ective July 1, 1991, every employer shall establish, implement, and maintain an eff ective Injury 
and I llness P revention P rogram ( Program). Th e P rogram s hall b e i n w riting a nd, s hall, at a 
minimum:

 (1) Identify the person or persons with authority and responsibility for implementing the Program.
 (2)  Include a s ystem for ensuring t hat employees comply w ith safe a nd healthy work practices. 

Substantial compliance with this provision includes recognition of employees who follow safe 
and healthful work practices, training and retraining programs, disciplinary actions, or any 
other such means that ensure employee compliance with safe and healthful work practices.

 (3)  Include a system for communicating with employees in a form readily understandable by all 
aff ected employees on matters relating to occupational safety and health, including provision 
designed to encourage employees to inform the employer of hazards at the worksite without 
fear of reprisal. Substantial compliance with this provision includes meetings, training pro-
grams, posting, written communications, a system of anonymous noti cation by employees 
about hazards, labor/management safety a nd health committees, or a ny ot her means t hat 
ensure communication with employees.

  Exception: Employers having fewer than 10 employees shall be permitted to communicate to and 
instruct employees orally in general safe work practices with speci c instructions with respect to 
hazards unique to the employees’ job assignments as compliance with subsection (a)(3).

 (4)  Include procedures for identifying the evaluating work place hazards including scheduled 
periodic inspections to identify unsafe conditions and work practices. Inspections shall be 
made to identify and evaluate hazards.

 (A) When the Program is  rst established.

  Exception: Th ose employers having in place on July 1, 1991, a written Injury and Illness Prevention 
Program complying with previously existing section 3203.
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 (B)  Whenever new substances, processes, procedures, or equipment are introduced to the 
workplace that represent a new occupational safety and health hazard; and

 (C) Whenever the employer is made aware of a new or previously unrecognized hazard.
 (5) Include a procedure to investigate occupational injury or occupational illness.
 (6)  Include me thods a nd/or p rocedures f or c orrecting u nsafe o r u nhealthy c onditions, w ork 

practices, and work procedures in a timely manner based on the severity of the hazard:
 (A) When observed or discovered; and
 (B)  When an imminent hazard exists which cannot be immediately abated without endan-

gering employee(s) and/or property, remove all exposed personnel from the area except 
those necessary to correct the existing condition. Employees necessary to correct the 
hazardous condition shall be provided the necessary safeguards.

 (7) Provide training and instruction:
 (A) When the program is  rst established,

  Exception: E mployers h aving i n p lace o n July 1 , 1991, a w ritten I njury a nd I llness P revention 
Program complying with the previously existing Accident Prevention Program in section 3203.

 (B) To all new employees;
 (C)  To all employees given new job assignments for which training has not previously been 

received;
 (D)  Whenever new substances, processed procedures or equipment are introduced to the 

workplace and represent a new hazard;
 (E)  Whenever the employer is made aware of a ne w or previously unrecognized hazard; 

and
 (F)  For sup ervisors to f amiliarize t hem w ith t he s afety a nd h ealth h azards to w hich 

employees under their immediate direction and control may be exposed.
 (b) Records of the steps taken to implement and maintain the Program shall include:
 (1)  Records o f s cheduled a nd p eriodic i nspections re quired b y sub section ( a)(4) to iden tify 

unsafe c onditions a nd work practices, i ncluding p erson(s) c onducting t he i nspection, t he 
unsafe conditions and work practices that have been identi ed and action taken to correct 
the identi ed unsafe conditions and work practices. Th ese records shall be maintained for 3 
years; and

  Exception: Employers with fewer than 10 employees may elect to maintain its inspection records 
only until the hazard is corrected.

 (2)  Documentation of safety and health training required by subsection (a)(7) for each employee, 
including employee name or other identi ed training dates, (a)(s) of training, and training 
providers. Th is documentation shall be maintained for 3 years.

  Exception no. 1: Employers with fewer than 10 employees can substantially comply with the docu-
mentation provision by maintaining a log o f instruction provided to t he employee with respect 
to the hazards unique to t he employees work assignment when he is  rst hired or assigned new 
duties.

  Exception no. 2: Training records of employees who have worked for less than 1 year for the employer 
need not be retained beyond the term of employment if they are provided to the employee upon ter-
mination of employment.

 (c) Employers who elect to u se a l abor/management safety a nd healthy committee to c omply w ith 
the communication requirements of subsection (a)(3) of this section shall be presumed to be in 
substantial compliance with subsection (a)(3) if the committee:
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 (1) Meets regularly, but not less than quarterly;
 (2)  Prepares a nd makes available to t he a ff ected employees, w ritten records of t he safety a nd 

health issues discussed at the committee meetings and, maintained for review by the Division 
upon request;

 (3) Reviews results of the periodic, scheduled worksite inspections;
 (4)  Reviews investigations of occupational accidents and causes of incidents resulting in occu-

pational injury, occupational illness, or exposure to hazardous substances and, where appro-
priate, submits suggestions to management for the prevention of future incidents;

 (5)  Reviews investigations of alleged hazardous conditions brought to the attention of any com-
mittee member. When determined necessary by the committee, the committee may conduct 
its own inspection and investigation to assist in remedial solutions;

 (6) Submits recommendations to assist in the evaluation of employee safety suggestions; and
 (7)  Upon request f rom the Division, veri es abatement action taken by the employer to a bate 

citations issued by the Division.

Note: Authority cited Sections 142.3 and 6401.7, Labor Code Reference. Sections 142.3 and 6401.7 
Labor Code.

History

 1. New section  led 4-1-77, eff ective 30th day thereaft er (Register 77, No. 14). For former history, see 
Register 74, No. 43.

 2. Editorial correction of subsection (a)(1)(Register 77, No. 41).
 3. Amendment of subsection (a)(2)  led 4-12-83, eff ective 30th day thereaft er (Register 83, No. 16).
 4 . Amendment  led 1-16-91, operative 2-15-91 (Register 91, No. 8).
 5. Editorial correction of subsections (a), (a)(2), (a)(4)(A), and (a)(7)(Register 91, No. 31).

Appendix 7.A.2

General Industry Safety Order (Section 6184) 
Article 165. Employee Alarm Systems

 (a) Scope and application
 ( 1) Th is section applies to a ll emergency employee alarms. Th is section does not apply to t hose 

discharge or supervisory alarms required on various  xed extinguishing systems or to super-
visory alarms on  re suppression, alarm or detection systems unless they are intended to be 
employee alarm systems.

 ( 2) Th e requirements i n t his section t hat pertain to m aintenance, testing a nd i nspection shall 
apply to a ll local  re a larm signaling systems used for a lerting employees regardless of the 
other functions of the system.

 (3) All predischarge employee alarms shall meet the requirements of subsection (b)(1) through 
(b)(4), (c), and (d)(1) of this section.

 ( 4) Th e employee alarm shall be distinctive and recognizable as a signal to evacuate the work area 
or to perform actions designated under the emergency action plan.

 (5) All employees shall be made aware of means and methods of reporting emergencies. Th ese  
methods may be but not l imited to m anual pull box a larms, public address systems, radios 
or telephones. When telephones are used as a means of reporting an emergency, telephone 
numbers shall be conspicuously posted nearby.

 (6 ) Th e em ployer s hall e stablish p rocedures f or s ounding emergen cy a larms i n t he w ork-
place. For those employers with 10 or fewer employees in a particular workplace, direct voice 
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communication is an acceptable procedure for sounding t he a larm provided a ll employees 
can hear the alarm. Such workplaces need not have a back-up system.

 ( b) General requirements
 (1) Where lo cal  re a larm sig naling s ystems a re re quired b y t hese o rders, t hey s hall me et 

the de sign re quirements o f t he N ational F ire P rotection A ssociation’s “ Standard f or t he 
Installation, Maintenance, and Use of Local Protective Signaling Systems for Watchman, Fire 
Alarm and Supervisory Service,” NFPA No. 72A–1975 and the requirements of this section.

 ( 2) Th e employee alarm system shall provide warning for necessary emergency action as called 
for in the emergency action plan, or for reaction time for safe escape of employees from the 
workplace or the immediate work area, or both.

 (3)  Th e employee alarm shall be capable of being perceived above ambient noise or light levels 
by a ll employees i n t he a ff ected p ortions of t he workplace. Tactile de vices m ay b e u sed 
to a lert t hose em ployees w ho w ould not ot herwise b e a ble to re cognize t he a udible o r 
visual alarm.

 (c) Installation and restoration
 ( 1) Th e employer shall assure that all devices, components, combinations of devices or systems 

constructed and installed to comply with this standard shall be approved. Steam whistles, air 
horns, strobe lights or similar lighting devices, or tactile devices meeting the requirements of 
this section are considered to meet this requirement for approval.

 (2) All employee alarm systems shall be restored to normal operating condition as promptly as 
possible aft er each test or alarm.

 (d) Maintenance and testing
 (1) All employee alarm systems shall be maintained in operating condition except when under-

going repairs or maintenance.
 (2) A test of the reliability and adequacy of nonsupervised employee alarm systems shall be made 

every two months. A diff erent actuation device shall be used in each test of a multiactuation 
device system so that no individual device is used for two consecutive tests.

 ( 3) Th e employer shall maintain or replace power supplies as oft en as is necessary to assure a fully 
operational condition. Back-up means of alarm, such as employee runners or telephones, shall 
be provided when systems are out of service.

 (4) Employee alarm circuitry installed aft er July 1, 1981, shall be supervised and provide positive 
noti cation to assigned personnel whenever a de ciency exists in the system. All supervised 
employee alarm systems shall be tested at least annually for reliability and adequacy.

 (5) Servicing, m aintenance, a nd te sting o f em ployee a larms s hall b e p erformed b y p ersons 
trained in the designed operation and functions necessary for reliable and safe operations of 
the system.

 ( e) Manual operation
 (1) Manually operated actuation devices for use in conjunction with employee a larms shall be 

unobstructed, conspicuous and readily accessible.
Note: Authority and reference cited: Section 142.5. Labor Code.

History

 1. New Article 165 (Section 6184)  led 9-8-81; eff ective 30th day thereaft er (Register 81, No. 37).
 2. Editorial c orrection o f sub sections ( b)(1) a nd (e)(1)  led 11-9-81; e ff ective 3 0th d ay thereaft er 

(Register 81, No. 45).
 3. Editorial correction of subsections (b) and (d)  led 6-30-82 (Register 82, No. 27).
 4. Change without regulatory eff ect deleting Title 24 reference (Register 87, No. 49).
 5. Editorial correction of subsection (e)(1) deleting obsolete Title 24 reference (Register 88, No. 9).
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Appendix 7.A.3

The New Jersey Department of Labor Bulletin. Guidelines on 
Measures and Safeguards in Dealing with Violent or Aggressive 
Behavior in Public Sector Health Care Facilities

Introduction

Th e State of New Jersey and its local government agencies are concerned with the management of clients 
with violent or aggressive behavior toward employees. Th e level of awareness and sensitivity to eff ective 
and available safeguards must be continuously emphasized.

Th ese g uidelines a re b eing i ssued by t he New Jersey D epartment o f L abor (N JDOL) u nder t he 
Public E mployees O ccupational S afety a nd H ealth ( PEOSH) P rogram to a ssist p ublic em ployers 
in health care facilities in adopting measures and procedures which will protect the safety of their 
employees. Th is is consistent with the legislative intent of the New Jersey PEOSH Act, N.J.S.A. 34:
6A-25 et seq.

Authority

Pursuant to N. J.S.A. 3 4:6A-31, a nd t he S afety a nd H ealth St andards f or P ublic E mployees, N. J.A.C. 
12:100, Commissioner of Labor is authorized to promulgate safety and health standards for employees 
working within public facilities in the State of New Jersey.

Scope

Health care facility workers employed in jobs with patients/clients assessed as a safety risk because of 
violent or aggressive behavior.

 1. Safety measures and procedures shall include:
 a. A system for patient/client assessment with respect to client/patient behaviors.
 b. A s ystem f or c ommunicating suc h i nformation to em ployees a ssigned to w ork w ith t he 

assessed patient/client.
 c. A system for summoning assistance in a cottage or ward if a patient/client behaves in a violent 

or aggressive manner.
 d. Provision or creation of an area where violent or aggressive patients/clients can be contained 

if necessary to ensure the safety of others.
 e. A procedure for pat ient/client re straint to b e u sed w hen ne cessary to en sure t he s afety o f 

others.
 2. Instruction and training in the management of violent and aggressive patients/clients shall be pro-

vided to all patient/client care providers during orientation and a review program shall be off ered 
periodically.

 3. First-aid supp lies a nd p ersonnel t rained i n f irst a id s hall b e a vailable i n a ll c ottages a nd 
wards.

 4. A system of supportive intervention shall be made available to any employee involved in an inci-
dent with a violent or aggressive patient/client.

 5. Safe staffi  ng levels as determined by facility or division policy or mandated by regulation shall be 
maintained.

 6. In i nstances of v iolent or a ggressive pat ient/client ac tivity, s ystems shall be i n place to i niti-
ate appropriate i nterventions. C oncerns a bout t he p ossibility o f a v iolent pat ient/client i nci-
dent shall be reported to an immediate supervisor who shall immediately investigate and take 
whatever action is necessary to manage the situation in a manner that prevents or mini  mizes 
harm.
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PEOSH Reporting Requirements

In c ompliance w ith t he New Jersey PEOSH Act N. J.S.A. 3 4:6A-25 e t s eq., a ll public employers s hall 
maintain records and  le reports on occupational injuries and illness occurring to their workers. Such 
documentation shall be maintained on the PEOSH Program Log and Summary of Occupational Injuries 
and Illness (NJOSH No. 200).

Appendix 7.A.4

Sources of Assistance in Training and Program Development

Note: Th ese programs and groups have not b een evaluated, not re commended but are provided as an 
available source.

 1. PART—Professional Assault Response Training
Paul A. Smith, PhD
Professional Growth Facilitators
Post Offi  ce Box 5981
San Clemente, CA 92674-5981
Telephone & Fax #(714)498-3529
PART—Basic Course
PART—Advance Consultation
PART —Training for Trainers
PART—Trainer Recerti cation

 2. Nonviolent Crises Intervention
A two-tape video series
National Crises Prevention Institute
3 315-K N. 124th Street
Brook eld, WI 53005
1(800)558-8976

 3. Service Employees International Union (SEIU)
Maggie Robbins & John Mehring
Western Health & Safety Coordinator
3055 Wilshire Boulevard, Suite 1050
Los Angeles, CA 90010

Assault on the Job: We Can Do Something about It!

Service Employees International Union

Th is material is by the SEIU, representing 1 million workers employed in the public and private sector. 
Th e SEIU is also the nation’s largest HCWs union representing over 450,000 HCWs.

On any given day, in any given place, assaults are a reality of our working lives.
Joe, a mental health aide, must oft en work alone due to cutbacks in staffi  ng. In the middle of the 

night he is attacked by a patient suff ering cuts, bruises, and a back injury. Th is is his second assault in 
a year.

As a receptionist in a social service agency, Donna is on the front line, dealing with clients who are 
frustrated a nd i mpatient w ith t he s ystem. Yet she has l ittle p ower to do a nything to h elp t hem. Th e 
abuse, hostility, and threats of violence take their toll on Donna’s health. She fears the day when some-
one will attack her with a weapon.
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Th e workers are repairing gas lines when they get caught in the cross  re of a gang shootout.
Maria works in a nursing home. One of her patients continually hassles her with insults and sexual 

advances. When her attempts to t ransfer fail, she begins to su ff er frequent headaches and has trouble 
sleeping.

What Is Assault on the Job?

As the above cases show, assault is not just physical violence. It also includes near misses, verbal abuse, 
unwanted sexual advances, or the threat of any of these. Even if a worker is never physically injured, the 
stress from the fear of assault may lead to serious health problems.

Assault on the Job Can Also Mean Death

Th e N IOSH estimates t hat during t he early 1980s, 13% of t he 7000 a nnual work-related deaths were 
no ac cidents—they w ere p reventable h omicides. A ccording to t he C enters f or D isease C ontrol a nd 
Prevention, murder is the leading cause of death for women in the workplace.

How Big a Problem Is It?

State workers’ compensation agencies do not keep  gures on job-related assaults so it is not known how 
many work-related injuries are caused by on-the-job violence. And workers oft en do not report assaults. 
Because so many attacks go unreported, employers, the government and oft en workers as well, do not 
always recognize violence as a workplace health and safety issue. Still, common sense should tell us that 
society’s problems with violence does not stop outside the walls of our workplace.

Why Workplace Assault Is Usually Not Reported

Th e reasons are many:

“Part of the job” syndrome: In certain jobs workers are expected to put up w ith attacks, threats • 
and verbal abuse.
A violent society is to blame: Th e assault is considered a consequence of living in a violent society, • 
rather than working in an unsafe workplace.
Fear of blame or reprisal: Workers may be afraid that they will be held responsible for any violent • 
act that involved a patient or client.
Lack of management support: Workers are oft en discouraged from reporting problems.• 
No serious injuries: When physical injuries are minor, or when a worker does not m iss a d ay of • 
work, the injury is not reported to the worker’s compensation board.
Not worth the eff ort: If workers think nothing will be done, they feel there is no reason to  le a • 
report.

Who Is Affected?

Workers who are most likely to be assaulted are

Th ose who work with the public• 
Th ose who must work alone• 
Th ose who handle money• 
Th ose who come in contact with patients or clients who may be violent• 
New employees• 

Many SEIU members are aff ected, especially those who work in hospitals, nursing homes, mental health 
institutions, and facilities for the developmentally disabled, shelters, prisons, social service departments 
and s ocial/family s ervice a gencies, o r e ducational i nstitutions, a s w ell a s v isiting n urses, h ome c are 
providers, and utility workers.
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Why Are Workers Assaulted?

Each incident of violence has its own set of causes. Working with clients or patients who may be frus-
trated, anxious, impatient, angry, in shock, mentally disturbed, or under the in uence of drugs or alco-
hol inevitably carries with it the potential for v iolence. Th ese people may lash out against whoever is 
closest to t hem—oft en an employee. Assaults a re oft en unprovoked but a lso occur when workers are 
performing their duties in restraint and seclusion procedures.

Some speci c factors which commonly play a role are

Understaffi  ng, which forces people to work alone or without enough staff  to provide good cover-• 
age, thus allowing tensions to rise among patients or clients
Deinstitutionalization, which leaves institutions with patients and clients who need greater atten-• 
tion and care and, in the absence of proper staffi  ng and safeguards, can become dangerous
Lack of training for workers in recognizing and defusing potentially violent situations• 
Failure to alert workers to which patients or clients have a history of violence• 
Failure to design safe workplaces and emergency procedures• 
Failure to iden tify h azardous c onditions a nd de velop p roper c ontrols, p olicies, a nd e ducation • 
programs

Many of these factors result from budget cuts that are all too common in health care institutions and 
government agencies these days. Th ese cutbacks make it hard for workers to g ive the care and service 
patients and clients deserve. Everyone suff ers as a result. Increased violence is one very real eff ect of the 
budget axe.

Is Sexual Harassment a Form of Assault on the Job?

Sexual harassment is unwanted, repeated sexual attention at work. It may be expressed in the follow-
ing ways:

Unwelcome touching or patting• 
Suggestive remarks or other verbal abuse• 
Staring or leering• 
Requests for sexual favors• 
Compromising invitations• 
Physical assault• 
Off ensive work environment (pinups/pornography)• 

Sexual harassment is another form of assault. Even if a worker is never physically injured, the stress of 
a repeated verbal abuse or fear of impending violence can result in serious health problems. Th o se who 
have experienced severe harassment cite a long list of physical symptoms including headaches, back-
aches, nausea, stomach ailments, fatigue, and sleep and eating disorders.

Sexual harassment is a form of sex discrimination and it is illegal under Title VII of the Civil Rights 
Act of 1964.

Speci cally, sexual harassment is illegal if

Your job or promotion depends on your saying yes• 
Th e harassment creates an intimidating, hostile, or off ensive workplace• 

A Widespread Problem

Sexual harassment happens in every kind of work environment, at all levels. It is carried out by superiors 
and subordinates, coworkers, and clients. Every race, gender, or age group can become a target. Men are 
also sexually harassed, though on a much smaller scale.

Th e victim does not have to be of the opposite sex. In fact, according to Equal Employment Opportunity 
Commission (EEOC) guidelines, the victim does not even have to be the person harassed but could be 
anyone aff ected by the off ensive conduct.
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Nancy a nd Su san w ork toge ther. Su san i s b eing h arassed b y a m ale c oworker w ho u ses f oul l an-
guage and tells off -color jokes to embarrass Susan. He also leaves pornographic pictures on Susan’s desk. 
Nancy overhears these remarks and sometimes sees the pictures. In this instance, Susan is not the only 
person who is being sexually harassed!

A survey of federal employees in 1980 showed that 42% of females and 15% of males said they had • 
been harassed on the job. A follow-up survey in 1987 yielded nearly identical results.
Since 1980, more than 38,500 charges of sexual harassment have been  led with the federal govern-• 
ment but this  gure is just the tip of the iceberg because many workers never  le a complaint.

What Is Your Employer’s Responsibility?

A sig ni cant n umber o f w orkplaces—especially sm all- a nd me dium-sized  rms—have n o p olicy 
regarding sexual harassment, but they should. While there is no one model for a good sexual harassment 
policy, all policies should send a clear message: sexual harassment will not be tolerated.

Elements of a Good Sexual Harassment Policy

Union representatives are involved in policy development.• 
Employees are involved at all stages of policy development.• 
Th e policy is in writing and widely distributed through an employee handbook and orientation • 
materials.
Th e policy is publicized to both staff  and clients.• 
Top management is seen actively supporting the policy.• 
Training is ongoing and occurs on work time.• 
Procedures for how complaints are to be reported, recorded and investigated are clear and concise.• 
Managers and supervisors are clearly instructed to begin investigations within seven days aft er a • 
formal complaint is made.
Discipline a nd c ounseling procedures a re c learly s tated. D iscipline c an r ange f rom verbal a nd • 
written warnings to formal reprimands, suspension, transfer, probation, demotion, or dismissal. 
Counseling and/or sensitivity training may be appropriate.
Con dentiality of an incident is maintained throughout the process.• 

Sexual Harassment: Fighting Back!

Dealing with sexual harassment may be diffi  cult, but ignoring sexual harassment does not make it go 
away. Use the following guidelines to establish a strong case and  ght back!

 1.  Say no clearly. State frankly that you  nd the harasser’s behavior off ensive. Firmly refuse all invi-
tations. If harassment persists, write a memo asking the harasser to stop; keep a copy.

 2.  Document the harassment. Detail what, when, and where it happened, and include your response. 
Th is information is vital when a pattern of off ensive conduct must be proven.

 3.  Get emotional support from friends and family. Do not try to  ght this alone.
 4.  Keep records of your job performance. Your harasser may question your job performance in order 

to justify his/her behavior.
 5. Look for witnesses and other victims. Two accusations are harder to ignore.
 6.  Grieve it. Get your steward and union involved right away.
 7.  File a complaint. Contact your state antidiscrimination agency or the federal EEOC if you decide 

to pursue a legal solution. You do not need an attorney to  le a claim, but it may help to speak with 
a lawyer who specializes in employment discrimination.

 8.  Act promptly. Th ere a re s tate a nd federal t ime l imits on how long a ft er an act of harassment a 
complaint can be  led.

 9.  Don’t be intimidated. It is unlawful for employers to retaliate aft er a complaint is  led. File another 
complaint based on the retaliation.
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 10 . Negotiate a strong clause in your union contract that protects workers from sexual harassment.
 11 . Educate and agitate. Organize discussions on sexual harassment. Find out if others are experienc-

ing the problem. Use posters, buttons, and  yers to send a strong message to management that 
workers will not accept such hostile working conditions.

Sexual Harassment Can Be Stopped

Break t he si lence. Use a ll me ans to demo nstrate t hat s exual h arassment w ill not b e toler ated i n t he 
workplace!

Posttraumatic Stress Disorder (PTSD)

Assault victims have something in common with combat veterans and victims of terrorism, natural and 
man-made disasters, street crime, rape, and incest—an increased risk of PTSD.

What Is PTSD?

PTSD is the way a person reacts to emotional stress or physical injury, assault, or other forms of extreme 
stress outside everyday experience. It includes physical pain from the assault, as well as anger, anxiety, 
depression, fatigue, and preoccupation with the event. Other common symptoms are depression,  ash-
backs, and nightmares. PTSD can also do serious damage to family relations and social life.

Should PTSD Be Treated?

Yes. Voluntary i ndividual counseling i s t he best form of t reatment for a n a ssaulted worker. O ft en, 
however, assault victims fail to seek help and blame themselves for the incident. Th ey may also seek a 
psychiatric referral for treatment as an indication of mental illness, rather than as simply continuing 
treatment for their injuries.

What Are the Employers’ Obligations?

Employers are responsible for providing employees a s afe, healthy work environment free from recog-
nized hazards. Th e location of the assault, which is likely to be the everyday worksite, can provoke anxi-
ety and  ashbacks (sometimes for weeks or months) and make it diffi  cult for an employee to return to 
work. Th erefore, injured workers need far more than a f ew minutes of counseling. Th ey need ongoing 
support. Most assaulted workers depend on the informal support of family and friends which may not 
be enough.

Workers will also feel less victimized if they feel they have some control of their safety on the job. A 
staff ’s ability to make changes in policies and procedures that lead to a safer workplace will help foster a 
sense of empowerment and control.

What Can the Union Do?

A system for providing ongoing support, counseling, and assistance for assaulted members is a neces-
sary part of any policy dealing with on-the-job assault. As trade unionists, we must educate our bosses 
and our members to t he reality of posttraumatic stress. We must push to h ave PTSD recognized as a 
consequence of violence in the workplace.

Sample Contract Language to Protect Workers from on-the-Job Assault

One of the most eff ective ways to provide a safe and healthy workplace is to negotiate speci c contract 
language. Here are some sample clauses relating to on-the-job assault.

General Clause

Th e employer is responsible for taking all necessary steps to protect employees from assault on the job.
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Employer’s Policy for Dealing with Assault on the Job

Th e Employer shall develop written policies and procedures to deal with on-the-job assault. Such poli-
cies must address the prevention of assault on-the-job, the management of situations of assault and the 
provision of legal counsel and posttraumatic support to employees who have been assaulted on the job 
by clients or the public.

Th is policy shall be part of the Employer’s comprehensive health and safety policy. A written copy of 
the policy shall be given to every employee. Th e Employer must also establish a procedure for the docu-
mentation of all incidents, and shall take immediate and appropriate action, as outlined in the written 
policy, to deal with each incident.

Policy/Plan for Health Care/Social Service Facilities

Th e E mployer shall c onduct a n ongoing s ecurity a nd s afety a ssessment, a nd de velop a s ecurity p lan 
with measures to protect personnel, patients, and visitors from aggressive or violent behavior. Th e secu-
rity and safety assessment shall examine trends of aggressive or violent behavior. A security plan shall 
include, but not be limited to, security considerations relating to all of the following:

Physical layout• 
Staffi  ng• 
Security personnel availability• 
Policy and training related to appropriate responses to aggressive or violent acts• 

Joint Labor/Management Health and Safety Committee

Th e purpose of the committee is to identify and investigate health and safety hazards and make recom-
mendations on preventive measures.

Th e c ommittee s hall b e c omposed o f a n e qual n umber o f re presentatives f rom t he U nion a nd t he 
Employer, and the Union shall have the sole power to appoint its representatives to the committee. Th e com-
mittee shall make recommendations on policies to prevent on-the-job assault, on the management of violent 
situations and on how to provide support to workers who have experienced or face on-the-job assault.

All incidents of assault will be brought to t he attention of the Health and Safety Committee. Th e 
parties agree that the Health and Safety Committee shall:

Assist in the development of policies and workplace design changes that will reduce the risk of • 
assault on the job.
Regularly review all reports of incidents of assault.• 
Assist in the development and implementation of training programs that will reduce the risk • 
of on-the-job assault.

Staffing Levels

Th e employer agrees to provide an adequate level of trained staff . Employees will not be required to work 
alone in potentially violent situations.

Employees will be noti ed as to potentially violent or aggressive patients, residents or clients, and will 
work/travel in pairs when required to work under such circumstances.

Workplace Design

Where appropriate, the Employer shall institute additional security measures including, but not limited to

Installation of metal detectors• 
Installation of surveillance cameras• 
Limiting public access to the facility and speci c departments or units• 
Installation of bullet-proof glass• 
Installation of emergency “panic” buttons to alert security personnel• 
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Two-Way Radios, Alarms, and Paging Systems

Th e Employer shall provide t wo-way radios, a larms and/or paging systems, or ot her electronic warning 
devices or means of summoning immediate aid where employees ascertain a need. All equipment shall be 
maintained and periodically tested, and employees will receive training in the operation of the equipment.

Training

Th e Employer shall provide training to a ll employees at r isk of assault on how to de fuse potentially 
violent si tuations a nd v erbal c onfrontation. E mployees s hall a lso b e t rained i n s elf-protection. 
Training s hould i nclude, but not b e l imited to : d iscussion o f how to re cognize w arning sig ns a nd 
possible triggers to violence; how to resist attack and avoid escalation of the situation; how to control 
and defuse aggressive situations; and a full review of the Employer’s Written policy for dealing with 
assault on the job.

All employees at risk of assault by patients, clients, or the public shall receive security education and 
training relating to the following topics:

General safety measures• 
Personal safety measures• 
Th e assault cycle• 
Aggressive and violence-predicting behavior• 
Obtaining patient history from a patient with aggressive or violent behavior• 
Characteristics of aggressive and violent patients, and victims• 
Verbal and physical maneuvers to diff use and avoid violent behavior• 
Strategies to avoid physical harm• 
Restraining techniques• 
Appropriate use of medications as chemical restraints• 
Critical incident stress brie ng• 
Available employee assistance programs• 

Posttraumatic Stress/Referral Services

Th e Employer shall, in the event of an incident of assault, provide counseling and support for the aff ected 
employee(s). Employees are to b e compensated for lost days of work, counseling sessions, hospitaliza-
tion, and other relevant expenses.

Th e E mployer shall off er re ferral i nformation a nd a ssistance to a ny employee w ho i s a ssaulted by 
a pat ient, v isitor or member of t he public. Such i nformation shall i nclude, but not b e l imited to, t he 
employee’s legal right to press charges in a court of law.

Prosecuting Offenders

Th e Employer shall assist the assaulted employee in any legal actions that she/he undertakes against the 
off ender. If the employee decides not to press charges, the Employer must provide a written explanation 
to the Union and to the employee of its decision.

No-Retaliation Clause

No employee shall be discharged, penalized, or disciplined for his/her victimization in an incident of 
assault. Th e Employer agrees not to retaliate or discriminate against that employee.

Union Nonliability

Th e Employer has the sole responsibility to p rovide a s afe workplace and to c orrect health and safety 
hazards, and that nothing in this Agreement shall imply that the Union has undertaken or assumed any 
portion of that responsibility.
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Other Union Rights

Th e Employer agrees that the Union has the right to bring into the workplace any union staff  or other 
union representatives to assist investigating health and safety conditions.

Nothing in this chapter shall be deemed to wave any statutory rights that the Union may have.

Resource List

California Occupational Safety and Health Administration (Cal/OSHA) has Guidelines for Security and 
Safety of Health Care and Community Service Workers

Cal/OSHA
Department of Industrial Relations
455 Golden Gate Avenue, Suite 5202
San Francisco, CA 94102
(415)703-4341

NJDOL/Public Employee Occupational Safety and Health Administration has Guidelines on Measures 
and Safeguards in Dealing with Violent or Aggressive Behavior in Public Sector Health Care Facilities

NJDOL/Offi  ce of Public Employees Safety
CN 386
Trenton, NJ 08625
(609)633-3796

Organizations

Service Employees International Union, Health & Safety Staff 

International Offi  ce
1313 L Street, NW
Washington, DC 20005
(202)898-3200

Eastern Regional Offi  ce
145 Tremont Street, Suite 202
Boston, MA 02111
(617)482-4471

New York Regional Offi  ce
330 West 42nd Street, Suite 1905
New York, NY 10036
(212)947-1944

New England Offi  ce
14 Quentin Street
Waterbury, CT 06706
(203)574-7966

West Coast Offi  ce
3055 Wilshire Blvd., Suite 1050
Los Angeles, CA 90010

Western Region Field Offi  ce
150 Denny Way
P.O. Box 19360
Seattle, WA 98109
(206)448-7348
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Central States Regional Offi  ce
228 S. Wabash, Suite 300
Chicago, IL 60604
(312)427-7637

Michigan State Council Offi  ce
419 S. Washington Street
Lansing, MI 48933
(517)372-0903

SEIU Canadian Offi  ce
75 Th e Donway West, Suite 1410
Don Mills, ONT M3C2E9
Canada
(416)447-2311

9 to 5 National Association of Working Women
1224 Huron Road
Cleveland, OH 44115
(216)566-9308

National Institute for Occupational
Safety and Health
(NIOSH is the research arm of the Occupational Safety and Health Administration, and will conduct a 

health hazard evaluation at your workplace on request.)
1600 Clift on Road, NE
Atlanta, GA 30333
(800)356-4673

Occupational Safety and Health Administration (OSHA)
(OSHA develops and enforces workplace health and safety standards.)

OSHA Offi  ces

National Offi  ce
200 Constitution Avenue, NW
Washington, DC 20210
(202)523-8091

Region I (Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont)
133 Portland Street, 1st Floor
Boston, MA 02114
(617)565-7164

Region II (New Jersey, New York, Puerto Rico, Virgin Islands)
201 Varick Street, Room 670
New York, NY 10014
(212)337-2378

Region III (Delaware, District of Columbia, Maryland, Pennsylvania, Virginia, West Virginia)
Gateway Building, Suite 2100
3535 Market Street
Philadelphia, PA 19104
(215)596-1201
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Region IV (Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee)
Suite 587
1375 Peachtree Street, NE
Atlanta, GA 30367
(404)347-3573

Region V (Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin)
32nd Floor, Room 3244
230 S. Dearborn Street
Chicago, IL 60604
(312)353-2220

Region VI (Arkansas, Louisiana, New Mexico, Oklahoma, Texas)
525 Griffi  n Street, Room 602
Dallas, TX 75202
(214)767-4731

Region VII (Iowa, Kansas, Missouri, Nebraska)
911 Walnut Street, Room 406
Kansas City, MO 64106
(816)844-3061

Region VIII (Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming)
Federal Building, Room 1576
1961 Stout Street
Denver, CO 80294
(303)844-3061

Region I X ( Arizona, C alifornia, Ha waii, N evada, A merican S amoa, Gu am, T rust Territory o f t he 
Paci c Islands)

71 Stevenson Street, 4th Floor
San Francisco, CA 94105
(415)744-6670

Region X (Alaska, Idaho, Oregon, Washington)
Federal Offi  ce Building
Room 6003
909 1st Avenue
Seattle, WA 98174
(206)442-5930

OSHA Federally Approved State Plan Offi  ces

Alaska
Alaska Department of Labor
P.O. Box 1149
Juneau, AK 99802
(907)465-2700

Arizona
Division of Occupational Safety and Health
Industrial Commission of Arizona
800 West Washington
Phoenix, AZ 85007
(602)255-5795
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California
Department of Industrial Relations
525 Golden Gate Avenue
San Francisco, CA 94102
(415)557-3356

Connecticut
(Public Employees Only)
Connecticut Department of Labor
200 Folly Brook Boulevard
Wethers eld, CT 06109
(203)566-5123

Delaware
Department of Labor
820 North French Street
Wilmington, DE 19801

Hawaii
Department of Labor and Industrial Relations
830 Punchbowl Street
Honolulu, HI 93813
(808)548-3150

Indiana
Division of Labor
1013 State Offi  ce Building
100 North Senate Avenue
Indianapolis, IN 46204
(317)232-2665

Iowa
Division of Labor Services
1000 East Grand Avenue
Des Moines, IA 50319

Kentucky
Kentucky Labor Cabinet
U.I. Highway 127 South
Frankfort, KY 40601
(502)564-3070

Maryland
Division of Labor and Industry
Department of Licensing and Regulations
502 St. Paul Place
Baltimore, MD 21202
(301)333-4176

Michigan
Department of Public Health
3423 North Logan Street
P.O. Box 30195
Lansing, MI 48909
(517)335-8022
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Michigan
Department of Labor
309 N. Washington
P.O. Box 30015
Lansing, MI 48909
(517)373-9600

Minnesota
Department of Labor and Industry
443 Lafayette Road
St. Paul, MN 55101
(612)296-2342

Nevada
Department of Industrial Relations
Division of Occupational Safety and Health
Capitol Complex
1370 South Curry Street
Carson City, NV 89710
(702)885-5240

New Mexico
Environmental Improvement Division
Health and Environment Department
1190 St. Francis Drive, N2200
Santa Fe, NM 87503
(505)827-2850

New York
(Public Employees Only)
New York Department of Labor
Division of Safety & Health State Campus
Bldg. 12, Suite 159
Albany, NY 12240
(518)457-5508

North Carolina
Department of Labor
4 West Edenton Street
Raleigh, NC 27603
(919)733-7166

Oregon
Department of Insurance and Finance
21 Labor and Industries Building
Salem, OR 97310
(503)378-3304

Puerto Rico
Department of Labor and Human Resources
Prudencio Rivera Martinez Building
505 Munoz Rivera Avenue
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Hata Rey, Puerto Rico 00918
(809)754-2119/2122

South Carolina
Department of Labor
3600 Forest Drive
P.O. Box 11329
Columbia, SC 29211
(803)734-9594

Tennessee
Department of Labor
501 Union Building
Suite “A,” 2nd Floor
Nashville, TN 37219
(615)741-2582

Utah
Utah Occupational Safety and Health
160 East 300 South
P.O. Box 5800
Salt Lake City, UT 84110-5800
(801)530-6900

Vermont
Department of Labor and Industry
120 State Street
Montpelier, VT 05602
(802)828-2765

Virgin Islands
Department of Labor
P.O. Box 890, Christiansted
St. Croix, Virgin Islands 00820
(809)773-1994

Virginia
Department of Labor and Industry
P.O. Box 12064
Richmond, VA 23241-0064
(804)786-2376

Washington
Department of Labor and Industry
General Administration Building
Room 344-AX31
Olympia, WA 98504
(206)753-6307

Wyoming
Occupational Health and Safety Department
604 East 25th Street
Cheyenne, WY 82002
(307)777-7786/7787
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Committees on Occupational Safety and Health (COSH Groups)

Alaska
Alaska Health Project
420 W. 7th Avenue, Suite 101
Anchorage, AK 99501
(907)276-2864

California
BACOSH (San Francisco Bay Area COSH)
c/o Mr. Glenn Shor
Labor Occupational Health Program
Institute of Industrial Relations
2521 Channing Way
Berkeley, CA 94720
(415)642-5507

LACOSH (Los Angeles COSH)
2501 South Hill Street
Los Angeles, CA 90007
(213)749-6161

Sacramento COSH
c/o Fire Fighters Local 522
3101 Stockton Boulevard
Sacramento, CA 95820
(916)444-8134 or (916)924-8060

SCCOSH (Santa Clara Center for Occupational 
Safety and Health)

Occupational Safety and Health
760 N. 1st Street
San Jose, CA 95112
(408)998-4050

Connecticut
ConnectiCOSH
P.O. Box 3117
Hartford, CT 06103
(203)549-1877

District of Columbia
Alice Hamilton Center for Occupational
Safety and Health
410 Seventh Street, SE
Washington, DC 20003
(202)543-0005

Illinois
CACOSH (Chicago COSH)
37 South Ashland
Chicago, IL 60607
(312)666-1611



Violence in the Health Care Industry 7-61

Maine
Maine Labor Group on Health, Inc.
Box V
Augusta, ME 04332
(207)622-7823

Massachusetts
MassCOSH
555 Amory Street
Boston, Ma 02130
(617)524-6686

Michigan
SEMCOSH (Southeast Michigan COSH)
2727 Second Street
Detroit, MI 48201
(303)961-3345

New York
ALCOSH (Allegheny Council on Occupational Safety and Health)
100 East Second Street
Jamestown, NY 14701
(716)488-0720

CYNCOSH (Central New York COSH)
615 West Genessee Street
Syracuse, NY 13204
(315)471-6187

NYCOSH (New York COSH)
275 Seventh Avenue
New York, NY 10001
(212)627-3900

ROCOSH (Rochester COSH)
797 Elmwood Avenue
Rochester, NY 14620
(716)244-0420

WYNCOSH (Western New York COSH)
2495 Main Street, Suite 438
Buff alo, NY 14214
(716)833-5416

North Carolina
NCOSH
P.O. Box 2514
Durham, NC 27715
(919)286-9249

Pennsylvania
PHILAPOSH (Philadelphia Project on Occupational Safety and Health)
3001 Walnut Street, 5th Floor
Philadelphia, PA 19104
(215)925-SAFE (7233)
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Rhode Island
RICOSH
340 Lockwood Street
Providence, RI 02907
(401)751-2015

Tennessee
TNCOSH
1514 E. Magnolia, Suite 406
Knoxville, TN 37917
(615)5252-3147

Texas
5735 Regina
Beaumont, TX 77706
(409)898-1427

Wisconsin
WISCOSH (Wisconsin COSH)
1334 South 11th Street
Milwaukee, WI 53204
(414)643-0928

Canada
VanCOSH (Vancouver COSH)
616 East 10th Avenue
Vancouver, British Columbia V5T2A5

WOSH (Windsor Occupational Safety and Health Project)
1109 Tecumseh Road East
Windsor, Ontario N8WlB3
(519)254-4192

Organizing to Prevent Assault on the Job

Unions have long led the  ght for safe and healthy working conditions. Th at  ght includes keeping our 
workplaces free of assaults. Union members in many diff erent jobs have identi ed assault as a serious 
safety and health issue. Safe workplaces, free from assault, should be a goal of every union member. Like 
every union goal, our success depends on how well we organize.

 1. How can you determine whether or not assault on the job is a problem at your workplace? Talk, 
listen and encourage.

Talk to yo ur coworkers and  nd out i f they share your concerns about safety. Develop a s hort survey 
(like the one in this chapter) to distribute in your facility. Th e SEIU Health and Safety Department can 
send you samples or help you design your own. Make sure you involve as many people in this activity 
as possible. Compile the results of your survey, consult with stewards and other union leaders, and then 
decide a group the most eff ective way to use these results.

One of t he most i mportant ac tivities to ge t p eople i nvolved i n i s do cumenting t he problem. Urge 
members to document all assault incidents, and all the near incidents, using the Incident Report Form 
in this section. Review this data on a regular basis and update members every time there is an incident 
of assault.
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Hold lunch-time meetings or form committees to research speci c problems and develop solutions 
once the hazards have been identi ed. Keep members informed through the local union newsletter and 
on bulletin boards. Always encourage members to document incidents.

 2. How do you solve the problem? Develop a plan of action.

A work environment in which people fear attack is NOT a healthy or safe place. Employers must recog-
nize that it is their legal duty to protect workers from assault just as much as any other health and safety 
hazard. Assault is not something that “just happens.” Taking the right steps, we can control and prevent 
violence in the workplace.

Use your Health and Safety Committee or form one to deal with on-the-job assault. Keep members 
involved in developing the solution. Th ink through what steps you want management to t ake. When 
you have gathered your documentation and survey results, bring a group of workers to meet with man-
agement. Present your complaint, and ask them to correct it. If your demands are met, make sure you 
publicize your success.

 3. What if management refuses to take action? Grieve, Negotiate, Agitate, and Organize.

If management refuses to respond to your demands, be prepared to take the following steps:

File a grievance.• 
Refuse to work alone or under certain conditions, but check with your local union leadership  rst.• 
Contact OSHA and demand action.• 
Publicize the problem using the media.• 
Create a slogan campaign like “Understaffing Kills.” Wear buttons, post notices, and hand • 
out f lyers.
Negotiate health and safety language in your next contract.• 
Build coalitions and lobby for laws that provide proper protection for workers from being assaulted.• 

SEIU members and locals throughout the country that have grieved, negotiated, agitated, and organized 
have succeeded in making their workplaces safer.

SEIU Success Stories

SEIU locals have fought for and won important protection for their members.

Staffing and a New Felony Law

When Georgia State Employees Union, Local 1985, organized a campaign to protest the 20 assaults in a 
3 month period at a youth development center, their actions resulted in a 10% staff  increase, the alloca-
tion of $5 million to build a new facility for violent off enders, plus a new law which made assault on a 
staff  member a felony.

Mandatory Training

Aft er Local 1199NE in Connecticut discovered that 8% of all workers’ compensation injuries were 
patient related-with most due to a ssaults—the union’s actions led to t he creation of a 21 h manda-
tory t raining program for 9000 members across t he state. At one mental health hospital, injuries 
due to a ssaults d ropped 6 0% a ft er t he t raining a nd t he i mplementation o f a n employee wellness 
program.

Better Patient to Staff Ratios

Aft er s everal serious assault incidents at t heir mental health facility in West Virginia, Local 1199WO 
members  led a m ass grievance. Th e outcome was an increase in staffi  ng which changed the ratio of 
patient to provider from 11 to 1 to < 6 to 1.
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Assault on the Job Survey—How Safe Is Your Work Environment?

Employee Commitment/Workplace Policy

Does your employer…

 1. Place a high priority on eliminating hazards associated with assault on the job?
  � Yes � No
 2. Have a policy that places employee safety on the same level of importance as patient/client safety?
  � Yes � No
 3. Discuss assault openly at Health and Safety Committee meetings?
  � Yes � No
 4. Investigate and document all instances of assault and/or harassment?
  � Yes � No
 5. Have a written policy concerning assault on-the-job?
  � Yes � No
 6. Involve employees in developing the policy?
  � Yes � No
 7. Have a program to provide support for victims of assault?
  � Yes �No
 8. Support employees who have been involved in an assault incident, rather than discipline them?
  � Yes � No
 9. Provide legal counsel for assault victims?
  � Yes � No
 10. Encourage reporting assault incidents to the police and support prosecution of off enders?
  � Yes � No

Staffing

 1.  Is staffi  ng adequate?
  � Yes � No
 2. Does your employer make sure you don’t work alone?
  � Yes � No
 3. Is there an adequate number of security staff ?
  � Yes � No
 4. Is backup staff  always scheduled?
  �Yes � No

Workplace Design

 1. Are all work areas well-lit?
  � Yes � No
 2. Are private washrooms provided for staff ?
  � Yes � No
 3. Is access to offi  ce areas/employees’ work stations restricted to only authorized staff  and clients?
  � Yes � No
 4. Are there electronic alarm systems, closed-circuit TV or two-way radios?
  � Yes � No
 5. Is furniture well placed so employees cannot get trapped in a room with a client?
  �Yes � No
 6. Are employees who do  eld work provided with personal alarm systems or beepers?
  � Yes � No
 7. Are parking lots, garages, and other areas that employees need to walk through, secure and well-lit?
  �Yes � No
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Training

 1. Do all employees receive adequate training on how to protect themselves from being assaulted on 
the job?

  � Yes �No
 2. Were employees involved in developing the training programs?
  � Yes � No
 3. Do all new staff  receive training upon hire?
  � Yes � No
 4. Do backup staff  receive training?
  � Yes � No

Sample Assault Incident Report Form

A sample of the form for you to complete and send it to your union representative so that we can (1) accu-
rately record the incidents of assault and/or harassment that occur, (2) notify and/or follow up with your 
employer regarding the problem, and (3) plan strategies to prevent these problems from recurring:

 1. Date of incident: mo ___ day ___ yr _________________________________________________
 2. Name, or pseudonym, of member(s): _____ _____ _____ __________ _____ _____ ________ ______
 3. Work location: _____ _____ _____ ________ _____ _____ ________ __________ ________________
 4. Local union: _____ _____ _____ __________ _____ _____ _________ _____ _____ ________ _______
 5. Please describe the incident: _____ _____ _____ __________ _____ _____ __________ _____ _______
 6. Where did the incident occur? _____ _____ _____ __________ _____ _____ __________ __________
 7. Did the incident involve a weapon? _____ _____ _____ ____________________________________
 8. Were you injured? _____ _____ _____ __________ _____ _____ __________ _____ _______________
 9. To what extent? _____ _____ _____ __________ _____ _____ __________ _____ _____ ____________
 10. Did you lose any work days? How many? _____ _____ _____ __________ _____ _____ ____________
 11. Have you applied for worker’s compensation? _____ _____ _____ __________ _____ _____ _______
 12. Was the person who assaulted you a coworker, supervisor, patient, client
  (or someone else)? _____ _____ _____ __________ _____ _____ __________ _____ _____ __________
 13. Were you singled out, or was the assault directed at more than one individual?_______________ 
 14. Were you alone when the incident occurred? If yes, why? _____ _____ _____ _________________
 15. Did you have any reason to believe an incident might occur? If yes, why?_____ _____ _____ _____
 16. Did you report the incident to your supervisor? _____ _____ _____ __________ _____ _____ ______
 17. Have you  led a police report? _____ _____ _____ _____ _____ _____ _____ __________ _____ ____
 18. If so, was the attacker charged? _____ _____ _____ __________ __________ __________ _________
 19. To your knowledge, has this type of incident ever happened before to your coworkers?
 _____  _____ _____ _____ _____ _____ __________ __________ __________ _________ ____________
 20. Have you had any counseling or support since the incident? _____ _____ _____ ________ _______
 21. Do you have any thoughts on how this incident could have been avoided? What should your 

employer do to avoid similar incidents in the future? _____ _____ _____ _____________________

Remember, the more statistics we have on violent encounters in the workplace, the more compelling our 
arguments are for demanding improved workplace design, adequate staffi  ng levels, better security and 
ongoing training.

Action Taken by Local
Talked with management (date): ______________________________________________________ ____ 
Grievance  led (date): _____ _____ _____ _______ _____ _______ _____ _______ _____ _______ _____ ____
OSHA complaint  led: _____ _____ _____ __________ _____ _____ __________ _____ _____ ___________
Other actions: _________________________________________________________________________
Comments: _____ _____ _____ __________ _____ _____ __________ _____ _____ _________ _____ _______
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Sample Grievance/Petition Form

Filing a group grievance or presenting management with a petition of protest is a good way to bring the 
issue of on-the-job assault to your employer’s attention. If you have negotiated contract language that 
protects members from on-the-job assault, then use the grievance process to get some action. If you do 
not have contract language, or you want to include employees who may not be in your union (they may 
be managers or members of another union), then the group petition can be an eff ective action.

Here is a sample mass grievance/petition. You can adapt this to meet the speci c needs of your campaign.

SEIU Local 9999
Group Grievance/Petition

To: Director(s) or person(s) in charge

From: Th e undersigned members of Local 9999

Date: January 1, 1994

Statement of problem: Th e Employer is failing to provide a safe and healthy workplace, free from recog-
nized hazards associated with assault on the job. (If you have contract language, cite the article.)

Relief sought: Provide a safe and healthy work environment (as per Article of the contract). Install alarms 
and other appropriate monitoring equipment in areas where the public has access, or where employees 
may be working alone. Develop a comprehensive policy to protect workers from being assaulted on the job, 
including the provision of adequate staffi  ng , incident reporting procedures, the provision of appropriate 
and adequate training for employees who are at risk of assault and support services for victims of assault.

Name_____ _____ _____ _____  T itle _____ _____ _____ _____
_____ _____ _____ __________ _____  _____ _____ __________
_____ _____ _____ __________  _____  _____ _____ __________

Training Exercises

Case Studies

In each of the case studies below, you play the role of union activists. Work together in small groups to 
discuss what actions you would take to address these problems concerning assault on the job.

 1. Joe, a mental health a ide, must oft en work alone due to cutbacks in staffi  ng. Re cently, he w as 
attacked by a patient, and suff ered cuts, bruises, and serious back injury. Joe is the fourth member 
of your union who has been assaulted by a patient in the last 2 months.

 2. Donna works at the front desk in your social service agency. Th e clients, who are oft en frustrated 
and i mpatient w ith t he s ystem, oft en t ake t heir a nger out on Donna. Th e abuse, hostility, a nd 
threats of assault have taken their toll on her, as she continually talks about her fear of someone 
attacking her with a weapon.

 3. You and your coworkers do  eld work, and most of the time you work alone. Years ago that was 
 ne, but i s seems t he s treets have got ten more dangerous, a nd you a ll feel very u ncomfortable 
traveling alone. No one has gotten hurt yet, but there have been several near-misses, and everyone 
wants the union to do something about it.

 4. Maria works in t he nursing home where you work. One of her pat ients continually hassles her 
with insults and sexual advances. She has also been harassed by the son of another patient on that 
same  oor. She recently asked to be transferred so she could avoid these situations, but her request 
was denied. She is now suff ering frequent headaches and has trouble sleeping.

 5. You and your coworkers drive to work, and you park your car in the building’s parking lot. Th er e 
have been several incidents in the last few months, and one coworker was recently mugged as she 
approached her car.
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 6.  Th e emergency room in your hospital has recently been the sight of two serious assaults on work-
ers. Staff  wants something done about it, but the employer keeps saying that they cannot predict 
when violence is going to break out.

Response to Assault on the Job

Th e purpose of this exercise is

To discuss • what is currently being done to protect workers from on-the-job assault
To discuss • what should be done to protect workers from being assaulted on the job
For you and your coworkers to • develop an action plan to deal with the issue of on-the-job assault

How to Complete the Exercise

 1. In small groups, participants should relate incidents of assault that have occurred on the job. AR 
incidents should be listed on a chalkboard or chart paper. (Participants may want to look at “Case 
Studies” in this section for other examples of on-the-job assault.)

 2.  Aft er all incidents have been listed, participants should complete the “Assault Response Chart” by 
answering the two questions for each group of people listed.

 3. Based on your responses, have the group set some priorities for actions to take to address the issue 
of assault on the job.

Step 1: Discussing the incidents of assault at your workplace
Example:
Incident
Joan, a social service worker, was assaulted by one of her clients. She missed a week of work, and she is 
afraid to come back, because she fears the client will assault her again.

Discuss and list the incidents that have occurred among your members.

Step 2: What are these people doing about it?

Assault responses
How do they respond, and what are they How should they respond, and what should
doing about it? they be doing about it?

Workers: M anagement:
_____ _____ _____ __________________ _____ _____ _____ _____________________
_____ _____ _____ __________________ _____ _____ _____ _____________________
Th e Union:
_____ _____ _____ __________________ _____ _____ _____ _____________________
_____ _____ _____ __________________ _____ _____ _____ _____________________
OSHA/Other Government Agencies:
_____ _____ _____ __________________ _____ _____ _____ _____________________
_____ _____ _____ __________________ _____ _____ _____ _____________________

Researchers/academics:
_____ _____ _____ __________________ _____ _____ _____ _____________________
_____ _____ _____ __________________ _____ _____ _____ _____________________

Step 3: Setting priorities
Based on your discussion, list the actions that you and your coworkers will take to
reduce the risk of assault on the job.
_____ _____ _____ _______________________ _____ _____ _____________________
_____ _____ _____ _______________________ _____ _____ _____________________
_____ _____ _____ _______________________ _____ _____ _____________________



7-68 Handbook of Modern Hospital Safety

A Joint Labor/Management Experience in Implementing
OSHA’s Violence Prevention Guidelines in the NYS
Office of Mental Health

Jonathan Rosen

Introduction

In 1996, a joint labor/management initiative was launched in the NYS Offi  ce of Mental Health (OMH) 
to implement the OSHA’s violence prevention guidelines on two units in each of two state mental-health 
facilities. Th is section will provide an overview of the problem of violence in the health care industry 
and then describe the case studies within OMH.

Th e key stake holders involved in initiating the projects included representatives from the OMH mul-
tiunion Health & Safety Committee. Th is agency-level committee has had a productive history due to 
the commitment of its members to a collaborative consensus process that features sharing of resources, 
expertise, and focusing on key hazards. Th e committee is comprised of management personnel f rom 
OMH Bureau of Employees Relations and several high-level facility managers as well as elected Union 
offi  cials and staff .

Th e state worker unions in New York have extensive contact language on health and safety that 
include requirements for joint health and safety committees at t he agency and worksite levels. Th e 
unions re presented i n t his f orum i nclude t he N YS P ublic E mployees F ederation ( PEF), t he Civ il 
Service Employees Association (CSEA), and Corrections and Law Enforcement Council 82. Council 
82 re presents C orrections O ffi  cers, S ecure H ospital T reatment A ides, a nd S afety a nd S ecurity 
Offi  cers. CSEA represents Mental Health Th erapy A ides (MHTA), a nd L icensed Practical Nurses, 
Social Service, Maintenance, Food Service, and Administrative workers. PEF represents profes-
sional, scienti c, and technical workers including 15,000 HCWs employed by state agencies such as 
Corrections, Mental Health, Division for Youth, a nd t he St ate University Health Science C enters. 
Council 82 a nd CSEA are affi  liated with the American Federation of State, County, and Municipal 
Employees I nternational Union. P EF i s a ffi  liated with the SEIU and the A merican Federation of 
Teachers.

Assaults on s taff  b y i nmates, pat ients, a nd ot her i nstitutional s ervice re cipients h ave b een suc h a 
signi cant problem that PEF has had an Attack Insurance plan from Lloyd’s of London since 1989. Th e 
bene t pays $2000 dollars to any worker who is assaulted,  les a police report, receives medical atten-
tion, and is off  from work for 5 days or more. Th e plan was the  rst of its kind and since its inception, 
430 out of 700 claims have involved staff  of the OMH which currently operate 29 psychiatric hospitals. 
CSEA has a similar insurance program.

PEF a nd C SEA have extensive Occupational Safety & H ealth Departments t hat a re f unded by t he 
unions, jo int f unds w ith t he employer, a nd g rants. Th ese re sources a llow PEF a nd C SEA to de velop 
innovative prevention programs to address key hazards such as workplace violence.

Background

Many researchers have described various aspects of the epidemic of workplace v iolence in the health 
care industry. Although this is not a new phenomenon to veteran HCWs and administrators, it is begin-
ning to be recognized within the industry as an occupational hazard due to eff orts of regulatory agen-
cies, health and safety professionals, labor unions, and academics.1

A 1 993, nat ionwide a nalysis b y t he N IOSH2 revealed that workplace violence is the leading 
cause of death for female workers a nd t he second leading c ause of death for males. W hile work-
place homicide mainly affects males, taxi cab drivers, convenience store workers, and other retail 
employment, nonfatal violence mainly affects females, HCWs, and especially nursing home work-
ers (see Table 7.2).
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Violence in Health Care Facilities

In a me ta-analysis, Jane Lipscomb and Colleen Love1 described various studies of violence in health 
care facilities that analyzed the scope of the problem, types of health care facilities aff ected, and the 
main causal factors. Rates of violence, aff ected job t itles, and causal factors varied depending on the 
type of health care facility being studied. For example, a 1989 report by Poster found that 74% of 
psychiatric nurses surveyed agreed that staff  members working with mentally i ll patients can expect 
to be physically assaulted during their careers. Other settings that are considered high risk include 
emergency departments, pediatric units, facilities for mentally retarded, medical–surgical units, and 
nursing homes.

Weapon carrying in hospitals has been an increasing concern in emergency departments, especially 
in large urban areas. In a 1988 study at a L os Angeles Level I t rauma center, Wassenberger found that 
4796 weapons were con scated from 21,456 patients over a 9 year period and at least 25% of the major 
trauma patients were carrying lethal weapons.

A counterproductive trend has been an overemphasis on the issue of worker on worker violence by 
some hospital administrators, many management consultants, and some union leaders. According to 
1994 BLS data only 4% of the fatalities and 20% of the nonfatal assaults relate to this category of vio-
lence. Sensational headlines about berserk postal workers have created an environment where this issue 
is getting more attention than it deserves. Certainly, this type of con ict in the workplace is important 
to address. However, the  rst priority in health care institutions is usually dealing with prevention of 
attacks on staff  by people in their care. A speci c hospital analysis of injury trends will help each orga-
nization to establish its priorities.

OSHA Guidelines

OSHA published, “Guidelines for Preventing Workplace Violence for Health Care and Social Service 
Workers” i n 1 996.3 Th ese guidelines were developed in response to N IOSH’s research, petitioning by 
HCW unions, and a g rowing awareness of the impact of the problem. OSHA’s guidelines were largely 
based on previous work developed by California OSHA.4 Th e g uidelines provide a n overview of t he 
problem and a f ramework for addressing it. Th e l ist below contains the key elements of a h ealth care 
violence-prevention program according to OSHA’S guidelines.

Management commitment and employee involvement• 
Written program• 
Worksite analysis• 

TABLE 7.2

Characteristic Fatal Nonfatal

Number of Cases 1,063 22,396
Percent 100% 100%
Sex injured more frequently Men 82% Women 56%
Most frequent violent act Shooting 82% Hitting, kicking, 

beating
47%

Primary perpetrator Robber 75% Health care patient 45%
Occupations with largest share Taxi driver 9% Nurse’s aides 30%

Cashier 9%
Industries with largest share Grocery stores 17% Nursing homes 27%

Restaurants 14%

Source: BLS Report 891, June 1995.
Note: Data for fatalities is for 1993: data on nonfatal assaults is for 1992.
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Records analysis and tracking• 
Monitoring trends and analyzing incidents• 
Screening surveys• 
Workplace security analysis• 

Hazard prevention and control• 
Engineering controls and workplace adaptation• 
Administrative and work practice controls• 

Medical management and postincident response• 
Training and education• 

All employees• 
Supervisors, managers, and security personnel• 

Recordkeeping and evaluation of the program• 

Th e health care industry has had an increasing interest in workplace violence since the distribution of 
the OSHA g uidelines and due to advo cacy f rom Unions, pat ient advocacy groups, pressure f rom t he 
press, and in eff orts to drive down compensation costs.

Although the OSHA guidelines provide an outline for developing a violence prevention program, it is 
up to the stakeholders within the industry to do the painstaking work of implementing them in a man-
ner that will yield results. Th e devil is in the details and it is particularly diffi  cult to launch innovative 
employee-based programs in the current environment of restructuring, and all too oft en, cutbacks.

Organizational Culture and Political Will

As in many of our society’s institutions, the health care industry is dominated by hierarchical organi-
zational structures. Empowering frontline workers to address workplace violence is key to meaningful 
implementation of OSHA’s guidelines. An obstacle in most institutions is that HCWs are expected to be 
subservient to the chain of command in the hospital-management and clinical-care structures. Oft en, 
physicians and other health care specialists buy into the notion that their years of sacri ce at the aca-
demic altar should place them in a superior position in their working lives. Th ere are numerous prob-
lems presented by these types of relationships:

Direct care workers, especially nurses and a ides have the greatest exposure and are most oft en • 
assaulted. Th ey are closest to the problems and oft en have rich ideas on how to solve them.
A purely academic approach oft en alienates direct care staff .• 
Hierarchical structures are usually resistant to c hanging policies, environments, and treatment • 
programs identi ed as problematic in a workplace violence-prevention analysis.

HCWs are taught to sacri ce their own well-being for their patients. Th is notion contradicts the basic 
idea of a workplace health and safety program: “workers should be able to come home from their jobs in 
relatively the same condition as when they left  for work.” Th e dominant culture tends to blame workers 
for their injuries rather than analyzing equipment, environments, and policies. In the  eld of industrial 
hygiene a basic principle is to follow a h ierarchy of control measures in addressing workplace hazards 
as follows:

Th e  rst choice is to use • engineering controls which remove the hazard at the source.
Th e second choice is • administrative controls which reduce the hazard by altering work practices 
or training workers.
Th e le ast de sirable c ontrol me asure t hird c hoice, i s • personal pr otective e quipment w hich do es 
nothing to reduce the hazard, is usually uncomfortable for workers, and may interfere with work 
performance and patient care.

Implementation of OSHA’s violence prevention guidelines is oft en n egatively a ff ected b y t he a bove-
described cultural norms. Instead of blaming workers for their injuries, an enlightened approach assures 
they are the motor force for change. Successful programs require management commitment of time and 
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resources and an openness to ne w ideas. Commitment is a lso essential from union leaders and other 
key stakeholders in developing a consensus, participatory process to confront workplace violence in any 
health care setting.

National Profi le

In 1992 t here were 5 498 organizations providing mental health services i ncluding s tate, county, a nd 
private mental hospitals, general hospitals with separate psychiatric services, VA medical centers, resi-
dential treatment centers, and outpatient clinics.5 Overall the Mental Health Industry employed 585,972 
workers nationwide during 1992. Direct-care staff  are the workers who are most at risk, and their num-
ber nationwide in 1992 (Table 7.3).

While there is no national pro le on violence in the industry, NYS’s experience is informative.

New York State

Th e N YS OMH operated 29 ps ychiatric centers, employing 23,500 workers, a nd providing t reatment 
and care for 7,500, patients in 1996. Of the hospitals, 18 are primarily for adults, 3 are forensic, and 
6 are children’s institutions.6 Th e agency is undergoing dramatic changes. Th e workforce has been cut 
in half over an 8 year period and the inpatient census has declined by about two-thirds during the same 
time frame. Facilities are being closed and/or consolidated and patients are being moved to community 
residences and outpatient clinics. Many former patients are ending up in the prison system.7 Estimates 
range from 10% to 30% of the current inmate population in NYS Department of Corrections are former 
mental health patients or are receiving mental-health care (Table 7.4).

In addition to changes in staffi  ng, there has been an overall tightening of resources, and a change in 
patient demographics. Th e current pat ient population is more oft en male, you nger, dually d iagnosed 
with mental i llness and chemical abuse. A l arger proportion of pat ients have had involvement or are 
coming directly out of the criminal justice system. Th is has created a climate where an aging workforce 
is being forced to adapt to a more violent and manipulative clientele.

OMH maintains a n occupational i njury a nd i llness reporting (OIRS) d atabase which was u sed to 
analyze injury trends. Th e 29 hospitals employed a total of 23,552 people during 1996 and experienced 
2751 reported injuries related to re straint or seclusion or assault by patients. Th is is an average rate of 
11.7 injuries per 100 workers statewide. An analysis of higher risk units and job titles in the case stud-
ies revealed much greater rates. Th is microanalysis revealed the limitation of calculating hospital-wide 
injury rates compared to unit and job title speci c rates (see the injury analysis data from Binghamton 
PC for more detail). A hospital-wide analysis includes many people who have no exposure to the hazard 
of violence. On the other hand, a microanalysis, while helping to focus on key units and job titles, pro-
duces very unstable rates due to the small number of workers in the sample. Th ese limitations should be 
considered when analyzing injury data.

Over the past several years the agency has been making a concerted eff ort to reduce the use of restraint 
and seclusion. In part, this was due to the revelation that 111 patient deaths that occurred during the 10 
year period of 1984–1993 associated with restraint and seclusion.8 An interagency task force was formed 
including oversight, pat ient advocacy, a nd ot her i nterested g roups to s tudy t he problem. Th ey  found 

TABLE 7.3

Title Number Percent of Staff 

Registered Nurses 78,588 13.4
Other mental health 

workers (less than BA)
126,878 21.7

Total 205,466 35.1
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that high rates of usage of restraint and seclusion did not correlate with staff /patient safety. Th is led to a 
change in philosophy and policy causing a drastic reduction in use.

Th e graph in Figure 7.4 illustrates the diff erences in rates caused by assaults vs. restraint or seclusion 
and between hospitals. Th ere were signi cantly higher rates of injury at the three forensic hospitals—
Kirby, M id-Hudson, a nd C entral N ew Y ork—as w ell a s t he c hildren’s f acilities ( e.g., C hildren’s 
Psychiatric C enter [CPC]). I n gener al, t here a re g reater numbers of i njuries due to a ssaults t han to 
restraint or seclusion. However, in six institutions the reverse was true and in four there were equal 
numbers of cases.

The Projects

Shortly a ft er t he OSHA g uidelines were published in 1996 t he OMH Multi-Union Health and Safety 
Committee d istributed t hem to a ll hospital d irectors a nd u nion le aders. A c over le tter w as at tached 
encouraging each hospital to review policies and compare them to OSHA’s recommendations. Prior 
to this action, the Multi-Union committee had proposed development of an agency policy on “Trauma 
Response.” Th e resulting agency-wide directive required each psychiatric hospital to establish a policy on 
providing emotional support and counseling to injured staff  and other aff ected employees. Th e agency, 
with union consultation, recently completed a comprehensive training program for people assigned to 
trauma-response counseling a nd p ostincident debrie ng. D uring 1994, t he u nions a nd management 
also were awarded a state labor grant which allowed for the development of a train-the-trainer program 
entitled Safety Training for Community Mental Health Workers.

During t his er a, w hen t he PEF Health & S afety D epartment le arned o f a sig ni cant as sault on a  
member, a rrangements were m ade for a si te v isit. Th e v isits were c onducted by t he author o f t his 
chapter a nd p ersonnel f rom O MH Bu reau o f E mployee Rel ations, w ho s erved a s m anagement re ps 

TABLE 7.4 Changes in Adult Inpatient Population, Fiscal Year 1986–1996, 
NYS OMH

1986 1996 Change(%)

Change in 
Proportion of Census/

Admissions(%)

Admissions 23,790 8,091 −66 —
Census 20,249 7,588 −63 —
Geriatric admissions 1,403 323 −77 −32
Geriatric census 8,306 1,431 −83 −53
Census aged 35–49 3,746 2,944 −21 +109
Males 10,311 4,777 −54 +24
Males aged 35–49 2,382 2,065 −13 +130
MICA admissions 2,640 1,702 −36 +91
MICA census 544 940 +73 +360
Multicultural census 5,467 3,451 −38 +64
Multicultural male 

census
3,321 2,405 −28 +93

Legal status of admissions
 I nvoluntary 14,764 6,024 −59 +19
 Ci vil 13,939 5,112 −63 +8
 F orensic 825 912 +11 +223
 V oluntary 8,963 2,046 −77 +33

Source: OMH Statewide Comprehensive Plan for Mental Health Services, 1997–2001.
Note: MICA stands for mentally ill chemical abuser.
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on t he Multi-Union Health & S afety C ommittee. Typically, t hese tours i ncluded a me eting w ith t he 
Hospital Director, Department Heads, Union Representatives, and, in some cases, the injured worker. 
Th e facility management would outline their programs to prevent patient violence and speci c actions 
taken in response to the case involved. Th e Union would introduce the NIOSH data, the OSHA guidelines, 
and discuss the feasibility of implementing elements of the OSHA program that were not in place. Th e 
meetings were followed by a tour of the facility and a closing session.

While t hese i nteractions were educational for a ll pa rties i nvolved, t hey d id not le ad to sig ni cant 
actions being taken. Part of the scene in the institutions is frequent inspections by central agency, Joint 
Commission for Accreditation Healthcare Organization (JCAHO), and other authorities. Most facilities 
are very experienced in dealing with outside oversight and the labor or management visits were handled 
accordingly. Th ese experiences illustrated that if new approaches were going to be attempted, local man-
agement and labor leaders needed to commit time and resources with support and guidance from the 
central agency and union leadership. Th is recognition, together with the initiative from two facilities, 
led to the pilot projects below described.

Traditional approaches to c ontrolling pat ient v iolence h ave focused on c hanging worker b ehav-
ior t hrough t raining a nd c linical or b ehavioral s trategies. R arely have physical a nd organizational 
environments been considered important in addressing the problem. In part this is due to a percep-
tion that assaults on mental HCWs are part of the job a nd are not predictable or preventable. Since 
psychiatric hospitals are supposed to b e “clinical” environments, outbursts of patient v iolence have 
typically b een s een a s c linical i ssues. Th e O MH e xperience s hows t hat t he emergen ce o f o ccupa-
tional health guidelines for violence prevention presents an important opportunity to blend the best 
from the expertise of psychiatric and occupational health and safety disciplines. Th is strategy, as well 
as commitment of time and resources, were key to the pilot projects. Th ere were s ome sig ni cant 

FIGURE 7.4 Illustration of the diff erences in injury rates as caused by assaults vs. restraints.
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diff erences in the two projects due to diff erent levels of management commitment and skill in foster-
ing a consensus-based process.

Buffalo Psychiatric Center

In 1996, t he Bu ff alo Psychiatric Center (BPC) was awarded a s tate labor department g rant to re duce 
assault-related job i njuries, t argeting s taff  f rom t he I ntensive Treatment U nits 7 5 a nd 76 w hich a re 
chronic intensive single sex wards with about 30 patients each, many of whom are assaultive.

Th rough a competitive bidding process, the NYS PEF Health & Safety Department was selected as the 
contractor. PEF also contributed, in kind, resources it had obtained through the collective bargaining 
agreement with NYS and its Department of Labor Grant.

At the time of the study, 1996, BPC employed 870 workers. Units 75 and 76 employed 6 nurses and 
11 MHTAs across three shift s. Th e downsizing of BPC had led to a pat ient population that tended to 
be more chronic and more severely disturbed, leading to an increase in staff  injuries. Each unit had 28 
patient beds. During 1993 and 1994, BPC averaged slightly more than 20 staff  per month out on occu-
pational injury leave. Th e Intensive Treatment Unit had 101 staff  injuries in 1994 with 29 resulting in 
lost-time. Of the 101 injuries, 71 were related to patient assaults or restraint and seclusion of patients. Of 
the 71, 19 resulted in lost-time.

Th e goal of the project was to reduce the risk of injury to workers from patient assaults. Th e objectives 
were to identify factors that could predict or prevent assaultive situations and to provide training.

Methods

Phase I—needs assessment

 1. Formation of project advisory committee
 2. Records review and rate analysis
 3. Environmental a ssessment a nd re commendations—Review en vironmental f actors a nd c ontrol 

methods
 a.  Ward design
 b.  Security measures
 4. Policies and procedure assessment and recommendations
 a.  Behavioral assessment

Predicting violence• 
Early recognition of escalating behavior• 
Worker based risk reduction planning• 

 b . Intervention techniques
Assessing the crisis• 
Intervention teamwork• 
Defusing escalating behavior• 
Personal safety and self-protection• 

 c. Awareness of relative risk and security control plan
 d. Assault incident procedures, medical management, and postincident protocols

Phase II—planning interventions and curriculum writing

 1. Proposed interventions will be reviewed by the PAG and management leadership team.
 2.  Aft er appropriate interventions based on the needs assessment have been approved, PEF and the 

Director of Staff  Growth and Development will develop new materials to be combined with por-
tions of existing programs including

 a. OMH’s “Safety Training for Mental Health Workers in the Community”
 b. OMH’s “Crisis Management”
 c. OMH PC 701 “Patient Care—Restraint and Seclusion”
 d. OMH’s OM 410 Policy on “Response to Traumatic Events”



Violence in the Health Care Industry 7-75

Results

Th e needs assessment included analysis of environmental, organizational, and clinical factors relating to 
patient assaults on staff . Th ese analyses were used to develop recommendations to reduce these injuries 
and conduct a 2 day team-training program.

A PAG was organized including appropriate management, departmental, union, and patient repre-
sentatives to guide the project. Although rich input was obtained from line staff  through focus groups, 
surveys, and direct observation, participation of direct care workers in the project advisory committee 
meetings was inconsistent. Th e result was that the PAG was not w ell represented by the staff  who are 
most highly aff ected by patient assaults. Th is reduced the eff ectiveness of the PAG in reviewing, priori-
tizing, and implementing appropriate interventions.

Focus Group Report

Focus groups were conducted by a Union Health & Safety Specialist and an Injury Epidemiologist and 
involved 20 staff  from the two units.

Th e purpose of the focus groups was to s timulate discussion among staff  members to identify their 
views on factors relating to assaults on staff . Th is was not me ant to ob tain objective data. Rather, the 
purpose was to obtain rich feedback from aff ected workers. Th e responses were used to design a formal 
survey:

 1. Clinical or treatment concerns
 a. Consider infection control during assaults
 b. Patient characteristics that lead to assault

Self-abuse• 
Verbal abuse, cursing, gruesome stories• 
Near misses, e .g., “I ’m going to ge t me a blo nde,” resulted in pat ient-on-patient assault • 
and could have been blonde staff  member
Displaced anger—“Take everything out on you because you were there”• 
Th re ats/ st up• 
Leaving without permission/inappropriate behaviors when LOWC• 
Physiology of drugs such as nicotine and caff eine• 
Harassing phone calls• 
Patients who refuse discharge• 
Wheeling and dealing in contraband• 
History of assaults• 
Sexual preoccupation or recall of past abuse• 

 c.  Medication problems
Blood drawings for medication surveillance may be refused or diffi  cult• 
Periods of medication change may lead to hostile or wild behavior*• 
Caff eine and nicotine are drugs and may change behavior• 
Patients in later shift s may be undermedicated, or overstimulated from contraband caff eine• 

 d.  Smoking problems
Building wide restrictions—why are they in place?• 
Cigarettes become contraband or are stolen or sold• 
Illegal smoking in rooms and bathrooms have caused  res• 
Panhandling of cigarettes occurs• 
Diffi  cult to monitor outdoor smoking privilege• 

* In one of the PAG meetings, it was revealed that a federal court ordered a reduction in the use of medication. Members 
of the PAG felt that this was leading to instances of under use of medications.
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 e.  Environmental concerns
Centralized nursing stations become targets• 
Back of ward is cul de sac, staff  could be isolated• 
Lockable bathrooms during days that can be wedged shut by patient’s body• 
Removable ceiling tiles, ideal spot for contraband and weapons• 
Room decor items (pictures, balloon valences) ideal spot for contraband and weapons• 
Day room has no lockable TV control or TV plexiglass shield• 

 f.  Administrative concerns
Problem patients sent to one ward• 
Change of shift  duties• 
Off -shift  scheduling• 
Retired workers used for vacation  lls• 
Female staff  on male ward• 
Need more staffi  ng in day room and smoking excursions outside• 
Pressing of charges against assailant diffi  cult and inconvenient• 
Incentives for behavior change require money to prevent panhandling, etc.• 

 2. Suggestions for prevention of assault
 a. Identify past experience
 b. Identify potentially assaultive patients and communicate the information to ot her workers, 

other shift s
 c. Spread problems out or decrease census on problem wards
 d. Programming on ward: smaller groups on program; go out on excursions
 e. Restriction of privileges
 f. Use of wrist alarms: better ways to retain wrist alarms
 g. Code Greens successful in limiting assault, but arrive too late to prevent injury
 h. Increase level of knowledge: train retired staff  and those who  ll in for vacations
 i. Survey w orkers: u se pa yday sig n-up, u se n urse ad ministrator to en courage su rveys b eing 

completed
 j. Th at assaultive behavior be reviewed for changes
 k. Assaults and damage to property (punching holes in mirrors, etc.) has consequences
 l. Map risk areas
 m.  Training needs

Repeat behavior management training• 
Verbal skills: talking down violence• 
Crisis management• 
Returning or weekend workers• 
Teamwork: building teams or liaison with doctors• 
Predicting violent behavior• 
Personal self-protection• 
Communication• 

Observation of the Units

Contract staff  v isited the units on nine occasions for 1–3 h to ob serve patient–staff  interaction and to 
informally interview staff  and patients regarding their views on the problem. It was very valuable for the 
project staff  to observe the climate on the wards  rst hand, including several outbursts and a few violent 
episodes. Th ese v isitations revealed t hat s taff  perceptions regarding t he causes of workplace v iolence 
were oft en quite diff erent than those of administrators. Staff  focused on issues such as appropriateness 
of patient programs to their cultural experience, unit rules, and denial of privileges to patients caught 
smoking in the units. Th e latter would result in smoking addicted patients, many with a violent history, 
being denied smoking privileges for 24–48 h. Administrators, on the other hand, were more concerned 
with teamwork, communication, and individual staff  skills.
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Survey

A survey of staff  on Wards 75 and 76 was conducted in November 1996 aft er the PAG approved the survey 
instrument (Appendix 7.A.4). Questions were gleaned from the focus groups and observations and from 
using an instrument designed in the Washington State study.9 Th e surveys and a cover letter describing the 
project were given to staff  by the nurse administrator on each ward who also collected them. Names were 
omitted to maintain staff  con dentiality and the evaluation of responses was done by an independent con-
sultant. Of the staff , 30 were eligible for the survey and 27 were actually returned, a 90% response rate.

Participation on t he t wo wards was evenly d ivided, w ith 13 responses f rom Ward 75 a nd 12 f rom 
76: 11 respondents worked on the day shift , 6 on evenings, and 8 on nights. Of those surveyed, 15 were 
MHTAs, 8 were RNs, 2 had other job titles, and 2 did not list their titles.

Of the staff , 25 reported that they had been assaulted at work by patients: 93% of all respondents. Of 
those 25 staff , 6 re ported being assaulted once, 8 were assaulted twice, and 2 reported being assaulted 
three or more t imes in the past year, 10 reported no a ssaults during that t ime period, and 1 l isted an 
“other” response. Th e majority of staff  reported wearing a wrist alarm either at all times (10) or occasion-
ally (10). However, 6 reported that they never wore a wrist alarm, and 2 did not answer the question.

When a sked to r ate t he promptness of a n emergency re sponse, 11 reported t hat t he re sponse was 
always or u sually prompt, a nd 14 re ported t hat t he re sponse w as s ometimes del ayed. A n add itional 
question was asked about previous training in Managing Crisis Situations (MCS). Th is question was 
eliminated from the analysis since it was determined that a number of the respondents had confused 
this type of training with the annual right-to-know training.

Th ere were three additional components to t he survey. Th e  rst part was a l ist of factors that might 
contribute to w ork-related assaults. Respondents were asked to c hoose t heir top  ve concerns a nd to 
prioritize them (see Figure 7.5). Th e scores for the top  ve concerns were weighted to give the highest 
priorities the greatest weight. Th e top  ve concerns were

 1. Adequate numbers and deployment of personnel
 2. Identify patient with potentially assaultive (e.g., agitated) behavior
 3.  Staff  training in self-defense and/or restraint procedures
 4.  Staff  clinical and interpersonal skills
 5. Legal penalties for competent assaultive patients

FIGURE 7.5 Top  ve concerns of workers.
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Th e results of this component were consistent with the feedback from focus groups that took place on 
both wards.

Th e second portion of the survey related to the types of training programs that staff  would like to see 
at BPC. A variety of types of training were listed and staff  were asked to select as many as they felt would 
be appropriate (see Figure 7.6). Th is i nformation was gat hered to a ssist i n t ailoring t he g rant-related 
training sessions. Th e top  ve topics selected for training programs were

 1.  Self-defense
 2. Working together in crisis
 3 . Verbal de-escalation
 4. Policies on patient assessment for violence
 5. Assessing potential assaultiveness

Data in this section were a lso analyzed with respect to job t itle, ward, and shift . Training interests 
were similar throughout, except for two instances. Th ose who work on the evening and night shift s 
were more l ikely to re quest s elf-defense t raining t han t hose who work on t he d ay shift . W hile t he 
overall sample size was small, this diff erence was signi cant. In addition, staff  on Ward 75 were sig-
ni cantly more likely to request training on working together in crisis than those individuals who 
work on Ward 76.

When evaluating a ne w health and safety program, the expectation is that the number of episodes 
will decrease. Research, as well as the results of this survey, indicates that reporting of assaults is usu-
ally well below their actual occurrence. When staff  participate in training sessions to reduce assaults, a 
frequent result of their heightened awareness is increased. Th erefore, a successful program may initially 
see i ncreased c ases reported. I n t he Washington St ate St udy, t he numbers of c ases d id not de crease. 
However, the amount of lost-time was reduced signi cantly.

Th e survey was also designed to measure individual job satisfaction before and aft er the recommen-
dations were implemented. Th e purpose was to e stablish a ba seline so that a p ostintervention survey 
could measure the diff erence in worker satisfaction between the two time periods. In this section of the 

FIGURE 7.6 Training staff ers would like to have.
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survey, staff  were asked, for example, to rate how satis ed they were with supervisors and administra-
tors, a nd how satis ed t hey were w ith t heir job i n general. In add ition, s taff  were asked to r ate t heir 
present level of health. Analysis by shift , ward, and job title showed similar responses between groups. 
Of those surveyed, 96% reported that their supervisor was somewhat willing or very willing to l isten 
to work-related problems. Additional results indicated that between 70% and 80% of the staff  reported 
being either somewhat or very satis ed in the following areas:

Th e way supervisors and administrators treat workers• 
Th e competence of supervisors• 
Being able to turn to fellow workers for help when something is troubling• 
Th e responses of fellow workers to displays of emotion such as anger, sorrow, or laughter• 
Acceptance and support of new ideas and thoughts by fellow workers• 
Overall job satisfaction• 

Th e level of satisfaction with the amount of praise one got for doing a good job was slightly lower, with 
60% of respondents somewhat or very satis ed. Th e level of satisfaction with the way policies we imple-
mented was even lower, with only 45% of the staff  feeling either somewhat or very satis ed in this area.

While 57% of respondents would not recommend their job to s omeone else to some degree, 77% of 
those surveyed would be either somewhat likely or very likely to take their job again. Th ere was a signi -
cant diff erence between staff  working on diff erent shift s for this question. While the responses of day 
shift  workers were distributed fairly evenly between not at all likely, not too likely, somewhat likely and 
very likely to take this job again, evening- and night-shift  workers almost exclusively reported that they 
were somewhat likely to take their job again.

Individuals were t hen a sked to r ate t heir le vel o f e xhaustion following a d ay of work. W hile 3 6% 
reported being seldom exhausted, 64% stated that they were oft en very tired aft er work. Of respondents, 
60% self-reported either good or very good levels of health and 70% stated that their health was either 
good, very good, or excellent in comparison to the health of others. In the area of self-reported health, 
however, MHTAs were more likely to report either fair or very good health, while RNs reported evenly 
distributed levels of fair, good, and very good health.

Environmental Assessment

Background
Th e environmental assessment of Unit 76 was conducted by a Union Industrial Hygienist, the author 
of this chapter. Because the layout of the two units is identical, the recommendations were applied to 
both units.

An additional component of the environmental assessment involved Kevin Murrett, AIA, Principal of 
Architectural Resources, a  rm with a history of working with OMH. He conducted an inspection on Unit 
75 on October 9, 1996 and his report and recommendations were consistent with the original  ndings.

Th e methods used in the inspections were visual observation and worker interviews. At the time of 
the initial visit there were three MHTAs and one nurse on the ward.

Observations and Worker Comments

Doors

 1. Many of the doors to the units were opened and locked with skeleton-type keys (Figure 7.7). Th is  
system required an individual to manually turn the key to lock the door behind them. Historically, 
skeleton keys were used so that, in case of  re, a worker could quickly identify the proper key to 
quickly allow people to escape harm.

  Recommendation: Security could be i ncreased by replacing skeleton key locks w ith “passive” 
mortise door locks, where doors lock automatically when closed. Th e issue of  re safety could 
be accommodated by using color-coded keys.
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 2. A worker reported t hat t he c losers on t he doors in t he unit were sometimes very s low to c lose 
(Figure 7.8). It was also mentioned that, in one instance, an agitated patient attempted to force his 
way into a utility closet, where a nurse was attempting to push the door closed so that it could be 
locked.

  Recommendation: Institute a preventive maintenance program for door closers.

Ceiling Tiles

 3. Ceiling t iles in t he corridors a re easily removed a nd pat ients have put contraband above t hem 
(Figure 7.9). Staff  related that (a) underwear soiled in feces, pieces of metal, a suitcase, coff ee, and 
cigarettes have been found above ceiling tiles; (b) in one instance a patient tried to commit suicide 

FIGURE 7.7 Skeleton key locks require workers to “remember” to manually lock them.

FIGURE 7.8 Typical door closer.
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by hanging from the aluminum suspension grid; and (c) clips used to hold the ceiling tiles in place 
have been used as weapons.

  Recommendation: A n eng ineering/architectural e valuation s hould b e c onducted to de sign a 
method to secure the ceiling tiles.

Personal Safety & Security

 4.  Staff  reported that when personal alarms were activated security announced “Code Green” emer-
gencies over the PA system which initiated support from outside the unit. However, many staff  
members do not wear personal alarms routinely.

  Recommendation: Staff  should be educated about the importance of wearing personal alarms and 
required to use them.

 5. Th e back hallway in-between the corridors next to t he mechanical equipment room provided a 
potential hiding place.

  Recommendation: A plastic convex ceiling mirror could be strategically placed to increase vis-
ibility a nd el iminate bl ind spots i n t hat a rea (Figure 7.10) (see Kevin Murrett’s report for a n 
engineering solution to this problem).

 6.  Th e store room in the back corridor was an isolated area and needed to be controlled (Figure 7.11).
  Recommendation: BPC should consider implementing a policy requiring a minimum of two staff  

to enter this area and other team members should be informed of coworkers whereabouts.

Smoking

 7a . Staff  reported that many of the incidents on the ward involve cigarettes and smoking. Since there 
was no smok ing in the Strozzi, a s taff  member would have to e scort patients who smoke o ut of 
the building every hour. Th is resulted in fewer staff  on the unit to deal with patient needs or to 
respond to a crisis.

  Recommendation: U se o f t he s pecially v entilated d ay ro om f or pat ient smok ing s hould b e 
reconsidered.

 7b . Staff  reported that when patients were caught smoking in bedrooms or elsewhere on the unit, 
hospital p olicy w as to den y t hem smok ing privileges for a p eriod of t ime. Th is  oft en caused 

FIGURE 7.9 Tiles are easily removed for hiding contraband.
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smoking-addicted patients to become agitated and even assaultive. One staff  member reported 
that a patient threatened to kill a nurse who caught him smoking in his bedroom.

  Recommendation: Hospital m anagement s hould c onsider a lternative c onsequences for pat ients 
caught smok ing w hich w ill not le ad to i ncreased pat ient a gitation a nd p otential a ssaultive 
behavior.

Decorations and/or Worksite Design

 8.  Th e decorative pictures on the corridor walls could easily be removed and used as a weapons. In 
fact, we observed that a picture had been removed (Figure 7.12).

  Recommendation: A mo re s ecure me thod o f h anging p ictures i s to u se tog gle b olts a nd 
Plexiglas.

FIGURE 7.10 Approximate location of proposed convex mirror ceiling tile.

FIGURE 7.11 Door to isolated back store room.
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 9.  Th e design of the nurses’ station (Figure 7.13) sometimes contributed to pat ient/staff  tension in 
that pat ients could easily access t he space by “ jumping” over t he structure or reaching over to 
grab things. Also staff  could not observe activities in the day room when seated at this station.

  Recommendation: Consideration should be g iven to re designing the nurses stations or modify-
ing them to provide greater security and increase visibility of patients in the day room (also see 
recommendations in Kevin Murrett’s report).

 1 0. Th e telephone in the nurses station was not secured and had been a source of contention between 
staff  and patients.

  Recommendation: Th e phone should be installed on the wall or under the desk to el iminate this 
source of patient/staff  discord.

FIGURE 7.13 Nurses station.

FIGURE 7.12 Pictures can be pulled from the walls.
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Managing Crisis Situations

 11. Regarding MCS Training, one staff  memb er reported never having been trained during 9 ye ars 
of employment. Others reported v iewing a s hort v ideo a c ouple of years ago. Th e sister facility, 
Binghamton PC, had mandatory MCS training in place and experienced considerably less lost-
time injuries in 1995.

  Recommendation: BPC should institute mandatory MCS training with annual updates, especially 
for workers in units that are experiencing a high number of incidents.

 1 2. A staff  member reported that a “code green” which involved a particular patient occurred on day 
shift  a nd t he staff  on evening shift  never were informed what happened. Consideration should 
have been given to improving cross shift -communication, especially regarding escalating patient 
aggressiveness.

  Recommendations: (a) An incident log to t ransfer information between shift s re garding pat ient 
agitation and/or assaultiveness should be tried on a pilot basis; (b) any “code greens” or assaults 
should be reported to oncoming staff  during change-of-shift  meetings; and (c) an attempt should 
be made to hold more treatment team meetings at times when representatives from across the 
three shift s may attend.

Program

 13 . Staff  reported that forcing patients to go to programs sometimes caused them to become aggres-
sive. Also, many of the programs that were available frustrated patients because they would jibe 
with their interests and cultural backgrounds. When asked what kind of programs would be more 
suited to patients on that unit, staff  suggested auto mechanics or wood shop.

  Recommendation: Consideration should be given to providing programs that match patient inter-
ests and backgrounds.

 14. During the visit we observed a hand broom that had been left  in the corridor and a can of disin-
fectant spray in a patient bathroom. Th ese objects could be used as weapons and should not have 
been left  around the unit.

  Recommendation: Include housekeeping staff  in training programs and emphasize that they can 
contribute to preventing patient/staff  injuries. Have oncoming staff  conduct a 5 min visual inspec-
tion of the unit to check the ward environment at the beginning of each shift .

Training

Staff  (Figure 7.14) were trained on two separate days in December 1996 and January 1997. To emphasize 
the goal of promoting teamwork and communication, workers from all three shift s trained together. 
Th e agenda was tailored to the needs assessment and the priorities identi ed through worker surveys. 
An expert trainer with over 20 years of experience in mental health and the criminal justice system 
helped c onduct t he s essions toge ther w ith U nion H ealth & S afety a nd f acility St aff  Development 
personnel. A r isk-mapping exercise a llowed workers to i llustrate, on a s chematic of t he u nit, where 
assaults had taken place.

Th e t raining i nvolved te aching c ognitive k nowledge a bout pat hways to v iolence, t he  ndings of 
the project team (focus groups, surveys, and environmental assessments), and nonverbal, verbal, and 
physical s kills i n pre venting v iolence. Th e p rogram b egan w ith a s trong s tatement o f m anagement 
commitment to t he process from the deputy of administration. Th e training was concluded when the 
participants were d ivided i nto t hree g roups i n which t hey outlined t heir top  ve concerns t hat were 
presented to the facility director and the top cabinet offi  cers. Although there was a considerable amount 
of venting, this method allowed workers to directly identify their priorities for addressing the violence 
problem with their facility leadership.
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Training Evaluation

Results of written evaluations by attendees of Day 1 are shown in Tables 7.5 and 7.6.

Buff alo Project Conclusion

Th e P roject Team adv ised t hat t he re commendations s hould b e f ully c onsidered a nd p rioritized b y 
BPC’s leadership with appropriate input from all stakeholders. To that end, the PEF Health and Safety 
Department off ered its support in the following ways:

Providing a presentation on the project and its results to BPC’s leadership• 
Assisting with follow-up surveys and training sessions• 
Helping to facilitate expansion of the project to other units as deemed appropriate• 

Summary of Recommendations and Best Practices

Th e following recommendations and best practices were based on the assessment phase of the project. 
Some of the recommendations were based on innovative approaches that were implemented at sister 
OMH facilities. Th e project team acknowledged that the interventions needed to be considered in terms 
of their economic and technical feasibility. Although, some of the steps could be taken right away, others 

TABLE 7.5 Unit 75

Evaluation Criteria Score Possible Score

Training useful to me 3.3 4
Materials relevant 3.2 4
Presentation 

well-organized, 
understandable

3.4 4

Suffi  cient discussions/
interacting time

3.3 4

Trainer(s) evaluation 4.58 5

Note: Attending, 19; Evaluating, 19 (100% response rate).

FIGURE 7.14 Staff  workers.
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would require further study and experimentation. Th e intent of the recommendations were to re duce 
the number and severity of violent incidents by creating a safer and more therapeutic hospital environ-
ment and by better preparing staff  to recognize and anticipate patient needs.

Summary of Recommendations

 1.  MCS training should be mandatory for all staff  who have patient interaction, especially in units 
that experience signi cant numbers of a ssaults. Training staff  on methods of preventing crisis 
through nonverbal, verbal, a nd physical i nterventions i s essential to re ducing t he number of 
incidents a nd t he severity of i ncidents. Interestingly, Bu ff alo reports fewer i ncidents t han its 
sister facility Binghamton PC. However, Binghamton, which requires MCS training, has fewer 
lost-work days.

 2.  Annual updates on MCS training should be mandatory for all staff  who have patient interaction, 
especially in unit s th at e xperience sig ni cant numb ers of a ssaults. A nnual up dates w ill h elp to 
ensure that staff  enact the methods and practice them. Th is will help staff  to deal with patients 
needs in the most sensitive manner and to avoid incidents.

 3.  Environmental recommendations are listed in the environmental assessment report (attached) and 
should be prioritized and fully considered. It appears that many incidents involve smoking, there-
fore, these concerns warrant special attention.

 4.  Emergency responses (code greens) may be improved by using a system of dedicated teams, trained in 
this function. Rockland Children’s PC has established such a system. Currently, BPC uses a system 
where all available staff  are supposed to assist during a code green. Problems include response time 
and people from outside the unit who are unfamiliar with the patients. Th e dedicated-team approach 
involves a weekly assignment of an emergency-response-team leader and an adequate number of 
responders. Rockland also uses an emergency-response kit which includes medication and gloves.

 5. All staff  should be required to wear personal alarms. Th e survey and observations indicate that a 
signi cant number of staff  do not wear their personal alarms. Th ere were problems with insuffi  -
cient alarms being available. Rockland Children’s PC has installed a state-of-the-art system which 
lights up a board in the safety offi  ce showing the exact location of an incident. It appears that the 
BPC system needs upgrading regarding its use of alarms, response time, and its ability to pinpoint 
incidents.

 6.  Communication may be improved by holding some team meetings between shift s. Clinicians should 
also meet with direct care staff  to discuss particular patients treatment plans and needs, especially 
those who are assaultive and display a ten dency toward a m anipulative cognitive pat h towards 
violence.

 7.  Assessment of patie nt v iolence shoul d be r outine, e specially on hig h-risk unit s. I ntervening i n 
Violence in the Psychiatric Setting should be considered for use, especially in high-risk units. 
(A copy of this instrument is attached as Appendix 7.A.8).

TABLE 7.6 Unit 76

Evaluation Criteria Score Possible Score

Training useful to me 3.5 4
Materials relevant 3.5 4
Presentation 

well-organized, 
understandable

3.6 4

Suffi  cient discussions/
interacting time

3.6 4

Trainer(s) evaluation 4.43 5

Note: Attending, 14; Evaluating, 14 (100% response rate).
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 8.  Consider using a violence calendar and violence log. Middletown PC has instituted these systems 
facility-wide under the direction of the Hospital Director. Th e interventions were developed by 
a QAI team and the program is administered by the staff  development specialist. Th e program 
includes a “ Credo” for pat ient a nd s taff  to establish baseline values on violence, respect, trust, 
caring, responsibility, and fairness. Th e calendar and log are simple, not time consuming, and the 
information they provide is used in team, community, and staff  meetings. Call the staff  develop-
ment specialist to request a presentation on this innovative program.

 9.  Develop an on-the-job system of mentoring direct care staff  on th e skil ls and techniques l earned 
in the classroom. Mentoring on the unit by team leaders, other professionals, and peers who are 
expert at diff using crises is essential to f ully implementing the methods taught in training ses-
sions. Implementation of a mentoring system should be considered.

 10 . Institute a postincident support program for staff . OMH has issued a policy directive requiring all 
facilities to develop such a policy. Th e purpose is to provide emotional support and counseling to 
staff  who have been assaulted or seriously injured. Prompt medical management of staff  injuries 
and appropriate c ounseling a nd de brie ng of injured workers, coworkers, and patients should 
be in a written policy and implemented hospital-wide. To assure con dentiality, counseling and 
debrie ng should only be conducted once it has been determined that no disciplinary charges will 
be made against an aff ected staff  member.

 11 . Th e methods and training developed in this project should be extended to other units at BPC, espe-
cially those with high assault rates.

 12 . Follow-up evaluation of thi s project should be conducted to t rack changes in in cident rates, lost-
time, and worker satisfaction. PEF will assist in conducting a follow-up survey of staff  on units 75 
and 76 and also reviewing accident and injury data to help measure the program’s eff ectiveness.

Binghamton Psychiatric Center

In response to t he distribution of the OSHA Violence Guidelines by the Multi-Union Health & Safety 
Committee, the Binghamton PC Health & S afety Committee established a sub committee to c ompare 
its policies with OSHA’s recommendations. Additionally, the committee, at the request of the Local PEF 
leader invited t his author and central agency management to v isit t he facility. Th e v isit began w ith a 
meeting which included the director of the facility, her top staff , union representatives, and direct-care 
workers. When the director inquired about the scope of the visit, the union proposed establishing a joint 
project team that would analyze violence on two units and develop appropriate interventions. Th e facil-
ity director and local union leaders quickly embraced the proposal.

Th e, “Safe Unit Environment Project” focused on t he secure Unit 95 a nd t he Admissions Unit 97. 
Methods used in the Buff alo project were repeated at Binghamton. Th e committee established a goal:

To en hance t he w ork en vironment b y sub stantially re ducing t he c auses o f s erious i njury to b oth 
patients and staff .

Injury Data Analysis

In contrast to Buff alo, more detailed injury data was provided in the Binghamton project that allowed 
for a more thorough analysis of injury trends.

A  rst s tep i n a ny i njury p revention p roject i s to c ollect a nd a nalyze a vailable d ata to s ee i f d is-
tinct injury patterns exist. Once a pattern is recognized, targeted interventions can be developed. Data 
sources used in this analysis include Binghamton PC assault and restraint injury reports, Occupational 
Injury Reporting System (OIRS)* s tatewide reports, a nd s taffi  ng i nformation reported by t he facility 

* OIRS captures all reported injuries including those with and without lost-time. However, it is well accepted in the 
research literature that most occupational injury and illness data systems tend to underestimate incidence due to incon-
sistent reporting. Th reats, for example, are not routinely reported and/or recorded in OIRS.
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management. Th e s tatewide r ates w ere c alculated u sing O IRS d ata f rom Ap ril 1 , 1995 to D ecember 
31, 1995. Th e rates for units 94 and 97 were calculated using Binghamton PC data f rom June 1, 1995 
to September 30, 1996. Rates are used to allow for a comparison between facilities employing diff erent 
numbers of workers.

Comparison with Other Facilities

A look at statewide injury rates revealed how Binghamton compared to other facilities. Figure 7.15 dis-
plays the estimates for each of the 29 facility’s rates during the 1995 calendar year. It was based on all 
reported injuries, including those with and without lost-time. Binghamton PC ranked 10th highest of 29 
facilities statewide, with a 40.6 per 100-reported injury rate.

FIGURE 7.15 Statewide injury rate estimates for 1995.
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Th ese rates represent the number of cases per 100 workers during 1995.
Figure 7.16 shows t he r ates of lost-time injury c ases for t he 29 f acilities. Bi nghamton r anked 22nd 

with a 6.5 per 100 lost-work-time injury rate. Th e  nal comparison shown in Figure 7.17 shows lost-time 
severity rates and Binghamton ranked 14th with an 8.5 per 100 rate. Th e last two measures are most sig-
ni cant in that lost-time injuries represent the greatest pain and suff ering, worker’s compensation costs, 
and disruption to staffi  ng and operations. Th e lost-time case rate is calculated by taking the number of 
lost-time injury cases divided by the number of full-time workers per year. Th e lost-time severity rate 
showed that the number of workdays lost to injury at Binghamton in 1995 was equivalent to the time 
of 55 full-time employees. Th is rate is used to estimate the equivalent number of workers lost to injury 
per year and is calculated by dividing the number of lost work days by the number of full-time workers. 

FIGURE 7.16 Lost-time injury rates by OIRS for 1995.
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While Binghamton is doing much better than many facilities regarding severity of injuries, continued 
eff orts to further reduce injuries were clearly warranted.

Assault and Restraint Injuries

According to the Binghamton data, there were 290 injuries reported between May 1995 and May 1996. 
Of these injuries, 33% (95) were caused by restraining pat ients or f rom pat ient assaults. Th e monthly 
number of restraint and assault injuries is displayed in Table 7.7. Th e numbers varied greatly by month 
and although assault injuries increased between December 1995 and April 1996, it does not appear that 
the diff erence represents a trend or seasonal variation. Th e average number of assault injuries over the 
year is 4.77/month, and the average number of restraint injuries is 2.5/month. Th ese two causes contrib-
ute more to injury in the facility than any other cause. Th e contribution varied on a monthly basis from 
a high of 46% of all injuries in February 1996, to a low of 6% of all injuries in May 1996. Th ese  data sup-
ported the decision by management and labor at Binghamton to focus on reducing assault and restraint 
injuries. Furthermore, the randomness of these data enforced the need to further study the increase in 
assaults between December 1995 and April 1996.

Assault and Restraint Injury Rates in Units 95 and 97

Th ere are eight patient units in the Binghamton PC. Units 81, 85, and 89 are geriatric, units 2, 3, and 4 
are adult, 97 is admissions, and 95 is a secure unit. Over the 15 month period between June 1, 1995 and 
September 1, 1996, there were 44 assault and restraint injuries reported in units 95 a nd 97 involving a 

FIGURE 7.17 Lost-time severity rates by OIRS for 1995. *FTE = full-time employees.
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TABLE 7.7 Reported Injuries by Cause and Month

1995–1996 May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May

Restraint (R) 6 5 2 2 1 2 4 2 2 2 2 3 0
Assault (A) 4 5 2 4 4 3 4 6 7 11 5 6 1
Others 19 16 17 11 11 16 15 11 17 15 17 14 16
% R & A 34 38 19 35 31 24 35 42 35 46 29 39 6
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staff  of 35. Of these injuries (23 per 100), 10 occurred in Unit 97 which had 18 employees, and 34 of the 
injuries (77 per 100) occurred in Unit 95 which had 17 people. When the number of assault and restraint 
injuries in each unit was divided by the number of staff  employed by that unit and annualized, an annual 
assault and/or restraint injury rate was determined. Th e annual injury rates for units 97 and 95 were 44 
and 160 per 100, respectively.

An annual injury rate of 100 represents that, on average, every employee will experience an injury 
during the course of the year. Th erefore, a rate greater than 100 represents that more than one injury per 
employee is occurring annually.

Th ese data indicated that the injury rate on Unit 95 was signi cantly greater than on 97. To properly 
focus preventative eff orts, it was recommended to conduct a comparative analysis of all Binghamton PC 
units assault and restraint injury experience.

Assault and Restraint Lost-Time Injuries

Of the 44 assault and restraint injuries reported from units 95 a nd 97, 5 (11%) resulted in lost-time: 1 
from Unit 97 and the other 4 from Unit 95. Th ree were caused by assaults and two from restraining.

Th e lost-time restraint/assault injury rates for units 95 and 97 were 24 and 6 per 100, respectively. Th is  
compares to an overall rate of 6.5 per 100 facility wide.

Two lost-time assault injuries occurred in February 1996, the month with the most injuries. Further 
investigation revealed that one problematic patient was responsible for multiple assaults on staff  during 
this period.

Units 95 and 97 Assault and Restraint Injury by Shift 

When analyzing each of the units by shift  over the same 15 month period, more injuries were reported 
during the day shift  and none occurred during nights (Tables 7.8 and 7.9):

Assault and Restraint Injuries by Times of the Day

Th e times of the day when these injuries occurred have been separated by unit in Figures 7.18 and 7.19. 
Th e time periods which appeared to have increased incidents were

Unit 95 Unit 97
7:00–9:00 am 10:00–11:00 am
2:00–5:00 pm  1:00–2:00 pm
7:00–8:00 pm

TABLE 7.8 Unit 97—Admission

Shift  of Injury Assault Injuries Restraint Injuries Total Injuries

Day 4 4 8
Evening 1 1 2
Night 0 0 0
Total 5 5 10

TABLE 7.9 Unit 95—Secure Unit

Shift  of 
Injury Assault Injuries Restraint Injuries Total Injuries

Day 11 8 19
Evening 8 7 15
Night 0 0 0
Total 19 15 34
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Further investigation may reveal i f there is any correlation between activities and incidents during 
these periods, especially with respect to ac tivities, communication, and coordination at s hift  change. 
Th e investigation should include mapping where the incidents take place and characterizing predictive 
factors, if any exist.

Assault and Restraint Injury Rates by Job Title

Injury rates were a lso determined by job t itle by d ividing t he number of injuries in each t itle by t he 
number of employees holding that t itle. Using these rates, those job t itles presenting the greatest r isk 
can be clearly identi ed.

FIGURE 7.19 Unit 95—Assault and restraint injuries by time.
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FIGURE 7.18 Unit 97—Assault and restraint injuries by time.
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Th e injury rate in the Secure Unit 95 is  ve times the facility average for RNs and LPNs at 220 and 160 
per 100, respectively. Th e SCTAs have a rate that is more than twice the facility average at 88 per 100. 
In Admissions Unit 97 the nurses have a rate that is double the facility average, 80 per 100. However, the 
MHTAs have a rate that is lower than the facility average, 27 per hundred.

Facility Average Injury Rate, All Units: 40.6 per 100
Facility Average Lost-Time Injury Rate, All Units: 8.5 per 100

Th e lost-time rates reveal a similar pattern. On Secure Unit 95, nurses have a lost-time rate four times 
the facility average at 32 per 100 and SCTAs have a rate that is twice the facility average at 16 per 100. On 
Admissions Unit 97, the nurses have a lost-time rate that is somewhat greater than the facility average, 
13 per 100. However, the MHTAs had no lost-time injuries during the 15 month period.

Th is analysis indicates that nurses are experiencing a much greater rate of injury than MHTAs and 
SCTAs. Fu rther i nquiry i nto w hy t his c ondition e xists i s w arranted. A lso, e ff orts to u nderstand t he 
high rates of injury to SCTAs in the secure unit are clearly justi ed. An analysis of injury rates by job 
title, facility wide should be made to f urther reveal units and jobs that are at h igh risk and targets for 
intervention.

Tables 7.10 a nd 7.11 s how t he t ype o f i njury (restraint a nd a ssault) by job t itle. Th is  comparison 
reveals t hat n urses a re mo re f requently a ssaulted, w hile S CTAs a nd M HTAs a re mo re f requently 
injured during restraining activities. Th i s diff erence should be considered as we develop a prevention 
strategy (Tables 7.12 and 7.13).

Number of Repeat Cases

Repeat cases are illustrated in Figures 7.20 and 7.21. Of the population of 35 workers, there were 26 who 
reported injuries in units 97 and 95 in this 15 month, time frame. Of those who reported injuries, 11 
(46 per 100) reported an injury more than once and 5 (19 per 100) at least three times. Further investiga-
tion regarding the reasons for the repeat cases may help reveal factors such as:

Activities or tasks that are related to injuries• 
Environmental conditions• 

TABLE 7.11 Unit 97 Admissions: Assault and Restraint Rates by Title

Assault 
Injuries

Restraint 
Injuries Totals

Number of 
Employees

Annualized Injury 
Rates per 100 

Workers

RN 4 2 6 6 80
MHTA 1 3 4 12 27
Totals 5 5 10 18 44

TABLE 7.10 Unit 95 Secure Unit: Assault and Restraint Rates by Title

Assault 
Injuries

Restraint 
Injuries Totals

Number of 
Employees

Annualized Injury 
Rates per 100 

Workers

RN 8 3 11 5 220
LPN 2 2 4 2 160
SCTA 4 7 11 10 88
Totals 14 12 26 17 127
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TABLE 7.13 Unit 97 Admissions: Lost-Time Assault and Restraint Rates by Title

Lost-Time Assault 
Injuries

Lost-Time Restraint 
Injuries Total Lost-Time

Number of 
Employees

Annualized Injury 
Rates per 100 

Workers

RN 0 1 0 6 13
MHTA 0 0 0 12 0
Totals 0 1 1 18 4

FIGURE 7.20 Secure unit 95: Assault/restraint injuries by title (June 1995–September 1996).
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TABLE 7.12 Unit 95 Secure Unit: Lost-Time Assault and Restraint Rates by Title

Lost-Time 
Assault Injuries

Lost-Time 
Restraint Injuries

Total 
Lost-Time

Number of 
Employees

Annualized Injury 
Rates per 100 

Workers

RN 2 0 2 5 32
LPN 0 0 0 2 0
SCTA 1 1 2 10 16
Totals 3 1 4 17 19

FIGURE 7.21 Admissions unit 97: Assault/restraint injuries by title (June 1995–September 1996).
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Randomness or predictability of assaults• 
Eff ectiveness of emergency response to crisis• 
Adequacy of staffi  ng and staff  deployment• 
Relative levels of staff  training and skills in diff using agitated patients• 

Conclusion

Th e above analysis i llustrates the scope of the worker injury problem at Bi nghamton PC and on units 
95 and 97 in particular. Th e information enforces the decision by labor and management to i nitiate a 
project regarding ward safety. Combined with worker input and further study, this analysis can be used 
by a committee to develop a prevention strategy. Th e following is a summary of the recommendations 
made throughout the report.

Recommendations

 1.  Continued eff orts to further reduce injuries are clearly warranted. Th e decision by management 
and labor at Bi nghamton to focus on reducing assault and restraint injuries is supported by the 
data and should continue.

 2. To properly focus preventative eff orts, a comparative analysis of all Binghamton PC units’ assault 
and restraint injury experience should be undertaken. Th is review should include an analysis of 
injury rates by job title, facility wide to further reveal units and jobs that are at high risk and tar-
gets for intervention.

 3.  Th e reasons for the increase in assaults between December 1995 and April 1996 merits further 
study to determine if there was a trend based on seasonal attributes or particular patient and/or 
staff  factors. Further investigation may reveal i f t here is a ny correlation between ac tivities a nd 
incidents during these periods, especially with respect to activities, communication, and coordi-
nation at shift  change. Th e investigation should include mapping where the incidents took place 
and characterizing predictive factors, if any exist. It would also be worth checking to see if speci c 
factors contributed to a heightened level of stress on the secure unit in February 1996 when two 
lost-time injuries occurred; such as

Activities or tasks that are related to injuries• 
Environmental conditions• 
Randomness or predictability of assaults• 
Eff ectiveness of emergency response to crisis• 
Adequacy of staffi  ng and staff  deployment• 
Relative levels of staff  training and skills in recognizing and diff using agitated patients• 

 4.  Th is analysis indicates that nurses are experiencing a much greater rate of injury than MHTAs 
and SCTAs. Th e nurses are more frequently injured due to assaults, while MHTAs and SCTAs 
are more frequently injured during restraining activities. Th erefore, it makes sense to focus on 
these occupations and recognize these diff erences while developing an intervention. Calculation 
of ho w o ft en restraining patients leads to s taff  injury will also be helpful in addressing this 
problem.

 5. Further investigation regarding the reasons for the repeat cases will also help in identifying pos-
sible solutions (Table 7.14).

Conclusion

Th e projects at Binghamton and BPCs are continuing. Over time an evaluation of the impact will help 
to assess the eff ectiveness of the methods used in the pilot studies. Th ere are a number of confounding 
factors that will make it diffi  cult to fully evaluate the impact of these projects.
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TABLE 7.14 Units 95 and 97 Focus Group Interviews January 27 and 28, 1997

Worker Concerns Number of Comments Comments

Training 10 MCS mandatory for clinical and voluntary for nonclinical 
workers; has high rate of attendees

MICA training is mandated
Out ow of information from patients at discharge leads to more 

worker re-training
Training generated by ex-clients that are well motivated but not 

typical of usual patients
Physical safety training good but verbal skills need to be 

emphasized; former verbal bluff s now considered abusive
MCS good for handling patients
MCS training adequate—used oft en—more verbal for geriatric; 

more physical for others; mandatory for professionals
Have MICA training
Potentially hazardous to bring in staff  from other units to take 

over during training due to patients decompensating—diffi  cult 
to return to unit—half staff  should attend classes and use 
regular staff  left  on all three shift s

Annual training not enough
Type of patients/clients 26 Sociopathic; noisy when going to dining room

Self-abusive
Street persons/MICA
Dangerous patients
Patients are “bottom of the barrel,” deinstitutionalization, 

and jammed facilities and gridlock in the community result 
in lengthier stays for those ready to be released

Many alcohol and drug issues—patients not really mentally ill
System is bogged
ACLU and patient-rights issues result in patients not taking 

medications aft er leaving and entering community; arduous 
to get on court-ordered medications

Single patient in 4- and 5-point restraints 45 times—generates 
a lot of overtime

Patients have no support system outside the hospital
CPLs sent for long-term care with no ultimate control other than 

forensic committees—have 5 now
Taking away of choices causes aggression
Most  rst-time patients, need institutionalized living 

orientation—should be 90 days
Who is really psychotic, who is not
HIV/AIDS patients have no incentive to control activities
Right to refuse medication when actively psychotic—delay in 

getting court-ordered medications, may be bad for patients 
health; should go right to court and intramuscular and per-oral 
should be ordered or stat dose if assaultive

Infection control issues with HIV-positive patients
System is manipulated by MICA clients who pretend suicide, 

get SSI, then return to system aft er partying
Medicating for immediate behavior is “band aid”
Discharged patients may have assaultive potential—follow them
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TABLE 7.14 (continued) Units 95 and 97 Focus Group Interviews January 27 and 28, 1997

Worker Concerns Number of Comments Comments

Patients know how to verbally and physically abuse staff  because 
they know how to use the system—too much leniency given

Less physical activity for patients due to lock down and staffi  ng
No forcible medication unless imminent danger; push to get out 

in community where if they act out, police in  ak jackets and 
9 mm gms presses charges; patient sent back to psychiatric center

A psychiatric diagnosis now equates to money—people know 
such a diagnosis will get you money

Secure care unit accepting from other catchment areas/CPLs not 
always admitted to secure care—should come to secure care due 
to skills of manipulation learned in corrections

New younger male MICA clients; police do not want to deal with 
mental health issues—make occasional sweeps

Environmental 13 Telephone should be boxed
Telephone in day room is problem
Weapons are available, e.g., chairs not bolted down, cigarettes
Plexiglas kicked out of smoking room
Air conditioning installation helped situation
Objects (boots, shoes, walkman cords, shoelaces) need to be 

restricted
Plugs put in holes of window levers in some locations, not in 

others
Windows are breakable and can be used as weapons
Plexiglas on pictures can also be broken and used as weapon; 

pictures are bolted to walls but have sharp edges
Psychosocial Secure care unit is threatened with loss, not operating as per 

7/95 policy Appendix III
New behavior program with 10 beds
Requirement for secure care patients diagnosed as self-abusive, 

etc. to be stabilized in 60 days, limited patients, may destroy 
secure care

Crowded with 25 (present census was 24)
Communication 11 Lack of control and continuity from shift  to shift 

Worker should check with regular staff  when on someone else’s 
unit  oating

Statistics for worker injury are unknown
Histories of assaults should come with patient; history is not 

accessed or patient may be new to system due to overcrowding 
elsewhere

Communication is by (1) day book, (2) word of mouth, and 
(3) patient report of aggressive behavior, also meds in change 
of shift  transfer; good communication on this unit

Communication levels between services vary in quality; 
paperwork and notes lacking

Did not get cited for chart de ciencies, etc.; decisions made 
and followed through

Reports generated tend to criticize workers
Administration expects employees to know location of all other 

employees
Incident documentation needed: who sees?

(continued)
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TABLE 7.14 (continued) Units 95 and 97 Focus Group Interviews January 27 and 28, 1997

Worker Concerns Number of Comments Comments

Policy issues 34 No therapy aides in on treatment planning
Lack of consistency—need policy change or consistent 

compliance; more consistency, less confusion among 
patients

Policies can be rescinded by doctors orders; policies should be 
revised from input from all three shift s and posted for clients 
to read

Privileges (e.g., separate rooms in 95) are sometimes sought 
by acting out, then diffi  cult to return

CPLs should  rst come to Unit 95
Between a rock and a hard place—clients qualify for secure care, 

but central offi  ce policy is to get them out the door
People will remain who need controlled environment
Th ose put out are not getting support upon discharge or are 

released before stabilization, or they do not comply with 
treatment

What will happen regarding the money being spent on 
changes?

Patients report abuse directly to the top instead of to charge 
nurse, etc. who would understand the issues

Patients who should be on secure care are on admissions and vice 
versa, e.g., secure care patients were escorted on a bowling trip, 
or suicidal patients transfer to admissions because of space 
problems in community

Revolving admissions: MICA client from jail; “dumping” from the 
community

Programs added onto weekends, leaving clients no fresh air 
exposure, no free time, no sleep-in time, locked dorms during 
programs, changed visitor hours; should revisit mandated 
programs, on weekends especially

With ratio of 6:1, can take patients for walks, etc.
Program nonparticipators disruptive, e.g., sleep in halls
Upon new admissions, there should be drug withdrawal for 

3 days before interventions occur
Diffi  cult to get bodies in or out to programs and downtown for 

appointments; time requirements require program attendance; 
separate staff  for programs needed

One-on-ones with patient in restraint severely restricts available 
staff 

No management policy on general outside hospital duty; should 
be “eyes and ears” only, no assistance given during hospital visit 
by employee; “sitters” required by hospital policies if patient is 
overactive

No scheduled overtime as in past occurred with increased 
census—now upon assignment; voluntarily when one-on-ones 
occur, mandatory overtime required if no volunteers
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TABLE 7.14 (continued) Units 95 and 97 Focus Group Interviews January 27 and 28, 1997

Worker Concerns Number of Comments Comments

What is cabinet level responsibility (upon documentation of an 
incident)? Are we at “brick wall” with care for patient not 
improving, is alternative treatment needed and can therapeutic 
relationship be maintained?

Help is available from administration—go down and get 
interrogated

(Nurses) have no con dence in improvements to system—more 
being asked, e.g., medical clinic being set up, charge nurse asked 
to man treatment mall and new clinic as well as admissions; 
“semantic” MICAs have constant calls for evaluations, discharge 
surveys that are negative lead to complaints from 
administration of staff  negativity

Staffi  ng requests languish un lled, or  ll skilled slot with 
overtime; transferred workers or notice sent to charge nurse 
who assigns

Need acknowledgment of job worth—no positive statements 
are received

Smoking policy Cigarette restrictions
Smoking is workable now: smoke in designated area in unit with 

observer outside small unit window, going smoke-free could 
cause problems

Due to lack of money, cigarettes not provided to new patient until 
patient obtained job; staff  provided cigarettes in interim

It is inconsistent that treatment plan is individualized, but 
smoking privilege is blanket policy

It would be a war zone if the building went smoke-free
Cigarette restrictions due to lack of money leads to agitation 

in patient
Building going smoke-free in 1999
Cigarettes big issue—no cigarettes when they  rst enter unit
Want facility smoke-free—patients cannot smoke on unit due to 

“short-term” care that keeps getting extended; one employee 
escorts 19 patients to small enclosed smoking area; patients are 
referred because Binghampton BPC known to have smoking areas

Posttrauma response 5 Lack of criminal involvement with police for assaulters—only 
restraint—resistance by police and due to in-house hope to keep 
it quiet

Experience in legal system is poor, “part of your job” per police. 
Basketted cases by safety are now turned in as assaults but 
police not cooperative. District attorney does not appear to 
listen; we want issues recorded in proper way; liaison with 
police concept a good one

Aft er event, safety did not help; workers’ comp was a mess
Employee-assistance-program crisis intervention team is under 

way with union involvement

(continued)
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TABLE 7.14 (continued) Units 95 and 97 Focus Group Interviews January 27 and 28, 1997

Worker Concerns Number of Comments Comments

Verbal assaults, name calling, ethnic slurs lead to no retaliation 
except possible follow-up by nurse, which can cause complaints 
and interrogations against employee—causes employee to be 
pulled

Worker characteristics 19 Old school techniques
RIFed so many times that there are only 2 social workers 

and 30 admissions last month
Staff  capable, not under trained
RIFs cause increased age in workers
Lack of staffi  ng most important thing—patients sense it; is 

money used in cost-bene t analysis of staffi  ng vs. patient 
assaults?

Staffi  ng gender nonspeci c unless for emergency room visits or 
“sensitive” care units; need clari cation for how gender staffi  ng 
decisions are made, as in incontinence or rape cases

Juggling staff  around—nights “raided”
Diff erences in privileges granted—no follow-through, no sitting 

and talking about it, no decision making
Patients have rights, but what happened to us?
Retirees returning but some situations not appropriate, workers 

feel protective of them if older
5-Point restraints may require 6 people, preferably male

Secure unit is threatened with loss, not operating as per 7/95 
policy Appendix III

Complacency among staff 
All jobs important
Used to working together in teams on shift , problems in working 

together cross-shift s—only sporadic
Hard to learn to keep frustrations down, especially when dealing 

with pedophiles, etc.; burnout
Nurses are more frequently assaulted because they are who 

patient identi es as the person who communicates denial 
of privilege

Morale plummets with tired, discouraged workers
Th erapy aides on Unit 97 bidding out—everyone wants 

off  the unit

Binghamton Psychiatric Center Training Initiative on Reducing Workplace Injury for Units 95 and 97

Time Topic

8:00 am Introduction and welcome
Management commitment and employee involvement
Margaret Dugan, Chief Executive Offi  cer, BPC

8:05 Project Background
Patricia Walsh, R.D., Co-Chair Health & Safety Committee

8:10 Union Support
Laura Kittredge, Public Employees Federation Council Leader, Co-Chair Health & Safety 

Committee
Mark Mandyck, CSEA Local President
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A number of facility a nd agency i nitiatives a re u nder way to add ress t he same problem. Th ese  • 
include programs for improving patient assessment, mandatory training, and changes in clinical 
treatment and rehabilitation programs.
Th ere a re sig ni cant diff erences i n t he s kills, c ommitment to t he p roblem, a nd rel ationships • 
among managers and union leaders in the 28 hospitals operated by OMH. Th e se diff erences may 
have a signi cant eff ect on the ability of a pa rticular hospital organization to e ff ectively imple-
ment the process described in this chapter.
Th e use of a microanalysis of job titles and units, while very helpful in identifying problem areas, • 
produces unstable rates which can be sharply aff ected by small changes in incidence.

Despite these limitations, the pilot projects in OMH illustrate that when there are strong labor/manage-
ment relationships and organizational will, the implementation of OSHA’s guidelines for prevention of 
violence in health care facilities is feasible.

TABLE 7.14 (continued) Units 95 and 97 Focus Group Interviews January 27 and 28, 1997

Time Topic

8:20 Goals and objectives of the training:
Violence injuries in OMH and Binghamton PC: Data analysis
Deb Wagoner, OMH Employee Relations and

Jonathan Rosen, Director Health & Safety, PEF
8:30 Results of the BPC focus groups

Janet Foley Health & Safety Project Developer, CSEA

8:40 De ning and predicting violence (Safety Training, pp. 11 and 15)
Ken Duszynski, Intensive Case Manager

9:25 Risk reduction planning (Safety Training, p. 24)
Ken Duszynski

10:10 Break
10:25 Consumer focus

Nona McQuay, Health and Safety Specialist, PEF
11:00 Role play/role play video

Critical incident debrie ng (Safety Training, p. 53)
Ken Duszynski

12:00 pm Lunch
1:00 Critical incident debrie ng on actual cases; Participants
1:45 Posttrauma responses—agency policy
2:00 Break
2:15 Partnerships with law enforcement agencies

Chief Safety Offi  cer David Jones, Wayne Gove, Ken Duszynski
2:30 Presentation of environmental study/risk mapping

Nona McQuay, Jonathan Rosen
2:40 Participant recommendations: environmental, organizational, and clinical priorities; All
3:15 Wrap-up and evaluation
3:30 Dismissal

Note: Agenda f or March 20, 1997 a nd repeated March 21, 1997;  lo cated a t Ga rvin B uilding, 3rd Flo or, Unit 91, S taff  
Development, Classroom 112.
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Appendix 7.A.6

Monday, November 4, 1996
Mr. Jonathan Rosen
New York State Public Employees Federation
1168-70 Troy-Schenectady Road
PO Box 12414
Albany, NY 12212-2414

Dear Jonathan:

Workplace Study
AR 146.01

I app reciate yo u c ontacting me i n t he c ourse o f p reparing t his s tudy o f i npatient f acility w orkplace 
safety. Architectural Resources has developed a strong resume of health care experience including sur-
vey, programming, design, and planning work with the NYS OMH.

In response to our telephone conversation I arranged to meet Ms. Nona McQuay and Mr. Dan Brown 
at Buff alo PC on Wednesday, October 9, 1996. Ms. McQuay was unable to at tend but was represented 
by Ms. Marian Arbesman.

Dr. Brown and Ms. Arbesman described the conditions on Ward 75 (sixth  oor south, acute men) and 
the comments they had received from a survey of on-ward staff . We walked through the ward and program 
areas on the second  oor. As there were very few residents on the ward during our tour, I expressed interest 
in returning later in the day to observe behavior and staff  re sponse. Late aft ernoons were described as a 
high-stress time because clients are returning from day activities and the staff  shift  changes.

Th is le tter de scribes c omments m ade by Brown a nd A rbesman a nd my re sponse. I t a lso i ncludes 
notes m ade d uring my ob servation a nd to ur o f t he i npatient w ard a nd re views c omments f rom t he 
OMH 1994 renovation project manager. In each case, I have tried to ba lance between what appears to 
be a very pleasant therapeutic environment and a more safe work environment. None of this should be 
taken as criticism of the original design, which appears to be well developed, or suggestions to create a 
highly secure, more institutional setting (Figure 7.A.1).

Reported Staff  Comments

Nurse station counter: Concern about low height, clients leap over top. Staff  suggested partial Plexiglas 
shield.

FIGURE 7.A.1 Ward  oor plan.
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Nurse station half doors: Swing gates on either side of 
the nurse station are too easy to open. Locks should 
be concealed in some way.

Ceiling t iles: E asily remo ved a nd u sed f or s tash-
ing c ontraband. ( Corridor c eilings a re su spended 
acoustic tiles, two foot square, set into an aluminum 
suspension grid. All room ceilings are solid drywall 
construction.)

Curtin balloon valances: Used for hiding contraband. 
(Ward staff  with whom I spoke did not feel this was a 
concern. If so suggested a simple straight valance.)

Nurse s tation v isibility: St aff  a re rel uctant to le t 
residents u se “ Quiet Ro om” a nd “P rogram Ro om” 
because they are not visible from nurse station.

Cross cor ridor at en d o f w ard: St aff  fe el re sidents 
can hide in the connecting corridor next to the 
Mechanical Ro om. M aintenance s taff  re port  nd-
ing scores of cigarette butts above the ceiling in this 
area. I a gree, this is the k ind of space that needs to 
be controlled. Th e two-corridor design really creates 
two separate areas. In fact, this works  ne on c oed 
wards. I would suggest closing off  this area with an 
additional do or a nd i nstalling a mot ion de tector. 
Staff  would be able to le ave doors open at n ight or 
leave the area completely locked off  (Figure 7.A.2).

Day toilets: Staff  noted residents can wedge themselves into these rooms and block staff  from opening 
the door. Building codes will not permit reversing the swing of these doors (it would block the corridor). 
Another solution is the old do or within a do or although I a m not aware of any  re-rated models. Th e 
better solution would be a removable hinge door developed by OMH (Figure 7.A.3).

Entry vestibule: Staff  are somewhat concerned about being locked in sally port entry vestibule while 
escorting re sidents to a nd f rom t he u nit. I a gree. W hile not w ithout e xception, v ery f ew re sidents 
escape by rushing a single door as it is opened. With the implementation of the building security plan 
a “bolter” would get no further than the main lobby. I suggest removing the interior set of doors com-
pletely or perhaps replacing with a half door.

Smoking polic y: Th e “smoke-free” building policy presents 
staff  a nd c lient m anagement p roblems. S taff  a re not a lways 
available to e scort re sidents to t he o utdoor smok ing a rea. 
Incidents a nd c onfrontations f requently a rise o ut o f i llicit 
smoking and the inability to smoke on ward.

Observations and Comments from Ward Staff 

Suspended ceilings in corridors (described above): Cross mem-
bers can be removed and used as a weapon.

Wood c hairs: H eavy up right w ood c hairs i n lo unges c an b e 
picked up and used in  ghts. Light metal framed dining room 
(Lowenstien) chairs are actually preferred.

FIGURE 7.A.2

FIGURE 7.A.3
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Television in Day Room: Staff  concerned a resident could remove TV and throw it. Also feel many argu-
ments start over which program to watch and volume. Staff  would like to enclose TV in Plexiglas and 
use a remote control.
Door hardware: ADA-compliant lever handles are of the open-end type. I would suggest the closed-end 
style. Staff  report no injuries, just catching and sometimes tearing clothing.
Corridor handrail: Plastic covered product suff ers from physical abuse, especially where used as a door stop 
(adjacent to seclusion room). Access doors and  re extinguisher cabinets also show physical damage.

Bulletin board frames: Several bulletin boards are covered by a luminum-framed Plexiglas enclosures. 
Th e corners are very sharp and could easily cause injuries. Ideally these should be recessed. As a mini-
mum I recommend adding a wood perimeter trim with radiused corners.
Th e following are observations I made during my aft ernoon visit.

Picture frames: Corridor artwork consists of posters set in a luminum sectional frames screwed to t he 
wall. Th ese have sharp corners and could be pried loose and used as a w eapon. Artwork signi cantly 
contributes to the ambiance and should be retained. An alternative on the more diffi  cult wards would 
be to laminate art to wood panels with eased edges.
Nurse station counter: Opinions vary on the height of the nurse station. Most seem content with the pres-
ent design, feeling it is either adequate or that nothing short of a full height Lexan wall will deter aggres-
sive clients. I suggested a raised but open counter to raise the height without reducing the openness.

Th e Nurse Station itself seems excessive, particularly with fewer staff  and staff  who are encouraged to 
be with clients as much as possible. However simply reducing the counter size is meaningless unless this 
new found space is somehow put to use. Th erefore I do not feel such an extensive redesign would serve 
any bene cial purpose (Figure 7.A.4).
Acoustics: With few absorptive surfaces the noise level is very high and surely aff ects behavior of resi-
dents and staff . With every room closed off  by  re doors hardware is constantly latching and unlatching. 
Conservations are very loud. PA announcements add to the generally high-ambient noise level. I would 
suggest installing a high performance carpet in the corridors that is speci cally designed for health care 
environments. Th is will reduce noise levels and injuries from accidental falls.

FIGURE 7.A.4
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Environment controls: Staff  c ommented on the lack of fresh air, built-up odors and generally stagnant 
air. I could not form an opinion on this (I have smelled much worse) and noted a fully calibrated evalu-
ation would be necessary before making such a statement.

Smoke detection: Bathrooms are used by residents for smoking, which of course is not permitted. Staff  
suggested installing sensitive “local” detectors and alarms. Technically this could be unwise. Discerning 
between local/general alarms and real/false alarms may not be possible. Further, patients may be able to 
easily defeat such a system by covering the detector or exhaling directly into the exhaust vent.

Program areas: With limited staff  and the need for better visibility it may be useful on such active wards 
to c ombine. Re creation a nd P rogram Ro oms o n e ach side o f t he c enter c orridor. Th is w ould c reate 
larger, more easily supervised spaces which can be broken down if desired by furniture arrangements, 
lighting, and other interior landscape elements.
I hope you  nd these comments useful in your study. It has been a pleasure working with you and the 
staff  at Buff alo PC in the preparation of these materials.
Sincerely,
Kevin D. Murrett, AIA

Appendix 7.A.7

Memo

To: Mr. Jonathan Rosen
 N YS PEF
 Health and Safety Department
 1168-70 Troy-Schenectady Road
 PO Box 12414
 Albany, NY 12212-2414

From: Kevin D. Murrett, AIA

Date: November 19, 1996

Subject: Environment Assessment Report
 Bu ff alo Psychiatric Center
 AR  146.01

Johnathan:
I received your draft  report and have only a few comments.
Page 2 Item 1: In addition to the keys, door locks should be color coded as well.
Page 3 Item 5a: Th e smoking problem can also be alleviated by providing additional secure outdoor rec-
reation areas. Th e limited area east of Strozzi Building is inadequate for the number and clinical pro le 
of most residents.
Good luck with your work, please feel free to call me if you have any questions.
Kevin

Appendix 7.A.8

I. Clinical history F. Age at onset:
 A. Diagnosis at discharge G. Psychotropic medications:
 Axis I:   _____ _____ _________ _ _ ____Taking prior to admission
    _____ _____ _________ _ _ ____Not taking prior to admission
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 Axis II: _____ _____ _________  Medications:
 __ ___ _____ _________  _____ _____ _____ _____________
 __ ___ _____ _________  _____ _____ _____ _____________
 B . Age:_____ ________  _____ _____ _____ _____________
 C.  Sex:_____ _________  _____ _____ _____ _____________
 D.  Admitting status
 ___72-HR hold___Voluntary Previous criminal history
 __ _14-DAY cert.___Other ___Yes ___No
 _ __Temp conservatorship ____ _____ _____ _______________
 E. Previous experience in seclusion/restraint ____ _____ _____ ________________
 ___Yes                 ___No I. Use of alcohol/street drugs
 Reaction to seclusion/restraint ___Yes ___No
 __ __ _____ _____ _______________ _ ___ _____ _____ _______________
 __ __ _____ _____ _______________ _ ___ _____ _____ _______________

II. Violen ce history
 A. Previous institutional violence___Yes___No
 Type of institution:____ _________ D ate(s):__ ____  ____
 Number of incidents:____ ________ _ _ ____  ____
 Type of violence: Against person ___Yes___No Date____ ________________
 Fa mily ___Yes___No Date____ _________ ________
 S tranger ___Yes___No Date____ _________ ________
 I nmate/clinet ___Yes___No Date____ _________ ________
 R N/LPT/MD ___Yes___No Date____ _________ ________
 O ther ___Yes___No Date____ _________ ________
  Who____ _________ ________
 W eapon used ___Yes___No Date____ _________ ________
 A gainst property ___Yes___No Date____ _________ ________
 W eapon used ___Yes___No Date____ _________ ________
 Ty pe ____ __________ _____ _____ _____
 Verbal threat (only) ___Yes___No Date_____ _____ _____ _____
 Situational factors: Time of day _____ _____ _____ _____
 L ocation  _____ _____ _____ _____
 Engaged in therapeutic activity ___Yes___No
 Type of activity ____ _____
 O ther Factors_____ _____ _____ _____ _____ ____
 __ ___ _____ _____ _____ _____ ____
 __ ___ _____ _____ _____ _____ ____
 Interactional factors: Engaged in interaction with victim ___Yes ___No
 Type of interaction _____ _____ _____ _____ _____ ____
 __ ___ _____ _____ _____ _____ ____
 W ith whom _____ _____ _____ _____ _____ ____



7-110 Handbook of Modern Hospital Safety

 Content of conversation, request:
  _____ _____ _____ _____ _____ ____
  _____ _____ _____ _____ _____ ____
 Response to violence: Medications ___Yes___No
 Type and close: _____ _____ _____ _____ _____ ____
  _____ _____ _____ _____ _____ ____
  _____ _____ _____ _____ _____ ____
 S eclusion only ___Yes___No
 Secl usion/restraint ___Yes___No
 M ilieu management ___Yes___No
 C ombination ___Yes___No
 (li st) _____ _____ _____ _____ _____ ____
  _____ _____ _____ _____ _____ ____
  _____ _____ _____ _____ _____ ____
 Client’s response to intervention(s): _____ _____ _____ _____ _____ ______
 __ ___ _____ _____ _____ _____ _________ _____ _____ _____ _____ _______
 __ ___ _____ _____ _____ _____ _________ _____ _____ _____ _____ _______
B. C ommunity violence
 P revious violence:___Yes___No
 Number of incidents:___Dates(s):____ _____ ____ _ _ __
 ___ _ _____ ____ _ _ __
 ___ _ _____ ____ _ _ __
 Type of violence: Against person __ ___Yes__ ___No D ate____ _____
 Fa mily __ ___Yes__ ___No D ate____ _____
 St ranger __ ___Yes__ ___No D ate____ _____
 I nmate/client __ ___Yes__ ___No D ate____ _____
 R N/LPT/MD __ ___Yes__ ___No D ate____ _____
 O ther __ ___Yes__ ___No D ate____ _____
  Who____ _____
 We apon used __ ___Yes__ ___No D ate____ _____
 A gainst property __ ___Yes__ ___No D ate____ _____
 Ty pe _____ _____ _____ _____ _____ ___________ 
 Verbal threat (only) __ ___Yes__ ___No D ate____ __________
 Situational factors:  A lcohol __ ___Yes__ ___No A mount____ _______
 St reet drugs __ ___Yes__ ___No D ate____ __________
 Ty pe _____ _____ _____ _____ _____ __________
  _____ _____ _____ _____ _____ __________
  _____ _____ _____ _____ _____ __________
 Time of Day ____ _____ Ac tivity ____ ___________
  _____ _____ _____ _____ _____ __________
 Lo cation _____ _____ _____ _____ _____ __________
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 O ther factors _____ _____ _____ _____ _____ __________
 __ ___ _____ _____ _____ _____ __________
 International factors: Engaged in interaction with victim ___Yes___No
 Type of interaction _____ _____ _____ _____ _____ __________
 __ ___ _____ _____ _____ _____ __________
 __ ___ _____ _____ _____ _____ __________
 O thers present: _____ _____ _____ _____ _____ __________
 __ ___ _____ _____ _____ _____ __________
 Content of conversation, request, argument, or dispute:
 __ ___ _____ _____ _____ _____ __________
 __ ___ _____ _____ _____ _____ __________
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National Institute for 
Occupational Safety and Health

Jennifer L. Bell
National Institute for 
Occupational Safety and Health

Slip, trip, and fall (STF) incidents are a sig ni cant source of workers’ compensation claims for staff  in 
hospitals. In 2006, 13,750 STFs accounted for 23% of all work-related injuries in hospitals requiring at 
least 1 day away from work (Bureau of Labor Statistics [BLS], 2007a). BLS (2007b) also reported that the 

* Th e  ndings and conclusions in this report are those of the author(s) and do not necessarily
 represent the views of the National Institute for Occupational Safety and Health.
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incidence rate of lost-workday injuries from same-level STFs in hospitals was 35.2 per 10,000 full-time 
equivalent (FTE), which is almost 60% greater than the average for all other private industries combined 
(20.2 per 10,000 FTE). Although extensive work has been initiated to prevent patient falls in health care 
settings, there has been minimal research or systematic eff orts to develop evidence-based guidelines for 
preventing STFs for workers in health care settings.

Ensuring safe, eff ective, and quality health care is a nat ionwide public health priority (Institute of 
Medicine, 1999). One of the key factors contributing to the delivery of quality of health care is maintain-
ing the health and safety of health care workers. Th e huge negative impact of STF injuries on health care 
workers led a multidisciplinary team to conduct research to identify STF risk factors (Courtney et al., 
2001; Lombardi et al., 2007) and to conduct laboratory and  eld researches to evaluate the eff ectiveness 
of interventions (Collins et al., 2006) for reducing work-related STF injuries among hospital employees. 
Historically, STF incidents have been considered largely nonpreventable and the blame has been placed 
on the carelessness of the fall victim (Lacroix and Dejoy, 1989; Sotter, 2000; Lehane and Stubbs, 2001). 
Contrary to the popular belief that STFs are random events that cannot be prevented, recent research 
(Collins et al., 2006) has shown that a comprehensive STF-prevention program can signi cantly reduce 
workers’ compensation claims for same-level falls involving hospital staff .

Studies of Work-Related Injury in Hospitals 
Attributed to Slips, Trips, and Falls

Detailed information on STF risk factors is available from three studies in hospital settings (Courtney 
et al., 2001; Lombardi et al., 2007; Bell et al., 2008). Th e Bell et al. (2008) study, conducted by the National 
Institute for Occupational Safety and Health (NIOSH), analyzed 472 STF incidents involving staff  from 
three hospitals f rom January 1, 1996 through December 31, 2005. During the 10 year study period, a 
dynamic cohort of 16,900 individual employees worked 80,506,017 h, representing 40,253 worker-years. 
A total of 2263 workers’ compensation claims were  led, 21% (n = 472) of which involved STFs, resulting 
in 1.2 workers’ compensation injury claims attributed to STF incidents per 100 FTE workers.

As part of a collaborative research eff ort with NIOSH, a case-crossover study of employees in seven 
hospitals was conducted to identify risk factors for STFs (Courtney et al., 2001; Lombardi et al., 2007). 
A total of 153 hospital employees who slipped, tripped, or fell at work (both indoors and outdoors) were 
interviewed a nd a sked to de scribe S TF c ircumstances a nd r isk f actors i n t he h ospital en vironment. 
Respondents had a mean age of 46 (range = 19–67) years, and had worked for the hospital for an average 
of 9.3 years. Eighty-six percent of the respondents were women.

Distribution of Hospital STF Incidents by Occupation

In the Bell et al. (2008) study, food service workers suff ered the highest rate of STF workers’ compensation 
claims, with 4.0 claims per 100 FTE (Table 8.1). Most hospitals have a food service department on the 
premises that provides meals around the clock for patients, visitors, and staff . Nursing staff  incurred 
the most STF claims (n = 141), but because they comprised the largest proportion of the total work hours 
(33.6%) they had a much lower claim rate (1.0 STF workers’ compensation claim per 100 FTE). In the 
Courtney et al. (2001) and Lombardi et al. (2007) studies, 50% of the participants worked in an occupation 
that provided direct care to hospital patients with a distribution similar to those in the Bell et al.’s (2008) 
study (Table 8.1).

Body Part and Nature of Injury

Th e most commonly injured body part from STF events was a lower extremity (44.9%), followed by an 
upper extremity (17.7%), multiple body pa rts (16.7%), back/trunk (16.2%), a nd head/neck (4.5%). Th e 
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nature of injury was most oft en s prains, strains, d islocations, and tears (48.1%). STF injuries were 
signi cantly more likely to result in fractures, multiple injuries, and bruises, contusions, and concussions 
than non-STF injuries and were less likely to result in cuts, lacerations, punctures, and abrasions than 
non-STF injuries (χ2 = 213.1, p < 0. 0001). Lower extremities were much more likely to b e injured by a 
STF incident than with a non-STF incident, and upper extremities were less likely to be injured aft er an 
STF injury than with a non-STF injury (χ2 = 404.0, p < 0.0001).

Age Group, Length of Employment, and Gender

In the Bell et al.’s (2008) study, STF injury rates were nearly twice as high for females, older workers, and 
those employed for less than 6 months. Bell et al. (2008) showed that 88% of the total STF claims (n = 412) 
occurred to females and the STF claims rate for females (1.27 per 100 workers) was signi cantly higher 
than for males (0.77 per 100 workers). Workers employed for less than 6 months experienced the highest 
claims rate (2.0 STFs per 100 workers), followed by workers employed for greater than 6 months and less 
than 1 ye ar (1.7 STFs per 100 workers); both of these groups had signi cantly greater STF claim rates 
than workers employed greater than 1 year (1.1 STFs per 100 workers). STF claim rates were signi cantly 
greater for employees greater than 45 years of age (1.6 STFs per 100 workers) than for employees less 
than 45 years (1.0 STFs per 100 workers). Older employees of both genders had higher STF claims rates 
compared to younger employees (Figure 8.1), and no interaction between age and length of employment 
was found.

Circumstances of STFs

Of the 472 STF incidents, 85% (n = 405) were same-level STFs and 15% (n = 70) were falls from eleva tion 
that primarily occurred on stairs, from stepstools, ladders, or from hospital shuttle buses. STFs due to 
liquid contamination (water, grease, ice, soapy detergent,  oor stripper, and wax) were the most com-
mon cause of STF incidents. In t he food services department, t he most common slippery conditions 

TABLE 8.1 STF Workers’ Compensation Claim Rates by Job Group

Job Group # STF Claims Hours Worked
% of Total 

Hours
Rate per 
100 FTE

Food services 57 2,872,015 3.6 4.0
Parking, valet, transport 10 618,607 0.8 3.2
EMS 11 997,357 1.2 2.4
Custodial, housekeeping 41 4,000,007 5.0 2.1
Maintenance, groundskeeping 11 1,504,635 1.9 1.6
Teachers, including childcare 14 2,064,253 2.6 1.4
Unknown 1 174,391 0.2 1.1
Nursing and nursing-related 141 27,055,196 33.6 1.0
Other health professions 26 5,169,605 6.4 1.0
Security 3 798,905 1.0 1.0
Physical/occupational therapy 10 1,997,623 2.5 1.0
Medical, laboratory, and other technicians 44 8,864,009 11.0 1.0
Offi  ce/administrative 95 20,378,625 25.3 0.9
Physicians 2 1,724,854 2.1 0.2

Total 472 80,506,017 100 1.2
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consisted of food and grease on the  oor in food preparation and cooking areas, spilled drinks and ice 
in food serving areas, and soapy detergent on the  oor in dishwashing areas.

In the Courtney et al.’s (2001) study and the Lombardi et al. (2007) study, workers reported slipping 
(55%) more frequently than tripping (33%); 41% of workers indicated they fell forward, 23% fell to t he 
side, a nd 21% fell bac kward. Workers w ho fell most oft en cited the hands, knees, or buttocks as the 
primary points of impact with the  oor or ground and the back, knees, and ankles/feet were the most 
frequently injured body parts. Forty-four percent of workers described the walking surface where they 
experienced their STF as clean and dry while 53% reported the presence of some type of contaminant 
including water, ice, body  uids, etc. Sixty-four percent of STFs occurred at a transitional area—wet to 
dry/dry to wet (32%), from one  oor type to another (20%), or involving uneven surfaces (15%). Overall, 
114 workers reported 228 injuries as a result of their STF event, an average of two injuries per event; 
7% (n = 8) of study participants were not injured in the fall incidents. Th ese results highlight the importance 
of managing surface contamination and surface transitions in hospitals.

Friction Characteristics of Footwear and Flooring

Laboratory Testing of Shoe–Floor Slip Resistance

One of t he sig ni cant considerations regarding fall prevention i s t he s lip-resistance characteristics 
of footwear and  ooring (Collins et al., 2006; Th orpe et al., 2007). Th e coeffi  cient of friction between 
the footwear and t he  oor is aff ected by t he footwear material,  oor, and contamination condition 
(Chang and Matz, 2001; Li et al., 2004; Li and Chen, 2004). While the slip-resistance characteristics of 
safety shoes and general footwear have been studied (Grönqvist, 1995; Leclercq et al., 1995), footwear 
commonly worn in hospitals settings has not been systematically evaluated.

In conjunction with the NIOSH study to p revent falls among hospital workers, laboratory studies 
were c onducted to e valuate t he s lipperiness o f s hoes mo st c ommonly worn i n hospitals a nd prom-
ising sl ip-resistant shoes, a nd hospital  ooring (existing a nd s lip-resistant) te sted w ith “soapy” a nd 
“oily” contaminants (Collins et al., 2006) to simulate common contaminant conditions in health care 
settings.

Th e apparatus for testing the slip-resistance of shoes consisted of a movable arti cial foot controlled 
by a c omputer and activated by three hydraulic cylinders. Th is s lipmeter apparatus closely simulated 
the mo vements o f a h uman f oot a nd t he f orces app lied b etween t he s hoe s ole a nd t he  oor during 
heel strike in normal gait (Grönqvist et al., 1989). For this study, the following test parameters 

FIGURE 8.1 STF claim rates by age group and gender.
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were used: normal force 500 N, sliding velocity 0.4 m/s, and heel contact angle 5°C. Th e dynamic friction 
coeffi  cient (DCOF) was computed during the time interval 100–150 ms from heel strike, which represents 
a critical moment for a slip and fall under conditions of level walking (Grönqvist et al., 1989).

Seven shoe types were  rst pretested on a s tainless steel surface (roughness, Rz 1.6 µm) under test 
conditions “new” (intact heel and sole) and “abraded”—aft er abrasion, as stipulated in the draft  standard 
(European Standard EN 13287, 2004) section 9 (preparation of the sole). Since most shoes perform well 
on clean and dry surfaces, this test examined the slip-resistance of shoes under slippery  ooring condi-
tions (“oil/grease”) commonly encountered in food service areas in hospitals.

Combinations of “slippery”  ooring conditions were then tested, using glycerol 85 wt.% to simulate 
the “oily” contaminant condition and natrium lauryl sulfate 0.5 wt.% in water to represent the “soapy” 
contaminant co ndition. Ten d iff erent  ooring su rfaces w ere te sted u sing t wo s hoe t ypes t hat w ere 
determined to ha ve sig ni cantly diff erent sl ip-resistance cha racteristics, a s de termined b y t he p re-
test procedure; separate trials were conducted for “new” conditions and “abraded” conditions. Paired 
t-tests compared the diff erences between initial (intact) and abraded shoe heels and soles, and among 
the diff erent  ooring and contaminant test conditions. Th e following slip-resistance classi cation for 
dynamic coeffi  cient of friction was used:

DCOF Slip-Resistance Class

>0.30 Slip-resistant

≥0.20–0.30 Moderately slip-resistant

<0.20 Slippery

Th e laboratory study identi ed the combination of slip-resistant shoes and  ooring that performed opti-
mally under soapy and oily conditions. Th e results for the shoes are presented in Table 8.2, and for the 
 oorings w ith oily a nd soapy conditions in Table 8 .3. Results con rmed previous results (Grönqvist, 
1995) showing that heel and sole abrasion signi cantly improved slip-resistance.

Flooring Testing and Classifi cation

Slip-resistance evaluations of 10 hospital  oorings were conducted with both good and poor performing 
shoes (nos. 2 and 3, Table 8.2) (Collins et al., 2006). Shoe no. 2 was classi ed as “slip-resistant” (DCOF > 
0.30) and shoe no. 3 as “slippery” (DCOF < 0.20) on stainless steel (“oily”) test condition.

TABLE 8.2 Shoes Pretested on the Reference Stainless Steel Surface—“Oily” Condition

Shoe No. and Type

DCOF (SD)

p-Value*Intact Heel/Sole Abraded Heel/Sole

1 Nursing shoe with laces 0.159 (0.001) 0.198 (0.022) <0.01
2 Slip-resistant shoe with laces—a 0.328 (0.026) 0.375 (0.028) <0.001
3  Athletic shoe with laces commonly 

worn by hospital staff —b
0.149 (0.015) 0.173 (0.013) <0.001

4 Commonly worn nursing clog 0.073 (0.012) 0.141 (0.008) <0.001
5 Shoe with open heel 0.084 (0.011) 0.142 (0.012) <0.001
6  Walking shoe with laces commonly 

worn by hospital staff —c
0.113 (0.009) 0.138 (0.019) <0.01

7 Slip-resistant shoe with laces 0.140 (0.009) 0.153 (0.010) <0.05

* Statistically signi cant diff erence between new and abraded soles (t-test paired two-tailed).
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All DCOF diff erences between the two contaminant conditions “oily” vs. “soapy” were statistically 
signi cant (p < 0.01) for all  oorings, except  ooring no. 4 and no. 8 tested with shoe no. 2 (Table 8.3). 
All DCOF were signi cantly diff erent (p-values < 0. 01) b etween t he t wo te st shoes (no. 2 a nd no. 3) 
(Table 8.3). Quarry tile was the only tested  ooring that was slip-resistant with both test shoes under all 
contaminant conditions (Table 8.3).

Evaluation of the Effectiveness of a Comprehensive 
STF Prevention Program for Hospital Employees

Bell et a l. (2008) conducted a 1 0-year intervention t rial to e valuate t he eff ectiveness of  a  comprehen-
sive STF prevention program in three acute-care hospitals (Bell et a l., 2008). Th e prevention program 
included (1) a nalysis of i njury records to iden tify common c auses of STFs, (2) on-site hazard a ssess-
ments, (3) environmental changes, (4) changes to housekeeping procedures and products, (5) changes to 
ice and snow removal procedures, (6) campaigns to highlight the importance of STF prevention among 
hospital workers, (7)  ooring changes, and (8) slip-resistant footwear for certain employee subgroups. 
Th e hospital’s total STF workers’ compensation claims rate declined by 58% from a preintervention rate 
of 1.66 claims per 100 FTE workers to a postintervention STF injury rate of 0.76 claims per 100 FTEs.

Identifying STF Hazards

A review of historical injury records and on-site hazard assessments can identify conditions, circum-
stances, locations, and patterns of work-related STF incidents that can be targeted for prevention.

Review Past Injury Records and Conduct Investigations 
of Future STF Incidents

Contrary to the frequently held societal belief that falls are inevitable and not likely to be prevented, the 
examination of t he de tailed c ircumstances of STF i ncidents a mong hospital employees re vealed t hat 
many STF injuries are preventable (Collins et al., 2006). Th e review of historical STF-related workers’ 
compensation claims and incident reports used in conjunction with a process to investigate falls when 
they occur can be an eff ective way to iden tify the most common STF circumstances and identify job 

TABLE 8.3 Floorings Tested in the “Oily” and “Soapy” Conditions with Two Shoes

Flooring No. and Type

DCOF (SD)
Shoe No. 2a

“Oily” Condition
“Soapy” 

Condition
Shoe No. 3b

“Oily” Condition
“Soapy” 

Condition

 1 Waxed vinyl tile 0.356 (0.044) 0.263 (0.029) 0.133 (0.015) 0.163 (0.008)
 2 Slip-resistant—a 0.325 (0.027) 0.452 (0.034) 0.129 (0.012) 0.254 (0.015)
 3 Slip-resistant—b 0.369 (0.027) 0.353 (0.021) 0.155 (0.023) 0.283 (0.012)
 4 Slip-resistant—c 0.367 (0.034) 0.378 (0.021) 0.144 (0.017) 0.290 (0.011)
 5 Slip-resistant—d 0.335 (0.023) 0.277 (0.022) 0.131 (0.013) 0.202 (0.007)
 6 Quarry tile 0.580 (0.026) 0.753 (0.021) 0.288 (0.021) 0.539 (0.018)
 7 Safety—a 0.352 (0.023) 0.405 (0.016) 0.163 (0.008) 0.243 (0.034)
 8 Safety—b 0.311 (0.018) 0.319 (0.012) 0.146 (0.008) 0.242 (0.023)
 9 Safety—c 0.351 (0.022) 0.483 (0.019) 0.154 (0.011) 0.248 (0.032)
10 Safety—d 0.365 (0.020) 0.437 (0.014) 0.168 (0.008) 0.267 (0.025)

a Shoe No. 2—Slip-resistant shoe with laces.
b Shoe No. 3—Common tennis shoe with laces.
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groups at highest risk. Incident investigations should include detailed interviews with workers who have 
fallen. It is possible to identify potential “hot spots” by reviewing the incident descriptions to identify 
locations where multiple STF incidents have occurred.

Hazard Assessments

Hazard assessments are useful for identifying conditions that might increase the risk of STF incidents. 
Speci c conditions t hat c an pose hazards i nclude t he condition of walkway su rfaces, walkway le vel-
ness, objects and contaminants on the  oor, projecting objects, cords, l ighting, handrails, and drains 
(watch for standing water where drainage is not f unctioning properly). Areas inside the hospital that 
should be inspected include the hospital’s entrances, stairs, ramps, operating rooms (ORs), the emer-
gency room, scrub sink areas, nursing stations, the pharmacy, the histology laboratory, hallways, the 
kitchen (including dishwashing areas and the cafeteria), patient rooms including bathrooms, surgical 
instrument decontamination areas, laundry rooms, engineering and carpenter shops, and the morgue. 
Areas outside the hospital that should be examined include parking areas, streets, handicap ramps, and 
sidewalks.

Strategies for Prevention

Th e following prevention strategies are based on the 10 year NIOSH study in three acute-care hospitals 
that demonstrated a comprehensive STF prevention program can be highly eff ective for reducing STF 
workers’ compensation claims incurred by hospital staff  (Bell et al., 2008). Hospital safety and health 
staff , housekeepers, and all hospital staff  can use this information to take preventive action to mitigate 
hazardous environmental conditions in and around their hospitals to m inimize hospital-speci c STF 
hazards. Th e following sections present a variety of strategies to reduce the risk of STF injuries in hos-
pital settings.

Written Housekeeping Programs

A written housekeeping program can help to ensure the quality and consistency of housekeeping pro-
cedures. Th e program should describe

Procedures for routine  oor care and procedures for promptly cleaning spills or other unexpected • 
contaminants on  oor surfaces
Materials and housekeeping products• 
Use of “wet  oor,” “caution” signs, and barriers• 
Cleaning schedules• 
Cleaning methods• 

Keep Floors Clean and Dry

Contaminants such as water, body  uids, spilled drinks, and grease are the most common hazards that 
make walking surfaces slippery and lead to STF incidents for hospital employees. Th ese hazards primar-
ily occur at building entrances where rain and snow are tracked in and in-food service areas such as the 
kitchen, cafeteria, serving line, freezers, dishwashing areas, and near sinks, ice machines, soap dispens-
ers, and water fountains. Floors can also be wet in areas where surgical instruments are decontaminated. 
Most walking surfaces are slip-resistant when they are clean and dry. Th e following prevention strategies 
can help keep  oors clean and dry:

Encourage workers to cover, clean, or report spills promptly.• 
Advertise telephone/pager numbers through e-mails, posters, and general awareness campaigns so • 
that all hospital staff  are familiar with the number to call housekeeping to quickly clean up spills.



8-8 Handbook of Modern Hospital Safety

Conveniently locate wall-mounted paper towels or other clean-up materials throughout the hos-• 
pital (near elevators, nursing stations, outside the cafeteria, water fountains) so that all employees 
have easy access to clean-up materials.
Conveniently locate pop-up warning signs so that staff  can quickly place them over a spill while • 
waiting. For large spills, it is important to block off  the area rather than just place unconnected 
cones that may be ignored by pedestrians.
Optimal  oor cleaning procedures can prevent slips and falls. Research by Quirion (2004) found • 
that damp mopping alone is not the best  oor cleaning method. A two-step immersion mopping 
process was found to be superior to damp-mopping. In the two-step process, (1) cleaning solution 
is applied on a section of the  oor with a dripping mop, and (2) aft er a few minutes, the cleaning 
solution is removed with a wrung mop, before the solution has had a chance to dry (see the recom-
mended reading section for more details).
Not all  oor cleaning products are equally eff ective. Make sure the product used is suited for the • 
environmental contamination conditions.
Make sure cleaning products are mixed according to manufacturer’s recommendations.• 
Eff ective procedures to degrease  oors should be implemented in areas where food is prepared, • 
cooked, a nd s erved. Th e appropriate de greaser/cleaner s hould b e u sed a nd t he m anufacturer’s 
instructions should be carefully followed. Common mistakes include not letting the cleaner stay 
on the  oor for the proper length of time, not using a stiff  deck brush to loosen contaminants, and 
not providing a thorough clean rinse (for cleaning products that require it).
Place umbrella bags by building entrances to trap water that would otherwise drip on the hospital • 
 oor.
Provide a su ffi  cient n umber o f w ater-absorbent w alk-off  m ats w ith b eveled e dges at h ospital • 
entrances. Th e mats should be large enough for multiple steps to fall on the mat and wide enough 
to cover the entire doorway. As a gener al rule, when a p erson steps off  t he last mat, the soles of 
their shoes should not leave tracks on the  oor. During inclement weather, it may be necessary to 
add additional mats or replace mats that have become saturated.

Prevent Pedestrian Access to Wet Floors

Mopping, d isinfecting, s tripping, a nd w axing  oor su rfaces i n hallways, pat ient ro oms, me d ro oms, 
bathrooms, kitchens, and cafeterias create slipping hazards for hospital staff . Simple steps to reduce this 
risk include

Barrier signs (tension rod across bathroom doorways, cones with chains, hallway barriers) can be • 
eff ective for blocking access to public bathrooms in the hospital.
Use high v isibility, taller “wet  oor” caution signs/cones that can be joined by plastic chains or • 
warning ribbons/tape to warn pedestrians of slippery conditions. Cordon off  slippery areas and 
direct pedestrian traffi  c on a clear dry lane. Cones alone are not eff ective for keeping pedestrians 
off  wet  oors.
Wet  oor signs should be promptly removed aft er the  oor is clean and dry to prevent staff  from • 
becoming complacent about the sign’s intended warning.
Completely block off  pedestrian access when stripping or applying wax.• 

Slip-Resistant Shoes

Slip-resistant shoes are an important component of a comprehensive STF prevention program and staff  
who work on walking surfaces that are continually wet, greasy, or slippery may bene t from slip-resistant 
shoes. Job classi cations at highest risk of an STF injury that may bene t f rom slip-resistant shoes are 
food s ervice workers, housekeepers, c ustodians, m aintenance workers, d ishwashers, a nd i nstrument 
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decontamination workers. Because nursing personnel suff er the highest total number of STF claims in 
hospital settings (Bell et al., 2008), they should also be included in a slip-resistant footwear program. 
Specialized shoes, designed to reduce the risk of slipping while stripping or applying wax, should be 
provided to housekeeping staff .

Anecdotal e vidence su ggests t hat u se o f s lip-resistant s hoes b y em ployees i s en hanced w hen t he 
employer either provides the shoes or a pa yroll deduction for approved shoe purchases. Additionally, 
some shoe vendors will make periodic site visits so that employees may try on shoes at their workplace 
to ensure an appropriate  t. Shoe  t, comfort, and style are important factors that determine whether 
employees will wear slip-resistant shoes. It may be useful for employees to have the opportunity to try on 
shoes to obtain the proper  t before purchasing. Slip-resistant overshoes are a low-cost way to provide 
slip-resistance to staff .

Minimize Tripping Hazards

Exposed cords stretched across walkways and cords under workstations can catch an employee’s foot 
and lead to a trip and fall incident. Clutter in walkways, storage areas, and hallways can potentially lead 
to a trip and fall incident. Th e following should be considered to minimize tripping hazards inside the 
hospital:

Keep hallways, work areas, and walkways clear of objects and clutter.• 
Use cord organizers to bundle and secure loose cords and wires under nursing stations, computer • 
workstations, and patient rooms.
Reroute cords so that they do not cross walking paths.• 
Organize ORs to minimize equipment cords across walkways.• 
Consider retractable cord holders on phones in patient rooms and nursing stations.• 
Replace or restretch loose or buckled carpet.• 
Replace mats with curled or ripped edges; secure edges with carpet tape.• 
Remove, patch underneath, and replace indented or blistered  oor tiles.• 
Patch or  ll cracks in walkways greater than 1/4• ″.
Create v isual c ues f or p edestrians b y h ighlighting c hanges i n w alkway ele vation w ith yel low • 
warning paint or tape.
Consider replacing smooth  ooring materials with rougher-surfaced  ooring with a higher coef-• 
 cient of friction when renovating or replacing hospital  ooring.

To minimize tripping hazards outside hospitals, the following strategies should be considered:

Patch and repair holes, deep grooves, and cracks greater than 1/2• ″ in cement, asphalt, or other 
surfaces in parking areas and sidewalks.
For adjoining walkway surfaces with changes in walkway level greater than 1/4• ″, bevel the surface 
by providing a ramp or provide a visual cue by painting uneven  oor surfaces a bright contrasting 
color (i.e., yellow).

Operating Rooms

Although STFs occur throughout a hospital, the OR is of special interest because a f all in the OR can 
cause direct patient injury, disrupt the surgical procedure, contribute to surgical errors, or delay future 
surgeries (Brogmus et al., 2007). Brogmus et al. (2007) recommends that well-designed ORs include the 
following key features to reduce STFs in ORs:

Slip-resistant  ooring• 
Procedures to control contaminants• 
Proper  oor-cleaning methods• 
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Policies and procedures to investigate fall incidents• 
Minimized tripping hazards through securing and routing cords/cables out of walking paths• 
Preplanned p lacement o f l ow-pro le e quipment a nd supp lies s o t hat e quipment a nd supp lies • 
remain off  the  oor and are accessible from mobile utility booms
Use of s lip-resistant absorptive mats to c ontrol contaminants, a nd removal of mats when t hey • 
become saturated
Maintenance of an unobstructed view of the walking pathways in the OR• 
Lighting requirements are critical and enhanced OR lights should be used so that general lighting • 
corresponds to the lighting level needed at the surgical site
Effi  cient placement of equipment and supplies to minimize the walking distance to obtain instru-• 
ments and supplies and to access waste containers
Ample w aste re ceptacle s ystems a nd c ontaminant c lean-up m aterials p laced i n s trategic • 
locations
Mandated p lanning b rie ngs to d iscuss c lean-up d uty a ssignments a nd e quipment a nd t ube • 
arrangement and routing to ensure OR team effi  ciency
Minimize fatigue by ensuring a ll OR personnel a re well rested for each procedure a nd receive • 
scheduled time off  and breaks during the work shift 
Participative architectural design; have architects, engineers, builders, and hospital administra-• 
tors collaborate on OR-design decisions with end users such as surgeons, circulating nurses, and 
scrub technicians

Ice and Snow Removal

Th e most important aspect to controlling risks during winter weather is to remove snow and ice as soon 
as possible aft er it has accumulated. Hospital administrators should work with their snow removal staff  
or vendors to ensure frequent removal when needed. In addition,

Encourage employees to report icy conditions; prominently display phone or pager numbers for • 
staff  to report icy conditions.
Provide ice cleats or slip-resistant shoe covers for home health workers, maintenance workers, and • 
other workers who work outdoors.
Distribute winter weather warnings by e-mail when ice and snow storms are predicted.• 
Conveniently place bins containing ice-melting chemicals near t he top a nd bottom of outdoor • 
stairways, parking garage exits, and heavily traveled walkways that are prone to refreezing so that 
any employee can apply ice melting chemicals when they notice icy patches.
When reno vating e xterior en trances, b uild w ell-lit, go od-draining, c overed w alkways le ading • 
to entrances to provide walk-off  areas that a llow for water, snow, and other contaminants to b e 
removed from footwear before entering the building.

Lighting

Inadequate lighting impairs vision and ability to see hazards. Th e hazard can occur anywhere, but par-
ticular at tention should be paid to l ighting levels in parking structures, storage rooms, hallways, and 
stairwells. Adequate lighting helps to illuminate areas which makes walking safer and easier and allows 
employees to see their surroundings. Prevention strategies include

Installing more light  xtures in poorly lit areas• 
Verifying that light bulbs have an appropriate brightness• 
Installing light  xtures that emit light from all sides• 
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Stairs and Handrails

Uneven and poorly marked stairs can lead to missteps and can cause employees to trip and fall. Handrails 
that are not of the appropriate height or poorly maintained can also lead to a fall. Prevention strategies 
should

Con rm all handrails are up to code (34–38• ″ from  ooring).
Ensure that discontinuous handrails are of a consistent height.• 
Paint t he e dge ( nosing) o f e ach s tep, i ncluding t he top a nd b ottom, to p rovide a v isual c ue • 
of a change in elevation.
Ensure that stairwells and steps have adequate lighting.• 

Conclusion

Injuries related to STF events can cause serious injuries to hospital staff  and are one of the leading causes 
of workers’ compensation claims in hospital settings. Little emphasis has been placed on fall prevention 
among hospital and nursing home staff  because of the widespread perception that these incidents are 
not preventable. However, examination of the details surrounding STF incidents among hospital staff  
indicates t hat many of t hese i ncidents a re preventable. Research provides evidence t hat i mplementa-
tion of a comprehensive STF prevention program can signi cantly reduce STF injury claims involving 
hospital staff . Because STFs result from a wide variety of circumstances, a coordinated eff ort is required 
by the safety department, the housekeeping staff , and essentially every hospital staff  member to have an 
impact on the prevention of STF incidents. Shared responsibility among hospital staff  for maintaining 
safe  oor conditions should be emphasized. In addition to a ll of the products and procedures that can 
be implemented to promote clean and dry  oors, one of the key components of a successful STF preven-
tion program is to raise awareness regarding the importance of STF prevention and to empower every 
employee to s hare i n t he re sponsibility o f el iminating S TF h azards. W hether t his i nvolves c leaning 
spills, applying ice melting chemicals to icy patches in parking areas or sidewalks, or cordoning off  an 
area to alert fellow employees while waiting for housekeeping staff  to arrive, a successful STF program 
requires that all hospital staff  share the responsibility for prevention.
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Ergonomic Challenges in Hospital Ancillary Departments

Margaret Wan

Introduction

Discussions of health care ergonomics have been focused on injuries of nursing staff  as a result of patient 
transfers. Th e c hallenges f aced b y a ncillary de partments t hat p rovide supp orting s ervices h ave not 
received as much attention in the literature. Yet, as early as 1987, it was noted that upper extremity mus-
culoskeletal disorders (MSDs) in hospital workers were prevalent not only among nursing staff , but also 
among those engaged in manual work such as food preparation and laundry.1 More recently, Goldman 
et al.2 identi ed high-risk areas for back injury in a large teaching hospital. Th e authors found that non-
nursing a reas, which demonstrated i ncreased rates for back i njury, i ncluded environmental services, 
pharmacy, radiology, and dietary work.

Th is chapter reviews some ergonomic issues encountered in various hospital ancillary departments 
and p rovides e xamples o f suc cessful i nterventions. Th ese i ssues a nd i nterventions a re b y no me ans 
exhaustive. Since the scope of ancillary services varies and is oft en dependent on the size of the hospital, 
only the most common services are discussed. Th ey a re environmental services, d iagnostic imaging, 
clinical laboratories, pharmacy, and food service.
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Environmental Services

Th e environmental services department is responsible for general cleaning and processing linen, trash, 
and biohazardous waste. Th e major tasks performed may be divided into cleaning and materials han-
dling. Ergonomic risk factors in environmental services work are well known. In a study of 941 union-
ized hotel room cleaners, only 5% of participants reported no bodily pain during the past 4 weeks.3 Most 
participants experienced severe back or neck pain, which was associated with physical workload, work 
intensi cation, and ergonomic problems related to equipment and supplies. In the hospital setting, the 
risks may be higher. For instance, infection control concerns may demand more f requent removal of 
trash from patient rooms, compared with hotel guest rooms. According to a study of injury rates of vari-
ous jobs at t wo private hospitals, janitors and building cleaners had the highest injury rate of 21.3 per 
100 full-time employees.4 Another hospital with 140 employees in the environmental services depart-
ment had 80 injuries over a 2 ye ars period. Fift y-three percent of these injuries were caused by lift ing, 
pushing or pulling, slips, and needlesticks. About 70% of the injuries occurred during cleaning and 30% 
of the injuries occurred during linen, trash, and biohazardous waste processing. Th ese percentages align 
with t he d istribution of employees between t he t wo broad categories of tasks i n t his department. To 
determine the solutions, we must  rst consider the possible causes of the injuries in each category.

Cleaning

Th e m ajority o f h ospital c leaners a re w omen. W omen gener ally e xperience g reater rel ative s pine 
compression loads than men a nd are more at r isk of injury under the same physical work demands.5 
Nordander et a l.6 compared muscle activities of hospital cleaners and offi  ce workers. Th ey found that 
cleaning was associated with a much higher static load and cleaners had much less muscular rest, mea-
sured as a percentage of total registered time in one working day.

Th e cleaning method applied may make a diff erence in the physical and perceived load. Hagner and 
Hagberg7 evaluated 11 healthy female cleaners when they mopped the  oor using the “push” method or 
the “ gure-of-eight” method. Th ere was less local muscle loading and perceived exertion when the for-
mer method was used. Nevertheless, even the “push” method seemed to result in levels of static loading 
and oxygen uptake that might be harmful.

New te chnology h as p roduced e quipment w ith i mproved ergo nomic de signs. C onventional mops 
have wooden handles and are heavy, especially when they are wet. Th e new micro ber mops are light-
weight and easily maneuverable. Th eir use requires minimal physical exertion. Ergonomic mop handles 
and extendible shaft s promote neutral body postures. Backpack vacuum cleaners have been found to 
have a b iomechanical design superior to up right c leaners.8 Backpack vacuum cleaners are also more 
effi  cient. Experienced workers using backpack vacuum cleaners could clean much faster than using the 
upright design at similar levels of energy expenditure and perceived eff ort.9

Implementing a pa rticipatory ergo nomics app roach h as b een f ound e ff ective in reducing the risk 
and severity of injuries a mong 137 hospital c leaners.10 Such a p rogram may include purchasing  oor 
coverings that are easier to clean, modifying cleaner’s trolleys so they are easier to move, and increasing 
task rotation to p revent overexertion. Wearing nonskid shoes a nd d rying wet surfaces promptly w ill 
reduce the risk of slips, trips, and falls. Selection of  ooring based on coeffi  cients of friction must be 
balanced between the ease of moving trolleys and the probability of slips and falls.

Materials Handling

Th e handling of l inen and trash is a m ajor cause of ergonomic injuries in the environmental services 
department. Typically, l inen is placed in bags which may weigh up to 3 0 lb each. Th e bags are t rans-
ported i n l arge, t all l inen c arts ( Figure 9.1). O ne lo ad a verages a bout 2 40 lb. Th e h eight o f t he t rash 
carts is less—the top edge and the handle are approximately 43 and 37 in., respectively, from the  oor. 
However, in order to reduce the number of runs, employees tend to overload the carts (Figure 9.2). 
A load of trash may weigh 200–380 lb.
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Repetitive heavy lift ing is required in the process of  l ling these linen and trash carts. As the carts 
are  lled up, lift ing above shoulder height occurs. Th e problem is aggravated for persons of short stat-
ure. In spite of materials handling guidelines to push rather than pull, employees pull the carts because 
their line of sight would be obstructed by the load if they walk behind the cart. Hospitals use linen carts 
similar to those used in the hospitality industry. In a study of hotel room cleaners, 84% of participants 
considered the linen carts too heavy.3

When the linen carts are  lled, they are transported to the loading dock for pick up by a contractor or 
to the hospital’s in-house laundry, where unloading takes place. Similarly, when the trash carts are  lled, 
the contents must be unloaded into a dumpster or compactor. If this task is performed manually, an 

FIGURE 9.1 Tall linen carts.

FIGURE 9.2 Overloaded trash cart.
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employee must reach into the cart to grasp and remove the bags of trash and load them into the dump-
ster or compactor, most likely at a height above shoulder level. Th e task involves extended horizontal and 
vertical reach and repetitive non-neutral postures.

Issues related to t he handling of biohazardous waste are similar to t hose related to h andling other 
trash, except t hat usually a c ontractor for biohazardous waste d isposal w ill unload t he biohazardous 
waste from the containers aft er environmental services employees have collected the waste. In the col-
lection p rocess, t he b iohazardous w aste c ontainers weighing up to 5 5 lb a re l ift ed. Th ey h ave i nade-
quate handles and no caster. Nevertheless, in one hospital, sprains and strains accounted for only 25% 
of injuries related to the processing of biohazardous waste. Th e ot her 75% of injuries were caused by 
needlesticks.

In addition to scheduled rest breaks and job rotation, interventions have been devised to reduce the 
physiological workload and increase the effi  ciency of handling linen and trash:

Linen or t rash c hute s ystems a re de signed to t ransport l aundry or t rash to lo wer le vels o f t he • 
building (Figures 9.3 and 9.4). Th eir advantage is that manual materials handling and ergonomic 
stressors are minimized. Th eir disadvantage is that it will be extremely costly and diffi  cult, if not 
impossible, to install these systems in existing facilities. Some systems may create problems with 
noise or odor but manufacturers have introduced designs to overcome such issues. Infection con-
trol concerns may require that chutes not be used for biohazardous waste. Th e chutes should be 
designed properly to avoid items being stuck inside, requiring an employee to adopt an awkward 
posture to retrieve them.
Soiled linen collection systems such as the one shown in Figure 9.5 eliminate many musculoskel-• 
etal stressors in handling linen. Th ey also improve the containment of airborne bacteria and odor 
and help prevent incidents caused by misplaced sharps. One disadvantage of some systems is that 
the lids of the containers must be lift ed manually as there is no foot pedal. Furthermore, existing 
facilities must de termine i f t he c eiling height provides su ffi  cient c learance for t he s ystem to  
operate. Other space constraint may apply.

FIGURE 9.3 Trash chute intake.
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Motorized equipment is available to assist in the transfer of linen and trash carts. Figure 9.6 shows • 
one e xample. W hen motors a re u sed, i t i s p ossible to jo in l inen c arts toge ther w ith a h itch to 
optimize working t ime (Figure 9.7). As in t he case of pat ient l ift  equipment, employees do not 
always take advantage of the available equipment because they consider it cumbersome or time 
consuming to u se. Employee education is essential to en sure acceptance a nd proper use of t he 
equipment.

FIGURE 9.4 Trash chute discharge and receiving cart.

FIGURE 9.5 Soiled linen collection system.
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Automated “no-touch” cart dumpers can be employed to eliminate manual transfer of trash from • 
the trash carts to the dumpster or compactor.
Using c arts w ith a s pring p latform c an opt imize t he h and w orking h eights w hen em ployees • 
unload linen from the carts.
Regular preventive maintenance of the equipment, whether manual or motorized, improves effi  -• 
ciency and reduces the body force required to handle the equipment.
Reducing the height of the l inen carts is eff ective in reducing the load and the height of l ift ing • 
(Figure 9.8). Th e sm aller c apacity o f e ach c art m ay me an longer c ollection t imes due to mo re 
runs, which can be off set by using the motorized equipment and hitch. If a hospital contracts out 
its linen service, the linen carts used by employees may be the property of the contractor and the 
hospital will have to work with the contractor to make modi cations.

FIGURE 9.6 Motor for transporting carts.

FIGURE 9.7 Hitch for joining linen carts.
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Handles have been added for better grip.

Adding handles to the carts provides a better grip and reduces the force required to move the carts • 
(see Figure 9.8).
Decreasing the size of the linen bags helps reduce the weight and the force exertion during pick-up • 
and transfer of the bags (Figure 9.9).
Using larger wheels (6–8 in.) or casters with tapered roller bearings for the carts increases mobil-• 
ity and decreases pushing force.

Diagnostic Imaging

A range of technology is used in diagnostic imaging, including x-ray, ultrasound, computed tomogra-
phy, and magnetic resonance imaging. In diagnostic imaging, ergonomic risk factors exist in both the 
scanning process and the interpretation process.

FIGURE 9.8 Comparison of the shorter and taller linen carts. Handles have been added for better grip.

Handles

FIGURE 9.9 Smaller linen bags reduce weight and force exertion.
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Scanning Process

Th e scanning process is usually performed by a te chnician. Th e exact procedures vary by the speci c 
technology. In general, the employee positions the patient in the appropriate place relative to the equip-
ment and operates the equipment to acquire images of the targeted body parts. Positioning the patient 
can be a biomechanically demanding task if the patient is not ambulatory. Safe patient handling is cov-
ered elsewhere in this book. Manipulation of the equipment, data entry into the computer, viewing of 
the monitor, and handling of supplies and materials may pose ergonomic risks associated with forceful 
pinch grips, prolonged awkward postures, or extended reach.

X-Ray Technologists

In a s tudy of x-ray technologists, some of t he tasks were found to b e stressful due to re petition.11 An 
example was the handling and positioning of cassettes. Other activities might be performed at awkward 
joint angles, such as pushing and pulling x-ray tubes.

In one hospital, two technologists sustained injuries and other employees complained of wrist, hand, 
arm, a nd  nger pa in a nd d iscomfort due to h andling of heavy c assettes. A job a nalysis re vealed t he 
following:

Each employee might take care of 20 patients a day.• 
Four cassettes per patient were needed for most patients.• 
Each cassette could weigh up to 2 0 lb a nd was moved t hree to f our t imes, between t he s torage • 
rack, the x-ray table, and the x-ray  lm processor. In other words, one technologist might move 
cassettes up to 320 times in a day. Th e average travel distance was 75 ft  each time.
Th e technologists had to twist the wrist three to four times while using a cassette, so the total wrist • 
extensions,  exions, and deviations were about 1280 times a day.
Th e cassettes had no handles for a good grip (Figure 9.10).• 
Placing a cassette into the x-ray  lm processor required lift ing the cassette at shoulder level.• 
One x-ray tube was heavy and moving it required a 40 lb force.• 

FIGURE 9.10 Holding cassette without handle.
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Some of t he above factors could not b e modi ed w ithout changing t he x-ray equipment or t he room 
layout, which would incur considerable expenses. Other factors could be modi ed:

Change the con guration of the storage rack so that the heaviest cassettes could be placed hori-• 
zontally on the upper portion of the rack to facilitate access.
Transport the cassettes with a cart rather than by hand.• 
Train the technologists in body mechanics and stretching; advise them to lift  cassettes with both • 
hands and close to t he body, to m aintain neutral postures as much as possible, and to t ake fre-
quent stretch breaks.

If the x-ray equipment can be changed, conversion to d igital radiology will eliminate the insertion or 
removal of cassettes, which requires a f orceful pinch grip. Th e  lmless technology is a lso a pre ferable 
method of archiving since the life of  lms in general radiology is 7 years. Going digital will eliminate 
the pinch grip used by employees when carrying the large processed  lms.

Sonographers

Th e National Institute for Occupational Safety and Health (NIOSH) has found that sonographers are 
at r isk of developing work-related MSDs in the upper extremities, neck, and back.12 Figure 9.11 dem-
onstrates the scanning task performed by a sonographer at a s tandard workstation. Positioning of the 
equipment leads to awkward postures—twisting of the neck,  exion and abduction of the shoulder, and 
extension of the elbow. Holding the transducer requires a pinch grip.

Measures to m inimize these ergonomic risk factors may include solutions oft en employed in offi  ce 
ergonomics. Adjustable workstations, monitors, and chairs can reduce awkward postures and eyestrain. 
Furniture and equipment readily available in the market can be eff ective in alleviating employee com-
plaints about shoulder, arm, wrist, and back pain or soreness. Figure 9.12 shows a sonographer’s work-
station, where an armrest is attached to the patient’s bed and the sonographer sits on a saddle chair. In 
one hospital, implementing this combination of armrest and saddle chair has reduced arm and shoulder 
discomfort by 70%–90%.

Interpretation Process

Radiologists view and interpret medical images in the offi  ce setting. However, the workstation design 
is more complex than commonly found at offi  ce workstations. Th e picture, a rchiving, a nd collection 
(PAC) system which t he radiologists use have multiple monitors t hat a re v iewed side b y side . It may 

FIGURE 9.11 Sonographer performing scanning task at standard workstation.
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appear that this setup would reduce neck strain, since the head of the radiologist is no longer  xed in one 
position but moves to slightly diff erent positions to v iew diff erent monitors. However, potential work-
ing-memory strain exists, particularly among new or infrequent users.13 Hospitals are testing innovative 
designs of radiology workstations and reading rooms to reduce ergonomic stressors as much as possible. 
Th e environmental design of the radiology department in one hospital takes into account the intensity 
and quality of the ambient light, temperature, relative humidity, as well as layout of the workstation and 
other factors. Figure 9.13 presents an example of one of their workstations.

Clinical Laboratories

Hospital laboratory employees perform a variety of tasks that range from drawing blood to a nalyzing 
specimens. Many of these activities are associated with ergonomic risk factors. Ramadan and Ferreira14 

Armrest

Saddle chair

FIGURE 9.12 Sonographer performing scanning task at modi ed workstation.

FIGURE 9.13 Radiology reading station with chair that adjusts for spine postures.
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evaluated predominant work activities of workers at a laboratory of clinical pathology and found that a 
higher percentage of MSD symptoms were reported by workers performing operational activities, com-
pared to workers performing nonoperational activities (72.1% vs. 27.9%). Operational activities included 
tasks most commonly performed at this type of laboratories, whereas nonoperational activities involved 
administrative and management tasks. Kilroy and Dockrell15 found t hat t he 3 mo nths prevalence of 
musculoskeletal symptoms among female biomedical scientists was 79%, although this percentage 
decreased to 5 4% a ft er i nstituting ergo nomic i nterventions t hat c omprised w orkplace c hanges a nd 
education on risk factors.

Th e following s ections d iscuss s ome of t he op erational ac tivities i n c linical l aboratories t hat p ose 
ergonomic challenges.

Phlebotomy

Smith16 described a c ase of lateral epicondylitis in a ph lebotomist, who venesected up to 1 50 pat ients 
per shift . Th e injury was thought to b e caused by the forceful gripping and repetitive twisting needed 
to break the seals on green vacutainer needles. Subsequently, the hospital works department created a 
device to break the seal. Th e hospital also enforced rest breaks and increased the number of phleboto-
mist to reduce work pressure. Eventually, the manufacturer of the vacutainer needles changed the seals 
so that they were smaller and easier to break.

Phlebotomists who d raw blood i n a s tanding position may experience pa in i n t he back a nd lower 
extremities due to the static load. Antifatigue mats are desirable in reducing the load. If the staff  switch 
between standing and sitting positions throughout the day, antifatigue runners or  ooring is preferable 
to avoid having to roll stools across the beveled mat edges.

Blood draw stations can have adjustable tables and chairs to accommodate clinicians and patients of 
various heights and to promote neutral body postures (Figure 9.14). Th e bene ts of the adjustable blood 
draw station may not a lways be fully realized due to ig norance or disregard of ergonomic principles. 
As seen in Figure 9.15, the patient’s adjustable chair had been replaced by a non-adjustable chair. As a 
consequence, the top surface of the table was not adjusted to the proper height, so the phlebotomist had 

FIGURE 9.14 Blood draw station with adjustable table and chair.
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to bend forward while drawing blood. Phlebotomists should be trained on the importance of following 
ergonomic guidelines and using ergonomically designed furniture and equipment.

Th e phlebotomist had to bend the trunk to draw blood.

Pipetting

Laboratory personnel oft en perform the task of pipetting. Repeated use of pipettes can cause MSDs in 
the upper extremities such as carpal tunnel syndrome, lateral epicondylitis, and thumb tenosynovitis. 
Th at is because in pipetting, tip insertion, plunger manipulation, and tip ejection require relatively high 
levels of hand forces. Prolonged static postures reduce blood  ow in the upper extremities. Repetitions 
lead to wear and tear on the tendons and joints. Some pipettes are designed so that the wrist must be 
bent to operate the pipette. Minuk et al.17 reported on pipetter’s thumb injuries. Fredriksson18 found that 
the strain on the thumb for a woman with weak muscular structures was unacceptably high and that 
symptoms increased with the amount of time spent with pipetting. Bjorksten et al.19 determined that the 
prevalence of hand ailments among laboratory assistants using plunger-operated pipettes was twice that 
among female state employees in general. An increased risk of hand and shoulder ailments was associ-
ated with more than 300 h per year of pipetting. David and Buckle20 discovered an association between 
the use of pipettes and upper-limb disorders. Th ey observed a do se–response relationship in that the 
percentage of those reporting hand complaints increased as the duration of continuous use increased.

During pipetting, the user must hold the pipette  rmly and aim the tip of the pipette precisely into the 
receiving vessel. Some pipettes require a 4- nger grasp. Lee and Jiang21 designed a pipette that required 
a power grip, which improved the precision and comfort and shortened the time required to p erform 
the task. Another way to reduce ergonomic risk factors while pipetting is to select pipettes with minimal 
plunger travel and low tip-ejection and plunger forces. Pipettes that off er a comfortable grip, promote 
a neutral position of the wrist, and minimize thumb extension are desirable. An electronic pipette can 
reduce force and repetition since a motor controls the plunger and the pipette is programmable for mix-
ing, diluting, and dispensing multiple samples. Good work practices to le ssen the loading on the ten-
dons include taking rest breaks, keeping supplies within comfortable reach, alternating pipetting with 
other activities and between right and left  hands if possible, using only the minimal amount of force to 
press the plunger, varying the way the pipette is held, and maintaining neutral postures.

FIGURE 9.15 Blood draw station without proper chair and table adjustments. Th e phlebotomist had to bend 
the trunk to draw blood.
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Specimen Processing, Analyses, and Storage

In the pathology laboratory, employees use a microtome to cut specimens into thin segments for microscopic 
examination. Conventional microtomes are mechanical devices that require repetitive hand-cranking and 
bending at t he wrist (Figure 9.16). Th e introduction of the laser microtome removes these ergonomic risk 
factors while improving the quality of tissue-processing. Until laser microtomes are widely used, admin-
istrative controls such as scheduled rest breaks a nd job rot ation a re needed to p revent MSDs a mong 
microtome users.

Examining specimens under a m icroscope for prolonged periods exposes employees to c ontinuous 
static muscular load and an increased risk of MSDs in the neck, shoulder, upper extremities, and back. 
According to Sillanpaa et al.,22 75% of microscope workers in a research center suff ered from pain in the 
shoulder region, 57% suff ered from pain in the neck region, 49% suff ered from pain in the lower back, 
and 39% suff ered from pain in the upper back. Th e authors designed an adjustable microscope table that 
improved the neck position, a llowed the user to ke ep the head in an upright position, and supported 
the forearms with less  exion of the upper arm. Th e design was eff ective in reducing the static load on 
the neck and other muscles. Other ergonomic solutions may include the use of adjustable eyepieces or 
eyepiece extensions to reduce awkward neck and back postures, addition of rubber eyecups to minimize 
soft  tissue compression, or installation of a video system or eyepieceless microscopes to allow greater 
head and body movement while viewing slides.

Some pathology laboratories hire employees to transcribe notes dictated by the pathologists or 
pathologist assistants as they analyzed specimens. Th e transcriptionist spends long hours l istening to 
the recording and typing the notes on the computer. Applying basic offi  ce ergonomics principles in the 
workstation design and encouraging regular stretch breaks will minimize eyestrain and other problems 
associated with prolonged use of computers. Speech recognition soft ware designed for the  eld of medi-
cine off ers an alternative to manual transcription and facilitates accurate and timely documentation.

Another area of concern in the pathology laboratory is manual materials handling, in this case the 
materials being heavy slide drawers. It is common for medical assistants to t ransfer drawers t hat are 

FIGURE 9.16 Employee operating microtome. Th e right wrist shows extreme  exion.
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loaded with slides and weigh about 5 lb. Th is weight may not s eem a lot , but the drawers are long and 
narrow, making it hard to balance them in the hands. Th e employee must be very careful and must hold 
the drawers tightly. In Figure 9.17, an employee was seen in an awkward posture trying to ba lance the 
weight of the drawer and place it into the lower basket of a cart. Furthermore, the manner in which slide 
drawers are stacked requires the employee to bend over to reach the bottom drawers and to extend the 
arms above shoulder height to reach the upper levels. Performing these job tasks is prone to cause back, 
shoulder, and hand injuries.

Pharmacy

A hospital pharmacy department may be divided into inpatient, outpatient, and infusion center. Th ese  
operations have similar ergonomic challenges. For example, in both the inpatient and outpatient phar-
macies, ph armacists must c ount p ills w hen  lling prescriptions. Automatic p ill c ounters c an re duce 
the time the pharmacist’s neck is positioned in a non-neutral posture. Th ere are also diff erences among 
these pharmacy operations, as explained in the following sections.

Inpatient Pharmacy

In i npatient pharmacy, pharmacists receive t he prescriptions a nd prepare t he documentation on t he 
computer (Figure 9.18). Unless a rob otic system is used, dispensing requires that the drugs be manu-
ally picked up from inventory bins. Th ese bins are stacked on shelves against the wall, almost to ceiling 
height (Figure 9.19). Employees must reach below knee level or above shoulder level when they perform 
the t asks o f s tocking a nd d ispensing. Th ey m ay ne ed to c limb o n a l adder o r s tool to re ach t he top 
shelves. A well-constructed, stable step ladder with handrails will prevent trips and falls (Figure 9.20).

Employees preparing the drugs to  ll the orders may be working in a standing position much of the 
time. Antifatigue runners can help relieve the static load on the back and lower extremities.

Automated robotic systems can be used to dispense medications and avoid repetitive motion injuries. 
Th ey  off er other advantages such as reduced medication errors and improved inventory management.

Medications and supplies are transported to patient rooms in pharmacy carts. One hospital measured 
the push–pull force associated with the use of a ph armacy cart carrying a t ypical load. On a smo oth 
surface with tile  ooring, the peak push force and peak pull force were approximately 20 lb. Th e peak 
push force and peak pull force increased to 35 and 28 lb, respectively, on carpeted  oor. Smooth  oor 
surfaces make it easier to rol l t he c arts a nd a re a lso easier to c lean, a n advantage for environmental 
services personnel.

Slide drawers

FIGURE 9.17 Handling slide drawers in an awkward posture.
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Outpatient Pharmacy

In the outpatient pharmacy, prescriptions are frequently  lled while the patient or a family member is 
waiting. Th e outpatient pharmacy has workstations set up for interaction with customers and for cash 
or credit card point-of-sale transactions (Figure 9.21). Other workstations are located close to the inven-
tory bins. Sometimes, these workstations are set up on the top of the counter and they are not adjustable. 
Th e monitor and keyboard are placed at a height that is not suitable for either standing or sitting work, 
causing much elbow  exion (Figure 9.22).

FIGURE 9.18 Pharmacist’s workstation in inpatient pharmacy.

FIGURE 9.19 Inventory bins stacked on shelves against the wall.
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Other ergonomic challenges in the outpatient pharmacy are similar to t hose in the inpatient phar-
macy, such as stocking and retrieving inventory from bins on the upper and lower shelves and moving 
heavy carts that carry medications and supplies.

Infusion Center

Infusion centers may serve outpatients who come to the hospital for treatments or who need the medic-
ations for use at home. In one hospital, employees were ripping open the seals of medicine containers by 

FIGURE 9.20 Step ladder with handrails in inpatient pharmacy.

FIGURE 9.21 Outpatient pharmacy point-of-sale workstations.
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hand, as frequently as 28 times a shift , causing MSD symptoms (Figure 9.23). Th e in-house ergonomist 
recommended t he use of a si mple a nd i nexpensive tool—a pa ir of pliers—to open t he seals a nd t hat 
eliminated the problem (Figure 9.24).

In the same infusion center, employees short in stature had diffi  culty hanging bags of intravenous 
medication onto the horizontal bar inside the laboratory hood. Th ey were able to use a stepping platform 
(Figure 9.25). Later on a pa ir of brackets was added to t he sides of the hood so that the horizontal bar 
could be positioned at a lo wer level (Figure 9.26). Th ese examples show that eff ective ergonomic solu-
tions can be found in readily available and inexpensive materials.

Food Service

In addition to heat stress, burns, slips, trips, and falls, employees working in the kitchen face a combination 
of r isk f actors f or t he de velopment o f M SDs. F or e xample, d ishwashing re quired f requent b ending 

FIGURE 9.22 Outpatient pharmacy workstations on counters.

FIGURE 9.23 Overuse of  ngers to open seals.
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and twisting of the trunk, lift ing, repetitive movements of the hands, non-neutral wrist and shoulder 
postures, a nd u se o f h and force.23 Most kitchen work is done when standing or walking. It was not 
surprising, t herefore, t hat only 13% of 495 female k itchen workers reported no m usculoskeletal pa in 
symptoms during t he pa st 3 mo nths.23 Neck pa in was t he most predominant symptom reported but 
pain in the back and upper extremities was also common. Aminoff  et al.24 studied six female and three 
male hospital kitchen workers while working on a conveyor belt to collect and sort dirty plates, glasses, 
and cutlery for cleaning. Th e mean oxygen uptake corresponded to 41% of the individual’s peak oxygen 
uptake. Such high work intensity has the potential of creating excessive physiological strain.

One hospital conducted a n ergonomics a nalysis of i ts food service department w ith 50 employees 
working at food preparation and cafeteria server workstations. Th e employees complained about pain in 

FIGURE 9.24 Using pliers to open seals.

FIGURE 9.25 Stepping platform.



Ergonomics 9-19

the upper extremities, neck, and shoulder. Th e number of injuries increased from 13 to 16 between the 
years 2005 and 2006. Th e following risk factors were identi ed:

Repetitive motion of the hands, wrists, and  ngers was used to cut fruits and vegetables (Figure • 
9.27).
Food bags and boxes weighing more than 30 lb each were lift ed and placed at multiple levels that • 
might be lower than knee height or higher than shoulder height (Figure 9.28).
Food preparation workstations were not height-adjustable, resulting in continuous bending of the • 
neck for many employees (Figure 9.29).
Server workstations were poorly designed, requiring 180° of body twisting and neck rotation in • 
order for a server to prepare the food and communicate with the waiting customers (Figure 9.30).

FIGURE 9.26 Brackets added to laboratory hood to allow additional position of horizontal bar.

Brackets

FIGURE 9.27 Cutting vegetables requires repetitive motion of the hands.
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FIGURE 9.28 Multilevel racks with bags and boxes of food.

FIGURE 9.29 Food preparation workstation.
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Forceful grip of tongs and repetitive hand and wrist motions were observed in the employees at • 
the server workstations. Hamburger was the most popular order. On the average, more than 150 
hamburgers were sold in a d ay. Approximately, 20 movements of the hands, wrists, and  ngers 
were needed to prepare one hamburger, amounting to more than 3000 movements per day.
Practically, all work was done standing or walking.• 

Recommendations to overcome these challenges included the following:

Purchase a lettuce cutter or order lettuce precut to reduce the amount and time of cutting food.• 
Buy food in smaller, lighter packages to reduce the risk of lift ing injuries.• 
Use an adjustable cutting board platform to reduce neck strain.• 
Create a self-service system for some food items or eliminate serving hot food altogether. Having • 
customers serve themselves will cut down the repetitive motion required of employees.
Implement scheduled rest breaks and job rotation.• 
Train employees in body mechanics and the importance of maintaining neutral postures.• 

Another ergonomic r isk factor a mong food service employees a rises f rom t he need to t ransport pre-
pared food to pat ient rooms. Motorized food service trams are preferable to m anual carts as pushing 
and pulling forces are minimized. Several trams can be joined in a t rain, so this method is safer and 
more effi  cient than manual handling.

Summary

Th is c hapter h as provided e xamples o f ergonomic c hallenges a nd s olutions i n  ve ho spital a ncillary 
departments. Whereas some solutions may be speci c to one department’s unique situation, the following 
recommendations have universal applications:

Work with manufacturers and contractors to c reate or improve a product so that it has a better • 
ergonomic design.
Better ergonomic design promotes not only workplace safety, but also patient safety.• 

FIGURE 9.30 Cafeteria server workstation.
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New te chnology c an i ncorporate b etter ergonomic de sign w hile i mproving t he e ffi  ciency and • 
outcomes of clinical procedures.
Scheduled rest breaks, job rotation, and training employees in body mechanics, lift ing techniques, • 
and stretch exercises are eff ective in reducing ergonomic injuries.
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Ergonomic Design in the Workplace in Health Care Facilities

Jocelyn Villeneuve

Introduction

Following observation in a n umber of health care facilities, certain dysfunctions in workplace design 
were identi ed, both in the patient-care units themselves and in other related areas such as laboratories, 
food services, administrative offi  ces, and so on. Ergonomic interventions were required to correct these 
situations, when in fact the problems could easily have been avoided at the planning stage. Nearly three 
quarters of industrial accidents involving nursing staff  o ccur in the rooms of long-term care patients. 
A ke y factor i s l ack of space i n t he ro oms for e quipment such a s pat ient l ift s, s tretchers, a nd w heel-
chairs. Bathrooms and toilets are oft en poorly designed, and accidents occur when nursing staff  handle 
patients. Many similar examples exist in all hospital services.

Th is chapter describes a n ergonomic procedure a imed at en suring t hat workplace designs provide 
the best possible health and safety conditions and satisfy the requirements of nursing staff  in terms of 
comfort, quality, and effi  ciency.

Th e p rocedure i n que stion i s a supp ort p rocedure f or de sign p rojects a nd i s ba sed o n a s peci c 
“approach” and speci c “methods” in “design ergonomy.” It is derived from a trend developed recently 
in France.1 Although focused on employees, it also has a positive impact for clients and other users. In 
fact, the methods employed can be applied to all categories of users.

Approach

Th e approach is “participatory” in that, to succeed, it requires the direct participation of and structured 
consultation between the management, employees, and clients in the health care institution.

Th e approach is “prospective,” and concentrates on anticipation of future activities, to ensure that the 
design concept will provide suitable conditions for the performance of those activities.
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Th e approach also gives “decision-making support” to designers and institutional players, by helping 
them to understand the demands of the work and thus to make appropriate design choices. It therefore 
provides an excellent complement to t he work of the architect, who is concerned more with the con-
struction of the building itself.

Methods

Th e methods used to apply the approach basically comprise “simulations” of predetermined future 
activity scenarios. Th e simulations are generally performed on a f ull-scale or enlarged plan. Th ei r 
goal i s to te st t he su itability o f t he de sign c oncepts f or t he f uture ac tivity s cenarios c onsidered 
most i mportant. A me thod of a nalyzing t he f unctionality of existing a nd f uture buildings i s a lso 
proposed.

Th e approach presented is adapted to t he context of major renovation or construction projects. Th e 
methods would have to be modi ed for smaller projects. Nevertheless, the objective remains unchanged 
to ensure that the facilities resulting from the project provide an environment in which the work can be 
performed safely, comfortably, and effi  ciently.

We have te sted a nd perfected t his approach over t he last 4 ye ars i n more t han 200 i nstitutions i n 
Quebec’s hospital sector. Given the scope of the testing, we believe the approach described here is both 
useful and eff ective.

Problem Situation

Many design projects are completed without suffi  cient organized dialog between the direct users (man-
agement, personnel, and clients). All too oft en, the fundamental decisions regarding design choices are 
made in a vacuum by a committee of technical professionals who do not g ive enough consideration to 
overall working conditions and the conditions in which the users of the building—employees, clients, 
visitors, and suppliers—will have to conduct their activities. Major structural problems exist in project 
realization procedures, at the level of dialog mechanisms between the various parties and the manage-
ment of relevant information.

Generally speaking, construction standards do not consider ergonomic aspects or health and safety 
at work. As a professional discipline, ergonomy is a fairly recent phenomenon, and perceptions of its role 
are limited. Th e term “ergonomy” tends to b e associated with workstation design and the selection of 
furniture (chairs, desks, etc.). In the context of the approach described here, however, it is de ned as a 
discipline specialized in the design of the user/environment interface, and thus covers a much broader 
 eld of application.

All these factors together mean that serious design faults sometimes occur when, in fact, they could 
have been avoided by a more rigorous analysis of user activities. Situations such as this generate discon-
tent and can aff ect operational effi  ciency. Sometimes, new buildings have to be altered immediately aft er 
construction. Th is is both costly and unproductive.

Our goal is to help designers, as far as possible, to eliminate design errors from the working and living 
environment, by applying a new ergonomic approach based on the analysis of user activities.

Levels of Functional Building Analysis

In the functional analysis of existing or future buildings, it is useful to distinguish three levels, each 
involving diff erent types of activities (see Figure 9.31):

A • macroscopic level, involving the building as a whole in its relation with site and the location of 
the main activity zones within the building
A • mesoscopic level, involving the functional relationships between the diff erent facilities within 
each activity zone, i.e., a department or related departments
A • microscopic level, involving workstations and the performance of activities on the premises
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From this standpoint, the building as a whole is seen as a broad system comprising a set of subsystems 
(the departments), which themselves comprise smaller subsystems (the workstations). All the systems 
are open. Close functional relationships exist between the diff erent levels.

Macroscopic Level

Th is level is concerned with the relationship between the position of the building and the characteristics 
of the site: its size, position in relation to the cardinal points and neighboring streets, future easements, 
and the type of soil and vegetation.

Th e l imits a nd possibilities of t he site w ith respect to t he “external f unctions” of t he building a nd 
required surface areas signi cantly aff ect the design concept in terms of the volume of the building—
basically, its shape and the number of  oors. Th e external functions of a b uilding include pedestrian 
and vehicular entrances and exits, service access and delivery of goods, terraces, gardens, and parking. 
Th e access points must be positioned so as to comply with safety and entrance/exit surveillance require-
ments. An enclosed outdoor space—a garden or terrace—will be needed, for example, in facilities 
housing patients who are likely to wander.

Th e other major aspect to b e considered concerns the position of the main activity zones in relation 
to the “ internal f unctions” of t he building: reception, administration, care units, d ietary service, 
specialized facilities, community facilities, staff  facilities, and technical facilities. Th ese zones must be 
positioned so as to obtain the best possible proxemic relationship among them and with the outside of 
the building to facilitate internal circulation of people and materials.

Th e proximity of the various zones to one another will depend on their respective functions and the 
compatibility or i ncompatibility o f t heir ac tivities. For e xample, c ontact b etween s oiled a nd c lean 
materials should be avoided.

Analysis of horizontal ( oor by  oor) and vertical ( oor to  oor) circulation of people and materials 
will enable the activity zones, stairwells, lift s, laundry chutes, and technical channels to be located in the 
best possible position in the building.

Macro

Meso

Micro

Building
External functions
Internal functions

Room
Workstations
Activities

Departments

FIGURE 9.31 Levels of project analysis. Overall, the building is viewed as a broad system comprising a number 
of subsystems (departments), which themselves contain smaller subsystems (workstations). All are open systems, 
which maintain close functional relationships between the various levels.
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Mesoscopic Level

Th e mesoscopic level is concerned with the activity zones themselves. Each zone may contain one or 
more related services. Here, it is important to assess the functional relationship of each facility with the 
others.

If we take a care unit as an example, the layout of the facilities will depend on the exterior shape of 
the building and the internal circulation of people and materials. Whatever the shape, the indoor space 
will almost always be arranged on either side of a long corridor or at the junction of two or three shorter 
corridors. Diff erent con gurations permitting loop circulation are recommended for elderly people who 
are likely to wander.

At this level, the layout should be such that it minimizes staff  movement and facilitates communica-
tion between the facilities in the activity zone.

Microscopic Level

Th e microscopic level is concerned with the organization of workstations within the facilities. A worksta-
tion is always related to a greater or lesser extent to a set of other workstations. It is important to identify 
these relations and ensure that the physical layout takes account of chronological work sequences so that 
the physical and informational links are as effi  cient as possible. Th e layout of workstations in a laboratory, for 
example, should be designed to avoid unnecessary handling of samples and should re ect the chronology 
of the operations performed on the most common types of samples. Th is obviously requires prior analy-
sis of operational sequences and the paths taken by the diff erent samples during handling by laboratory 
technicians. Th e speci c constraints of each workstation must also be identi ed, especially if employment 
injuries or signi cant incidents have been declared in the past.

Environmental considerations such as t he location of w indows according to t he orientation of t he 
building, potential sources of noise, and ventilation requirements must be considered when designing 
workstations according to the type of activity to be performed. A computer-based activity in an admin-
istrative offi  ce does not involve the same design constraints as a workshop activity requiring the use of 
noisy mechanical tools and toxic products.

Equipment and tools are generally selected at the microscopic level, on the basis of ergonomic criteria 
that take account of safety and comfort objectives for users and also production objectives. Th e choice 
of a  speci c production system sometimes has a n i mpact on t he design as a w hole. Such choices a re 
made at the macroscopic level because they aff ect the initial design concept. Th e decision to use a tun-
nel washer rather than washers and dryers in a l aundry, for example, will condition the design of the 
laundry area and also the upstream areas, e.g., dirty laundry reception area, weighing area, and tunnel 
feed area, and the downstream areas, e.g., sorting, drying, and ironing.

Dynamic Simulation of Future Activities

Th e primary requirement of a de sign project is to p roduce a de sign that is consistent with the future 
activities of users. Consequently, the activities to be performed in the new facilities must be anticipated. 
Simulation is the best way of doing this.

We therefore propose a “dynamic simulation of future activities” in order to test the proposed design 
concepts in light of user needs. Th e si mulation p rocedure c an b e app lied to a ll s teps o f t he de sign 
phase—programming, design, preliminary plans and speci cations, and detailed plans and speci ca-
tions. It can also be reproduced at the three functional analysis levels—in other words, at the level of the 
building itself (macroscopic), t he various departments (mesoscopic), and t he individual workstations 
(microscopic).

Th e general logic of the simulation process is to develop priority future activity scenarios on the basis 
of the data used to de ne the design project. Th e scenarios are simulated by placing real users in a layout 
representing the proposed design concept. Th e suitability of the concept for the predetermined future 
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activity scenarios is then diagnosed. Th is gives rise to proposals for changes to the concept or the sce-
narios and,  nally, to a design that fully satis es user expectations.

Figure 9.32 shows the simulation process in diagram form. Th e process is described step by step in the 
following paragraphs. To illustrate the text, we have used the example of recent major renovation work 
at a long-term care center in Quebec.

Analysis of Project Data

To obtain a clear vision of the project, a set of knowledge, in writing or not, must be collected and ana-
lyzed. In addition to the offi  cial documents that usually accompany design projects (evaluation assess-
ment reports, architectural program, plans and speci cations), other data are needed to ensure that the 
future activities are properly understood (see Figure 9.33).

Analysis of project data

Simulation of future activities

Preparation of future activity
scenarios

(Macro/meso/microscales)

Preparation of new concepts or
choice of existing concepts

Simulation of future activity
scenarios

Prognosis and proposed changes

Follow-up of proposed changes

FIGURE 9.32 Simulation of future activities.
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Th ese data are concerned,  rst, with the institution’s existing and planned operating methods with 
respect to its new mission, and second, with the health, safety, and comfort of users.

Potentially vulnerable situations must be identi ed at t he outset, so that they can be el iminated or 
controlled in the new facilities. To do this, the circumstances causing these situations must be diagnosed 
and solutions must be prepared to prevent repetition in the future.

Example 9.1

At B long-term care center, three diagnostic studies were carried out on the institution’s operation and 
orientation prior to drawing the architectural program. First, a back-injury prevention program provided 
a detailed portrait of the main causes of workplace injuries and proposed a number of solutions. As an 
extension of this report, an environmental ergonomic study was ordered to obtain a complete diagnosis 
of the center’s dysfunctional aspects.5 Later in the same year, the management fi led a strategic report 
recommending a major reorientation of the institution’s mission, in which the institution would be trans-
formed into a specialized psychogeriatric center.

Th e center was built in 1977 and was designed for independent elderly people. However, over time it 
began to accept increasingly severe cases and the average number of care hours per client increased by 
68% in just 5 years. Nearly half of its clients suff ered from cognitive disorders.

Th e existing building, composed of  ve separate one-story pavilions constructed a round a c entral 
zone with a cafeteria, had become a source of enormous functional problems and, clearly, no longer 

Design project data

Institution’s
mission

Design
project

Inside
references

New
building

Construction
standards Comparable

sites

Ergonomics
expertise

Existing
sites

Operational
knowledge

Clinical
knowledge

Health and
safety

knowledge

Technical
expertise

Outside
references

FIGURE 9.33 Design project data. Set of data to be considered in de ning a design project to obtain a clear view 
of the future activities of users.
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satis ed the needs of its existing and future clients (see Figure 9.34). Th e architectural scheme, based 
on c lient i ndependence, had a n umber of de trimental eff ects on op erations, c lient services, a nd s taff  
health.

Th e separation of the building meant that the staff  oft en had to travel long distances which con-• 
siderably increased both the workload and the amount of unproductive working time (see Figure 
9.35).
Th e maze of corridors produced an overall “labyrinth eff ect,” which added to the wandering prob-• 
lems of confused clients (see Figure 9.36).
Staff  supervisory duties were made more diffi  cult b ecause t here w as o nly o ne n ursing s tation • 
located at the main entrance. A secondary station had been added, but did not have a direct view 
of the pavilions (see Figure 9.37).
Th e work teams were broken up in the center and experienced communication and supply prob-• 
lems due to the distances involved.
Th e original rooms, toilets, and bathrooms were much too small and were designed for indepen-• 
dent users. Th e most likely employment accident scenarios were in fact related to these critical 
sites for patient transfer operations (see Figures 9.38 through 9.40).

Th e new design concept was therefore tailored to solve these major functional problems in the existing 
building.

Preparation of Future Activity Scenarios

A scenario is de ned as “a series or sequence of actions by an individual or a group in a work-related 
situation occurring in hypothetical conditions and a hypothetical organizational context.”7 A scenario 
is therefore an operational proposal aimed at p roviding a re alistic image of the future activity, which 
is c onsistent w ith t he work dy namics. M any s cenarios a re built on c ommon re presentations k nown 
to experienced health sector players. Th is facilitates the task in that, generally speaking, these mental 
constructs are easily crystallized. It is suffi  cient to explain them in further detail and write them down.

Th e description of the scenarios at all three levels (macro, meso, and micro) must provide a clear and 
realistic view of the course of operations over time and in space. It must give priority to potential preju-
dices to the health, safety, and comfort of the people involved in the situations described.

FIGURE 9.34 (a) Building implementation plan before renovation. (b) Photo of center before renovation.

(a) (b)
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In developing a future activity scenario, the following are required:

Detailed chronological step-by-step description of the activities to be simulated• 
Description of the characteristics of the people involved (managers, employees, and clients, • 
as the case may be)
Description of the organizational framework• 
Description of the working methods used• 
Description of  xed and mobile equipment and any tools used• 
Brief description of the desired physical framework• 

Th e scenarios can take many diff erent forms: a descriptive text accompanied by a chronological table of 
activities, an organization  ow chart, a series of photographs, a process diagram, and so on. It may be 
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FIGURE 9.35 Staff  traveling distances—unfavorable cases. Distances traveled by a nurses’ assistant (a) on the day 
shift  totaled 4,029 m or 13,220 ft  and (b) on the night shift  totaled 4,153 m or 13,625 ft , and (c) the distance traveled 
by a nurse on the night shift , which totaled 6,289 m or 20,634 ft .
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interesting to combine several diff erent forms, for example, a short descriptive text accompanied by a 
chronological table of operations and a layout plan.

Example 9.2

At B long-term care center, a number of priority scenarios were developed. The following paragraphs 
contain three sample scenarios used as a basis for the concept defi nition for the renovated building.

At the macroscopic level, the general aim in developing the scenarios was to obtain maximum group-
ing of homogeneous or related operations in areas that were better de ned geographically to solve the 

FIGURE 9.36 Labyrinth eff ect produced by the existing building and the similarity of the corridors.

FIGURE 9.37 Nursing station located opposite a wall.
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general problem of activity dispersal throughout the existing building. One of the main requirements 
was to control the circulation of confused patients by breaking up the “labyrinth eff ect” created by the 
maze of similar corridors. Th e major scenario therefore took shape around a ne w room layout in two 
separate 40-bed care units, one with door controls, speci cally for c onfused pat ients, a nd t he ot her 
for l ucid pat ients. M ovement w ould t hus b e re duced to a m inimum a nd t ask d istribution w ould b e 
improved by reorganizing the staff  into two independent teams.

At the mesoscopic level, the common service areas (dining room, bathrooms, recreation room over-
looking the garden, and clean/soiled utility rooms) were relocated in the central zone near the nursing 
station, thus enabling services dispensed outside the unit to be brought into the unit. Th e nursing sta-
tion was relocated to facilitate supervision, especially in the unit housing patients suff ering from mental 
confusion. In the reorganized unit, communications and local supplies would be much easier.

(a) (b)

(c)

(e)

(d)

FIGURE 9.38 Diffi  cult access to the second bed in a semiprivate room (simulation). (a) Move the bed, (b) clear the 
entrance, (c) move the bedside cabinets, (d) bring the patient, and  nally (e) replace the bed and the furniture.



Ergonomics 9-33

At t he m icroscopic le vel, a s cenario w as de veloped to te st t he p lans f or t he reno vated a nd ne wly 
constructed rooms. Spat ial requirements were d ictated by t he use of equipment such as mobile f ree-
standing patient lift s, geriatric chairs, and wheelchairs. Rooms had to be spacious enough to a llow the 
staff  and semi-independent patients to move around the bed safely.

A de tailed de scription o f t he s cenarios w as p roduced f or t he p urposes o f a f ull-scale o r en larged 
simulation.

Development of a Design Concept

Th e s cenario describes a w ay of performing a s et of ac tivities according to p rede ned requirements. 
To b e ac ted out, t he projections re quire a de sign proposal w ithin w hich t he op erating hypothesis i s 

FIGURE 9.39 Single rooms that are too small to t ransfer patients from the bed to a ge riatric chair using a t ra-
ditional patient lift  (simulation). Th e worker must (a) bring the patient lift  into the room, (b) lift  the patient from 
the bed, (c) f ree t he patient’s legs, (d) move t he l ift  and swing t he patient toward t he chair, and (e) failure of t he 
maneuver due to lack of space.

(a) (b)

(c) (d)

(e)
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(a) (b)

(c) (d)

FIGURE 9.40 Toilets a nd b athroom s pace to o sm all to he lp d ependent p atients (simulation). (a) Transfer t he 
patient from the chair to the toilet. (b) Swing the patient. (c) Remove the patient’s garments while supporting him/
her with one arm and avoiding intrusive structures. (d) Clean the patient while supporting him/her with one arm 
and blocked access that leads to defective posture with eff ort.
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possible. Th is is known as the design concept. It may be useful to submit more than one concept to off er 
users a c hoice. Th e concepts may a lready have been de ned by standards, specimen plans or models 
tested elsewhere or they may have to be designed speci cally for the scenario. Th e design concept pro-
vides a physical framework for the scenario. It is generally presented in the form of sketches, which may 
or may not be related to a scale plan.

Example 9.3

At the B long-term care center, the reassembled unit concept was designed on the basis of the objectives 
set by the scenario. Two new extensions were also planned at the eastern and western extremities of the 
building, to enable the 80 beds to be grouped into two separate units of 40 beds each (see Figure 9.41). 
Each new extension would enable eight new rooms to be added, and would house all the unit’s central 
services: the nursing station and staff  room, the sanitary complex, the dining room, the recreation room 
adjoining the garden, and the utility and local supply rooms (see Figure 9.42). In the existing pavilions, the 
central island housing the services originally designed for independent patients would be demolished 
to make way for larger rooms with adjacent toilets (see Figure 9.43). For the newly constructed rooms, 
the model room proposed in the government program was modifi ed by the addition of a ceiling rail 
between the bed and the adjacent toilet. These rooms would be reserved for patients who were entirely 
dependent on staff  assistance for transfers (see Figure 9.44).

Dynamic Simulation of Future Activity Scenarios

Simulation is a prospective exercise that enables the functional viability of a design concept to be assessed 
more accurately on the basis of a predetermined future activity scenario. In some ways, it is a dynamic 
“staging” of anticipated activities within a selected design concept. It should reproduce, as faithfully as 
possible, an anticipated reality that exists only in the representation of the design players or with refer-
ence to a comparable situation.

It also provides an opportunity to confront diff erent v iewpoints i n a p ositive w ay. Th e w ork w ill 
be viewed very diff erently by an architect, engineer, department head, employee, or ergonomist. Th is  
diversity of viewpoints is not an obstacle to project development. On the contrary, it provides an overall 
vision of the projected situation without which the design exercise may be defective. Simulation is thus 
an excellent way of confronting viewpoints and reaching a creative compromise.

FIGURE 9.41 (a) Implementation plan for t he renovated center. Th e boxed sections on t he left - a nd right-hand 
sides of the plan are the two 40-bed care units. (b) Photo of center aft er renovation.

(a) (b)
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Simulation Props

Th e props used to create dynamic future activity simulations are “the enlarged plan, full-scale simulation, 
and the prototype.”

Enlarged Plan

Users are not skilled at reading plans and some basic instruction will be needed to enable them to make 
a useful contribution to group discussions.

Th e plans should be enlarged to a minimum scale of 1:20 or 1:50. All equipment and circulation must 
be shown. Elevations of some areas and perspective drawings may be required to facilitate the represen-
tation of volumes.

Reno-
vated
rooms
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vated
rooms
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utility

Clean
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Smoking
area

Technical
room
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Living
area

Dining
area

Office

Nurse
station

Storage

Main-
tenance
Technical

room

Staff
room

Medical
room

New
rooms

FIGURE 9.42 Reduced plan of a renovated care unit showing part of the former building and the new construction 
housing the common service rooms.
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FIGURE 9.43 Model plan of renovated room. Th e space around the bed and in the bathroom is suffi  c ient for safe 
use of transfer equipment such as patient lift s and wheelchairs.

FIGURE 9.44 Model plan of new room. Th e new rooms are equipped with patient lift s on ceiling rails running 
between the bed and the bathroom. A comfortable space has been left  around the bed and in the bathroom.
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A si mple  rst-level method of simulating activities on an enlarged plan is to make scale cut-outs 
of  xed and movable objects in colored cards and to ac t out activities in the target area. Th is  exercise 
is oft en useful for testing facilities, which do not p resent major operating problems (see Figure 9.45). 
However, t he en larged plan has certain l imits which require t he use of ot her props to p rovide better 
ways of reproducing anticipated situations, where doubts as to their functionality persist.

Full-Scale Simulation

Full-scale simulation is a su re way of testing design concepts. It requires a f ull-scale model of surface 
areas a nd volumes, a nd h as t he adv antage of i nvolving re al u sers. It i s rel atively si mple to o rganize, 
either in comparable existing facilities or in a room that is large enough to reproduce the situation with 
all  xed and movable equipment.

Simulations such as this are appropriate when copies of the same layout model will be reproduced a 
number of times in the building. Th is is oft en the case in hospitals, where the diff erent  oors all follow the 
same model. Th ey are also appropriate for testing operations of a critical nature, where errors may have 
serious human or  nancial consequences. Experience has shown that full-scale simulations are never 
super uous even when preliminary testing of the plan has been performed. Th ey always culminate in 
modi cations—sometimes major ones—to the initial concept, derived mostly from direct observation 
of the players as they carry out their activities.

Prototype

Th e prototype can be used not only to simulate the work, but also to test diff erent forms of procedures 
and physical installations. Ultimately, it is designed in the same way as a laboratory. Its implementation 
is therefore more sophisticated, because the designer must be able to move equipment (furniture, tools, 
etc.) a nd even room d ivisions w ithout d iffi  culty. Because prototypes require special i mplementation, 
they are generally used only in unusual working situations and usually for a s peci c workstation or a 
model room that will be reproduced several times. It is commonly used in offi  ce building development.

Although it is a more complicated setup, the prototype may prove to be highly useful in large-scale 
projects or during implementation of new concepts for which no comparable and tested reference sites 
exist. Prototypes are particularly appropriate for accurate testing of high-risk work situations, for example, 
laboratory analysis of highly infectious samples.

FIGURE 9.45 Simulation of future activities (enlarged plan).
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Example 9.4

A set of simulations was conducted at the project defi nition stage of the B long-term care center. It 
was decided to test the functionality of the model renovated room, which had been the site of most 
past employment accidents. A full-scale simulation was performed, because there were potential space 
problems at the foot of the bed and on the transfer (door) side if a free-standing mobile patient lift was 
used.

Th e entire room layout was reproduced i n t he corner of a l arger room. It was f urnished w ith real 
furniture and equipment. Fixtures were indicated by means of adhesive tape on the  oor, and volumes 
(wardrobe, washbasin, etc.) were replaced by cardboard dummies. Two activities were identi ed as criti-
cal (Figure 9.46):

Transfer of the patient from the bed to the geriatric chair by means of the patient lift  operated by • 
two employees, one attendant, and one nurses’ assistant
Self-propulsion by wheelchair-bound patients past the foot of the bed• 

Th e members of the pilot committee—an extended version of the health and safety committee—and the 
architect were all called to the simulation. Employees were relieved of their usual duties to take part in 
the process. Th e session was led by the general manager, who was also in charge of the project. Th e goals 
of the exercise and the methods used were clearly stated at the beginning of the simulation.

When t he process was complete a p rognosis was made. Th e space a llowed was i nsuffi  cient for the 
transfer of the patient by means of a patient lift  operated by two nurses’ staff . Th ere was also a risk that 
the patient would hit an elbow against the bed or catch a hand on the crank during self-propulsion of the 
wheelchair along the foot of the bed.

Following this prognosis, it was decided to extend the room toward the center of the pavilion, so as to 
leave enough room for two nurses to handle the patient lift  comfortably. Unfortunately, it was impossible 
to increase the space at the foot of the bed because of the location of the windows, which prevented the 
partition walls from being moved. A palliative procedure was therefore introduced. If patients wished to 
travel past the foot of the bed in a wheelchair, they would always be assisted by an employee. In any case, 
very few patients were suffi  ciently independent to perform this maneuver without help.

Prognosis and Follow-Up

Th e simulation is aimed at testing the viability of a design concept in light of the predetermined future-
activity scenario. When it is complete, the people involved are in a position to decide whether or not the 

FIGURE 9.46 Simulation of future activities (full-scale). (a) Simulation of transfer from bed to geriatric chair. 
(b) Simulation of passage of wheelchair past foot of bed.

(a) (b)
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concept is appropriate for the work context as de ned. Th is is known as the prognosis. Th e prognosis 
can take three directions:

Concept works well in the context de ned by the scenario.• 
Concept does not work well and has to be reviewed in whole or in part (modi ed concept).• 
Concept would work in a diff erent context (modi ed scenario).• 

Example 9.5

In Example 9.4, the proposed concept had to be reviewed for the renovated rooms, by signifi cantly 
increasing the surface area on the transfer side, i.e., the door side. The simulation also led to a change in 
the initial scenario, by the introduction of the requirement that patients wishing to travel past the foot of 
the bed in a wheelchair must seek assistance from a staff  member (see Figure 9.47).

Th e design concept must be adapted to t he future activity scenario and not v ice versa. In design 
projects involving substantial sums of money, users have a r ight to e xpect that the proposed design 
will meet their expectations. Th e designer must satisfy users’ needs instead of trying to change work-
ing methods to su it t he proposed design. Th is is not always easy and creative compromise is oft en 
required, especially in renovation projects where additional constraints are imposed by the existing 
building.

Th e results of the simulation must be written up, and r igorous follow-up is required to de  ne new 
measures u ntil a s atisfactory s olution i s f ound, i n ter ms o f op erational f unctioning a nd t he h ealth, 
safety, and comfort of users.

FIGURE 9.47 Model renovated room. (a) Suffi  cient space around t he bed and (b) adapted toi let w ith access at 
both sides—the arm supports retract into the wall.

(a) (b)
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Conclusion

Th is ergonomic procedure i s not i ntended to b e c arried out i n pa rallel to t he normal procedure but 
should form an integral part of it and be conducted in close cooperation with everyone involved: the 
project leader, management, employees and t heir representatives, professionals, architects, engineers, 
and government representatives. Its aim is to add an essential aspect to project realization: the consid-
eration of working and living activities in design concepts.

To do this, it is vital that internal project mechanisms be well structured and that provision be made 
for true cooperation between the social players in the institution and, in particular, the direct users of 
the future premises, i.e., management and employees, as well as clients and other users. Th ey should be 
involved from the very beginning of the project de nition process, because their expertise and knowl-
edge are essential to the success of the project.

Th e concepts proposed at the diff erent design stages should be tested through appropriate simulations 
of future activities. Obviously, simulations will not be required in every situation. Th e functionality of 
many facilities can be established by professional expertise or reference to construction standards and 
comparable s ites. Th e si tuations i n w hich more el aborate si mulations a re re quired must b e properly 
de ned and carefully prepared.

Th ere is a tendency to think that a design will be functional and need not be tested either because it 
is the norm, things have always been done like that, there is no time, etc. Reference to users is unfortu-
nately too evasive, insuffi  cient, and even totally absent in some projects. Th is can lead to major design 
faults that are only discovered aft er construction.

Construction professionals focus their attention on the building and technical aspects and it is abso-
lutely vital that they should do this. However, the approach proposed here focuses on users and, there-
fore, provides an excellent complement to the work of the architect. Th e time invested is pro table for a 
number of reasons:

It leads to the creation of facilities that are better suited to the needs of their users.• 
Th e designer is able to draw an optimal version of the plans and speci cations in a shorter time • 
frame.
Postconstruction modi cations and related expenses are reduced signi cantly.• 

Th e challenge of this user-focused approach is to obtain more success with design projects at a lower 
cost.
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Reducing Occupational Back Pain Disability among 
Health Care Workers through Ergonomics

Guy Fragala

Back Pain and Health Care Workers

In a re view of injury statistics as presented by the Bureau of Labor Statistics, one might be surprised 
to  nd that health care workers are among the leading occupations at r isk when considering occupa-
tional injuries, and back injuries are a large part of the problem. Th e problem of back injuries suff ered 
by workers in the health care industry is well documented.1–8 In fact, the problem has been increasing 
over recent years. When considering occupational injury rates, the long-term care industry tradition-
ally is one of the top industries regarding injury experience. From 1980 through 1992, for the long-term 
care industry, the overall occupational injury incidence rate for total cases demonstrates a s teady rise 
from 10.7 in 1980 to 18.6 in 1992. For the same time lost work day cases rise from 5.6 in 1980 to 9.3 in 
1992. When considering a lost work day which resulted from injury disability, the rise again has been 
quite steady with an incidence rate of 83.5 in 1980 rising 155%–212.5% in 1992. Acute care hospitals not 
only demonstrate somewhat better injury experience, but also have high rates and demonstrate similar 
trends of increase. Th e 1993 edition of Accident Facts discusses the percent of total injury claims  led, 
which were for back injuries for some industries. For convalescent or nursing homes, the number is 52.5, 
therefore, over 50% of the high injury incidence experience in the long-term care industry is related to 
back injury claims.*

What Is Acceptable to Lift?

Some researchers have begun to try and assess the acceptability of tasks involving lift ing of patients and 
residents to determine if these tasks are acceptable for the worker. When considering patient or resident 
handling tasks, two basic questions arise. First, are there optimum techniques to be used for the many 
complex movements and transfers required in the health care industry, and second, are the loads which 
workers are required to move beyond reasonable capabilities? In considering these two basic questions, 
we may  nd that many of the manual transfers of patients or residents required in the health care indus-
try may in themselves be intrinsically unsafe.

In spite of the lack of scienti cally justi ed proof, various so-called correct l ift ing techniques have 
been recommended. However, there is a lack of consensus on proper lift ing te chniques a nd e xperts 
are not i n complete agreement concerning which procedures are best for speci c manual transfers.9,10 
Considering the complexity of manual lift ing tasks in the health care profession, one might assume that 
there is not one single correct lift ing technique, which is right for all those involved in patient-care. It is 
dependent upon the current situation, the individual worker, and the patient involved. How then can the 
worker be expected to constantly try to minimize the ever-present risk factors associated with manual 
transfers by applying body mechanics?

In addition to t he consideration of what might be the proper lift ing technique, there are the loads 
involved in  lift ing i n t hese m anual t ransfers. A ssuming t hat t here i s a l imit b eyond w hich i t i s no 
longer safe to lift  a relative load, the question arises, “What is the limit?” Th is is not an easy question 
to answer. Th ere have been some investigations, but the matter is complex. Many variables play a part 
and they are oft en i nterrelated. Th e acceptable load diff ers per individual by daily variation, such as 
fatigue, training conditions, or motivation. Also, the load cannot simply be expressed in a number of 

* All injury incidence rate data taken from Accident Facts, National Safety Council, Itasca, IL, 1981 through 1993 editions.
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pounds. Th e spacing between the load and the spine determines the  nal load on the vertebrae that are 
situated at a lower level of the lumbar section of the spine and on the other body parts involved in the 
lift ing process.

What Research Studies Say

Some investigations have attempted to recommend acceptable loads for lift ing tasks related to patient or 
resident handling. Although diff erent criteria have been used and there is variation in the  nal results, 
generally, the loads involved are found to be beyond what is considered to be a safe limit. Some informa-
tion from these representative studies will be presented.

A quantitative method which has received much at tention is the Work Practices Guide for Manual 
Lift ing developed by the NIOSH.11 Th ese guidelines were revised in 1991 to provide for more realistic lift -
ing conditions.12 Using the original NIOSH Formula for Nursing Care Tasks, a number of the standard 
conditions do not apply. For example, no rotation of the trunk must take place and spatial restrictions 
oft en present in the health care setting are not permitted. Further, the fact that a living load may oppose 
or make unexpected movements is not taken into account. Th is means that in itself this useful method 
is not tot ally applicable to t he l ift ing and moving of people in the health care setting. However, some 
investigations have tried to make appropriate considerations to apply the original formula to health care 
patient or resident handling tasks.

When considering stressful patient-handling tasks, some estimates were made to relate high-risk 
tasks to t he NIOSH Lift ing Formula by Owen and Garg.13 In this study, the biomechanical results are 
estimated because the con ned space in the laboratory made it diffi  cult for all of the joint angles to be 
viewed via video tape. Th e estimates of compressive force to t he L5/S1 disk according to p ercentile of 
patient weight were all above the “action limit” permitted as safe by the NIOSH Work Practices Guide. 
Results obtained closely approached the “maximum permissible levels.” According to the Work Practices 
Guide, administrative controls are needed when conditions exceed the action limit. Administrative con-
trols might include preventive measures such as worker selection and training of workers. Engineering 
controls are suggested when action limits are exceeded and needed at or above the maximum permis-
sible level. Th ese engineering controls are related to redesign of the job such as transferring patients with 
mechanical lift s.

In a s tudy by K nibbe a nd K nibbe,14 t he load on t he lumbar spine at t he L5/S1 a rea was calculated 
through a simple static biomechanical method and partly simulated by a computer. Th e possible amount 
of assistance from the patient was varied and also followed by computer simulation. Modeling was done 
in a series of static postures. Results were compared to the NIOSH formula recommendations. Although 
the method was highly simpli ed, some conclusions were drawn as indicators for practice and perhaps, 
direction for future research. Th e task evaluated was the work load on the back during the transfer from 
wheelchair to toilet. Th e average NIOSH action limit was calculated to be 19.8 lb. Th e maximum permis-
sible limit was 59.4 lb. Th is indicates that unless the patient can assist the health care worker so that no 
more than 19.8 lb is lift ed for each nurse involved in the lift , the lift  can be considered unsafe and place 
the health care worker at risk of injury.

In a s tudy by Stubbs et al.,15 interabdominal pressure was measured for various lift ing tasks. It was 
concluded that the techniques utilized had little eff ect on reducing the risks associated with back injury. 
In the study, an interabdominal pressure of 50 mmHg or higher was considered to be unacceptable. Th is  
is based on data gathered by Davis in a s tudy entitled, “Acceptable Magnitude of Loads for Handling 
by Females,” HSE Report, 1/MS/126/637/78. In this study conducted by Stubbs, some of the lift ing tasks 
conducted exceeded this 50 mmHg. Th e patients used in these studies were only approximately 117 lb. 
Th is is generally well below the average loads nurses may be required to move. It was hypothesized that 
with the general population, many of the lift ing tasks required of nurses would exceed this acceptable 
limit. Th e study further recommends that the approach that should be considered is one of establishing 
safer systems of work within an ergonomics framework.
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Th e lift ing burden of a n ursing a ide i n a ger iatric ward was de termined by u sing a f orce place by 
Dehlin.16 Th re e lift ing operations were performed for all patients needing lift ing assistance. At the same 
time as the forces obtained from a force plate were recorded, the lift s were photographed. Th e lift ing bur-
den during these nursing transfers oft en equaled or exceeded the recommendations of various authors 
concerning permissible maximum weight loads during diff erent types of lift s. Th e lift s were oft en per-
formed under unfavorable conditions and seldom with an ideal lift ing technique. Patients used in the 
study were also considered to be lighter than the general population.

Zuidema et a l.17,18 have compared various proposals for l ift ing standards and have arrived at s ome 
recommendations. An example constructed from their recommendations further highlights the accept-
ability of loads in health care lift ing tasks. Considering the maximum load to be lift ed under ideal cir-
cumstances for women who are involved in occasional lift ing during the day, the average recommended 
limit for all age groups is 21.25 lb. Th is means that, under these circumstances, a patient of 132 lb has to 
be lift ed by a m inimum of six women. For frequent lift ing and diffi  cult circumstances, recommended 
lift ing loads according to t his su rvey of s tandards a re even less. Th is is  unrealistic in practice which 
implies that one should look for other solutions. When considering the male population, real expecta-
tions during work situations also exceed these standards.

Manual Lifting beyond Reasonable Capabilities

One thing that many will agree upon is that heavy manual lift ing is a prime contributor to back pain 
and for those who have back pain, it is quite diffi  cult to do a job w hich involves manual lift ing and 
this re sults i n people being away f rom t heir jobs—occupational d isability. A s s tated e arlier, t here 
have been reports that the health care industry is the riskiest in the nation because of the high inci-
dence of occupational injuries occurring (and remember many of these injuries involve occupational 
back disorders). Th e numbers are climbing, and preventive action is required. We must accept the 
fact that manual lift s and transfers of patients and residents are beyond what we can expect from the 
workforce.

Previous Approaches to the Prevention of Back Injuries

Over t he ye ars, t here h ave b een m any at tempts to t ry a nd p revent o ccupational bac k d isorders a nd 
reduce the resulting disability. However, in spite of these eff orts, the problem has grown worse. Why 
have t raditional p rograms f ailed? A m ajor focus o f m any bac k i njury p revention-training p rograms 
in health care has been on training workers to use proper body mechanics when lift ing. Th e se sessions 
usually focus on proper ways to conduct a lift  followed by demonstration and practice. Researchers have 
studied the eff ectiveness of training in reducing the impact of occupational back injuries and back pain 
and a re  nding t hat t raditional t raining me thods h ave not h ad a sig ni cant impact in reducing t he 
problem.19–28

Why is it that these programs are not improving the problem? When trying to teach someone to use a 
certain set of techniques, there is an attempt to modify behavior. It is very diffi  cult to modify behavior. 
If some success is achieved by behavior modi cation, it is usually short l ived. Once workers have left  
the controlled setting of a training classroom and they are out doing their jobs, many times they do not 
receive any good follow-up monitoring, and new behaviors can deteriorate quickly. Th e principles they 
are taught are theoretical optimum principles and when workers get into the real work environment it 
may be diffi  cult to apply these principles. As a  nal point, one must ask is there a best way for all people 
to conduct a c ertain type of l ift —probably not. Diff erent instructors teach diff erent methods and dif-
ferences among individual workers may require diff erent methods to c onduct a l ift  or transfer. As we 
discussed earlier, if the loads being lift ed are excessive and beyond what is safe for a health care worker 
to lift  no matter how the lift  is conducted, it will be intrinsically unsafe for the worker. We should not 
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abandon our training eff orts, however, we must redirect our training to be more eff ective to prevent and 
reduce the impact of this back injury problem.

Ergonomics as the Answer

Th e science or d iscipline of ergonomics whereby we match job t asks to t he c apabilities of workers i s 
receiving much attention today. Th e Occupational Safety and Health Administration (OSHA) has made 
ergonomics an emphasis for the 1990s. Ideas presented for a proposed standard on ergonomics requires 
employers to s tudy their workplace for the presence of signal risk factors, one of which is frequent or 
forceful m anual l ift ing. Th e t asks i nvolving pat ient o r re sident t ransfers a nd h andling de  nitely do 
include this signal risk factor. If a job contains a signal risk factor, it must be studied closer and if deter-
mined to be a problem job, a method to improve the job must be determined. Th rough the principles of 
ergonomics, jobs must be redesigned and improved to be within reasonable limits. Th e basic principles 
of ergonomics seem to off er the best hope in improving the problems associated with occupational back 
disorders; however, ergonomics is not a magical solution and to be eff ective, a well-thought-out system 
of implementation or an ergonomics management program must be developed. Th e remainder of this 
chapter will present an overview of a  ve-step methodology to de sign and implement an ergonomics 
management program within a health care facility.

Ergonomic Systems Approach

Before beginning the actual implementation of an ergonomics systems approach, an appropriate foun-
dation must be laid in order for the program to have a chance to succeed. As with any program within an 
organizational structure, top management must be committed to the implementation of an ergonomics-
based systems approach aimed at the prevention of back injuries. Without this support from top man-
agement, chances for success will be diminished and limited. Some managers may be very well aware of 
the back injury problem within their organizations, and others may not be aware of the magnitude of 
the problem or may have the issue low on their list of priorities. In order to secure this commitment from 
top management, some ground work might be necessary to establish the need for a back injury preven-
tion program. A re view of injury statistics and costs are probably the two most important key factors 
in establishing this need. As with any program, goals and objectives should be established. Examples of 
possible goals and objectives might include reduction in the incidence of back injuries, improved work-
ing conditions for employees, increased effi  ciency related to patient handling, improved quality of care, 
and standardization of lift ing procedures.

Next, the personnel who will work on this problem within the organization must be identi ed. In 
a large organization, it may be assigned to an appropriate operational unit. In a smaller organization, a 
committee or task force may be organized to work on the problem. With this groundwork in place, the 
organization is now prepared to embark on the implementation of an ergonomics-based system. 
The method being suggested here involves a  ve-step methodology. Th e  ve steps include

 1.  Risk identi cation and assessment
 2.  Risk analysis
 3. Formulation of recommendations
 4. Implementation of recommendations
 5. Monitoring and evaluation system to measure impact of the program

Step 1: Risk Identifi cation and Assessment

In the risk identi cation and assessment phase, an organization should develop a system to determine 
what they perceive to be the high-risk jobs and high-risk tasks. For example, some studies have indicated 
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that bat hing t asks, toileting t asks, a nd t ransfers f rom beds to c hairs a re h igh s tress t asks for pat ient 
handlers. Th rough job observation, questionnaires to employees or brainstorming sessions with patient 
handlers, individual sites should determine the high-risk activities within their organization. Some spe-
ci c data-gathering tools may be designed and utilized. In constructing data-gathering tools, capabili-
ties and limitations of the organization should be considered.

KEY POINTS

Identify the perceived high-risk situations.• 
Determine the methods of assessment.• 
Develop the speci c data collection tools.• 

Step 2: Risk Analysis

Once a determination has been made of what are perceived as high-risk areas and high-risk jobs, a risk 
analysis should be conducted whereby actual experience will be correlated with what is perceived to be 
a high-risk situation. Th at is, are the perceived high-risk jobs actually resulting in losses associated with 
occupational injuries? In order to c onduct this analysis, an organization will need a w ell-maintained 
database of occupational injuries. OSHA Form 200 Injury Logs should be available to review summaries 
of occupational injury and illness experience. If there is not a c orrelation between perceived high-risk 
situations and actual experience, why should reasons be determined? It might be that some preventive 
activities are eff ective in minimizing the problems in some areas, or characteristics of the work force 
can have an impact on a unit’s experience. Whatever the reason, high-risk and high loss areas need to be 
identi ed with some understanding of why problems are present or why there is potential for problems, 
and true high-risk or high loss areas need to be selected. Th rough risk analysis, a prioritization will be 
developed as to which tasks, jobs, or areas should actually be placed on the top of priority lists for imple-
mentation of prevention programs. In addition, techniques such as job safety analysis may be employed 
to better de ne high-risk components of certain jobs in attempts to determine what optimum methods 
for improvement might be.

KEY POINTS

Examine the injury experience.• 
Determine the correlations.• 
Match with perceived high-risk activities.• 
Set the priorities.• 
Analyze the jobs for risk factors.• 
Prioritization.• 

Step 3: Formulation of Recommendations

As a result of risk analysis, high-risk situations or job tasks were identi ed. In the health care indus-
try, these might include reaching and lift ing with loads far from the body, lift ing of heavy loads, twist-
ing while lift ing, unexpected changes in load demand during the lift , reaching low or high to begin a 
lift  or moving a load a signi cant distance—that is carrying a load. For progress to result, signi cant 
changes i n job de sign m ust o ccur. S ome e xamples o f ergo nomic re commendations m ight i nclude 
matching of height-adjustable stretchers and beds, which will result in slide transfers rather than lift s. 
Th e use of sliding sheets or boards may ease these sliding transfers further. Wheelchairs and other 
chairs can be better designed to facilitate lift ing tasks, which will reduce the r isk factors. Probably, 
the most eff ective ergonomic intervention related to the risk associated with patient handling would 
be to eliminate the lift  where possible using eff ectively designed patient-handling equipment. Lift ing 
equipment has been available for a number of years in the health care industry; however, it does not 
appear as though it has been eff ectively used to minimize the risks associated with patient handling. 
If patient-handling equipment is to be eff ectively utilized, it must be properly designed and integrated 
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into t he overall system of pat ient care as pa rt of t he caretaking process of pat ients. Th is is  why an 
eff ective system of implementation is required.

KEY POINTS

Where is change needed?• 
Consider the engineering controls available.• 
Administrative controls are another option.• 

Recommendation Strategies

“Engineering design solutions” and “administrative solutions” are the two strategic areas. Th e engineer-
ing design solutions” usually involve a ph ysical change to t he way a job t ask is conducted or physical 
modi cation to the workplace. Th e changes can be observed as workers conduct the job task in a new 
way. “Examples” m ight i nclude t he i ntroduction of l ift ing a id devices such as lateral t ransfer a ids or 
mechanical lift ing aids. Th e introduction of height adjustable beds is to match with stretcher heights or 
the use of wheelchairs, which can be converted into stretchers. Th e “advantages” and “disadvantages” 
of engineering design solutions result because these are usually more permanent solutions to problems. 
Th ey may have a higher initial cost but may have a lower cost over the long term as a result of cost reduc-
tions realized from the implementation of the changes.

Administrative solutions usually only involve t he workers in t he way t he work is done and do not 
involve a ph ysical change to t he workplace. Changes a re appa rent by watching how t he work is con-
ducted or how workers actually do t heir job. “Examples” might include job re design such as changes 
in scheduling, minimizing the amount of times a pat ient or resident must be transferred, job rotation 
where more people a re i nvolved i n t he process of t ransfers, worker preselection (where appropriate), 
and the introduction of l ift ing teams to i ncrease the number of staff  involved in a t ransfer. Th ere are 
“advantages” and “disadvantages” of the administrative solutions. Th ese recommendations are usually 
relatively fast and easy to implement, and may have a low initial cost. However, implementation requires 
continual enforcement and reinforcement and although short-term successes may be realized, it is dif-
 cult to achieve long-term change and improvement.

Redesign of Patient/Resident Transfer Tasks

Th rough engineering controls, changes are made in job de sign to m inimize or eliminate the risk fac-
tors. Let us consider some high-risk patient-handling activities with the idea of changing the high-risk 
components of t he job. Tasks i nvolving a b ed-to-chair or chair-to-bed t ransfer c an b e very d iffi  cult. 
First, let us consider moving someone out of a bed and into a chair. Th e diffi  culty of the task will vary 
depending upon the dependency level of the person to be moved. Considering a totally dependent per-
son, staff  must reach across an obstacle (the bed) to have access to the person they need to assist. Th is  
involves reaching and it is usually not possible to position oneself with bent knees since the worker is 
usually leaning against a bed. Th e patient needs to be physically lift ed and considering weight, the loads 
involved in the lift  are unacceptable. Movement into a chair involves moving the person being assisted 
to a diff erent height level and there is usually some carrying involved. Th e unacceptable risk factors of 
this job involve reaching, lift ing a heavy load, suboptimal lift ing postures, and carrying a load a signi -
cant distance. In order to redesign this task eff ectively, t he opt imum situation would be to el iminate 
these h igh-risk ac tivities. L ift ing a id devices a re applicable to t his situation. Th e se lift ing a id devices 
include full-body slings, which are very useful for the totally dependent patient or resident. In addition, 
the bed-to-chair transfer can be converted into a bed-to-stretcher transfer. Th rough the use of convert-
ible wheelchairs which bend back and convert into stretchers and with height adjustment capabilities, a 
slide transfer rather than a lift  may result.

If the patient is not totally dependent, a transfer such as bed to chair may be done by  rst getting the 
patient to a sitting posture. Again the amount of assistance required will depend upon the patient’s sta-
tus. Once in a sitting posture, a stand and pivot transfer can be conducted. Some health care workers are 
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highly skilled in this transfer technique and have done it many times without suff ering any occupational 
injuries. However, loads involved are heavy and if the patient does something unexpectedly such as col-
lapses from a weakness in the legs, the health care worker must react and oft en times these unexpected 
occurrences result in occupational injuries. Again through application of some lift ing aid devices, the 
risk associated with this type of transfer can be minimized. A device which could be considered in this 
situation would be a s tanding and repositioning l ift , w hich is a l ift ing device with a si mpler sling for 
patients or residents with weight-bearing capabilities.

Lift ing Aid Equipment It has been established that patient/resident handling activities need to be rede-
signed. Physical changes need to be made in the way workers lift  and handle patients. Engineering con-
trols are considered by thinking of what new and additional tools might be added to the way this work 
is accomplished. In past years, there have been some engineering controls available, but presently there 
is much activity regarding the development of equipment which can assist in patient-transferring tasks. 
As with other types of work tools, these new devices or tools have been developed to make work eas-
ier. We are now seeing many tools being developed to make the work involved with patient-handling 
easier. Th e following is a general introductory discussion of some of the types of equipment, which can 
be very useful in redesigning manual patient-handling tasks.

Sliding Boards For bed-to-stretcher type transfers, low-cost sliding boards are available. Sliding boards 
are usually made of a smo oth rigid material with a lo w coeffi  cient to f riction. Th e lower coeffi  cient of 
friction allows for an easier sliding process. Th ese b oards a ssist w hen ly ing s lide t ransfers a re done. 
Force i s s till required to mo ve t he pat ient. Sl iding boards, however, do off er some i mprovement at a 
minimal cost. Sliding boards off er a starting point, with a low initial investment to begin to improve the 
way patient transfers are conducted.

Air-Assisted Lateral-Sliding Aids Th ese are devices where a  exible mattress is placed under a patient in 
the same manner as a sliding board. Th ere is a portable air supply attached to the mattress which in ates 
the mattress. Air  ows through perforations in the mattress and the patient is moved on a c ushioned 
 lm of air allowing staff  to perform the task with much less eff ort.

Friction-Reducing Lateral-Sliding Aids Th ese devices are positioned under the patient or resident simi-
lar to a s liding board but rather than moving with the patient they provide a surface for the patient to 
be slid over more easily due to the friction-reducing properties of the device. Th ese are simple, low-cost 
devices which are very easy to store.

Flat Stretchers with Transfer Aids Stretchers are now available, which are height adjustable and have a 
mechanical means of transferring a patient onto and off  the stretcher. Some are motorized and some use 
a hand crank mechanical device. Th ese devices eliminate the need to manually slide the patient.

Convertible Wheelchairs Since bed-to-chair transfers are diffi  cult because lift s are involved, some new 
wheelchairs can convert into stretchers, where the back of the wheelchair pulls down and the leg sup-
ports come up to f orm a  at s tretcher. Th ese devices el iminate t he need to do t ransfers into a nd out 
of wheelchairs. Th ere are wheelchair devices t hat convert to s tretchers which a lso have a me chanical 
transfer aid built in for a bed-to-stretcher or stretcher-to-bed type transfer.

Gait Belts An object with handles improves the grasp opportunity for the worker and reduces the risk. 
Gait belts are belts which go on patients or residents usually around the area of the waist which provide 
handles for a worker to grasp when assisting or transferring a dependent patient or resident.

Full-Body Sling Lift s Probably the most common lift ing aid device in use is a full-body sling lift . Th er e 
are a number of models and con gurations available. Th e majority of sling lift s are mounted on a portable 
base. However, u se o f c eiling mounted s ling l ift s i s g rowing. Portable ba se a nd t he c eiling mounted 
devices have their advantages. With a ceiling mounted device, there is no need to maneuver over  oors 
and around furniture with bases. Th ese units are quite easy to u se. However, t ransfers are l imited 
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to where overhead tracks have been installed. As time goes on we may see more overhead tracks in use. 
Where overhead tracks are not available or practical, portable bases can be used to su spend full-body 
sling lift s. At this time portable, base units are much more prevalent than overhead track mounts. Sling 
lift s are usually used for highly dependent patients or residents. Th ey can be used to move patients out of 
beds, into and out of chairs, for toileting tasks, bathing tasks, and for any type of lift  where a patient or 
resident is highly dependent. Th e se lift s are available with all types of features, and there is a wide varia-
tion in the types of slings available. Newer sling design is much easier to put on the patient or resident 
and in some cases does not even require the patient or resident to be lift ed or rolled to place the sling 
under them. Improvements are constantly being developed with these devices.

Standing Assist and Repositioning Lift  Th e se lift s a re a rel atively new concept, where a si mple s ling is 
used which passes under the arms of the patient or resident similar to the type of sling used for helicop-
ter rescues at sea. Th e sling is of simple design and very easy to place on the patient. Th ese types of lift s 
are very useful when patients are somewhat dependent and have some weight-bearing capabilities. Th ey  
are excellent to move patients into and out of chairs and for toileting tasks. Th ey approach toilets from 
the front and can maneuver in small bathrooms with restricted areas. Th ere are some variations in the 
sling design, but the basic concept is to put it around the patient’s back and under their arms.

Standing Assist and Repositioning Aids Some pat ients o r re sidents m ay o nly ne ed a l ittle supp ort to 
stand. In this case, they can lift  themselves if they have a support to grasp. Various types of devices can 
be provided to assist a patient from a seated to standing position by allowing them to hold onto a secure 
device and pull themselves upright.

Bathing Lift s Th ere are a wide variety of bathing lift s available, some are integrated with the tub unit or 
may operate independently. A lift  which can be used to lift  patients or residents from beds in residential 
areas, then used as a t ransport device and further used as a bat hing lift , will minimize the number of 
transfers required. Bathing lift s can be used in conjunction with ergonomically designed bathing sys-
tems, such as height-adjustable tubs which allow for easy transfer of the patient or resident from the tub 
then bringing the patient or resident to the appropriate height to reduce static bent over postures by the 
worker.

Other Ergonomic Bathing Devices New and innovative bathing devices are constantly being developed. 
Some new devices can be brought r ight to t he pat ient or resident’s bed minimizing the transfers and 
transports required. Th ese units have lift ing and turning capabilities.

Administrative Controls for Patient/Resident Handling Tasks

Administrative controls may be applied to pat ient-handling tasks. For example, the number of patient 
transfers may be reduced by eff ectively scheduling procedures t he pat ients may require over t he day. 
Rather t han t ransferring t he pat ients f rom a b ed to a w heelchair or t ransport device for a pa rticular 
procedure o r d iagnostic te st t hen bringing t hem bac k to t heir ro om, p utting t hem bac k to b ed a nd 
redoing the transfer for a number of other procedures during the day, scheduling can be planned better. 
Scheduling might be done so that the patient will be transferred out of bed, brought from place to place 
for various necessary procedures, and then returned to their room.

Here is an example of how administrative controls can be used involving rescheduling to minimize 
a high concentration of lift ing activities for direct patient-care staff . It takes place at a state department 
of mental retardation involving facilities housing highly dependent residents who are in need of much 
assistance to be moved. One of the most demanding times for resident transfers involved the part of the 
day when staff  were preparing residents to be picked up in buses and transported to their daily activi-
ties. Because of the way activities were scheduled and how the buses ran, staff  were rushing and highly 
stressed in order to prepare residents for transport in a short time. Lift ing aid equipment was consid-
ered and did improve the situation; however, the short window of time to get residents out of bed and 
prepared for transport was creating the problem. Th is was not an issue that the direct patient-care staff  
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caring for the residents in the residential area could solve themselves; it involved many people through-
out the entire facility including those responsible for scheduling resident activity programs, meals, and 
the organization, which had been contracted to provide transport services. Th ese groups other than the 
direct resident-care staff  were unaware of the problems encountered with the short time window pro-
vided to prepare residents for transport. Aft er an initial meeting was held with these other operational 
groups at t he facility, they understood the problem and were more than willing to consider options to 
improve the situation. Scheduled activities were adjusted and methods of transport pickups were a lso 
changed. Th is resulted i n d istributing t he number of required t ransfers over a l arger period of t he 
workday and allowed for better use of lift ing aid equipment. Th e implementation of this administrative 
control took some careful planning and presentation of the problem and cooperation from a wide segment 
of m any op erational g roups w ithin t he f acility. Th e end re sult, however, w as p ositive to a ll i nvolved 
including the residents who received better care because the direct resident-care staff  had more time in 
preparation for the transport process and could give more individual attention to residents.

Administrative controls also might work in conjunction with engineering controls through the use 
of lift  teams. Th e concept of lift  teams had received attention in a speci c study done at San Francisco 
General Hospital,29 where back injuries related to pat ient-handling tasks were reduced signi cantly as 
a result of the use of lift  teams. With lift  teams, the lift ing activity is done by a specially trained group 
of workers. However, the workers in this particular study at San Francisco General were also provided 
with lift ing aid equipment. Each organization must decide what will work best in their setting. Whether 
only speci cally t rained workers w ill do t ransfers w ith l ift ing a id devices or a ll pat ient-care workers 
will be trained in the use of lift ing aid equipment. Another example of administrative controls would 
include increase in staff  required to do necessary transfers to reduce the amount of force on an indi-
vidual worker. However, as cost containment becomes more of an issue, increases in staff  will be diffi  cult 
to achieve.

Step 4: Implementation of Recommendations

Implementation of recommendations will involve changes to the workplace. In order to enhance chances 
for success, a well thought out process should be developed. If engineering solutions such as patient lift -
ing aid equipment are to be introduced, programs for educational awareness and training are necessary. 
Th e implementation team must formulate a p lan and each player on the team must understand their 
role in the plan. Th e objective of this ergonomic-based injury prevention program is to redesign high-
risk job tasks in manual patient transfers. Th rough educational awareness sessions, this message should 
be del ivered t hroughout t he organization. Th rough h ands-on t raining s essions, s taff  must be taught 
new techniques to be applied in transferring patients. During this implementation phase, it must be 
remembered that changes are being made in the way work is done. To achieve success, staff  must feel 
like they are part of the program development. In this implementation phase, through new directions of 
training, patient-care-handling staff  should learn to assess risk factors in their job and be encouraged to 
minimize these risk factors with the assistance of management and the implementation team. Workers 
need to understand what the limits of lift ing are and prepare for the unexpected. Remember, the goal is 
to engineer solutions which will modify patient lift ing tasks to reduce risk factors. It is important that 
everyone understands and excepts their role in the overall ergonomic injury management program.

When back pain does occur, case management will continue to be an important part of the overall 
program. Th ro ugh eff ective medical management, lost time can be reduced and workers can return to 
work without lengthy disability. Systems for early intervention to detect any early worker’s symptoms 
should be set up for injury prevention and when injuries do occur mechanisms for close follow-up to 
monitor workers’ progress should be developed. Th e objective should be to ge t workers back i n t he 
workplace as soon as possible aft er an injury does occur. To accommodate any temporary occupational 
disability a worker might experience, modi ed duties should be designed to allow workers to return 
to the workplace. Recognizing the worker is not at 1 00% capacity, but they can still be a p roductive 
contributor.
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KEY POINTS

Establishing implementation team• 
Your education and training eff orts• 
Speci c mechanisms for implementing the system• 
Establishing buy-in and creating enthusiasm• 
Th e medical management system• 

Step 5: Measurement and Evaluation

A system to measure the impact of the program aft er the program has been put in place and has been 
operating for a period is the  nal component. A system for monitoring and evaluation should be devel-
oped to de termine what successes and failures have occurred so appropriate adjustments can be con-
sidered. Th e monitoring and evaluation system is a lso important in maintaining an adequate level of 
interest and attention to the program. Th e monitoring function also requires a system for data collection 
as did risk assessment. It must be determined what information will be useful in the evaluation pro-
cess. Relevant information might include: injury experience, lost work days resulting from occupational 
injuries, costs associated with occupational injuries, attitudes of staff , how eff ectively new equipment is 
utilized or comparisons between units. A set of predetermined indicators should be developed for the 
purpose of consistent data collection. An indicator is a measurable variable, such as the number of back 
injuries related to patient-handling tasks. Th e data collected must be converted to u seful information 
and communicated to app ropriate personnel w ithin t he organization. A s a re sult of t his monitoring 
function, proper evaluation can be accomplished and modi cations made as necessary for continuous 
improvement.

KEY POINTS

Selecting the indicators• 
Collecting and organizing the data• 
Presenting the data as useful information• 
Modifying the system as needed• 
Remembering the continuous improvement cycle• 

Summary

Th e problem of back injuries in the health care industry has been with us for a long time and there is not a 
quick and easy solution. However, the implementation of an ergonomic-based prevention program off ers 
hope for improvement. Whether workers compensation costs or pressures from OSHA drive the need, 
ergonomics will become more important to injury prevention in the health care industry. Not only will 
an ergonomic-based system help reduce losses associated with workers compensation, but also it will help 
you comply with future OSHA ergonomic regulations. Th e concepts of ergonomics make sense and can 
help save money and improve the quality of work life for workers and the quality of patient care.
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Occupational Exposure to Hazardous Drugs: 
Background and Health Effects

Medicinal mixtures have been used for the successful treatment of illness and injury for over a century. 
Th e ph armaceutical i ndustry h as p rogressed f rom t he a lchemist’s t rial a nd er ror m inistrations to a 
sophisticated worldwide enterprise employing millions of workers and utilizing modern research and 
manufacturing techniques.

As the pharmaceutical industry has expanded, so too has the number of workers potentially exposed 
to h azardous a gents, b oth i nside a nd o utside o f t he h ealth c are s ector. Today, w orkers i n re search, 
manufacturing, d istribution, health care, veterinary services, and waste d isposal or t reatment are a ll 
potentially exposed. Within the health care sector, the workers most likely to be exposed include phar-
macy staff , nursing staff , physicians, operating room (OR) personnel, environmental services staff , the 
shipping and receiving department, and hazardous waste handlers. Exposures are not only limited to 
hospitals, but c an a lso o ccur i n e xtended c are f acilities, outpatient c linics, physician offi  ces where 
chemotherapy and biotherapy are administered, retail pharmacies, and home health care.
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As the pharmaceutical industry expands with hundreds of new products each year, many employees 
enter the workplace with little knowledge of the chemical constituents, possible exposure pathways, or 
potential health eff ects of the pharmaceutical products they encounter. More drugs are being used, by 
more workers, in increasingly varied types of applications and clinical settings. At the same time, the 
drugs are becoming more potent, and are oft en being administered in combination with other agents, 
for which l ittle is known about possible synergistic eff ects. Oft en, l ittle is known about the metabolic 
pathways of speci c drugs in patients, or possible exposure routes to workers.

Th ere is a pervasive misconception among many workers in the health care industry that only anti-
neoplastic or chemotherapeutic drugs can be hazardous. Some confusion is understandable, since de -
nitions of the term “hazardous” have changed many t imes over the past 40 years as new information 
becomes available. Ha zardous d rugs m ay i nclude a ntineoplastic or c ytotoxic a gents, b iologic a gents, 
antiviral m aterials, o r i mmunosuppressive a gents. I n add ition, m any i nvestigational a nd ne w d rugs 
should be considered potentially hazardous until de nitive information regarding their safety becomes 
available.

Th e carcinogenic potential of anticancer drugs was reported as early as the 1970s.1–5 It is clear that the 
general nature of most anticancer drugs, particularly with regard to their intended use at high dosages, 
means t hat t hey would be cancer-causing in ot her normal t issues. In 1981, t he International Agency 
for Research on Cancer (IARC) published Monographs on the Evaluation of the Carcinogenic Risk of 
Chemicals in Humans and included chemotherapeutic agents in the list.6

In 1990, t he A merican Society of Health-System Pharmacists (ASHP) de ned hazardous d rugs a s 
those that are

 1. Genotoxic (i.e., mutagenic and clastogenic in short-term test systems)
 2. Carcinogenic i n a nimal mo dels, i n t he pat ient p opulation, o r b oth, a s re ported b y t he 

IARC
 3. Teratogenic or fertility impairing in animal studies or treated patients
 4. Toxic at low doses in animal models or treated patients7

In 2004, the National Institute of Occupational Safety and Health (NIOSH) provided a new de nition 
of hazardous drugs as those that are

 1.  Carcinogenic
 2. Teratogenic or developmentally toxic
 3. Toxic to reproductive systems
 4. Toxic to organs at low doses
 5. Genotoxic
 6. New drugs in which t he structure and toxicity pro les mimic existing drugs t hat have a lready 

been determined to be hazardous by the above criteria

In 2004 publication, NIOSH provided a sample list of 136 drugs that met the de nition of hazardous 
drugs. Many were antineoplastic agents, but the list also included a large number of drugs that are not 
used for chemotherapy, such a s vaccines, gonadotropins, est rogens, contraceptives, a ntivirals, a nd 
progestins.8 Despite t he NIOSH report a nd many ot her l istings of hazardous drugs, many workers 
still do not realize that the agents they handle and administer on a daily basis are dangerous.9

Th e NIOSH list was not meant to be a complete and singular list of hazardous drugs. It is expected 
that a s ne w a gents b ecome available, e ach me dication w ould b e e valuated by t he available i nforma-
tion o n t he p roduct a nd adde d to t he l ist, i f ne cessary. I n ac cordance w ith t he O ccupational S afety 
and Health Administration standard for hazard communication (29CFR1910.1200), each employer is 
expected to de velop a h azardous c ommunication program appropriate for t heir u nique workplace.10 
In terms of hazardous drugs, this requires health care organizations to re view the drugs used at t heir 
facilities to de termine whether t hey are “ hazardous,” and i f so, to i nclude t hem in t heir hazardous 
communications and safety programs.
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Since the initial associations were made between cancer and antineoplastic doses in cancer patients 
in the 1970s, there have been numerous studies on the health eff ects from exposure to pharmaceuticals. 
In the 1980s, research focused on the mutagenicity of biological indicators such as blood and urine in 
workers handling cytotoxic agents.11–15 Th e results primarily demonstrated that oncology and pharmacy 
department w orkers w ho h andled c hemotherapeutic a gents ten ded to h ave i ncreased i ncidence o f a 
variety of biological markers that indicated exposure and a possible relation to carcinogenesis, including 
urinary thioether excretion, urine mutagenic activity, and lymphocytic chromosomal damage.

Early health studies of reproductive health eff ects were inconsistent. A s tudy by Rogers in 1987 found 
that exposure to antineoplastic agents was associated with a statistically signi cant increase in spontaneous 
abortions for workers handling those materials during pregnancy.15 Th ose results were supported in a study 
in 1985 by Seleven that observed a signi cant association between fetal loss and occupational exposure to 
antineoplastic agents during the  rst trimester of pregnancy.16 Spontaneous abortion was a lso associated 
with women involved in cancer chemotherapy perfusion preparation in later studies.17–19 Adversely, a study 
by Hemminki in 1985 found that cytostatic drugs did not aff ect the frequency of spontaneous abortion in 
occupationally exposed nurses, but they were associated with malformations in the off spring.20

A 2005 paper by Meirow reported increased abortion and malformation risk for women who became 
pregnant s hortly a ft er ch emotherapy t reatment.21 I t w as note d t hat w omen re ceiving c hemotherapy 
treatment d uring t he  rst t rimester e xperienced i ncreased s pontaneous a bortion a nd m alformation 
rates i n t he off spring, while women receiving second a nd t hird t rimester t reatments experienced a n 
increased r isk of stillbirth, fetal growth restriction, and premature birth. A 2 007 paper by Fransman 
concluded through an epidemiological investigation that antineoplastic drugs may reduce fertility and 
increase poor neonatal outcomes among occupationally exposed oncology nurses.22

Th roughout the 1990s, numerous studies were conducted analyzing DNA damage to w orkers han-
dling a ntineoplastic a gents. M ore s ophisticated a nalytical me thods w ere de veloped to a nalyze suc h 
measures as DNA strand breaks, other chromosomal aberrations, alkali-labile sites in blood cells indi-
cating chemical damage, and even cyclophosphamide (CP) in urine. In several studies, an association 
between analytical indicators and occupational exposure was evident; as more accurate measures of 
exposure bec ame available, t he a ssociations bet ween speci  c worker ex posure a nd ac tivities bec ame 
more apparent. Th is research resulted in improved work practices that began to control exposures.23–27

Despite the importance of more recent and numerous studies that have demonstrated associations 
between worker exposures to antineoplastic agents and chromosomal aberrations, the “gold standard” 
that relates worker exposures to increased incidence of cancer at lower chronic occupational-type expo-
sures remains elusive.28–31 Despite the assumption and understanding that DNA breaks, chromosomal 
aberrations, or antineoplastic agents in worker urine should be associated with increased incidence in 
worker cancers, it has not yet been demonstrated. Th e worker exposures occur over extended periods 
and demonstrate a potential chronic exposure to a broad group of workers, but cancer risk has not yet 
been proven.

A 1994 paper described the results of an occupational risk assessment to health care workers handling 
cytotoxic agents. Data on worker metabolism of CP were correlated with other animal study and cancer 
risk data to conclude that the exposed workers faced a cancer risk of 1.4–10 per million.32 Another study 
of cancer morbidity among Danish female pharmacy technicians indicated slightly increased incidence of 
nonmelanoma skin cancer; however, without adequate assessment of numerous exposures to chemicals, 
including workplace solvents, it is not possible to strictly associate the results with drug exposures.33

A meta-analysis of health care providers who work with cancer drugs conducted by Dranitsaris in 
2005 provides a comprehensive review and discussion of a large number of earlier papers.34 Again, due 
to limited data, the Dranitsaris analysis had diffi  culty in addressing cancer risk in health care workers. 
Th is study, using modern meta-analytical techniques and based on the composite results of numerous 
prior papers, was able to conclude that an association existed between occupational drug exposure and 
spontaneous abortions. Perhaps, the most pertinent conclusion of this late research is that there remains 
a great need for continued health eff ects research in the area of occupational exposure to drugs.
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Environmental Monitoring

Despite the wealth of knowledge about the documented and postulated health eff ects associated with 
occupational exposure to hazardous drugs, environmental monitoring in health care settings has been 
nearly nonexistent, except in research settings. Without such monitoring, the accurate assessment and 
control of occupational exposure are very diffi  cult, if not impossible.

Th rough the observation of activities of occupationally exposed workers, it has been noted that meth-
ods of handling and preparation vary widely between staff , departments, and facilities. Some workers 
wear protective clothing such as gloves and gowns, and some do not.35 Th rough observation of handling 
of small spills and cross contamination, variations in possible exposure routes can be postulated.

Early monitoring studies demonstrated good correlation between concentrations of CP i n environ-
mental a ir samples and t he levels of CP ob served in nursing and pharmacy worker urine.36 Methods 
have b een de veloped a nd published for CP me asurement a nd a nalysis u sing b oth h igh-performance 
liquid chromatography and mass spectrometry (MS) from samples collected on glass  ber  lters with 
limits of detection (LOD) of 1.0 and 0.05 µg/m3, respectively. Measurable levels in CP manufacturing 
were easily documented at numerous locations in the production facility.37 Airborne levels of  uoroura-
cil were documented in the air of a pharmaceutical plant, and methotrexate and CP were documented 
in the air in pharmacies.38–40

More recent air monitoring techniques for CP have also been investigated and reported. Larson 
reviewed t he u se of g lass  ber  lters for c ollection a nd found t hat s olid s orbent t ubes A nasorb 708, 
a me thacrylic ac id p olymer, off ered i mproved co llection a nd quanti cation effi  ciencies, not only for 
CP but for  uorouracil, doxorubicin, and paclitaxel as well.41 LOD were reported as low as 0.7 µg/m3. 
Another report by Hedmer describes air sampling and analytical techniques with liquid chromatography 
and tandem mass spectroscopy.42

In most cases, the percentage of air samples containing measurable airborne concentrations of hazard-
ous drugs was low, and the actual concentration of the drugs was quite low, when present. However, due to 
the physical and chemical characteristics of most antineoplastic drugs in use, surface contamination sam-
pling is a more useful environmental monitoring method to indicate potential occupational exposure.

Most hazardous drugs have low vapor pressures, high molecular weights, and relatively high densi-
ties. Th is makes them slower to evaporate or even less likely to become airborne from routine handling 
procedures. It also makes them more environmentally stable and capable of remaining in the workplace 
on materials, equipment, and surfaces without evaporating readily. It may also make them somewhat 
more diffi  cult to clean up with cleaners commonly and historically used in health care and pharmacy 
settings, such as alcohols.

Over the past 20 years, numerous published articles have described surface sampling methods and 
analytical l aboratory p rocedures.39,40,42–62 To v arying de grees, h azardous d rugs h ave b een s hown to 
persist i n me asurable le vels i n n ursing s tations, pat ient c are a nd t reatment a reas, ph armacy p repa-
ration workbenches, pat ient l aundry, to ilets a nd bat hrooms, protective m asks, g loves, gowns,  oors, 
keyboards, telephones, nursing stations and administrative areas, shoes, carts, storage bins, waste con-
tainers, isolators, workers hands, window panes, door handles, furniture, biosafety cabinets, and infu-
sion bags. Several recent studies indicated surface contamination on packaging and the outside of drug 
vials received from the manufacturer.53,54,58,63,64

Most su rface c ontamination en vironmental mo nitoring h as b een p erformed w ith c ommon a nti-
neoplastic d rugs, suc h a s CP,  uorouracil, a nd me thotrexate.65 Additional s tudies have i ncluded t he 
drugs ifosamide, etoposide, cytarabine, gemcitabine, cisplatin, platinum, carboplatin, and chlorambu-
cil.22,56,60,66 Various sampling and analytical collection techniques have been reported in detail. With 
more t han 2 000 ph armaceuticals i n u se o r de velopment, h owever, t he c apacity to en vironmentally 
monitor fewer than 10 is a s hortcoming. Th e few that can be sampled remain as markers of potential 
environmental contamination and demonstrate the “ likelihood” of similar levels of contamination in 
other agents that cannot be directly monitored.
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Th e c orrelation o f w orker ob servation w ith en vironmental su rface mo nitoring h as demo nstrated 
contamination resulting from a w ide spectrum of health care activities. Signi cant levels of area and 
worker contamination have resulted from pharmaceutical preparation by both pharmacists and nurses. 
Some speci c conditions of exposure include

Reconstituting powdered or lypholized drugs and further diluting either the reconstituted pow-
der or concentrated liquid forms of hazardous drugs

Expelling air from syringes  lled with hazardous drugs
Administering hazardous drugs by intramuscular, subcutaneous, or intravenous (IV) routes
Counting out individual, uncoated oral doses, and tablets from multidose bottles
Unit-dosing uncoated tablets in a unit-dose machine
Compounding potent powders into custom-dosage capsules
Generating aerosols during the administration of drugs, either by direct IV push or by 

IV infusion
Priming the IV set with a drug-containing solution at the patient bedside
Handling body  uids or body- uid-contaminated clothing, dressings, linens, bedding, and other 

materials
Handling co ntaminated wa stes g enerated a t a ny step  o f t he p reparation o r ad ministration 

process
Performing certain specialized procedures (such as intraoperative intraperitoneal chemotherapy) 

in the OR
Handling unused hazardous drugs or hazardous-drug-contaminated waste
Decontaminating and cleaning drug preparation or clinical areas
Transporting infectious, chemical or hazardous waste containers
Removing a nd d isposing o f p ersonnel p rotective e quipment ( PPE) a ft er ha ndling ha zardous 

drugs or waste.8

Some observations that have been made about worker activities as they relate to environmental 
monitoring indicate that surface contamination is closely related to the work practices, but with some 
interesting t wists. It has been shown t hat d iff erent pharmacies in diff erent hospitals, a nd even t hose 
within the same hospital, may have very diff erent safety policies in place that aff ect the levels of surface 
contamination measured. Hospitals and departments with written policies and programs are observed 
to have less surface contamination. Workers who use protective clothing and equipment regularly have 
been shown to h ave less area surface contamination associated with their activities. Of course, larger 
departments that prepare more products, administer more patient doses, and handle more concentrated 
drugs also have higher surface contamination events and concentrations.

Studies have shown that there is also a fair amount of variation in contamination levels, even between 
the same worker on diff erent days and for diff erent activities. Some workers tend to h ave better work 
practices and lower levels of contamination, but even those same workers may still periodically have a 
spill or small measurable contamination event. Th is tends to lead to the conclusion that these small drip 
or splash events are unavoidable with existing control technologies.

Despite the inconsistencies in environmental monitoring for hazardous drug contamination in the 
workplace, many papers have been published reporting measurement methods with adequate LOD. Th e 
contamination levels vary signi cantly and are sometimes widespread. Th e presently limited availabil-
ity of commercial laboratories available to perform analyses and limitations in the number of hazardous 
drugs that can be measured are shortcomings that should be overcome in order to better assess indi-
vidual workplaces, document safe work practices, and alert occupational health and safety professionals 
to si te-speci c problems a nd i ssues. Re gulatory a gencies should b egin to c onsider putting s tandards 
in place and developing regulations to protect workers. OSHA should begin to enforce the implementa-
tion of internationally recognized accepted safety practices, including environmental monitoring that 
documents adequacy of safety programs.
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Occupational Exposure Pathways

Dermal Pathways

Due to t he chemical nature of most antineoplastic agents and the diff erences in the levels monitored 
in the air and on surfaces, it has been suggested that dermal exposure is the primary route of worker 
exposure.65 Th is has also been demonstrated in measures of surface contamination and drug levels in 
workers urine that concluded inhalation is of minor importance for internal exposure, compared with 
dermal routes.67

A study by Fransman demonstrated that hands, forearms, and forehead accounted for 87% of cyclo-
phosphamide total body exposure in pharmacy technicians and oncology nurses. Th is study also showed 
that dermal contamination of the workers was common.68

In addition, a s tudy by K romhout showed w idespread environmental contamination w ith hazard-
ous drugs associated with spillage of patient urine, and concluded that elevated levels of antineoplastic 
drugs i n worker u rine were t he re sult o f der mal c ontamination a nd i mproper h andling a nd c ontrol 
techniques. Th e Kromhout paper also described a contamination scoring method using a black light to 
observe, measure, and quantify the surface contamination in a mock workplace setup. Signi cant con-
tamination was found to be associated with the handling of patient contaminated urine from urinals, 
patient toilets, and utility rooms. Contamination was found on the work surfaces,  oors, shoes, nurses’ 
skin, a nd most f requently on t he skin of pat ients t hemselves. Th e  uorescent measurement methods 
demonstrated contamination on counters, urinals, and bathroom t iles. Contamination of nurses and 
environmental service cleaning staff  were directly related to contact with contaminated urinals,  oors, 
and bed linens.69

Th e i mportance of t he der mal pat hway i n occupational exposure to h azardous d rugs requires t he 
inclusion and further development of qualitative and quantitative measures of dermal exposure. Several 
methods for dermal assessment have been introduced and expanded upon in recent years.70–73 Models 
can predict median potential dermal exposure rates for hands and the rest of the body from the values of 
relevant exposure determinants. By comparing the dermal exposure data from a broad range of activi-
ties and diff erent industries, models can be developed to predict the likelihood of dermal exposures for 
various jobs and tasks, which can be used in quantitative risk assessment. Th ese methods could be easily 
adapted to monitor occupational exposure to hazardous drugs in the clinical setting.

Th e dermal exposure assessment and pathway papers are important because they begin to put quan-
ti able measures to the likelihood of dermal exposure. Th e amount of suspect ingredients reaching the 
skin for given workplace factors, work patterns, worker tasks, techniques, production processes, pro-
tective controls in place, and even the equipment used in the work processes can all be included in the 
likelihood of exposure assessment. Th ese methods can then be used to estimate and compare exposures, 
and evaluate the eff ectiveness of engineering, administrative, or PPE controls. Th ese assessments could 
also be used to supp ort later epidemiological studies of worker groups. In a pap er by van Wendel de 
Joode, another observational semiquantitative assessment method (DREAM) was developed to a ssess 
dermal exposures by systematically evaluating exposure determinants using preassigned default values 
based on a conceptual model of dermal exposure. Th e results, reported for a variety of tasks and work 
scenarios, off er good insight into the likely dermal exposure pathways for workers handling and prepar-
ing mixtures of hazardous drugs in health care.71

Other Worker Exposure Pathways

Th e increased use of aerosol pathways of drug administration to pat ients poses a respiratory exposure 
risk to workers also. Little information is available regarding the environmental concentrations of medi-
cations being administered by inhalation. Conservative controls to l imit possible worker inhalation of 
the drugs should be implemented to m inimize exposures. Th ese would include t he use of hoods and 
administration tents under negative pressure to adjacent workspaces, suffi  c ient ventilation in the dose 
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administration rooms, and continued use of these controls over the period in which the patient may be 
exhaling the drug or other hazardous metabolites in their breath.

Ingestion of hazardous drugs is a likely scenario; however, little information is available on this path-
way. I t i s c ommon i n t he United St ates to s ee f ood a nd b everages b eing c onsumed at t he o ncology 
clinic nursing stations. Despite t he cross contamination of drugs on surfaces a nd v ials, workers may 
not always be vigilant about wearing gloves or washing their hands before eating. Strict enforcement of 
contamination control requirements and elimination of food and beverages is encouraged.

Percutaneous e xposures a nd ne edlesticks a re u nfortunately s till c ommon e xposure pat hways i n 
health care. Workers exposed to biohazards from sharps and needlesticks have an additional risk when 
the ne edle w as a lso u sed to ad minister a h azardous d rug. W hen t hese e xposures a re re ported, t hey 
should be identi ed as a s pecial circumstance. Workers exposed by this pathway should be seen by a 
physician for evaluation.

Biological Monitoring

Biomonitoring i s t he gener al ter m u sed to de scribe t he u se o f b iomarkers to e stimate e xposure to 
environmental agents. Occupational biomonitoring focuses on the measurement of these biomarkers 
in occupationally exposed workers. Biological monitoring of workers is de ned as the measurement of 
chemical markers of exposure to physical, chemical, and biological agents. Biological monitoring re ects 
exposure from all possible routes, and is especially useful when dermal pathways are the primary routes 
of exposure, or when other monitoring options or indicators of potential exposure are not available.

Biological monitoring is used to look for contaminants in the workers themselves as key indicators 
of the adequacy of safety controls. Routine evaluation of constituents and metabolites in urine or blood 
is p erformed i n s everal i ndustries. Urine i s ro utinely e valuated f or t ritium i n w orkers w ho w ork i n 
heavy water nuclear reactors or handle tritium while performing research. Blood lead levels are eval-
uated i n 120 i ndustries, i ncluding smel ting, to p eriodically e valuate t he le vels to w hich w orkers a re 
being exposed. Workers who use radioactive materials or work at nuclear facilities periodically undergo 
whole-body radiation scans to de termine whether t hey have i nhaled, i ngested, or dermally absorbed 
a variety of radioactive materials as a result of their work activities. Workers handing certain levels of 
radioactive iodine routinely receive thyroid scans to see if the radionuclide is collecting in that organ at 
unacceptable levels.

Monitoring biological determinants of exposure is a highly developed and broadly used strategy 
in the  eld of occupational health and safety. OSHA currently requires routine biological monitoring 
for approximately 2 0 d iff erent chemicals u sed i n numerous i ndustries. For e xample, OSHA re quires 
that workers in an industry using cadmium be included in an extensive medical surveillance program 
that i ncludes v arious ac tivities, suc h a s mo nitoring u rine o r blo od. D epending o n me asured le vels, 
the employer may be required to t ake extra actions to protect the worker from additional exposures, 
including removal from the job.

Biomarkers can range from measurements of a c hemical, its metabolite, or speci c genes that may 
be a ff ected b y e xposure. Th e bene ts o f b iomonitoring i nclude a ssessing c urrent e xposures, l inking 
exposures w ith d isease, identifying u nknown or u nsuspected e xposures l ike der mal or oral routes, 
following trends of exposure over time and evaluating the mechanisms of action of a particular agent 
in the workplace. Drawbacks exist as well, in that taking biological samples (such as drawing blood) can 
be somewhat invasive, and in new industries biomarker monitoring can take a long time to be accepted 
as a measure of exposure. Biological measurements tend to have greater variability than other exposure 
assessment tools, due to confounding variables such as non-workplace exposures, diet, genetic makeup, 
previous exposures at work, and lifestyle factors. Workers may fear biological monitoring and perceive it 
as an infringement on their privacy. Th ey may fear that positive results are a negative re ection on their 
work performance. Employers may not favor biological monitoring because of the added expense and 
limitations in data interpretation and relationships to the exposing agents in the workplace. Employers 
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also fear that positive results indicate inadequate controls and possible liabilities. Until accurate risk 
associations b etween t he biological i ndicators a nd t he p otential health a ff ects c an b e qu anti ed, the 
information obtained in biological monitoring is at best only an indicator of working conditions, not an 
indicator that workers are “safe” or “not safe.”

Th e American Conference of Governmental Industrial Hygienists (ACGIH) publishes an annual list 
of biological exposure indices (BEIs). Th ese BEIs are used to assess overall worker exposure to chemicals 
that are present in the workplace, through measurement of the appropriate determinants in biological 
specimens collected f rom worker-exhaled a ir, urine, blood saliva, hair,  nger nails, sputum, or ot her 
biological specimens. Th e BEIs are reference values intended as guidelines for the evaluation of potential 
health hazards in the workplace. Recommended limits of BEIs are based upon accepted understanding 
of health eff ects and are generally compared to similar exposure limits for respirator exposures. Th e pri-
mary usefulness of BEIs is to assess the working conditions and potential for worker exposures in lieu of 
other accurate workplace environmental monitoring techniques, as a means to determine the adequacy 
of existing safety controls.

Biological mo nitoring o f w orkers h andling h azardous d rugs h as b een p erformed f or o ver 2 0 
years. Th e  rst s tudies were performed as a me ans to de termine whether nurses, pharmacists, a nd 
other hospital personnel were being exposed to h azardous drugs t hat t hey handled as part of t heir 
jobs. A s tudy by Hirst in 1984 identi ed c isplatin in urine of workers v ia gas chromatography a nd 
MS.74 Another method demonstrated that same year a lso analyzed and found cisplatin in urine v ia 
atomic-absorption spectroscopy.75 Later studies continued to  nd cisplatin in exposed workers, but 
these new studies also expanded to other drugs, including CP, platinum,  uorouracil, ifosamide, and 
methotrexate.26,76–78

Other signi cant potential pathways of exposure include ingestion, injection, and inhalation through 
drug vaporization. Th e identi ed spread of hazardous drugs in the health care workplace described in 
previous sections indicates a signi cant potential for worker contamination. Food and beverages should 
be prohibited in and around locations where these medications and treatments are administered.

Th e use of safe needle devices is doubly important in units, where patients receive injections. Not only 
are blood-borne pat hogens a c oncern, but t he needles have hazardous d rugs i nside t hem, en hancing 
worker safety concerns. Needlesticks of employees working with hazardous drugs should be reported to 
Occupational Health Specialists and Safety Professionals immediately whenever they occur.

Although en vironmental mo nitoring o f h azardous d rugs i n t he a ir o f h ealth c are en vironments 
has demonstrated fairly low levels, recent research indicates that hazardous drugs can evaporate into 
the air. Open drug containers, uncovered waste or disposal containers, spills that are not c leaned up 
immediately, a nd sm all, u ndetected s pills t hroughout t he w ork d ay a ll c ontribute to p otentially 
elevated air levels. Other evidence shows that hazardous drugs initially collected by ventilation cabinet 
high effi  ciency particulate air (HEPA)  lters can reevaporate off  the  lter into the hood exhaust stream. 
Depending on t he t ype of cabinet, t he drugs could recirculate in t he cabinet or be exhausted to t he 
pharmacy room air.79

Control of Hazardous Drugs in the Workplace

Hazard Assessment

Th e  rst step in controlling occupational exposure to hazardous drugs in the workplace is to perform an 
assessment of the hazards that workers will be exposed to in the work setting. Th e physical layout of the 
work area should be noted, in addition to an overview of the entire work environment.

A list of the types and quantities of drugs being handled should be obtained and reviewed. Th e methods 
used to prepare and administer drugs should be considered in addition to the dose volumes, frequency, 
and form (tablets, coated vs. uncoated, powder, and liquid). Th e inventory of drugs and methods should 
be maintained and updated periodically.
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Th e available equipment, including ventilated cabinets, closed-system drug transfer devices, glove-
bags, and needleless systems, should be evaluated. Th e area general ventilation systems should be eval-
uated i n re gard to supp ly a nd e xhaust vol ume, a ir c hanges p er h our, a nd d iff erential p ressures t hat 
indicate containment air directionality.

Conditions for ex posure have been identi ed i n a v ariety of operations. Th ose ac tivities using t he 
greatest vol umes a nd c oncentrations a re o f g reatest c oncern f or e xposure p otential. Th e Oncology 
Nursing Society provides detailed instructions for nursing activities involving the safe administration 
of drugs in such activities as IV infusions, injections, intramuscular or sub-muscular injections, oral 
and topical agents, and intra-cavity administrations. Th e use of aerosolized drug administrations has 
also gained in popularity in recent years. Other new modalities include the increased use of combina-
tion chemotherapy with interventional radiology procedures or in the OR.

Policies, Programs, and Procedures

General policies should be written that clarify the various roles and responsibilities for drug handling 
and safety within a given health care organization. Th e directives should be implemented and approved 
by top levels of hospital management to be the most eff ective. Th e main objectives of the policy are to 
describe (1) how workers are to be protected from health hazards associated with hazardous drugs and 
(2) how occupational exposures will be minimized.

Written programs that outline the overall attributes of a h azardous drug safety program should be 
developed. Th ese programs should address the general requirements for the control of hazardous drugs, 
including labeling, storage, personnel issues, spill control, and waste handling. A hazardous drug safety 
plan should be developed and be readily accessible to all employees, contractors, and trainees.

Th e Plan should require detailed Standard Operating Procedures (SOPs) to be developed on a departmen-
tal or local area basis, establishing discrete actions and responses to be taken to ensure the safe use of hazard-
ous drugs w ith regard to s peci c medical applications. Th ese procedures should address speci c medical 
applications for the use of the drugs, but they should also include speci c safety steps or requirements within 
the context of each individual procedure. Th e Hazardous Drug Plan should specify criteria that the employer 
uses to de termine a nd i mplement control measures t hat reduce employee exposures to h azardous d rugs, 
including engineering controls, PPE, and administrative policies such as training and record keeping.

Other administrative controls that should be described in the Plan include circumstances that require 
speci c approvals for use of particularly hazardous drugs or procedures, provisions for medical surveil-
lance of employees, and occupational or environmental monitoring of drug exposure or contamination. 
Th e Plan should be maintained as current, and should be reviewed and updated whenever new drugs or 
methods are introduced to the program and at least once per year.

Receiving and Storage

Occupational e xposure c ontrol m ust b egin w here h azardous d rugs en ter t he f acility. Workers w ho 
receive hazardous drug packages are at most risk from contamination from damaged and leaking con-
tainers. Th ese workers should be able to consult written procedures and training materials on hazardous 
drug handling. Both the procedures and training should include discussion of how to respond to leaking 
or damaged packages, whom to contact, and what to do i f they are personally contaminated. Detailed 
instructions should be provided that identify the receipt of the package, inventory, security, and proper 
methods to transfer the package to the pharmacy or nursing areas where they will be used. Th e se work-
ers must be informed about the potential hazards of exposure to the drugs and possible health eff ects.

Purchasing a nd d istribution s taff  should receive training on the labeling of hazardous drug pack-
aging and the practice of separating hazardous materials f rom nonhazardous materials. Any person-
nel responsible for opening hazardous drug packaging must be provided the appropriate PPE and be 
trained on the proper methods for donning and doffi  ng.
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Workers who receive hazardous drug packages and are expected to open them should be provided, 
and should wear an impermeable apron, laboratory coat, eye protection, and gloves. All hazardous drugs 
should be stored and transported in closed containers that minimize the likelihood of breakage, and be 
contained in a secondary container. All internal package materials such as vials or containers should be 
considered contaminated.

Th e room used to re ceive and temporarily store hazardous drug shipments should be large enough 
and have adequate ventilation to ensure suffi  cient exhaust to dilute and remove any airborne contami-
nates that may occur from spills or damaged packages.

Drug receiving areas should always be included in program assessments. Access to these receipt and 
temporary st orage a reas sh ould be  r estricted t o essen tial ad ministratively a pproved st aff . Measures 
should be considered and made available to ensure minimization of exposures to staff  in these ancillary 
areas.

Preparation Areas

Th e sophistication of drug preparation areas varies widely; from small hospitals, outpatient treatment 
clinics, hospital patient areas, doctor’s offi  ces, and hospital specialty treatment centers, to large state-of-
the-art hospital pharmacies. Similarly, the types of drugs in use, state of the facilities, safety programs, 
and medical treatments performed vary drastically. Th e fact that a clinic or doctors offi  ce is small and 
does not t reat a large number of patients does not negate potential for signi cant exposure from acci-
dental contamination incidents, improper procedures, or inadequate facility design. Th ere is no c lear 
evidence that the drugs used in smaller facilities are either less potent or less toxic.

Hazardous drugs may be transported directly to t he point of use, or may proceed to a nother prior 
location to be reconstituted, transferred to diff erent containers, or otherwise manipulated before being 
administered to pat ients. Even when the utmost care is taken, there are many opportunities for occu-
pational exposures.

Common manipulations that have been associated with splattering, spraying, and aerosolization 
of d rugs i nclude w ithdrawal o f ne edles f orm d rug v ials, d rug t ransfer u sing s yringes a nd ne edles 
of  lter s traws, breaking open a mpules, a nd expulsion of a ir f rom a d rug- lled s yringe.35 In addi-
tion, m any opp ortunities f or su rface c ontamination e xist t hat a re l ikely to le ad to w orker o r a rea 
contamination.

Full p rotective c lothing, i ncluding l abcoats, p rotective e yewear, a nd do uble g loves must b e w orn. 
Internal packages and vials should be handled as if contaminated and  rst removed and wiped down 
with solutions of either isopropyl alcohol or sodium hypochlorite (bleach) to ensure that they are clean. 
Th e gauze used to perform the decontamination should be disposed of as a hazardous waste.

Before work begins at a bench or laminar  ow hood, all surfaces should be cleaned with gauze and a 
preparation of either isopropyl alcohol or sodium hypochlorite. Th is is a precaution to ensure the bench 
is clean and that no residual hazardous drugs remain behind from previous users.

When d rug p reparation i s c omplete, t he  nal p roduct s hould b e s ealed i n a le akproof p lastic ba g 
or ot her s ealable c ontainer f or t ransport b efore remo ving t he m aterial f rom t he v entilation c abinet. 
Pharmacy staff  should prime all IV tubing with nondrug containing  uid and syringes inside the cabinet 
before removing. All waste containers in the cabinet should be sealed and wiped before they are removed 
from the cabinet. Before leaving the ventilated cabinet work area, workers should remove and dispose of 
the outer layers of gloves and sleeve covers as hazardous waste.

Th e use of closed-system transfer devices, glove boxes, and needleless systems when transferring 
hazardous drugs from primary packaging (such as vials) to dosing equipment (such as infusion bags, 
bottles, or pumps) has been shown to reduce local contamination of work areas and materials. Closed 
systems also reduce the potential for generating aerosols.27,57,80 Closed-system devices must always be 
used inside the ventilated cabinet; the same PPE requirements apply even when using these systems 
and devices.
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Hazardous Drug Transportation

Once drugs are prepared within the institution, and are properly labeled, they should be transported to 
the place of use in leakproof zippered bags within protective containers. Containers should be labeled 
as “ hazardous.” Personnel w ho t ransport t he d rugs s hould b e aware of t he h azards a nd emergency 
procedures in case of a spill, including the location and use of spill kits.

Administering Hazardous Drugs

Th e Oncology Nursing Society has published various guides for the administration of hazardous and 
chemotherapeutic drugs.81,82 It should be kept in mind, however, that not all hazardous drugs are anti-
neoplastic or only administered in an oncologic setting. Despite this, it is recommended that the same 
practices for administration be applied whatever the patient setting, be it clinic, doctor’s offi  ce, nursing 
home, or home care. Other safe handling guides also exist outside the  eld of oncology.8,83,84

Administration of drugs to pat ients is generally performed by nurses or physicians. Drug injection 
into t he IV l ine, c learing of a ir f rom t he syringe or infusion l ine, and leakage at t he tubing, syringe, 
or s topcock connection present opportunities for skin contact a nd aerosol generation, a nd a rea con-
tamination. Subsequent removal and disposal of syringes and materials can also lead to environmental 
exposures.

Excreta in urine, feces, sweat, mucus, and from the respiration from patients who have received haz-
ardous drug administrations have been shown to sometimes contain high concentrations of the hazard-
ous drugs or other hazardous metabolites.75 Any workers that may come in contact with patient excreta 
should be made aware of potential hazards and health eff ects, proper PPE, and handling methods. Th is  
includes housekeeping staff  that may be handling contaminated linens and/or cleaning patient toilet 
facilities.

Spill Management

All s pills a nd le aks o f h azardous d rugs s hould b e c onsidered s erious a nd s hould re ceive i mmediate 
attention. I f spills a re not c leaned up qu ickly, t he spread of contamination becomes more l ikely a nd 
more diffi  cult to control.

Personnel who notice the spill should warn others in the area and post a warning sign, if necessary, to 
keep others from entering the area while the cleanup proceeds. Th e spill should be isolated from other 
workers a nd pat ients. Th e p erson c leaning up t he s pill s hould don protective c lothing, i ncluding a n 
impermeable gown, shoe covers, two pairs of protective gloves, splash goggles, and a face shield. If the 
spill is in dry powdered form, or if a dry powder is being used to absorb the spill, it may be appropriate 
to wear an N95 respirator to prevent inhalation of small particles. Th ese types of respirators, however, 
provide no protection from evaporated drugs in the breathing zone. Only workers who are speci cally 
trained to wear an N95 respirator and who have been  t-tested within the past year should do so.

Cleanup eff orts should proceed by wiping up liquids with disposable absorbent towels or spill-control 
pillows. Absorbent powders such as vermiculite may also be appropriate for larger spills. Th e materials 
that have absorbed the drugs should then be scooped up using a plastic scraper or dustpan to place the 
materials in heavy-duty waste disposal bags and then a puncture-proof hazardous waste drum. Cleanup 
of t he a rea s hould c ontinue a m inimum o f t hree re petitive t imes w orking i nward f rom t he le ast-
contaminated area towards the most-contaminated area. At the end of the process, detergent followed 
by a water rinse should be used to clean the drug from the surfaces. Once the area is clean, the PPE can 
be removed and the waste containers should be labeled and moved to hazardous waste storage.

In the event of an accidental exposure, great care should be taken not to c ross-contaminate greater 
areas of t he worker’s body, ot her workers, areas, or pat ients. Other workers in t he area, a lso wearing 
PPE, should assist the contaminated worker in taking off  the PPE without spreading the contamination. 
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Th e PPE should be disposed of as hazardous waste. Th e contaminated area should be washed for a mini-
mum of 15 min with soap and water or more speci c cleaning regimens recommended by the material 
safety data sheet (MSDS), if available. Medical attention should be sought immediately either through 
occupational medicine/health department in the organization or at the local emergency department.

In the event of an eye exposure to hazardous drugs, the eye should immediately be  ushed for 15 min 
in water or another material indicated by the MSDS or department-speci c emergency response proce-
dures. In some cases, the  ushing material recommended may be speci c to the drug. Any information 
available on the hazardous drug being administered should be provided to t he medical or emergency 
department personnel attending to the exposed worker. All workplace settings should maintain continu-
ally stocked spill kits, including outpatient clinics, nursing homes, and doctors offi  ces. Nurses providing 
home care treatments with hazardous drugs should carry portable spill kits to respond to uncontrolled 
releases and contamination events.

Engineering Controls

Th e engineering controls and ventilation required to ensure that hazardous drugs can be prepared safely 
depend on the types of drugs and quantities being handled, and vary between diff erent facilities and 
departments. It is important that quali ed eng ineers a re consulted for system design a nd a re c learly 
aware of industry design standards and the hazards of the drugs that are proposed for use in the facil-
ity. Th e design of hazardous drug handling facilities has been raised to levels of sophistication that only 
experienced and quali ed engineers can address. Too oft en, problems with ventilation systems become 
evident a ft er a facility is constructed and it is too late to make expensive corrections. In addition to 
meeting speci c design speci cations, a building commissioning process should a lways be conducted 
before occupancy and use of hazardous drugs begins.

Knowledge about ventilation air ow direction objectives has changed in recent years and is a com-
plex factor in facility design. Contrary viewpoints remain. Some of the primary objectives of the facility 
are to (1) keep hazardous drugs within the ventilated cabinet workspaces to prevent exposures and to 
minimize exposure of workers handling the agents, (2) keep the hazardous drugs within the room, so in 
the event of a spill or airborne release the chemicals do not reach the public and are not spread through-
out the facility, and (3) protect the medications from biological contamination.

In order to ac hieve these objectives, a  ne balance of a ir ow is necessary, and the monitoring sys-
tems that maintain the air ow, pressure diff erentials, and air ow directions must be very sophisticated. 
Th ese systems must be able to react quickly to the changes in outdoor weather conditions and the activi-
ties of workers in the area as they perform activities and open doors to enter and exit the workrooms.

In the past, pharmacies were typically designed to be kept under positive pressure in relation to adja-
cent areas, such as hallways, in order to en sure that a ir  owed from the clean area to d irtier areas in 
order to keep the pharmacy clean and germs out of the preparations. Th is may still be the case in many 
facilities.

Th e latest guidelines of the USP 797 recommend that oncology drug preparations take place in an ISO 
class 5 ventilated cabinet or room, within an ISO class 7 room that is negative in relation to an anteroom, 
which is a lso at ei ther ISO class 7 o r 8 le vels, and a lso under negative pressure in relation to ad jacent 
external hallways. Th e rationale for this change is the need to keep hazardous drugs inside the interior 
preparation room in the event of an accidental release or spill.85 Each room should have a minimum of 
12 air changes per hour.

Th ere are some pitfalls in the USP 797 criteria, however, in that infectious agents in the adjacent hall-
way or uncontrolled areas will be directed toward the pharmacy anteroom, and then the prep-room, by 
the  ow from more positive areas to the most negative internal room. An alternative to this design that 
off ers both product protection from infectious agents and the control of accidental drug releases within 
the pharmacy is to maintain the innermost prep-room under positive pressure in relation to the ante-
room. Th is design actually allows the internal drug preparation and handling room to be under positive 
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pressure to ke ep microbial contamination out, while the anteroom is kept under negative pressure in 
relation to both the hallway and the prep-room. Th is design ensures that if there is an accidental release 
of hazardous materials in the preparation room, they cannot reach public hallways, while at t he same 
time microbial contaminates from the hallway would be stopped in the anteroom and cannot make it 
to the clean prep-room.

A  ne balance must be struck between all three rooms to ensure that the pressures remain constant 
and c an p erform t heir d uties e ven w hen w orkers enter a nd le ave t he ro oms, a nd to en sure t hat t he 
ventilation safety cabinets continue to function at their design speci cations at a ll t imes. It may take 
 ne-tuning of room supply and exhaust rates, and close coordination with the monitoring systems, but 
these designs can be most effi  cient at me eting the objectives stated above. To help ventilation systems 
perform at maximum effi  ciency and to reduce the possibility of cross-contamination of both infectious 
agents and hazardous drugs, it is recommended that workers minimize the number of times per day that 
they enter and leave the internal drug handling room. It should also be required that workers should not 
enter or exit the room when another worker is handling hazardous drugs in the ventilated cabinet. Th e 
use of pass-boxes or pass windows is encouraged to reduce the disturbance and turbulence created each 
time the door to the anteroom is opened.

Ventilated Cabinets

Ventilated cabinets have a dual purpose when working with hazardous drugs. Firstly, they are used to 
eliminate or reduce occupational exposures to t he d rugs or i nfectious agents. Secondly, t hey may be 
used to protect the product from being contaminated by the external environment and the worker in 
order to maintain sterility.

When asepsis is not required for product preparation, a Biological Safety Cabinet (BSC) Class I may be 
acceptable for handling hazardous drugs. When hazardous drugs are being prepared that require sterile 
techniques, however, the work should be performed in either a Class II or Class III BSC. Th ese types of 
cabinets protect the worker from the agents and the materials being handled from contamination.

Th ere are four main types of Class II BSCs. Th ey all have downward air ow and HEPA  ltration. Th ey  
are diff erentiated by the amount of air recirculated within the cabinet, whether this air is vented to the 
room or to the outdoors, and whether the ducts are under positive or negative pressure.

Type A cabinets recirculate approximately 70% of the cabinet air through the HEPA  lters and back 
into the cabinet. Th e rest of the cabinet air is released into the preparation room. Contaminated ducts 
are under positive pressure.

Type B1 cabinets have higher velocity air in ow, and recirculate 30% of the cabinet air, and exhaust 
the rest to the outdoors through HEPA  lters. Ducts and plenums operate under negative pressure.

Type B2 systems are similar to Type B1, except that no air is recirculated within the cabinet.
Type B3 cabinets are similar to Type A. Th ey recirculate approximately 70% of the cabinet air, with 

the remaining 30% discharged to the outdoors under negative system pressure.
Class III cabinets are totally enclosed with gas tight construction. Th e entire cabinet is under nega-

tive pressure and the operations are performed through gloves attached to the device. Th e exhaust air is 
released outdoors through HEPA  lters.

Th e ideal cabinets to b e used for preparation of hazardous drugs that require sterile techniques are 
the Class II Type B2 or the Class III cabinets. Th is is because each design off ers maximum protection to 
workers and the product at the same time. Cabinets that recirculate the hood air back through the work-
ers’ workspace subjects them to possible additional exposures. As noted earlier, it has also recently been 
demonstrated that some of the chemicals captured by HEPA  lters can rerelease hazardous agents when 
they evaporate off  the  lter and subject workers in the room to hazardous exposures.79

BSC exhaust fans should remain on at a ll times to en sure minimal contamination of the work sur-
faces, unless the unit is being mechanically repaired or moved. If the blower is turned off , it should be 
decontaminated before use. Each BSC should be equipped with a continuous monitoring device to allow 
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con rmation of adequate air ow a nd cabinet performance. Cabinets should be located in a reas w ith 
minimal turbulence, in order to minimize back-draft s and escape of contaminants to the room.

Cabinet maintenance activities should only be performed by quali ed professionals with understand-
ing of not o nly the mechanical systems, but the types of hazardous agents being used in the cabinet. 
Th ese workers should be familiar with the appropriate types of PPE to b e worn when working on the 
systems and other controls to be used to prevent the spread of contamination in the preparation room 
and adjacent facility areas. Th e cabinet should be emptied of a ll agents a nd decontaminated prior to 
initiation of maintenance activities. Cabinet materials and parts should be decontaminated and placed 
in bags before being removed from the area. Filters and  ltration media should be placed in plastic bags 
and disposed of as hazardous and/or biological infectious waste.

Th e hood should be certi ed by these technicians prior to use, and every 6 months thereaft er. HEPA 
 lters should be replaced periodically in accordance with manufacturer speci cations and activities and 
workloads of the facility. Certi cation and maintenance stickers should be prominently displayed on the 
front of the cabinet.

In order to minimize the possibility of worker or product contamination, hazardous drug handling 
cabinets should be cleaned oft en. It is recommended that surfaces are cleaned at the start of each shift , at 
least once in the middle of an 8 h shift , and again at the end of the workday. Whenever a spill takes place 
in the hood, decontamination should also be completed before work continues.

Decontamination should consist of surface cleaning with water and detergent followed by thorough 
rinsing. Th e use of detergents or bleach is recommended to ensure thorough deactivation of the chemi-
cal agents that were used in the hood. Th e use of 70% isopropyl alcohol or ethyl alcohol is recommended 
for disinfection of the work surfaces.

Closed System Devices

Closed system protective devices have been developed that are eff ective in reducing the spread of con-
tamination during preparation and administration of anticancer drugs. One popular brand-name device 
called PhaSeal utilizes a double membrane system to ensure leak-free transfers and connections to pre-
vent the release of drug aerosols and droplets during preparation. Studies have shown that the use of such 
devices greatly reduces the amount of air or surface contamination that results from handling procedures. 
Th ey also reduce the levels of contamination found on workers.51,57, 80,86,87 Since there is still a possibility 
of an aerosolization or contamination incident when using these types of devices, it is recommended that 
preparations be conducted with appropriate PPE, and in ventilated cabinets, if possible.

PPE

Protective gloves should be speci cally selected for the drugs being used as indicated on the MSDS or 
other information from the manufacturer or other reputable source. Studies have shown that diff erent 
glove materials have drastically diff erent permeability ratings for diff erent drugs. Latex gloves should 
not be used for drug preparation, due to t he toxic properties associated with latex and hypersensitiv-
ity reactions. In addition, one study found that latex gloves were completely permeable to carmustine, 
thiotepa, and CP.88 In another study of 13 diff erent gloves to 13 cytotoxic agents by Wallemacq, it was 
shown that neoprene and nitrile gloves provided good protection to all of the agents tested.89

Two layers of gloves should be worn. Gloves should be inspected prior to donning and they should 
be changed every 30 min, whenever they are torn or punctured, or are contaminated. When gloves are 
taken off , they should be discarded as hazardous waste and hands should be washed with soap and water 
before new gloves are donned.

Disposable gowns with closed fronts, long sleeves, and elastic or knit cuff s made of a nonabsorbent 
material should be worn when working with hazardous drugs. Disposable sleeve covers may be worn as 
additional protection to wrists close to the work area, and disposed of periodically. Each gown type and 
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material should be selected by carefully reviewing the capabilities and drugs to be handled. In a study 
of six disposable protective gown materials for splash protection from 15 antineoplastic drugs, only one 
gown provided complete protection from all 15 agents. Two of the gowns tested let all 15 antineoplastic 
agents through.90

Administrative Controls

In addition to p olicies, programs, and procedures described in prior sections, other requirements for 
administrative co ntrols sh ould speci  cally b e c onsidered. Re cord ke eping m ay b e o f p rime i mpor-
tance with regard to worker exposures and the quantities and types of materials that they handled or 
administered. Controls over worker exposures should be established for t hose t hat may demonstrate 
health eff ects believed to be associated with drug exposure, or women who are pregnant or trying to 
become pregnant. Th e responsibilities to minimize exposures to pregnant women should be delineated 
at employment by both the employee and employer. In lieu of exposure limits, prudent practice would 
deem that exposures be minimized for the entire workforce wherever possible, through engineering and 
PPE controls. For sensitive populations, it may be more protective to remove workers from duties that 
require handling or ad ministering hazardous d rugs. Th is a ll must be done w ithout constraining t he 
employees’ rights to work.

Other administrative controls include using signage to iden tify the location of hazardous drugs as 
noti cations to both employees and the public. Th e minimization of the public and elimination of food 
from patient dose administration areas are also part of a thorough administrative program.

Training

Even though most of the workers who handle and administer hazardous drugs in health care settings are 
highly skilled and educated, it is important that they receive speci c safety training on the individual 
facility Hazardous Drug Plan and the associated safety practices and systems in place. Th e engineering 
controls at each institution are diff erent, as are programmatic roles and responsibilities, not to mention 
site-speci c SOPs. Highly skilled personnel also need to know the speci c hazards associated with the 
drugs in use at a given facility, and the emergency and spill response protocols to be followed when nec-
essary. Th ese workers should be made aware of, and enrolled in, the medical surveillance program and 
should be told when and how oft en to report for evaluation. Safety training should be conducted annu-
ally as a review and to discuss any program, control, system, or regulatory changes that have occurred 
over the past year.

Training should also be conducted for a ll other workers, such as housekeepers and aides, in accor-
dance with the Hazard Communication Standard. Related information should be provided at the time 
of t he workers’ a ssignment to w ork w ith or ne ar hazardous d rugs or t reated pat ients. Re cords of a ll 
training attendance should be maintained for the duration of the workers’ employment plus 30 years. 
Training records should include t he dates of t he t raining sessions, summary of t he t raining content, 
names, and quali cations of the person conducting the training, and names and job t itles of persons 
attending the sessions.

Hazardous drug safety training must include the following elements:

Methods and observations to b e used to de tect the presence or release of hazardous drugs into • 
the work area
Use of PPE• 
Associated physical or health hazards resulting from exposure to t he drugs including the carci-• 
nogenic potential of exposure
Proper disposal methods• 
Measures employees can take to protect themselves from exposures• 
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Management of spills• 
Management of accidental exposures• 
Th e details of the Hazard Communication Program, including the labeling and signage systems, • 
location of MSDSs, and sources of other related information

Medical Surveillance

Medical surveillance involves the collection and interpretation of data regarding the workforce in order 
to detect changes in the health status of a working population potentially exposed to hazardous drugs. 
Th e medical su rveillance program  rst establishes a ba seline of a w orker’s health a nd t hen monitors 
their ongoing health as it relates to t heir potential exposure to t he hazardous agents. Medical surveil-
lance is one part of a comprehensive approach in evaluating and minimizing worker exposures to toxic 
or hazardous agents. It is a key part of the overall health and safety program and should be closely coor-
dinated with other aspects such as industrial hygiene, environmental monitoring, safe work practices, 
training, and the use of PPE.

Th e primary purpose of surveillance is to identify the earliest reversible biologic eff ects so that expo-
sure can be reduced or el iminated before t he employee sustains i rreversible damage. Th e occurrence 
of exposure-related diseases or other adverse health eff ects should prompt immediate reevaluation of 
primary preventive measures.

Employers should ensure that health care workers who are exposed to hazardous drugs are routinely 
monitored as part of their medical surveillance program.7,81,84 Th is should include workers who directly 
handle hazardous drugs such as nurses, pharmacists, and physicians. Other workers who come in con-
tact with patients or patient wastes within 48 h of administration of hazardous drugs should be included 
in the medical surveillance program.

Postexposure examinations should take place in the event of needlesticks, spills, or personnel con-
tamination incidents. Th e examination should focus on the involved exposure route as well as poten-
tially aff ected organ s ystems. Treatment a nd f urther l aboratory s tudies m ay follow a s i ndicated a nd 
guided by emergency response protocols.

Medical evaluation should include the reproductive status of the worker. Th e reproductive toxicity 
of many hazardous drugs should be described to workers, a long with the discussion of other possible 
health eff ects from exposures.

Despite the comprehensive database of information on the biological monitoring of hazardous drugs 
and related metabolites, or genetic outcomes in the urine and blood of workers over the past 25 years, 
and t he potential bene ts to t he ad ministration of a mo re successful health a nd safety program t hat 
could minimize occupational exposure to t he drugs, few organizations actually implement such pro-
grams. Th is is due to a variety of obstacles.

First, it is not common practice in health care for workers to submit urine or blood samples, particu-
larly for drug analyses. Second, it might be assumed that neither the workers nor hospital managements 
want to know if (and to what extent) workers are being exposed to hazardous drugs. Th ird, there is a lack 
of direction from the federal government on the topic. Although Biological Monitoring requirements 
and limits have been developed by OSHA and the ACGIH for other chemicals in other industries, there 
are no regulations or guidelines for these measurements to be done on workers exposed to hazardous 
drugs. Finally, since there is little impetus or interest in pursuing this type of monitoring, commer-
cial sources of monitoring and measurement for these drugs or metabolites are not available and have 
not been standardized, except in specialty literature and research publications. Th e ability for any one 
individual health c are s ystem to de velop a nd i mplement a b iological monitoring program i s l imited 
by re sources, s taffi  ng, te chnical c apabilities, a nd i nterest i n t he re sults. Unfortunately, t his s tatus i s 
unlikely to c hange w ithout external mot ivation by t he government, despite t he bene ts seen by such 
programs in other industries.
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Safe Levels of Personnel Exposure—Guidelines, Standards, Regulations, 
and the Development of Occupational Exposure Limits (OEL)

Th e 1970 OSHA Act requires employers to provide employees safe working conditions and empowers 
OSHA to prescribe mandatory occupational safety and health standards. Some of OSHA’s most con-
troversial projects have been in setting regulatory limits and enforcing occupational exposures to toxic 
chemicals.

While manufacturers of food additives, drugs, and pesticides must demonstrate the safety of their 
products to c onsumers prior to m arketing t hem, no em ployer ne ed obtain adv ance approval of ne w 
processes or materials or conduct tests to ensure that its operations will not jeopardize worker health. 
OSHA must  rst discover that a material already in use threatens worker health before it can attempt 
to control exposure. Standards for toxic chemicals typically set maximum limits on employee exposure 
and prescribe changes in employer procedures or equipment to achieve this level.

Th e OSHA Act speci es that in regulating toxic chemicals it shall adopt t he standard “which most 
adequately assures, to t he extent feasible, on the basis of the best available evidence, that no employee 
will suff er material i mpairment of health or physical capacity.” Th e me aning o f t hese c ontradictory 
phrases was a source of controversy for many years. Court decisions made it clear that the “best available 
evidence” did not require proof of causation or non-positive epidemiological studies; animal data alone 
could support regulation of a to xic substance. Th e debate focused on OSHA’s obligation to w eigh the 
economic costs of its standards. Th e agency acknowledged that it was required to consider technological 
achievability and viability for industry, but it denied that it was obliged to ba lance the health bene ts 
and economic costs.

Legal challenges to OSHA standards have clari ed OSHA’s responsibilities. Th e Supreme Court over-
turned OSHA’s benzene standard in 1980 because the agency had not shown that prevailing worker expo-
sure levels posed a “signi cant” health risk. Th is prerequisite proved diffi  cult when OSHA attempted to 
establish standards for 428 air contaminants in a single proceeding in 1989. OSHA failed to show that 
each individual contaminant posed a “signi cant” risk at c urrent levels. However, the Supreme Court 
earlier upheld OSHA’s cotton dust standard, rejecting arguments that the agency was obligated to weigh 
the costs of individual standards for concededly hazardous substances.91

Today, it continues to be diffi  cult to pass occupational health limits of exposure through OSHA. In the 
last 25 years, only about two dozen additional Permissible Exposure Limits (PELs) have been published. 
Despite the fact that the IARC lists cisplatin as “probably causes cancer in humans” and CP as “causes 
cancer in humans,” neither one has an OSHA PEL requiring employers to protect their employees.

A limited study recently completed by the California Environmental Protection Agency found that 
44 chemicals known to cause cancer do not have OELs set by OSHA. Other organizations, such as the 
IARC and the National Toxicology Program, also list numerous chemicals, including hazardous drugs, 
among carcinogens that are not regulated by OSHA.

To date, there are published regulatory limits for only a handful of chemicals considered “hazardous 
drugs” used in health care. Some drugs, such as cisplatin, have PELs for various constituents that make 
up the compound, such as hydrogen chloride and cis-diaminedichloroplatinum. But others, like metho-
trexate, which is a known teratogen and mutagen, have no OELs.

Several papers have identi ed i ssues a nd me thods for t he de velopment o f OELs for ph armaceuti-
cals.92,93 Due to the lack of regulation and research in the area, however, OELs have been mostly devel-
oped by private i ndustries a nd enterprises. Th is is done primarily to ensure the health and safety of 
pharmaceutical manufacturing staff .

Risk assessment and control of occupational exposures in high potency pharmaceutical manufacturing 
includes some core elements common to most companies. Hazard evaluation and review includes 
documentation o f to xicological a nd c linical d ata, ph ysical a nd c hemical p roperties, a nd ba sic m an-
ufacturing processing s afety c riteria suc h a s ventilation a nd PPE availability. Methods to e stimate 
and measure occ upational ex posure levels a re developed i ncluding ex posure i ndices, environmental 
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sampling, and laboratory analyses. A p erformance-based exposure control limit strategy for pharma-
ceutical active ingredients was developed by Naumann, which provides useful criteria for manufactur-
ers assessing safe levels of exposure and corresponding control criteria.94

Unfortunately, t he OELs, a nalytical methods, a nd control criteria developed by manufacturers for 
internal u se a re not gener ally published or available to t he public or e ven t he consumer. Th e l ack of 
transparency or availability of all relevant information regarding new pharmaceuticals, such as toxicity 
or long-term health eff ects, along with a lack of regulatory oversight, are just a few shortcomings of the 
manufacturer-based methods of creating OELs.

Th e ability to measure hazardous drugs in the environment and in bioassays of workers is an indica-
tion of exposure. I n c ases where t he d rugs a re k nown or probable c arcinogens, teratogens, or muta-
gens and there are no OELs or PELs, it should be considered that there is no safe level of occupational 
exposure. Health care employers must assume the responsibility for analyzing their own inventory of 
hazardous drugs and without given OELs design programs and controls to el iminate or minimize all 
occupational exposures.

Emerging and Other Issues

Chemotherapy in Interventional Radiography and the OR

Th e use of chemotherapy drugs in both radiology and surgery has been expanding in recent years, and 
the technologies a nd d rugs being ad ministered have expanded accordingly. Regional i nfusion of t he 
chemotherapy drugs in international radiography (IR) or the OR allows direct exposure to the neoplasm 
and reduces other systemic toxicities. Infusion of intra-arterial chemotherapy began in the 1980s, but 
numerous expanded regimens have regained popularity. New methods in IR and the OR using chemo-
therapy p erfusion, i ntra-arterial mel phalan p ercutaneous h epatic p erfusion, a nd s ystemic l iposomal 
dioxorubicin administration with concomitant radiofrequency ablation have been reported.

Along with previous IR procedures that administer large doses of doxorubicin, cisplatin, or mito-
mycin C, the new procedures introduce the expanded potential for additional occupational exposures 
to pharmacists, nurses, physicians, and technicians. Strategies for worker protection and controls need 
to be reevaluated to m inimize the hazards from these new procedures. Each health care organization 
must take responsibility for performing workplace assessments and implementing controls. In the case 
of new methods of administration in new departments, training of staff  who may not have worked with 
hazardous drugs in the past is a crucial part of the upgraded safety program. New work locations will 
need to be evaluated and diff erent types of injection equipment must be understood before hazardous 
drugs can be used in them.

Aerosol Administrations and Nanotechnology

Some institutes have reported the expanded and expanding use of nebulized aerosol administrations of 
drugs to patients. Th e creation of aerosols may provide added therapeutic bene ts to patients, but at the 
same time, by creating airborne pathways, they greatly increase the likelihood of airborne occupational 
exposures. In some cases, it could be expected that these pathways of exposure could be much more 
effi  cient in getting into the workers with more toxic or hazardous impacts.

A non-published study by A. Streifel at the University of Minnesota Medical Center found peaks of 
aerosolized drugs as high as 3.5 µg/m3, with an average of about 1.0 in the work area around the patient, 
for periods of up to a n hour.95 Depending on the agent used and the l ikelihood that a n urse or other 
worker would remain in the work area for the treatment period, exposures through inhalation could be 
signi cant. Th e hazard potential would vary depending on the toxicity of the agent. As these types of 
treatments expand in popularity, it will be important to implement adequate controls and monitor work 
places for airborne levels and worker exposures.
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Nanotechnology involves the manipulation of matter on the atomic or molecular scale, normally 
1–100 nm. N anomedicine w ill p otentially re volutionize t he f uture del ivery o f me dications, d iagnos-
tics, and treatments in a targeted approach. Th e unusually small sizes of nanomedicines confer special 
capabilities useful in human physiology and medical applications. Th ese same characteristics, however, 
present new questions regarding the toxic eff ects to both the patients and the workers handling the nano-
medicines. Th e hazards associated with nanotechnology are not yet fully understood. Methods to accu-
rately measure nanomaterials in the environment and workplace are just beginning to be developed.

Gene Therapy

Gene therapy is an experimental treatment that involves introducing genetic material (DNA or RNA) 
into a p erson’s cells to  ght disease. Typically, a “normal” gene is inserted into the genome to replace 
an “abnormal,” d isease-causing gene . A c arrier mole cule c alled a v ector must b e u sed to del iver t he 
therapeutic gene to t he patient’s target cells. Th e most common vector is a v irus that has been geneti-
cally altered to carry normal human DNA. Viruses encapsulate and deliver their genes to human cells 
in a pathogenic manner, and scientists are trying to use this capacity to manipulate the virus genome to 
remove the disease-causing genes and replace them with the therapeutic genes.

In the most common methods, target cells in the patient, such as cancer cells in the lung, are infected 
with the viral vector. Th e vector then unloads its genetic material containing the therapeutic human gene 
into the target cell. Th e generation of a f unctional protein product from the therapeutic gene re stores 
the target cell to a normal state. Other possible therapies include swapping abnormal genes with normal 
genes through homologous recombination, repairing abnormal genes through selective reverse muta-
tion, or regulation of a gene’s activities to turn it off  or on.

Other vectors used in gene therapy may include retroviruses to be integrated into the chromosomes 
of host cells, adenoviruses, adeno-associated viruses, and herpes simplex viruses. Besides viruses, gene 
therapy can be performed by direct insertion of pure DNA into target cells, or the use of arti cial lipid 
spheres called liposomes to carry DNA through the cells membrane to the nucleus, among others.

Sixty- ve percent of gene t herapies a re conducted for cancer d iseases. According to t he Journal of 
Gene Medicine, there have been 1180 gene therapy clinical trials approved worldwide since 1989.96 Th ese  
are only the trials and research activities that are funded by either the National Institutes of Health or 
government agencies of the European Union, and have therefore been reported.

Although there is much hope in the development of gene therapy as a viable and useful treatment, 
some signi cant shortcomings exist in the outcomes of the clinical trial patients. One of the most sig-
ni cant negative patient outcomes was the organ failure and death from severe immune responses to 
the adenovirus carrier in 1999. Other, later problems included diffi  culties in long-term bene ts due to the 
short-lived nature of t he genes in t he body, normal pat ient immune responses t hat sometimes t ry to 
 ght off  the injected agents, control of the inserted genes once inside the body to only aff ect the disease 
cells and leave other normal cells and systems alone, and many diseases that are caused by disorders in 
more than one gene.

Th e negative outcomes in the patients tend to also point toward the potential hazards to the work-
ers who prepare and handle these agents. Potential health eff ects to healthy workers handling these 
agents have not been fully investigated or reported. But based on the observed results of clinical trials, 
some expected outcomes of occupational exposure would include cancer or any number of impacts of 
organ function or physiological processes that might be impacted by an accidental or chronic expo-
sure. Th e gene t herapy agent’s potential to a ff ect normal health tissues or cellular function makes it 
diffi  cult to determine where it might go in a healthy exposed worker, and diffi  cult to determine what 
long-term health eff ects might be. Since there is no known threshold for the harmful eff ects of these 
agents, e ven a sm all e xposure may have sig ni cant c onsequences, such a s t he i rreversible c reation 
of a cancer cell. Potential routes of exposure to workers include inhalation, injection, ingestion, and 
dermal. Th e environmental v iability of retroviral a nd v iral vectors i s probably only a f ew minutes; 
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however, adenoviral vectors m ay b e v iable a s long a s a c ouple o f hours de pending on t he del ivery 
agent. Either way, workers preparing and administering these agents can be exposed to viable agents 
in the process.

In clinical trials, it is common for patients to receive numerous and large doses of treatment agents. 
A dosage of 40 intramuscular injections of 0.5 mL each over a p eriod of days or weeks would not b e 
unusual. Each dosage might contain as many as a billion DNA virons per milliliter. Typically, doses are 
in liquid form, a lthough other forms are being evaluated. Other modes of administration, such as IV 
and subcutaneous methods, are also in use in some trials.

Gene therapy agents currently follow product trials similar to those of other pharmaceuticals. At this 
point, agents are made by pharmaceutical companies and provided to hospitals or research facilities for 
the clinical trials. Th e agents tend to be delivered to the hospital pharmacies in small sealed contain-
ers of vials. Once at the pharmacy, the pharmacists must redistribute the agents to the delivery devices 
such as syringes or IV bags. Th ese materials are then transported to t he clinical or patient areas to be 
administered by physicians or nurses.

Th e gene t herapy m ixtures s hould b e h andled i n a si milar f ashion to a ny ot her h azardous d rug. 
Impermeable gowns, face shields, protective eyewear, and two pair of protective gloves should be worn 
whenever preparing, handling, or administering these agents. And preparation should always be done 
in a hazardous drug preparation area in a Class II Type B2 ventilated cabinet. Materials should be trans-
ported in a gasket sealed shatterproof container.

Work a reas s hould b e p eriodically de contaminated w ith 7 0% e thanol o r ot her s tandard h ospital 
disinfectants to en sure product protection f rom biological contaminates. Spills should be c leaned up 
immediately and absorbed in towels or vermiculite and deactivated with the addition of 10% bleach. All 
waste materials, including needles and contaminated administration materials should be disposed of as 
infectious waste and ultimately incinerated.

Th ere is not a lot of information available regarding the metabolism of gene therapy agents in patients. 
It is expected that there is little likelihood of the administered vectors leaving the body in any excreta. 
Patient excreta and contaminated materials such as bed linens and environmental contamination should 
be handled with caution, however, until more information becomes available.

Conclusions

Th e pace of pharmaceutical development continues to dramatically increase every year. Medicine rushes 
to take advantage of new advances,  rst in clinical trials, and soon aft erward, via implementation across 
the broad health care industry. Th e potential r isks a nd hazards to w orkers developing, handling a nd 
administering the agents are oft en undocumented, but potentially severe. Th e methods to monitor the 
agents in the workplace or in exposed workers are undeveloped. Safe methods of control must be imple-
mented as if the agents are highly toxic until proven otherwise. All currently recommended methods of 
control and worker protection must be thoroughly implemented.

Unfortunately, worker awareness and the eff ective, consistent implementation of safety controls lag 
behind the development of new drugs. Many workers are unaware of the hazards associated with the 
drugs they prepare and administer. Employers do not i nstitute safety programs and associated worker 
training to the levels comparable to the use and handling of other toxic agents. Th ese shortcomings are 
to a l arge extent due to t he lack of regulation in the  eld and l ittle regulatory oversight of important 
safety activities necessary for adequate exposure control and worker protection.

Occupational safety and health professionals must push to develop and implement advances in com-
mercially a vailable a nd s tandardized en vironmental mo nitoring te chniques, c ommercially a vailable 
and standardized biological monitoring methods, and regulations over allowable exposure levels, BEIs, 
and safety programs. Th ey must keep constant vigilance and work closely with the research community 
to keep pace with the latest innovations and potential occupational hazards.
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Introduction

Since t he recent increases in health care worker conversions to t uberculosis (TB) and in some cases 
death, t he ne ed to u nderstand a nd control t he t ransmigration of d roplet nuclei has become of pa r-
amount i mportance. E ngineering c ontrols, a ir c hanges p er h our (ach), ne gative p ressure, h igh-effi  -
ciency pa rticulate a ir (H EPA)  ltration, u ltraviolet ger micidal i rradiation (U VGI), c apture at t he 
source, enclosure de vices a re now i ndustry vocabularies t hat need to b e u nderstood by a v ariety of 
scienti c d isciplines in t he health care setting. Selection and implementation of control opt ions has 
become labor intensive and in some cases controversial. Preparing a h ealth care facility to me et the 
standards for a TB Control Program is multidimensional as there needs to be scienti c understanding 
of the aerosolization of TB, control procedures, budgetary considerations, air volume measurements 
of areas in the hospitals where suspected or identi ed cases or high-risk medical procedures are to be 
done, types of engineering controls selected for the various areas of concern, maintenance of engineer-
ing controls selected for the various areas of concern, etc. Diff erent scienti c disciplines within each 
medical facility must work together harmoniously in order to achieve optimum results, for example, 
Infection Control, Engineers, Industrial Hygienists, Nursing, and Administrators. In some states, reg-
ulatory codes are in con ict with TB control guidelines and over time these con icts must be resolved 
to mutual satisfaction.

Th e purpose o f t his c hapter i s to p rovide s ome add itional i nformation a nd de sign c haracteris-
tics f or eng ineering c ontrols f or T B. Th e re ader i s a lso re ferred to t he C DC Gu idelines, Pa rt I I, 
Department of Health a nd Human Services, Draft  Gu idelines for Preventing t he Transmission of 
TB i n Health Care Facilities for recommendations a nd add itional references for eng ineering con-
trols. Th is chapter contains eight sections namely “An industrial hygiene approach to t uberculosis 
control”; “Portable HEPA  ltration for TB isolation in hospitals and clinics”; “Preventing TB in the 
workplace: What did we learn from HIV? Policies regarding the HIV-infected health care worker”: 
Note: At the time of writing the CDC Guidelines, there was no challenge data con rming the clear-
ance effi  ciency of HEPA  lters. Th e data presented here, though not yet in peer review but tested by 
independent laboratories funded by manufacturers, nonetheless give some positive indications as to 
the functionality and clearance rates of these systems; “Reducing the spread of tuberculosis in your 
workplace”; “Engineering control options for tuberculosis in health care settings”; “Th e ineffi  ciency 
of su rgical masks for protection against d roplet nuclei TB”; “ Th e economics of i mplementing a nd 
engineering TB control plan in a county hospital”; and “Implementing a quality assurance program 
for tuberculosis control.”
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An Industrial Hygiene Approach to Tuberculosis Control

Lorraine M. Conroy and John E. Franke

Introduction

Industrial hygienists address occupational health problems using a t hree-step approach: recognition, 
evaluation, and control. Th e approach involves answering three questions: (1) What are the potential 
health hazards? (2) Are the potential hazards truly hazardous? and (3) How can the hazard be el imi-
nated or minimized? Th e toxic hazard of a material is de ned as the likelihood of injury of a person by 
other than mechanical means.1 Th e evaluation of t he potential hazard is usually done by conducting 
air sampling or exposure monitoring and comparing the exposure with some established guideline or 
standard.

In the case of Mycobacterium tuberculosis (MTb), there are no established exposure limits. Th ere is 
also no practical method for evaluating the MTb exposure with air sampling. Several studies indicate 
that a single bacteria particle can cause disease.2–5 Th e evaluation of the hazard potential is in uenced 
by the background incidence of disease in the population served by the institution, the number of TB 
cases treated by the institution, the tuberculin skin test (TST) conversion rate in the workforce of the 
institution, t ypes of t reatments a nd ot her a erosol-generating processes p erformed i n t he i nstitution, 
and engineering and administrative controls in place at the institution.

Source identi cation and isolation are the key steps in controlling transmission of TB in health care 
facilities.6 Th e central theme of this section is the application of basic industrial hygiene principles to 
the control of the TB transmission hazard. Industrial hygiene methods could enhance infection control 
eff orts to identify TB sources in a facility. Th e application of ventilation to isolate known or suspected 
TB sources would also be improved by following industrial hygiene principles.

Hazard Characterization

Th e number of reported cases of TB in the United States in 1991 was 26,283, 2% higher than in 1990.7,8 
Th ere had been an annual decline in the number of cases of approximately 5% since the 1950s.7 In 1958, 
Dublin reported the death rate in the United States from TB as less than 8 per 100,000, a 96% reduction 
from 1900. Th is led him to conclude “We cannot say exactly when control will be complete, but there is 
every indication that it will be some time in the course of the next 20 years.”9

Th ere was a 6%–7% annual decline in TB cases from 1981 to 1984. Using the trend from 1981 to 1984 
to estimate the expected number of cases for 1985–1991, it is estimated that more than 39,000 excess 
cases of TB occurred between 1985 and 1991.7

Persons living in the same household, those who travel in the same vehicles, and those who share air 
with an infectious person through a common ventilation system for a prolonged time10,11 are at risk of 
acquiring TB infection. Ventilation systems have contributed to the transmission of TB.2 Twenty-seven 
of 67 susceptible offi  ce workers became infected following 160 h of exposure to a ir shared by an infec-
tious offi  ce worker in the same building.12

Several studies have documented higher than expected TST conversion rates in hospital person-
nel.13–22 At least one case resulted in occupational transmission of active disease.21 Procedures such a s 
bronchoscopy, endotracheal intubation and auctioning with mechanical ventilation, open abscess irri-
gation, and autopsy have been implicated in nosocomial transmission.13,16,20

Th e Centers for Disease Control and Prevention (CDC) and others have investigated several outbreaks 
of multiple drug-resistant TB (MDR-TB) in New York and Florida.22–25 One of these investigations indi-
cated that two categories of factors contributed to the outbreaks.22 Th e  rst category included delays in 
diagnosing TB in HIV-infected persons and delays in recognizing drug resistance. Th e second category 
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included delays in acid fast bacilli (AFB) isolation on admission or readmission, maintaining AFB isola-
tion for an inadequate amount of time, lapses in AFB isolation, such as open doors and patients leaving 
isolation rooms, AFB isolation rooms with inadequate negative pressure, and inadequate numbers of 
AFB isolation rooms. Th e outcome of these factors can be improved using industrial hygiene principles 
outlined in this section.

Regulations and Guidelines

In t he United States, t he Occupational Safety a nd Health Administration promulgates a nd enforces 
standards for protecting the health of American workers. Th e authority for standard setting was estab-
lished with the passage of the Occupational Safety and Health Act of 1970 (OSH Act). Th e Act requires 
employers to “ provide a s afe a nd healthful workplace f ree f rom recognized hazards.”26 Th is is  oft en 
referred to as the “general duty” clause of the OSH Act. Th e OSH Act also prescribes a formal standard 
setting p rocedure. H ealth a nd s afety s tandards e stablished u nder t he O SH A ct gener ally h ave t wo 
forms. M any c hemical a gents a re re gulated u nder t he A ir C ontaminants St andard.27 Th is  standard 
sets maximum exposure limits called Permissible Exposure Limits (PEL) for several hundred chemi-
cal a gents. S everal sub stance-speci c s tandards h ave a lso b een p romulgated. Th ese s tandards s et a 
PEL, but also establish other requirements of the employer such as training, medical surveillance, and 
recordkeeping.

Th e PEL must be met t hrough a c ombination of eng ineering a nd work practice controls. I f eng i-
neering controls do not re duce t he exposure below t he PEL or while eng ineering controls are being 
implemented, respiratory protection may be used to ac hieve compliance with the standard. Th e sec-
ond t ype o f s tandard do es not e stablish a m aximum e xposure l imit b ut o utlines re quirements o f 
the employer necessary to reduce the exposure to the lowest feasible level. An example of this type 
of s tandard i s t he B loodborne Pat hogens S tandard.28 Th e Blo odborne Pat hogens St andard re quires 
employers to i mplement a w ritten exposure control plan; prepare a n exposure determination; use a 
combination of universal precautions, engineering and work practice controls, and personal protective 
equipment to m inimize or el iminate exposure; implement proper d isposal a nd labeling procedures; 
provide hepatitis B v accinations; a nd provide i nformation a nd t raining on t he r isks of e xposure to 
bloodborne pathogens, procedures and practices necessary to prevent exposure, and the requirements 
of the standard.28

At t he present t ime, no O SHA s tandard s peci cally re gulates e xposure to M Tb. However, O SHA 
Region 2 h as p ublished en forcement g uidelines f or o ccupational e xposure to T B.29 Th e guidelines 
describe when the general duty clause, Section 5(a)(1) of the OSH Act, may be cited. Citations can only 
be issued to em ployers whose employees work on a re gular basis in health care settings, correctional 
institutions, homeless shelters, long-term care facilities, and drug treatment centers. Th e document lists 
examples of feasible and useful abatement methods for TB control and states that “the non-use of any 
of these methods is l ikely to re sult in the continued existence of a s erious hazard and may, therefore, 
allow citation under 5(a)(1).” Th e methods are (1) medical screening of employees; (2) work removal of 
employees who have current pulmonary or laryngeal TB until adequate t reatment is instituted, t heir 
cough is resolved, or until a physician certi es that the person is no longer infectious; (3) training and 
education of employees about the hazards and control of TB; (4) respiratory isolation of infectious TB 
patients in negative pressure rooms exhausted to the outside; and (5) respiratory protection use by the 
patient, if possible, and the employee during patient transport.

Th e document also describes other OSHA standards that may apply. Th ese include recordkeeping30 
and respiratory protection.31 Additionally, OSHA Region 2 considers TB infections (positive skin test) 
and TB disease as recordable on the OSHA 200 log where TB has been identi ed as a hazard.29

In 1993 t wo h ospitals i n M adison, Wi sconsin were i nspected a nd re ceived c itations f or f ailing to 
adequately protect workers from TB.32 Th e  rst hospital was cited under Section 5(a)(1) of the OSH Act 
for failing to p rovide medical su rveillance a nd failing to en sure t hat a n i solation room was properly 
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ventilated to operate under negative pressure. Th e hospital was also cited for four violations of 1910.134 
(respiratory protection) including using respirators that were not N IOSH approved, a llowing workers 
with beards, sideburns, and skullcaps to wear respirators and not having or maintaining a written respi-
ratory protection program.32

Th e second hospital was a Veterans Hospital. OSHA has the authority to inspect federal facilities and 
to issue citations but cannot assess penalties. Th e hospital was cited under Section 1-201(a) of Executive 
Order 12196, which is equivalent to the general duty clause of the OSH Act. Th e violations in this case 
were due to de ciencies in medical surveillance and failing to record an active case of TB on the injury 
and illness log.32

CDC has published several sets of guidelines for preventing TB in health care settings,33,34 migrant 
farm workers,35 long-term care facilities,11 and correctional institutions.10 Th e most recent draft  of the 
guidelines for health care settings was published in the Federal Register in October 1993.36

Th e c urrent CDC g uidelines have t he following s teps: (1) i mplement control me asures t hat follow 
an established hierarchy of administrative and engineering controls and personal respiratory protec-
tion; (2) perform a r isk assessment at e ach health care facility and develop a w ritten TB control plan; 
(3) provide early identi cation and management of persons with TB; (4) implement a medical surveil-
lance program for employees using puri ed protein derivative (PPD) skin testing; and (5) educate, train, 
and communicate with health care workers about the risks of TB and the measures used to prevent MTb 
exposure.36

Regulations and guidelines have also been issued by state agencies and professional associations. Th e 
state of California, for example, has proposed regulations for occupational TB control that specify an 
exposure control plan, TB surveillance and employee noti cation, medical evaluation and preventive 
therapy, methods of exposure control, training, and recordkeeping.37 Th e American Society for Hospital 
Engineering has guidelines that discuss risk assessment and management for TB control in hospitals.38 
Th e American Society for Heating, Ventilating and Air Conditioning Engineers has general guidelines 
for health facilities that give design criteria and mention TB in the discussion.39

In add ition to o ccupational h ealth re quirements, s tate a nd lo cal b uilding c odes m ust b e c onsid-
ered when designing or implementing control strategies for MTb. Th e recommendation of keeping TB 
patients in isolation rooms under negative pressure relative to the corridor violates state and local codes 
in many areas. A variance may be needed or the use of an anteroom may be required to meet both the 
CDC guidelines and building codes.

Source Characterization

Mycobacterium tuberculosis is a rod-shaped bacteria which varies in width from 0.2 to 0.6 µm and from 
0.5 to 4.0 µm in length.40,41 Th e bacteria are expelled from infected persons through coughing, sneez-
ing, talking, and singing2,3 and become aerosolized as droplets.7,33 Th e largest droplets (e.g., exceed-
ing 100 µm) settle onto surfaces and are removed from the air.42 Droplets less than 100 µm evaporate 
to for m s table, ne arly s pherical, d roplet nuclei i n t he 1–4 µm si ze r ange.42 A s tudy by L oudon a nd 
Roberts43 i ndicated t hat 3 0% o f d roplet nuclei, b y number, re sulting f rom c oughing were le ss t han 
3 µm in diameter.

Th e d roplets a re sm all eno ugh t hat ro om a ir c urrents ke ep t hem a irborne a nd s pread t hem 
throughout a  ro om or  bu ilding.44 Th eir sm all m ass me ans t hat t he d roplet nuclei h ave ne gligible 
inertia and are unable to t ravel through air on their own. Instead they must follow the burst of air 
released by a cough, for example, and then follow room air currents when the air burst slows down. 
Air c urrents a lways e xist i n ro oms a nd r andom ro om a ir v elocities a re t ypically i n t he r ange o f 
20–40 ft /m in (fpm).

Th e f act t hat i nfectious pa rticles m ust f ollow t he a ir c urrents t hat t hey en counter h as i mportant 
implications for control. Isolation design criteria a imed at c ontrolling t he contaminated a ir currents 
have a good chance to control the airborne infection hazard. Characterization of the room environment 
is, therefore, as important as characterizing the droplet nuclei source when specifying controls.
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Because room air is not quiescent, droplet nuclei can remain airborne for prolonged periods of time 
(hours, at least).45 Anyone who breathes air that contains these droplet nuclei can become infected with 
TB.45 Aft er inhalation, droplet nuclei can penetrate to t he alveolar region of the lung, where infection 
is initiated.40,41

A study by Kent46 indicated that the TB bacterium is highly resistant to environmental stresses, prob-
ably su rvives for extended t ime i n t he environment a nd could be resuspended i n a n i nfectious s tate 
from settled dust. Th e viability of the resuspended particles depends, in part, on the moisture retained 
in the dust and the temperature and relative humidity of the room environment.47

It appears that a si ngle Mycobacterium tuberculosis cell is adequate for infection.2–5 It  a lso appears 
that everyone who converts to a positive TB skin test acts as a low-level source of infection, at least 
temporarily.2,48

Several studies indicate that the risk of infection is a function of several factors including concentra-
tion of droplet nuclei, cumulative time that air containing droplet nuclei is breathed, and the worker’s 
pulmonary ventilation rate.49 Harris and McClement50 describe the risk of airborne transmission to be 
a function of several factors including rate and concentration of expelled organisms, the physical state 
of the airborne discharge and the volume and rate of exchange of the air in the space where the bacilli 
are ejected. Th ey state, however, that the most important risk factor is the length of time an individual 
shares a vol ume of a ir w ith a n i nfectious c ase of T B. CDC l ists t he following environmental f actors 
that enhance transmission: contact between susceptible persons and an infectious patient in relatively 
small, enclosed spaces; inadequate ventilation that results in insuffi  cient dilution or removal of infec-
tious droplet nuclei; and recirculation of air containing infectious droplet nuclei.34

Droplet nuclei concentration is higher near the source, especially aft er a burst release such as a cough. 
Th e droplets diff use throughout the space with time, reducing this concentration gradient until another 
burst is released. Th erefore, the risk of exposure to infectious droplets is highest and most variable near 
the source.51 Controlling the length of time a worker shares this near- eld a ir volume w ith a pat ient 
is crucial. Isolating t his a ir space should a lso be t he starting point for source control and ventilation 
design.

Since droplet nuclei follow the local air currents, it is possible to evaluate contaminated air ow pat-
terns in existing buildings with smoke tube and tracer gas methods. Th e smoke tube can visually simu-
late the travel of a burst of droplets, for example, from the head position of a patient bed. Th e test can be 
used to specify work positions and local exhaust hoods. Smoke t ubes release a momentarily irritating 
acid aerosol and caution must be used to avoid eye contact with and inhalation of the smoke.

Tracer gases are nonreactive, nontoxic gases that do not normally exist in the test space and are mea-
surable over a wide range of low concentrations.52 Tracer gases can be released in ways that simulate a 
source emission. Monitoring the air at critical exposure locations gives information about the transport 
of droplet nuclei in rooms and buildings (e.g., reception desks in clinic waiting rooms). Tracer gas test-
ing is usually performed by specialists.

Source Control

Th e hierarchy of control strategies for any hazardous substance is (1) control at t he source; (2) control 
between the source and the worker; and (3) control at the worker. Examples of control at the source are 
substitution with a less hazardous substance or process, source isolation, and local exhaust ventilation. 
Examples of control between the source and worker are dilution ventilation, shielding, and use of UV 
lights. An example of control at the worker is the use of personal respiratory protection.

Ventilation

Ventilation is one of the most important engineering techniques available for maintaining and improv-
ing workplace environments. Dilution or general ventilation refers to the dilution of contaminated air 
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with uncontaminated a ir in a gener al area, room, or building. Local exhaust ventilation refers to t he 
capture of pollutants at t he source. Local exhaust ventilation is preferred for controlling atmospheric 
concentrations of airborne hazards because the capture and control of contaminants can be complete 
and workers’ e xposure c an b e prevented. With gener al ventilation t he c ontaminant c oncentration i s 
diluted, but exposure is never completely prevented. Since one infectious droplet can transmit the dis-
ease, local exhaust controls should be considered before relying on dilution ventilation methods.

Other advantages of local exhaust ventilation are (1) less exhaust air is required for equivalent control, 
making possible lower operating costs and (2) the contaminant is controlled by a sm aller air volume, 
thus reducing costs of associated air cleaning.

A local exhaust ventilation system consists of hoods or enclosures, ductwork leading to a n exhaust 
fan, oft en an air cleaning device and a discharge point. Th ere are several general guidelines for design 
and operation of local exhaust ventilation systems.

 1. Hood should physically enclose the source as completely as practicable.
 2. Contaminated air should be captured with suffi  cient velocity so that it is always directed into the 

enclosure.
 3. System should be designed to direct the contaminated air away from workers’ breathing zones.
 4. System should be operated so that workers are not placed in the air ow path between the source 

and the hood.
 5. Suffi  cient make-up air must be supplied to re place the exhausted air at t he design pressure dif-

ferential between the room and the adjoining spaces.
 6. C ontaminated e xhaust a ir s hould b e d ischarged a way f rom b uilding a ir i nlets a nd o ccupied 

areas.

Th ere a re t hree gener al c ategories o f h ood t ypes: en closures, re ceiving h oods, a nd e xterior h oods. 
Enclosures surround the point of emission or contaminant generation, either completely or partially. 
Complete enclosures require the lowest exhaust rate of the three hood types.

Receiving hoods are those hoods which use some characteristic of the process to help air contami-
nants  ow into the hood. Two examples of receiving hoods are grinding wheel hoods and canopy hoods 
for heated processes. Grinding wheels release particles with a h igh velocity. Placing the hood directly 
in the path of the high-velocity particles aids in capture. With hot sources, the contaminant is released, 
upward from the source, with a high velocity due to the buoyancy of heated air. Placing the canopy hood 
directly above the source also aids in contaminant capture.

Exterior ho ods d iff er from enclosures in that they must capture contaminants being generated at 
a p oint outside t he hood. Th e y diff er f rom re ceiving hoods i n t hat t hey must c apture c ontaminants 
without the aid of supplemental forces. Exterior hoods are sensitive to e xternal conditions, especially 
crossdraft s , which may interfere with their “reach.” Even slight draft s c an cause some exterior hoods 
to become i neff ective. E xterior hoods a re used when processes require easy access to t he source a nd 
enclosures obstruct performance of the job. For a given contaminant capture effi  c iency, exterior hoods 
require the most air ow.

Th e capture effi  ciency of local exhaust hoods depends on many factors including: physical state of 
the contaminant (gas/vapor or particle); temperature of source; direction and velocity of contaminant 
release; distance of the hood from the source (especially important with exterior hoods); draft s (signi -
cantly aff ect exterior hood performance but can also aff ect booths and partial enclosures); and worker 
activity, such as reaching into the zone of in uence of the hood.

Th e current design method for local exhaust systems is given in the Industrial Ventilation Manual.53 
Th e  rst step is to el iminate or minimize air movements in the area of the hood and locate the hood 
around or as close as practicable to t he source. Th e capture velocity is then determined. Th e manual53 
de nes capture velocity as “the air velocity at any point in front of the hood or at the hood opening nec-
essary to overcome opposing air currents and to capture the contaminated air at that point by causing 
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it to  ow into the hood.” Th e value of capture velocity depends on the velocity of the contaminant at 
release and the magnitude of room air currents. Th e CDC recommends a capture velocity of 200 fpm for 
exterior-type hoods. Th e recommendations also include having the patient face directly into the hood 
opening so that coughing or sneezing will be directed into the hood.36

Several r esearchers54–63 h ave d eveloped e mpirical e xpressions for  c enterline ve locity a s a  f unc-
tion of hood shape, air ow into the hood, distance of the source from the hood, and hood area. Th e 
air ow necessary to ob tain t he desired capture velocity i s calculated using one of t hese empirical 
expressions. Th e most commonly used expressions are those of DallaValle54 and Silverman55–57 and 
are given by

Plain round or rectangular hood:

 
2

c(10 )Q v x A= +  
(11.1)

Flanged round or rectangular hood:

 
2

c0.75 (10 )Q v x A= +  (11.2)

Plain slot hood:

 c3.7Q v Lx=  (11.3)

Flanged slot hood:

 c2.8Q v Lx=  (11.4)

where
Q is the hood air ow (volume/time)
vc is the desired capture velocity (length/time)
x is the distance between source and hood (length)
A is the hood area (length squared)
L is the slot length (length)

and a slot hood is de ned as having a length to width ratio ≥5.
Flanges are  at plates attached to the hood, usually parallel to the hood face, which limit the  ow of 

air from behind the hood. Flanging improves the effi  ciency of exterior hoods by forcing air to  ow from 
the zone directly in front of the hood, where the air is contaminated and drawing less air from behind 
the hood, where the air is not contaminated.

For booth type hoods, the required hood  ow is calculated by multiplying the capture velocity by the 
area of the booth opening:

 Q vA=  (11.5)

where
Q is the hood air ow (volume/time)
 v is the velocity at the booth opening (length/time)
A is the area of booth opening (length squared)
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Figure 11.1 shows a b ooth used for sputum induction used for MTb control. Other examples of local 
exhaust v entilation s ystems u sed i n h ospitals a re w aste a nesthetic ga s s cavenging s ystems a nd l aser 
plume extraction systems.

In addition to the design procedure outlined above, the Industrial Ventilation Manual53 gives design 
plates for hoods for many diff erent industrial operations. Th e design plates are taken from designs used 
in actual installations of local exhaust ventilation systems. Th e manual cautions that modi cations to 
the de sign p lates m ay b e ne cessary f or s pecial c onditions, suc h a s d raft s. Th e manual al so c autions 
against the design data being indiscriminately applied to highly toxic materials.

Many of the design plates given in the manual53 could be used as a starting point for design of hoods 
for M Tb c ontrol. Th e effi  cacy of t he de signs for M Tb c ontrol would h ave to b e v alidated b efore t he 
designs could be widely used.

Some examples of design plates that might be considered for MTb control are a w elding hood, for 
cough-inducing procedures such as bronchoscopy or intubation, and a table slot hood for autopsy pro-
cedures. Laboratories handling infectious samples can refer to biological safety cabinet designs.64

Capture effi  ciency is a mo re quantitative index of hood performance than centerline capture velo-
city. Capture effi  ciency is de ned as the fraction of contaminant generated that is captured directly by 
the hood. Roach65 recognized that velocity is not the only determinant of exhaust eff ectiveness. Using 
dimensional analysis, capture effi  ciency, being dimensionless, must be equated with some other non-
dimensional expression. Some physical quantity or quantities other than air velocity must be involved. 
Ellenbecker et al.66 have shown capture effi  ciency to be a function of hood air ow, hood area, distance 
from the hood, crossdraft  velocity, and source temperature.

Exhaust to room
or outside

Air in

HEPA filter

Prefilter

FIGURE 11.1 Sputum i nduction b ooth. (From C enters for D isease C ontrol a nd P revention, Fe deral R egister 
58(195), 52809, October 12, 1993.)
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Several investigators have studied capture effi  ciency of exhaust hoods.67–77 Many of these studies have 
been laboratory studies under controlled conditions. Conroy et al.76 and Prodans et al.77 have conducted 
 eld-based studies of local exhaust hood performance for hoods used for control of vapor degreasing 
solvents. Further development and validation of local exhaust hood designs for MTb control is needed 
using a capture effi  ciency approach.

All local exhaust systems need to be tested initially and periodically to ensure that they are operat-
ing as designed. One design criterion is the hood  ow rate. Air velocity at some point in the system is 
measured and the hood air ow is calculated using Equation 11.5. Th e velocity can be measured in the 
duct downstream of the hood using a Pitot tube and manometer or at the face of the hood using a ther-
moanemometer, swinging vane anemometer, or rotating vane anemometer. Th e cross-sectional area of 
the measurement location is also needed to calculate hood air ow.

Another design criterion is capture effi  ciency. Capture effi  ciency can be measured using a tracer gas. 
A tracer gas is released at a known rate at the source location and the concentration of the tracer gas is 
measured in the duct downstream of the hood. Th e hood air ow is also measured. Th e capture effi  ciency 
is calculated using

 
dC Q
S

η =
 

(11.6)

where
η is the capture effi  ciency (dimensionless)
Cd is the concentration of tracer gas in duct (mass/volume)
Q is the hood air ow (volume/time)
S is the tracer gas release rate (mass/time)

A description of t hese instruments a nd procedures used for testing local exhaust systems is g iven in 
Chapter 9 of the Industrial Ventilation Manual53 and Chapters 3, 5, and 13 of Burgess et al.78

Example 11.1:

The booth shown in Figure 11.1 is used for sputum induction from suspected or known TB patients. 
The booth opening is 84 × 32 in. with the door open. With the door closed there is a 3/4 × 32 in. gap 
below the door. (a) With the door closed, what hood airfl ow is needed to maintain a capture velocity 
of 200 fpm through the booth opening? (b) What hood airfl ow would be necessary if the door is left 
open?

Use Equation 11.5:

 Q vA=  (11.7)

Door closed:

⎛ ⎞
= × =⎜ ⎟⎝ ⎠

2
2

2 2

1ft
(3/4 32 in.) 0.1667 ft

12 in.
A

200fpmv =

= = × =2200fpm 0.1667 ft 33 cfmQ vA
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Door opened:

⎛ ⎞
= × =⎜ ⎟⎝ ⎠

2
2

2 2

1ft
(84 32in.) 18.67 ft

12 in.
A

200fpmv =

= = × =2200fpm 18.67 ft 3733 cfmQ vA

Designing the booth for the closed door position would be the more economical choice. (c) If the closed 
door design is installed, what capture velocity would result if a staff  member left  the door open during 
sputum induction?

Rearranging Equation 11.5 to solve for v gives

= = ≈2

33 cfm
2 fpm

18.67 ft
Q

v
A

Isolation of the patient in the booth would be lost because the air velocity through the opening is less 
than disturbing room air currents typically found in rooms.

Directional Airfl ow

Directional a ir ow uses d irected a ir movement w ithout bene t of enclosures to i solate workers f rom 
MTb sources. Th is concept has many potential applications in health care facilities. However, it is in the 
second tier of ventilation control designs aft er local exhaust.

Directional air ow systems use velocity and bulk air movement to direct contaminated air away from 
health care workers. Th e most studied application of directional air ow is the clean room. Th e technol-
ogy has b een applied suc cessfully i n c ritical health c are s ettings such a s operating ro oms. A lthough 
federal guidelines regulate cleanroom performance, worker protection is not considered in cleanroom 
design standards.53 Th e purpose of the room is protection of a product or patient.

Nevertheless, s ome of t he c leanroom features c an b e applied to d roplet nuclei c ontrol. Th e uni-
directional  ow system moves  ltered, recirculated air in either a vertical or horizontal direction.64 
Because they distribute large air volumes across opposing room surfaces, these designs provide con-
stant velocity, bulk air  ows through the rooms in predictable paths that small particles must follow. 
Th e health care worker can be protected i f t heir movements do not p lace t hem downstream of t he 
patient or source.

Cleanrooms have several other features which need consideration when applying the designs to TB 
control:

 1. Excess supply air keeps out dust from adjoining spaces.
 2. A series of pre lters and high-effi  ciency  lters reduces the number concentration of dust particles 

to very low levels.
 3.  Th e life of the  lters is extended by maximizing the recirculated air ow and minimizing the fresh 

outdoor air ow.
 4. A unidirectional control air velocity of about 100 fpm is usually attained across the entire room.
 5. Preventive maintenance time is high.
 6. Cleanroom initial costs are high.
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For application to M Tb control, t he  rst feature, excess supply air, should generally be avoided. Th e 
workers and other patients need protection from the TB patient. Th e system can be balanced to provide 
an excess of exhaust air to isolate the room from the adjoining ones. If the room has a positive pressure 
to protect an immune-compromised patient, for example, a negative pressure anteroom can be added 
to isolate the room from the adjoining spaces. However, workers entering the anteroom will need to be 
protected just as if they were in the patient room.

Th e second feature,  ltration, is not needed for one-pass air ow rooms. However, the air ow needed 
for a 100 fpm control velocity is large and the energy cost is high. For example, an isolation room that 
is 10 ft  wide and 10 ft  high needs a 10,000 cfm (cubic feet per minute) capacity system (Q = [10 ft  × 10 ft  
× 100 fpm] using Equation 11.5). I f t his were a o ne-pass system, t he loss of conditioned a ir would be 
signi cant.

Th e t hird feature, recirculated a ir w ith  ltration, would have a h igher equipment expense but lower 
operating expense associated with energy savings. Th e example above would still need a 10,000 cfm fan. 
However, only a small percentage of this  ow would need to be exhausted with proper fresh air ow for 
comfort.

Cleanroom systems are not practical for most TB control situations. However, there may be some criti-
cal applications in health care facilities where the high exposure hazard justi es the extra expense. For 
example, emergency rooms in hospitals t hat serve pat ient populations w ith high r isks of TB infection 
may ne ed ro oms or c urtained a reas w ith re asonably go od d roplet nuclei c ontrol. Modi ed, unidirec-
tional  ow cleanroom designs could provide that control in ways that do not obstruct emergency room 
activities.

Multidirectional  ow rooms are more commonly used for TB control. If the clean supply air is intro-
duced at a position where the health care workers normally stand, the exposure time and risk in a patient 
isolation room, for example, would be reduced. Although the short-circuited air ow impairs the mixing 
needed for good dilution of air contaminants, good positioning of the worker (near the supply diff user) 
and the patient (near the exhaust grill) could improve the exposure risk.

Figure 11.2 shows the concept proposed in the CDC guidelines.36 Directional  ow only exists very 
close to the supply and exhaust points in the room because the control air ows and velocities are much 
less than ones used in cleanrooms. Th is setup hopes t hat d irectional a ir ow pat terns a re established 
to transport droplet nuclei away from the worker. However, thermal air currents and air ows through 
window cracks can easily upset these patterns. Th e bulk air ow patterns over long averaging times may 
indeed be away f rom workers i n t hese rooms. W hether or  not  t he a ir ow pat terns provide adequate 
protection from short-term emission activities like coughing has not been validated.

Supply SupplyExhaust

Exhaust Exhaust
(a) (b)

FIGURE 11.2 Directional  ow p atterns. (From C enters for D isease C ontrol a nd P revention, Federal R egister 
58(195), 52809, October 12, 1993.)
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Example 11.2:

A patient bed in a 2000 ft3 room is located near the exhaust grill (Figure 11.2a). The 18 in. (1.5 ft) square 
grill is 3 ft from the center of the bed. (a) What airfl ow is needed to attain a 50 fpm control velocity at this 
point? (b) If the room cross-sectional area is 100 ft2 and the supply air comes from the opposite wall, what 
is the average air velocity in the room?

 a. Use Equation 11.2 for a  anged hood (the wall acts as a  ange).

= + = + =2 2 2 2 2
c0.75 (10 ) 0.75(50fpm)(10(3 ft ) 1.5 ft ) 3459cfmQ v x A

 b. Use Equation 11.5

= − = =2

3459cfm
35fpm

100ft
Q

v
A

Although this system could provide reasonably good directional air ow control, the expense associated 
with the fan and  lters would be much more than normally invested in an isolation room.

Another directional air ow strategy is the air shower. Th is concept places an air supply hood over a 
 xed work location. Th e hood should have side curtains for better directional control and a thermostat 
for thermal comfort. Typical air velocities are in the range of 100–700 fpm. Th e hood provides a supplied 
air “island”79 that workers can use to isolate themselves from contaminated air. Good communication 
about t he u se of t he a ir shower i s ne eded for workers to p roperly u se t his a nd a ny ot her d irectional 
air ow control.

A disadvantage of cleanrooms, and of directional air ow systems in general, is discomfort associated 
with draft s. Th ermal comfort is mainly a function of room temperature, air velocity, air turbulence, the 
temperature diff erence between the room and the draft s, and the part of the body in contact with the 
draft .80

Another factor to consider is the eff ect of draft s on the eyes. Occupant complaints about indoor air 
quality are sometimes associated with exposure of the eyes to draft  velocities greater than 100 fpm.81,82 
Th e eff ects include eye irritation, contact lens problems, dry eyes, and headache.

Control with Concentration Reduction

Dilution Ventilation

Th e u se o f d ilution v entilation i s mo st e ff ective for lo w ge neration r ates of non toxic or lo w-toxicity 
gaseous or v aporous c ontaminants w here t here i s s ource–worker s eparation. R ather t han i solate t he 
worker from the patient, dilution ventilation reduces the residence time of droplet nuclei in the worker’s 
air space. Prohibitively high air ow rates are needed for high generation rates and/or high toxicity con-
taminants. Th e worker will be exposed before the contaminant is diluted if the worker is very close to 
the source.

Th e c urrent de sign me thod f or gener al v entilation u ses a c ompletely m ixed s pace m ass ba lance 
approach. Th e model assumes perfect and instantaneous mixing of contaminants, no concentration of 
contaminant in the supply air, and a constant generation rate. A safety/mixing factor is introduced to 
account for deviations from these assumptions.53 Th e design calculation uses

 

1

2 1
2

ln

C QGKV Kt t
C QQ G
K

−
− =

−
 

(11.8)
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where
t1 is the initial time
t2 is the time of interest
C1 is the contaminant concentration at time t
C2 is the contaminant concentration at time t2

Q is the air ow through space
V is the volume of space
G is the contaminant generation rate
K is the safety/mixing factor

At steady state, Equation 11.8 reduces to

 
=ss
GK

C
Q  

(11.9)

where Css is the steady-state contaminant concentration.
In order to c alculate the required a ir ow (Q), an estimate of the contaminant generation rate (G) 

and the acceptable contaminant concentration (Css) is needed. In the case of MTb, both of these esti-
mates are unavailable. Generation rates are diffi  cult to measure and will vary from person to person, 
with various activities (e.g., talking, coughing, sneezing will all result in diff erent generation rates), 
and with various procedures (e.g., sputum induction, bronchoscopy, etc.). An acceptable exposure 
concentration has not been determined for MTb. Again there will be high variability in this parameter 
due to the infectivity of the droplet and the susceptibility of the exposed individual.

Th e use of Equation 11.9 for MTb control is l imited because steady-state concentrations are rarely, 
if ever, achieved. Th e most common generation source is a person coughing. In that case, there will be 
a sudden large increase in the concentration of droplet nuclei with subsequent decay when the person 
stops coughing. Conceptually, an average concentration (the integral of the concentration during the 
sudden increase and subsequent decay) would be the appropriate concentration for use in designing the 
ventilation system.

In addition to estimates of the generation rate and acceptable concentration, the mixing factor must 
be determined or estimated. Th e mixing factor describes the eff ectiveness of the supplied ventilation in 
reducing contaminant concentrations. Th e Industrial Ventilation Manual53 g ives estimates of mixing 
factors for several room con gurations. Th e mixing factor can also be estimated through experimental 
measurement of tracer gas concentration decay and mechanical ventilation rates. A tracer gas is released 
throughout the space of interest and the concentration is measured at a lo cation representative of the 
concentration in the space, e.g., an exhaust grill. Th e decay of the tracer gas concentration with time and 
measured ventilation rate and space volume are used in Equation 11.8 to calculate the mixing factor, K.

Example 11.3:

A patient room has a volume of 1500 ft3. The mechanical exhaust ventilation is 45 cfm. The mechanical 
supply ventilation is 30 cfm and the airfl ow under the door to the room is 15 cfm. Tracer gas concentra-
tion as a function of time was as follows:

Time Elapsed Time (min)
Concentration (Parts 

per Billion [ppb])
1518 0 8.12
1532 14 7.49
1538 20 5.76
1552 34 4.27
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What is the mixing factor for this room? Assume that there is no other air in ltration or ex ltration.
Following the release of the tracer gas, the generation rate is 0 and Equation 11.8 reduces to

1
2 1

2

ln
CKV

t t
Q C

− =

which can be rearranged to

2 1ln ln
Q

C C t
KV

= − ∆

Plotting ln(C2) versus the change in t ime (∆t) results in a l ine with an intercept equal to l n(C1) and a 
slope equal to (–Q/(KV)). Th is is shown in Figure 11.3. Th e slope of the “best- t” line through the data is 
−0.0085 min−1. Th e mixing factor, K, is calculated as follows:

−= = − × =
− 1 3

45cfm1 1
3.5

slope 0.0085min 1500ft
Q

K
V

Th e current recommendations for ventilation rates are given in Table 11.1.39 Th e recommendations in 
Table 11.2 are based on comfort criteria and experience and will not necessarily provide adequate pro-
tection from MTb. Th e recommendations should be used as minimum design criteria and higher venti-
lation rates will result in lower contaminant concentrations. Using Equation 11.9 shows that an in nite 
air ow is necessary to maintain the concentration of MTb at zero if there is any generation of particles. 
Without an estimate of generation rate and acceptable concentration, it is impossible to calculate the 
required air ow.

One calculation that is possible is the amount of time needed to reduce the concentration to some 
speci ed fraction of the initial concentration once generation has ceased, for example, when an infected 
person is no longer in the space. Equation 11.8 can be rearranged to give
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(11.10)

1

0.95

0.9

0.85

0.8

0.75

0.7

0.65

0.6

0.55
0 10 20

Elapsed time since tracer gas release (min)

Slope = –0.0085 min–1

In
 (C

2)

30 40

FIGURE 11.3 Tracer gas decay curve.



11-16 Handbook of Modern Hospital Safety

TABLE 11.1 Recommended Ventilation Rates

Air Changes per Hour

Function Pressure Outside Air Total

Operating Positive 15 15–25
Recovery Equal 2 6
Trauma Positive 5 12
Intensive care unit Positive 2 6
Isolation Negative, positive 2 6
Isolation anteroom Negative, positive 2 10
Bacteriology laboratory Negative 2 6
Treatment Negative, positive 2 6

Source: American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. Heating, 
Ventilating, and Air-Conditioning Applications. American S ociety o f Heating, Ref rigerating a nd 
Air-Conditioning Engineers, Inc., Atlanta, GA, 1991.

TABLE 11.2 Air Changes per Hour and Time in Minutes for Removal 
Effi  ciencies of 90%, 99%, and 99.9% of Airborne Contaminants

Air Changes per Hour

Minutes Required for a Removal Effi  ciency of

90% 99% 99.9%

 1 138 276 414
 2 69 138 207
 3 46 92 138
 4 35 69 104
 5 28 55 83
 6 23 46 69
 7 20 39 59
 8 17 35 52
 9 15 31 46
10 14 28 41
11 13 25 38
12 12 23 35
13 11 21 32
14 10 20 30
15 9 18 28
16 9 17 26
17 8 16 24
18 8 15 23
19 7 15 22
20 7 14 21
25 6 11 17
30 5 9 14
35 4 8 12
40 3 7 10
45 3 6 9
50 3 6 8

Source: Centers for Disease Control and Prevention, Federal Register 58(195), 
52809, October 12, 1993.
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Table 11.236 gives the number of minutes necessary to reduce the concentration by 90%, 99%, and 99.9% 
for various air exchange rates. Th e time given in Table 11.2 must be multiplied by the appropriate mixing 
factor for the space.

Example 11.4:

A sputum-induction booth is shown in Figure 11.4. (a) What value of K (mixing factor) would you 
assign for this space? How can you determine K? (b) If the airfl ow through the space Q is 41 cfm, what 
is the air change rate? (c) For the K value assigned in step (a) and the air change rate in step (b), how 
long would be needed between users for a 90% reduction in concentration? (d) How long for a 99% 
reduction?

 a. Using Ref. [53, p. 2–4], the situation that most resembles this situation has K = 2.5 as a minimum. 
For MTb control you might want to add in a safety factor for toxicity and increase K to 3–5. For 
this example, pick K = 4. You could also determine K experimentally by releasing a tracer gas and 
measuring its decay.

 b.  Th e air change rate is the air ow through space divided by the space volume.

= × × = 34.33ft 7.67 ft 9.33ft 310ftV

= = × ≈3

41 cfm 60 min
Air change rate 8ach

310 ft h
Q
V

 c. For 90% reduction and 8 ach, Table 11.2 gives t = 17 min. Th e total time necessary would be t × K = 
17 min × 4 = 6 8 min. For 99.9% reduction and 8 ac h, Table 11.2 gives t = 52 min. Th e total time 
would be 52 min × 4 = 208 min or 3.5 h. For a busy emergency room or clinic, 3.5 h or even 68 min 
might be too long. To reduce the amount of time, the air ow could be increased, the volume of the 
space reduced, or the mixing characteristics of the space improved.

Air Filtration

Another method of concentration reduction is the use of  lters to remove droplet nuclei from the air. 
HEPA  lters are  lters that are 99.97% effi  cient for particulates 0.3 µm in diameter. Ultra-low penetration 

Fan Ceiling height = 9.33 ft

Chair

D
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rw
ay

7.67 ft

4.
33
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FIGURE 11.4 Sputum-induction room.
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air (ULPA)  lters are 99.999% effi  cient for particulates 0.3 µm in diameter. Th e  lter effi  ciency increases 
with increase in particle size. Since droplet nuclei which carry MTb are approximately 1–4 µm, a HEPA 
 lter can be expected to be at least 99.97% effi  cient. However, the effi  ciency of HEPA  lters for MTb has 
not been validated.

HEPA  lters c an b e applied to T B c ontrol i n t wo w ays: (1) duct  ltration a nd (2) ro om a ir  ltra-
tion. Duct  ltration places the  lter in the exhaust duct of the space. All the air being exhausted from 
the space passes through the  lter before discharge to t he outside or recirculation to o ccupied spaces. 
In-room  ltration i nvolves t he u se of a s elf-contained u nit to re duce t he concentration i n t he room. 
Th e unit will have a fan which pulls room air through the  lter before discharging the air back into the 
room. Th e success of both  ltration methods depends on all of the contaminated air in the space passing 
through the  lter, which in turn depends on the mixing characteristics of the room.

Th e use of portable  ltration u nits, for reducing pa rticle concentrations, i s l imited by t he number 
of air changes that can be generated by the fan. Larger  ow rates through a  lter with constant cross-
sectional area will result in higher  lter face velocities, which may reduce t he  lter effi  ciency. Larger 
 ow rates also require larger fans which may make the units too large for the space and/or unacceptably 
noisy. Additionally, the inlet and outlet locations on portable units are relatively close to each other. Th is  
may mean that the units are repeatedly cleaning the same air, i.e., the relative location of the inlet and 
discharge may result in air “short-circuiting” the space. More research in actual settings is needed on 
the eff ects of these units on room particle concentrations and mixing characteristics. Limited research 
by t he manufacturers suggests t hat t hese u nits may be bene cial in reducing particle concentrations 
(unpublished data).

Th e CDC guidelines specify recirculation of HEPA  ltered air as a supplemental control, with local 
and one-pass d ilution ventilation u sed a s t he primary c ontrol. A ir t hat c annot b e d ischarged to t he 
outside away from air intakes or occupied spaces should be exhausted through a HEPA  lter. Th e guide-
lines further state that “in any application, HEPA  lters need to be carefully installed and meticulously 
maintained to ensure adequate function.”36

Example 11.5:

This example is meant to illustrate the eff ect of a HEPA fi ltration unit on the contaminant concentration 
reduction in an existing isolation room. In order to completely solve the example, an estimate of the 
generation rate is needed. For this example, assume G = 18,000 particles/min while the patient is cough-
ing and G = 90 particles/min while the patient is not coughing.43 The true generation rates for a patient 
coughing and not coughing are unknown and highly variable.

Case 1: Isolation room without HEPA  ltration unit.

Room volume = 1350 ft 3, mechanical exhaust ventilation rate = 90 cfm, mechanical supply ventila-
tion rate = 90 cfm, air leakage under door from pressurized anteroom = 7.7 cfm, approximate mix-
ing factor = 4, supply air is 50% outside air.

 a. What is the air change rate?

= × =3

90 cfm 60 min
Exhaustairflow 4 ach

1350 ft h

 b. What is the outdoor air change rate?

= × =3

(0.5)(97.7cfm) 60min
Outdoor airflow 2.2ach

1350ft h
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Case 2: Isolation room with HEPA  ltration unit.

Room volume = 1350 ft 3, mechanical exhaust ventilation rate = 9 0 cfm, mechanical supply venti-
lation rate = 9 0 cfm, a ir leakage u nder door f rom pressurized a nteroom = 7 .7 cfm, approximate 
mixing factor = 4 , supply air is 50% outside air, HEPA  ltration  ow = 400 cfm, HEPA  lter effi  -
ciency = 99.97%.

 c. What is the new air change rate?
 With the HEPA unit the total air ow rate is increased according to

E HQ Q FQ= +

where
QE is the mechanical exhaust rate
QH is the HEPA unit exhaust rate
F is the  lter effi  ciency

= × =3

90cfm + (0.9997)(400cfm) 60min
Exhaustairflow 22ach

1350ft h

 d. What is the outdoor air change rate with the unit operating?

= × =3

(0.5)(97.7cfm) 60min
Outdoor airflow 2.2ach

1350ft h

 e. How would the room concentration change with the introduction of the HEPA  ltration unit?
  Rearranging E quation 11.8 to i nclude t he re circulation o f a ir a nd to s olve f or c oncentration 

results in83

 

( ) ( )E H E H
2 1

E H

1 exp exp
tQ FQ t Q FQKG

C C
Q FQ KV KV

⎛ ⎞⎛ ⎞ ⎛ ⎞+ +
= − +⎜ ⎟⎜ ⎟ ⎜ ⎟+ ⎝ ⎠ ⎝ ⎠⎝ ⎠  

(11.11)

For si mplicity, a ssume t he pat ient c oughs f or t he  rst 5 min o f e ach h our. F igure 11.5 s hows 
the concentration curve as a f unction of time, using Equation 11.11, for each case. Th e example 
assumes that the mixing factor is not aff ected by the HEPA  ltration unit. If the HEPA  ltration 
unit is aff ecting only a pocket of air in its general vicinity and not cleaning the rest of the room 
then the mixing factor would be diff erent and the curve would have to be adjusted.

Th is example i llustrates the theoretical eff ect of the addition of a H EPA  ltration unit. Th ese  
units have not been thoroughly tested in actual workplace settings and more research is needed 
to understand their performance.

Ultraviolet Irradiation

Th e t hird me thod of re ducing t he c oncentration of i nfectious M Tb d roplet nuclei i s w ith t he u se of 
UVGI. Ultraviolet (UV) radiation is in the 100–400 nm wavelength range of the electromagnetic radia-
tion spectrum. Th e UV spectrum is divided into three regions. Th e UV-A range is from 320–400 nm. 
Th e UV-B range is from 290 to 320 nm. Th e UV-C range is from 100 to 290 nm. Commercially available 
germicidal lamps are low-pressure mercury-vapor lamps which are operated in the UV-C range with a 
predominate wavelength of 254 nm.

UVGI used in exhaust ducts has been shown to be eff ective in disinfecting air of TB bacilli in experi-
ments with guinea pigs.84 Other studies have shown the eff ectiveness of UVGI in reducing transmission 
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of other infections in hospitals,85 classrooms,86–88 and military housing.89 Th e use of UVGI has been 
suggested b y C DC a s a supp lemental c ontrol me asure. A re cent s tudy w here U VGI w as e valuated 
in a n outpatient waiting room showed a  14%–19% reduction in  c ulturable airborne bacteria.90 Th e 
researchers in that study concluded that environmental factors such as open doors and windows and 
the mechanical ventilation in the space may limit the eff ectiveness of UVGI as a control measure for 
airborne bacteria.

As with HEPA  ltration, two methods of UVGI may be used: (1) duct irradiation and (2) upper air 
irradiation. Unlike HEPA  ltration, the UV lamps cannot be located in the occupied zone of the room 
because of the health hazards associated with UV exposure.

Duct irradiation involves placing the UV lamps in the exhaust duct to d isinfect the a ir before it is 
recirculated. If properly designed and maintained, high UV intensities can be used in the duct with-
out exposure to h umans, except during maintenance ac tivities. To prevent exposure to m aintenance 
personnel, the system should be designed to prevent access to t he duct until the UV lamps have been 
turned off .

Th e CDC guidelines36 outline the situations where duct irradiation may be used and situations where 
it should not be used. Duct irradiation may be used for isolation and treatment rooms to recirculate the 
air back into the isolation or treatment room and for other patient rooms and general use areas, such 
as waiting areas and emergency rooms, where there may be unrecognized TB. Duct irradiation is not 
recommended as a substitute for HEPA  ltration for recirculation from isolation rooms to other areas 
of the facility or when discharge to the outside is not possible.

Upper room a ir i rradiation involves suspending U V lamps f rom the ceiling or mounting them on 
the walls. Th e lamp must be high enough to prevent eye or skin exposure to persons in the room. Th e 
bottom of the lamp must be shielded and the ceiling and walls should be nonre ective surfaces. Upper 
room air irradiation depends on contaminated air in the lower part of the room moving to t he upper 
part and remaining there long enough to kill the bacteria. Th is in turn, depends on the mixing charac-
teristics of the room. Unlike dilution ventilation and HEPA  ltration, there is a trade-off  in eff ectiveness 
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with increasing air change rates and mixing. Good mixing improves the eff ectiveness of UVGI if there 
is adequate residence time of the air in the upper portion of the room. High air change rates may not 
allow for adequate residence time in the upper portion of the room.

UV radiation has been shown to cause keratoconjunctivitis and skin erythema.91 Broad spectrum UV 
has been associated with increased risk of skin cancer92,93 and the International Agency for Research 
on C ancer (I ARC) h as l isted U V-C a s a Gro up 2 A (probable human) c arcinogen.93 N IOSH a nd t he 
American Conference of Governmental Industrial Hygienists (ACGIH) have published exposure guide-
lines for UV radiation. Th e NIOSH Recommended Exposure Limit (REL)91 and the ACGIH Th re shold 
Limit Value (TLV)94 are essentially the same. Th e guidelines are intended to protect nearly all workers 
from the acute eff ects of UV exposure (keratoconjunctivitis and skin erythema). Th e exposure guide-
lines are not intended to protect against long-term eff ects such as skin cancer or to protect individuals 
who may be photosensitized due to disease or exposure to photosensitizing chemicals.

Th e REL and TLV limit the amount of time an individual may be exposed to a certain UV intensity or 
conversely the UV intensity for a given time period. Table 11.3 shows the allowable time for various UV 
intensities. Th e values given are for UV at a wavelength of 270 nm, considered to be the most hazardous. 
For other wavelengths, the intensity values in Table 11.3 should be divided by Sλ, given in Table 11.4. For 
UV irradiation at a wavelength of 254 nm, the allowable 8 h exposure is 0.2 µW/cm2.

In addition to limiting the exposure to 0.2 µW/cm2 for an 8 h average, CDC36 recommends that when 
UVGI is used in a facility (1) employees should be trained in the general principles of UVGI, the poten-
tial hazardous eff ects of U VGI, t he potential for photosensitivity f rom certain medical conditions or 
pharmaceuticals, a nd gener al m aintenance p rocedures f or U VGI  xtures; (2) w arning sig ns ( Figure 
11.6) should be posted on UV lamps and at accesses to ducts where UV lamps are used; (3) a preventive 
maintenance program should be implemented; and (4) a regularly scheduled evaluation of UV exposure 
to hospital personnel and patients should be conducted. Th ere are direct reading instruments that can 
be used for measuring UV intensities in a room.

Patient Isolation Rooms

Negative pressure i solation rooms protect t he occupants of adjoining rooms a nd spaces. People who 
enter the isolation room are not isolated from the TB patient unless the room has local exhaust or direc-
tional air ow controls. Instead, the exposure hazard is reduced by diluting the droplet nuclei concentra-
tion in the room.

TABLE 11.3 Maximum Permissible Exposure Times 
for UV Radiation

Duration of Exposure Eff ective Irradiance (µW/cm2)

8 h 0.1
4 h 0.2
2 h 0.4
1 h 0.8
30 min 1.7
15 min 3.3
10 min 5.0
5 min 10.0
1 min 50.0
30 s 100.0

Source: Centers f or Dis ease C ontrol a nd P revention, Federal 
Register 58(195), 52809, October 12, 1993.
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Existing health care facilities serving high-risk populations have diffi  culty providing the number of 
isolation rooms needed to care for suspected and con rmed cases of TB. Many facilities do not have iso-
lation rooms that meet the current requirements for dilution air ow (Table 11.1), air ow into the room 
at all points (negative pressure) and air ow distribution within the room (Figure 11.2). Some issues that 
need to be considered when specifying improvements or new construction of the rooms are

 1. How many rooms are needed for acute care patients with suspected TB?
 2. What control performance criteria will be used to design the acute care isolation rooms?
 3. Does the emergency room need isolation controls?
 4. What are the performance criteria for the emergency room?
 5. How m any ro oms a re ne eded f or lo ng-term c are T B pat ients a nd w hat a re t he p erformance 

criteria?
 6. Where should the isolation rooms be located within the building?
 7. What are the intended room layouts, equipment locations, room penetrations, and window open-

ings in the rooms?
 8. What interim measures will be used and how will these controls be evaluated?
 9. Are anterooms necessary for good isolation in these locations?
 10. Are t here lo cal b uilding c odes o r  re s afety re gulations t hat c on ict w ith t he i solation ro om 

speci cations?
 11. Is t here a de trimental e ff ect o f t he ro om a ir ba lances on t he c entral ventilation s ystem i n t he 

building?

TABLE 11.4 Relative Special Eff ectiveness for Several 
Wavelengths of UV Radiation

Wavelength (nm)
Relative Spectral 
Eff ectiveness (Sλ)

240 0.300
250 0.430
254 0.500
255 0.520
260 0.650
265 0.810
270 1.000
275 0.960
280 0.880
285 0.770
290 0.640

Source: Centers for Disease Control, National Institute for 
Occupational Safety and Health. Criteria for a Recommended 
Standard-Occupational Exposure to Ultraviolet Radiation. U.S. 
Department o f H ealth, E ducation, a nd Welfare, NI OSH 
(Publication no. (HSM) 73-110009), Washington, DC, 1973.

CAUTION
ULTRAVIOLET ENERGY
PROTECT EYES AND SKIN

CAUTION
ULTRAVIOLET ENERGY
TURN OFF LAMPS BEFORE
ENTERING ROOM

FIGURE 11.6 Example w arning si gns for U V r adiation. (From C enters for D isease C ontrol a nd P revention, 
Federal Register, 58(195), 52809, October 12, 1993.)
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 12. How will the isolation room ventilation controls be monitored?
 13. Are the room isolation components accessible for maintenance?
 14. Who will maintain the systems?

Th e p roposed C DC g uidelines p rovide t he m inimum de sign c riteria f or i solation ro oms.36 Th ey  are 
based on A merican I nstitute o f A rchitects (AIA) g uidelines.95 Th e following e xample presents t hese 
criteria as applied to a review of architectural drawings for a proposed renovation project.

Example 11.6:

A dental clinic serving clients with high risk of TB infection decided to convert its two dental operatories 
into negative pressure, isolation rooms. The patient waiting room also needed to be isolated from the 
rest of the facility. A review of the architectural drawings gave the following information.

Th e existing  oor area for each room is 90 ft 2 and the ceiling height is 9 ft  Th ere are 1/2 in. openings 
along the bottoms of the 7 × 3 ft , sealed doors. Th e rooms will use existing supply air ducts connected to 
the central ventilation system. Each room will have one 175 cfm supply air diff user near the entry.

Existing return air grills and ducts will be removed. Two 115 cfm exhaust grills will be installed in 
each room at a h igh and low location on the wall opposite f rom the door. A ne w exhaust fan will be 
installed on the roof 50 ft  from air intakes. A UV light will be used in the exhaust duct to disinfect the 
discharged air. Th e design uses rectangular duct with several branches and elbows up to t he exterior 
wall. Circular duct is speci ed for the vertical run up to t he fan. Th e speci ed fan delivers 675 cfm at 
0.625 in. of static pressure and 1165 rpm.

Evaluate the plans with respect to the proposed CDC guidelines.36

 1. Guidelines: Maintain 10% more exhaust than supply air ow or at least a 50 cfm diff erence. Each 
room design speci es 175 cfm supply and 230 cfm exhaust. Th e  diff erence in the balance is −30% 
or 55 cfm more exhaust.

 2. Guidelines: M aintain a n a ir velocity o f at le ast 100 fpm t hrough op enings a round t he do or i n 
its normal position. If the door is normally shut, the air velocity through the bottom is 440 fpm 
55 cfm/(0.125 ft 2). If the door is ajar with a 1/2 in. opening along all sides, the air velocity is 66 fpm. 
If the door is wide open, the air velocity through the opening is only 3 fpm.

 3. Guidelines: Provide dilution air ow volumes of at least 6 ach, 2 of which must be outdoor air. Th e 
total air change rate, based on the exhaust air ow, is

× =2

230cfm 60min
17ach

90ft (9ft) h( )

Th is meets the 6 ach guideline if the room air mixing factor is at least 2.8 (K = 17/6). Th e locations 
of the supply air grill at the ceiling and high/low exhaust air grills across the rooms may indeed 
provide the necessary mixing.

Th e outdoor air change rate, based on the supply air ow and an assumed outdoor air percent-
age of 20%, is

× =2

(0.2)(175cfm) 60min
2.5 ach

(90ft )(9ft) h

 4. Guidelines: Discharge the exhaust air ow outdoors away from walkways and air intakes or  lter 
it before recirculating.

Th e exhaust fan location on the roof is stated to be more than 30 ft  away from intakes. Th e UV light in 
the duct will help clean the discharged air. However, the light may accumulate dust and lint and need 
frequent cleaning.
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Maintaining the design exhaust air ows in the rooms (as well as the proper balance with supply air) is 
critical to the success of this design. Th e accuracy of the static pressure estimate for this system should be 
checked to verify the selected fan size. Th e  ttings and use of rectangular duct suggest that the air leak-
age into the duct could be as high as 15% of the total air ow. Since the speci ed air balance is set at t he 
minimum recommended diff erence of 50 cfm, there is no room for error. Th e designers should off er some 
assurance that the selected fan will deliver more than the designed air ow rate. Sealing the duct seams and 
 ttings could reduce the leakage. Choosing a belt-driven fan would off er some adjustability of air ow.

Measuring a ir ows in existing isolation rooms should be part of t he preventive maintenance pro-
gram at the facility. Air ows from supply and exhaust air grills can be measured with a swinging vane 
anemometer attached to an air ow hood.53 Flow from an obstructed diff user should be checked with a 
smoke tube if a reliable measure of air ow cannot be made.

Air ow u nder t he i solation ro om do or c an b e me asured w ith a t ape me asure a nd a n a ir velocity 
device such as a thermoanemometer. Th e average of six or more velocity readings along the bottom are 
multiplied by the area of the opening to get air ow (Equation 11.5). Air ow direction should be checked 
with a smoke t ube at t he bottom and around the door perimeter with the door in its normal position. 
Th e air ow direction between the anteroom and corridor should also be checked with smoke.

Th e room pressurization can be checked with an electronic manometer if the resolution is very sensitive 
(0.001 in. water) and the meter is calibrated. Th e meter senses pressure in the room and the hall with two 
probes and reports the diff erential pressure between the two spaces. Th e suggested measurement points 
are at the center of the door in the corridor and at the kick plate near the door bottom inside the room.

Example 11.7:

The following measurements were made in a patient isolation room. Compare them with the CDC 
guidelines.

Th e room layout has two beds, a bathroom and an anteroom. Th e room pressurization is switchable 
from positive to ne gative w ith a c ontrol in t he a nteroom. Th e negative pressure mode is achieved by 
increasing the supply air ow in the anteroom. Air ows in the isolation room are not c hanged by the 
pressure control. Th e facility ventilation system uses a minimum of 50% outdoor air.

Th e  oor area is 150 ft 2 and the ceiling is 9 ft  high. A l arge, hinged window is on the outdoor wall. 
Th ere are three access panels to the false ceiling space above the beds and bathroom.

Th e room has three supply air diff users above the beds and at the window. A curtain rail blocks one 
diff user. Th ere are exhaust grills above the door and in the bathroom. Th e 7 × 3.5 ft  door is gasketed and 
has a 0.25 in. opening at the bottom.

Air ow Measurement
Location Method Velocity Direction Air ow
Bed 1 diff user Air ow hood Into room 30 cfm
Bed 2 diff user Air ow hood Into room 30 cfm
Window diff user 

(by curtain rail)
Smoke tube Into room ? (Assume 30 cfm)

Bath grill Air ow hood Out of room 50 cfm
Grill by door Air ow hood Out of room 40 cfm
Room door at bottom Th ermo anemometer 

(6 point traverse)
105 fpm Into room

Anteroom diff user Air ow hood Into anteroom 80 cfm
Anteroom grill Air ow hood Out of anteroom 30 cfm
Hall door at bottom Smoke tube Out of anteroom
Both sides of room door Diff erential pressure 

gauge
Into room −0.002 in. H2O
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 1. Guidelines: Patients with known or suspected TB should be placed in a private room. Th e isola-
tion room in this example has two beds, which would not meet the guideline.

 2. Guidelines: Maintain 10% more exhaust than supply air ow or at least a 50 cfm diff erence.

= + =

= =

= × =
= + +
= + =

2

2

Exhaustairflow  50cfm 40cfm 90cfm
0.25 in.

Area under door 3.5ft 0.073ft
12in./ft

Airflow under door 105fpm 0.073ft 7.7cfm
Mechanical supply airflow 30cfm 30cfm (30cfm) = 90cfm

Total supply airflow 90cfm 7.7cfm 97.7cfm

Th e mechanical exhaust and supply air ows in the room are equal. Although the 50 cfm excess 
exhaust  ow guideline is not me t, the smoke t ube test and diff erential pressure measurement 
at the door indicate that the isolation room is in a negative pressure mode compared to the 
anteroom. Th is is because the anteroom is pressurized by excess supply air ow. Th e exhaust 
grill near the door will promote the  ow of contaminated a ir toward it. Opening either door 
disrupts the pressure diff erence with the room so that a slug of contaminated air can escape 
into the corridor.

Closing the air balance in existing rooms is diffi  cult because of unknown in ltration air ows 
through t he w indow cracks and room wall penetrations. Air ows around closed w indows and 
penetrations can be signi cant. Th ey cannot be measured accurately with conventional instru-
ments. Smoke testing the ceiling access panels is needed in this room to detect contamination of 
the false ceiling space.

 3. Guidelines: Maintain an air velocity of at least 100 fpm through openings around the door in its 
normal position.
Th e closed door air velocity is 105 fpm into the room. Although this meets the guideline, a better 
guideline is 120 fpm because of the measurement method error (about 20%).

 4. Guidelines: Provide dilution air ow volumes of at least 6 ach, 2 of which must be outdoor air.

= × =

= × =

= × =
1

2 3

3

3

Room volume 150ft 9ft 1350ft
90cfm 60min

Exhaustairflow 4ach
1350ft h
(0.5)(97.7cfm) 60min

Outdoor airflow 2.2ach
350ft h

Th e total air ow is less than 6 ach. Th e outdoor air ow is more than the 2 ach guideline. Increasing the 
exhaust air ow in the room to 140 cfm so that it exceeds the supply air ow by 50 cfm would increase the 
total air change rate to

× =3

90cfm 60min
Exhaust airflow = 6.2ach

1350ft h

Th e ba lance b etween supply a nd e xhaust a ir i n t he a nteroom s hould a lso b e ad justed to p rovide a n 
excess of 50 cfm supply air. Th is will promote air ow into the isolation room without promoting air ow 
into the corridor.

Upgrading the system in this way (increasing exhaust  ow to 140 cfm) would help meet guidelines 
1 and 2. Guideline 3 would be met only if the room had near perfect mixing of the air. Th e location of 
supply air diff users over the beds and exhaust grills near the door is the opposite of the recommended 
mixing pattern (Figure 11.2).
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Research Needs

Th is s ection de scribed t he application of ba sic i ndustrial hygiene principles to t he control of t he T B 
transmission h azard. S everal a reas ne eding re search w ere a lso iden ti ed. Th e  rst w as t he ne ed to 
develop state and local codes which are consistent with infection control methods while still meeting 
 re safety and other considerations.

In order to de sign eff ective control systems, the droplet nuclei generation rate for various activities 
must be known. Droplet nuclei generation rates and emission factors need to be developed and validated 
for representative particles or surrogate microorganisms. Additionally, it is important to de termine if 
there is an acceptable exposure concentration that can be used for design.

Th e appl ication of d irectional a ir ow to M Tb control should be i nvestigated a nd validated i n real 
situations. Th ere is also a need for experimental determination and validation of the “near  eld” of the 
source. At what distance from the source does the droplet nuclei concentration equal the background 
concentration?

Th e design and validation of local exhaust hoods for MTb control needs to undertaken. Th e research 
should evaluate design factors such as capture velocity and effi  ciency. Acceptance of the hoods by the 
workers using them should also be optimized.

With t he de sign o f i solation ro oms, s everal que stions ne ed to b e add ressed. H ow m any i solation 
rooms are necessary in a facility? Where should clinic and isolation rooms be located in the facility to 
minimize the hazard to other occupants of the hospital? What is the minimum air ow diff erence neces-
sary to achieve eff ective isolation? What is an adequate negative pressure? What is an adequate control 
velocity at the openings to the room? What factors (room size, furniture placement, etc.) aff ect the nec-
essary air ow diff erence, negative pressure, and control velocity?

The p erformance o f p ortable H EPA f iltration u nits a nd U VGI i n ac tual f acilities ne eds to b e 
validated. T he h azard re duction a nd a ssociated c osts ne ed to b e qu antified f or t hese c ontrols. 
Using them to reduce reentry hazard of air discharged outdoors is another application that needs 
validation.

Th is is only a partial list of research needs. Scientists are once again investigating some of these items. 
Development and maintenance of engineering controls for infectious diseases is a continuing challenge. 
Hopefully, motivation and resources needed by the health care community to control the renewed TB 
hazard will be realized.
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Portable HEPA Filtration for TB Isolation in Hospitals and Clinics

Byron S. Tepper

Introduction

High-effi  ciency particulate air (HEPA)  lters, also referred to as ultra-high effi  ciency air  lters or abso-
lute  lters, have been generally accepted as capable of removing viable and nonviable particulates from 
airstreams, producing ultraclean, microbiologically sterile air. HEPA  lters were developed during the 
1940s and 1950s by the U.S. Army Chemical Corps and Naval Research Laboratories and the Atomic 
Energy Commission to provide respiratory protection from biological warfare agents for military per-
sonnel a nd to c ontain r adioactive d ust a nd ot her a irborne r adioactive pa rticulates gener ated i n t he 
developing nuclear materials industry. Since t hen, HEPA  lters have been used in a l arge number of 
medical, research, electronic, pharmaceutical, and industrial applications where clean air is essential to 
the work or where emissions of toxic particulates or hazardous biologic agents must be controlled.
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A knowledge of the construction, performance, and mechanics of HEPA  ltration is essential to the 
successful application of this  lter in contamination control. Familiarity with the mechanisms of  ltra-
tion and the methods used to test their effi  ciency are also necessary to dispel the erroneous assumption 
that HEPA  lters only remove airborne particles down to a diameter of 0.3 µm.

Mechanics of Filtration

HEPA  lters are composed of continuous sheets of borosilicate glass  lter paper. Although glass may 
provide the best mesh of  bers of circular cross-sections and a small diameter, cellulose, asbestos, and 
other mineral  bers have been used, and today, many HEPA  lters use  bers of plastic materials. Th e 
mesh of  bers, oft en referred to as a “depth  lter,” off ers little resistance to air ow si nce i t c onsists 
principally of empty spaces. Th e  bers, however, present an enormous surface area of the  bers within 
the matrix for adsorption of particles by mechanisms which will be described below. HEPA  lters are 
not sieve or screen type  lters as many erroneously assume. Sieve  lters contain pores or holes which 
are smaller than the smallest particle to b e el iminated; the larger particles are entrapped in the pore, 
the smaller pass through the pore. Particles are a lmost entirely trapped on the surface of sieve  lters. 
Resistance to a ir ow is very high, increasing as the pores become occluded until the pores are totally 
occluded. Th e sieve  lter obviously has little application in the bulk cleaning of air.

By de nition, a HEPA  lter has an effi  ciency of 99.97% for particles 0.3 µm in diameter. Th e 0.3 µm 
particle was selected for  lter challenge because theoretical studies1 have shown that  ltration effi  ciency 
should be at a minimum for that size particle and that effi  ciency increases for particles smaller or larger 
than 0.3 µm (Figure 11.7). Concern has oft en been expressed that viruses, which are much smaller than 
0.3 µm, will readily pass through a HEPA  lter. Figure 11.7 indicates that the  ltration effi  ciency should 
be greater than 0.03% penetration (99.97% effi  ciency) for the test particles; actual tests with Tl coliphage, 
which has a diameter of 0.1 µm, have recorded penetrations in the order of 0.0002%–0.002% (99.9998%–
99.998% effi  ciency). It is unlikely that aerosols are generated that are pure monodispersates of viruses. In 
nature, viruses are usually associated with body  uids (saliva, sputum, blood, urine) which, when dried, 
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FIGURE 11.7 Th eoretical HE PA  lter c ollection e ffi  ciency. (From Nat ional C ancer I nstitute. A Workshop f or 
Certi cation of Biological Safety Cabinets. Offi  ce of Bioh azards and Environmental Control, Publication No. BH 
74-01-11, Rockville Bio-Engineering Services, Dow Chemical U.S.A., 8–15, 1974.)
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contribute to t he si ze of t he pa rticle. Until t here i s evidence to t he contrary, it i s a ssumed t hat v irus 
aerosols will produce droplet nuclei similar in size and nature to bacterial aerosols.

Airborne particles can be divided into two classes, those that are large enough to settle rapidly near 
the source and those in the form of droplet nuclei which remain suspended in air and behave as a gas. 
In HEPA  ltration, the large particles may actually be sieved and remain loosely attached to the surface 
of the  lter rather than  rmly attached to the  bers. Th ere are at le ast  ve mechanisms by which the 
small particles are collected on a single  ber3: (a) inertial impaction, (b) diff usion, (c) direct interception, 
(d) sedimentation, and (e) electrostatic attraction.

Th e air  owing to and around a single  ber is shown in Figure 11.8a. Note that the airstream bends as 
it goes past the  ber. Inertial impaction occurs when a relatively large particle (0.5 µm or above) carried 
in the air fails to follow the airstream around the  ber. Such particles, having a speci c gravity greater 
than air, follow a trajectory in the direction of the obstruction and are impacted and adhere to the  ber 
by van der Waals forces. Th e role of inertial impaction in  ltration increases markedly as the air velocity 
increases.

FIGURE 11.8 Air  ltration theory particle collection mechanisms. (From National Cancer Institute. A Workshop 
for Certi cation of Biological Safety Cabinets. O ffi  ce of Bioh azards a nd Environmental C ontrol, P ublication No. 
BH 74-01-11, Rockville Bio-Engineering Services, Dow Chemical U.S.A., 8–15, 1974.)
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Particles too small to be in uenced by the inertial eff ect but small enough to exhibit Brownian motion 
may diff use across airstream lines with “a high probability” of impaction on a  lter  ber (Figure 11.8b). 
Th i s diff usion mechanism should be most effi  cient for the removal of particles the size of nondispersed 
viruses. Increasing air velocity can smooth out Brownian motion and shorten the course of the particle 
through the  lter bed, reducing the chance of collision.

Direct interception operates in t he case of pa rticles too large to e xhibit Brownian mot ion a nd too 
small to be captured by the inertial eff ect (Figure 11.8c). Such particles tend to remain in the stream lines 
and are the particle size that most readily penetrates the  lter bed. Test methods involving 0.2–0.3 µm 
particles rely on this principle and, hence, are a useful indication of the maximum penetration (lowest 
effi  ciency) to be expected for the working air velocity of a given  lter.

Sedimentation in accordance with Stokes law is of relatively little importance under normal condi-
tions as it will only apply to heavy particles. However, as  ow de creases s edimentation may b ecome 
increasingly important for particles as small as 0.5 µm in diameter. Electrostatic at traction is of rela-
tively minor importance, since current  lter materials fail to de velop a sig ni cant charge. Th e role o f 
electrostatic charge as newer plastic  bers are used in HEPA  lters.

Th e contribution of each mechanism of  ltration to the overall effi  ciency of HEPA  lter is shown in 
Figure 11.9.

HEPA Filtration in Health Care Facilities

It is not surprising that techniques using HEPA- ltered, sterile air and laminar air ow were tested in 
the early 1960s for the control of airborne infections and for protective isolation of patients in the health 
care environment.

No area of a hospital requires more careful control of environmental contaminants than does the 
surgical suite. Th e laminar air ow concept developed for industrial clean room use has been success-
ful in reducing airborne contaminants generated by the activities of the surgical team in the vicinity of 

FIGURE 11.9 Relative eff ect of particle collection mechanisms.
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the opening table. Laminar air ow in surgical operating rooms is de ned as ultraclean (HEPA- ltered) 
air ow that is predominantly unidirectional, either vertical or horizontal, when not obstructed. Th e 
unidirectional laminar air ow pattern is commonly attained at a velocity of 90 ± 20 fpm. In a commonly 
used a lternative to la minar air ow in the operating room, HEPA- ltered supply air is del ivered from 
the ceiling, with downward movement to s everal exhaust inlets located low on opposite walls. Th is  is 
probably the most eff ective air movement pattern for maintaining the concentration of contamination 
in the operating room at acceptable levels.

HEPA- ltered supply air systems have also been used and are recommended by ASHRAE4 for rooms 
used for clinical treatment of patients with a h igh susceptibility to infection, such as leukemia, burns, 
bone marrow transplant, organ transplant or acquired immunode ciency syndrome (AIDS). Laminar 
air ow systems have been used to protect patients during and aft er treatments which suppress immu-
nity. Some physicians prefer to house patients in rooms with air changes of 15 ach (air changes per hour) 
or greater in which sterile a ir (HEPA- ltered), supplied by nonaspirating diff users, is drawn over the 
patient and returned near the  oor at the door to the room.

Stand-alone, bench-type laminar air ow units routinely provide protective sterile air environments 
in hospital pharmacies, tissue banks, and blood banks. Biological safety cabinets, which combine HEPA 
 ltration and controlled air ow, have found a place in hospital laboratories not only to protect the labo-
ratory workers from exposure to the potential pathogens in the diagnostic specimens they handle daily.

Respiratory Isolation for Tuberculosis (TB)

Th e resurgence of TB, compounded by nosocomial outbreaks of multiple drug-resistant tuberculosis 
(MDR-TB), has posed an immediate challenge to hospital engineers. Whereas hospital wound infection 
and, possibly, infection of patients undergoing chemotherapy may be the result of exposures to relatively 
large and heavy particulates averaging 13 µm, TB is transmitted primarily by airborne droplet nucleic 
1–5 µm i n d iameter produced w hen i nfected i ndividuals c ough, sne eze, or s peak. Suc h pa rticles a re 
respirable and are retained in deep pulmonary spaces. For TB, a single organism deposited in the lungs 
may be all that is needed to cause infection. Th ere is no doubt that the risk of acquiring TB in a medi-
cal environment is almost exclusively a f unction of the concentration of the infectious particles in the 
air. Air control is of obvious importance for eliminating or reducing the airborne contaminants; this is 
accomplished by dilution ventilation and local exhaust ventilation.

In general ventilation systems rely on dilution ventilation to control airborne contaminants, the con-
taminated air is continually exhausted while room air is replaced and mixed with uncontaminated air. 
Th e resultant gradient reduction of airborne contaminants is related to t he number of air changes per 
hour; t he greater t he number of a ir changes t he more rapid t he reduction in a irborne contaminants. 
In dealing with particulate contaminants, i.e., TB droplet nuclei, the uncontaminated air can be fresh 
(outdoor) air or air that has been “cleaned” by passage through an appropriate  lter.

Current CDC guidelines for the prevention of transmission of TB in health care facilities5 recommend 
that any patient suspected or known to have infectious TB should be placed in TB isolation in a private 
room with a minimum of 6 ach. Th e recent draft  revision of the guidelines6 suggests that air ows greater 
than 6 ach, up to 37 ach, would be expected to result in a greater dilution of droplet nuclei. In addition to 
the high ventilation rates, other speci cations for isolation include (a) maintenance of the room under 
negative pressure (air ow into the room) to prevent airborne contaminants from escaping the isolation 
room, (b) air ow patterns in the room designed to assure proper mixing to prevent stagnation or “short 
circuiting” of air, (c) air from the isolation room should be exhausted to the outside (single pass air) and 
dispersed so that it is not entrained in the building or neighboring building fresh air supplies; if reen-
trainment cannot be avoided the exhaust must be HEPA  ltered before discharge, and (d) if the hospital 
building recirculates air, HEPA  lters should be used to remove contaminants before the air is returned 
to the general ventilation system. Similar isolation ventilation is recommended for areas where high-risk 
patients are examined and treated. Such areas include triage rooms, waiting rooms, examining rooms in 
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the emergency department, and ambulatory care areas including radiology suites. Isolation ventilation 
is most important where high-risk procedures, i.e., sputum induction, bronchoscopy, and pentamidine 
or other aerosol therapy are performed.

A re cent e valuation o f i solation f acilities i n s even h ospitals i n a m idwestern me tropolitan7 ar ea 
showed that (a) there were very few rooms designed to h ave suitable air change and negative pressure 
ventilation suitable for respiratory isolation, (b) only three hospitals had intensive care respiratory iso-
lation ro oms, (c) none h ad i solation ro oms i n t he emergency de partment, a nd mo st i mportant, a nd 
(d) only 55% of the isolation rooms demonstrated negative pressure air ow with the doors closed. Th e 
survey documented that not only was there an inadequate number of respiratory isolation rooms, but 
those that were designed for the purpose were poorly maintained. Th e term “adequate” is de ned by the 
CDC5 as “enough TB isolation rooms to appropriately isolate all patients with suspected or con rmed 
active TB. Th is number should be derived from the risk assessment of the health care facility.” For some 
metropolitan hospitals with AIDS treatment programs this could mean ten or more TB isolation rooms; 
all acute care hospitals should have at least one. Th e cost of providing isolation rooms with single pass 
air e xhausted d irectly to t he outside m ay b e prohibitive i n t his er a of health c are c ost c ontainment, 
especially since the r isk/bene t analyses have not b een done. Retro tting of existing buildings could 
even be more diffi  cult considering that most HVAC systems in older buildings are not adequately sized 
to provide and condition (heat, cool, dehumidify) the increased volumes of air required. Exhausting air 
from a ro om is only a m inor engineering problem; providing the conditioned supply or make-up air, 
without disturbing the air balance in the rest of the facility, is a major problem.

Recirculation of HEPA- ltered air to other areas of the facility or recirculation of HEPA- ltered air 
back i nto t he i solation ro om a re s afe a lternatives w hich c ould c onserve energ y a nd i ncrease t he a ir 
changes of uncontaminated air without disturbing air balance. Fixed systems are not without problems. 
Filter housings must be located as close as possible to the isolation room to minimize the amount of 
potentially contaminated exhaust or re turn ductwork. Th ey must be accessible for decontamination, 
maintenance, a nd  lter changes. Fans may have to provide the static pressure required to overcome 
the resistance to air ow caused by the  lter media;  xed fans are oft en no isy and may require sound 
suppression to avoid disturbing patients. Location of supply air diff users and returns must be located 
to avoid dead air spaces and short circuiting to e xhaust and return systems. Systems should be tested 
to assure that proper air mixing and dilution ventilation occur aft er installation and aft er furnishings 
which may obstruct air ow are provided.

Portable In-Room HEPA Filtration

Portable in-room HEPA  ltration systems are available which can remove particulates and recirculate 
uncontaminated air into the isolation rooms. Portable  ltration units are available that can recirculate 
30,000–48,000 cfh , w hich c an supplement t he gener al ventilation a ir c hanges i n a 1 600 ft 3 isolation 
room by as much as 30 ach. Although not all portable  lter units are quiet, at least one portable HEPA 
 ltration system can deliver 800 cfm of  ltered air at the extremely low noise level of 55 dBA. Th e porta-
ble HEPA  ltration systems have an advantage over the  xed systems in that they can be removed from 
the patient room and moved to a remote location for maintenance, decontamination, and  lter changes. 
Portable HEPA  ltration systems are available which can quickly convert a standard patient room into 
a TB isolation room by increasing the number of air changes per hour and, by using inexpensive duct 
work connections, can create a negative pressure (inward air ow) condition by delivering a fraction of 
the HEPA- ltered air to t he building exhaust system, to a ir recirculation return ducts, and/or out the 
room window.

Th e effi  ciency of portable HEPA  lters to remove particulates under actual conditions of use can be 
evaluated and, if not ac ceptable, the  lter unit can be readily located to opt imize the dilution ventila-
tion. Lastly, portable HEPA  ltration units are inexpensive; multiple units can be acquired for the cost 
of designing and installing  xed  ltration systems.
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Th e effi  ciency of a portable HEPA  ltration unit, designed for use at the Johns Hopkins Hospital, has 
been tested in a t ypical patient room. Th e room measured 11 ft  W × 1 8 ft  D × 8 ft  H (1584 ft 3) and had 
a ventilation rate of 8 ach. Th e room was deliberately chosen because it was 20 cfm positive to the cor-
ridor. Th e  lter unit, 3 ft  W × 2 ft  D × 6 ft  H, had an inlet at  oor level and the supply at the top; the unit 
was designed to deliver 550 cfm or 21 ach at a sound level of 55 dBA. Th e room was challenged with 
bis-(2-ethylhexyl) s ebacate (dioctyl s ebacate, DOS), average pa rticle si ze 0. 3 µm, at 250,000 pa rticles 
per cubic foot. Particle counts were taken with and without the HEPA  ltration. Figure 11.10 shows the 
decay curve, average of three runs, for the normal ventilation and the additional d ilution ventilation 
provided by the HEPA  ltration unit; the time to reduce particulate levels to ambient background was 
reduced from 27 to 7 min. Within the next 7 min, the ambient particle level was reduced by 60% and 
then a steady state was achieved between the dilution ventilation and the particles in the supply air. Th e 
two 7 min segments represent two aspects of contamination control. Th e  rst segment represents t he 
burst contamination, t he cough or sneeze t hat add s a rel atively l arge number of d roplet nuclei to 
the environment. Th e decay curve shows rapid clearance. Th e second segment models the continuous 
generation of infectious droplet nuclei from a TB patient. Th e cough frequency at the time of admission 
to the hospital may average as many as 15 coughs per hour before treatment; the decline in cough fre-
quency during treatment is rapid with most patients, reducing their count to half the initial value within 
2 weeks of treatment with antituberculous drugs.8 Th e decay curves show that the counts are reduced 
but are not cleared; a steady state is achieved.

Figures 11.11 and 11.12 demonstrate t he a ir curtain eff ect of t he  ltration unit placed between t he 
patient bed and t he room door. W hen particles of DOS are generated at t he bed headboard w ith t he 
 lter running, only a small percentage, approximately 1%, escape to the door side of the  lter; the unit 
appears to establish an anteroom or airback eff ect in the patient room even in a room positive to the cor-
ridor. Th e air curtain theoretically will capture any droplet nuclei that would, without the air curtain, be 
entrained in the wake following attending staff  who are leaving the room. In standard isolation rooms, 
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FIGURE 11.10 Clearance of p articles ge nerated i n a p atient ro om w ith t he p ortable H EPA  ltration u nit o ff  
and with the  ltration unit on.
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only rel atively sma ll a ir ows a re ne eded to c ontrol t he d irection o f  ow t hrough t he c racks a round 
closed doors. Th e opening of a do or instantaneously reduces any existing pressure between the sepa-
rated areas to such a degree as to nullify the eff ectiveness of the pressure.9 Th e air supply rates needed 
to control a ir ow d irection t hrough a n open do or a re considerable a nd i mpractical. Th e a ir c urtain 
produced by the portable HEPA  ltration unit located near the door provides the added protection with 
the door open as well as closed, reducing transfer on entering or leaving the room.

Th e data in this model system show that HEPA  ltration can rapidly reduce airborne contaminants, 
thus reducing the exposure of health care workers to infectious droplet nuclei.

FIGURE 11.11 Clearance of particles generated in a patient room with the portable HEPA  ltration unit on.
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Respiratory Protection

It should be apparent that dilution ventilation only reduces the risk of infection but never entirely elimi-
nates it. Th e isolation room cannot protect the health care worker from infectious droplet nuclei gener-
ated while they are attending the patient. Respiratory protection is obviously required for all health care 
workers and visitors entering rooms where patients with known or suspected infectious TB are isolated. 
Th e type of respirator to be worn is controversial. Without entering and documenting the arguments, 
it appears that the minimal protection required will be a N IOSH-approved HEPA particulate air res-
pirator. NIOSH-approved respirators providing g reater protection w ill a lso be acceptable. Th is is the 
standard outlined in the October 8, 1993, OSHA directive on “Enforcement Policy and Procedures for 
Occupational E xposure to Tuberculosis.”10 A long w ith t he re quirement to u se t he H EPA re spirators 
is the responsibility of health care facilities to be in full compliance with the OSHA standard 29 CFR 
1910.134: Re spiratory P rotection, w hich i ncludes me dical e xaminations, t raining, a nd qu alitative o r 
quantitative  t testing of all employees required to wear respiratory protection.

Source Control

Th e most effi  cient control of airborne contaminants is source control, the capture of the contaminant at 
its source and its removal without exposing persons in the area.

Historically, s tudies on t he t ransmission of TB have shown t hat providing pat ients w ith t issues to 
cover their mouths and noses when coughing or sneezing signi cantly reduces the number of droplet 
nuclei released to the environment. Similarly, providing patients surgical masks to be worn in common 
areas and during transport has been shown to reduce infectious particles. Since both of these controls 
provide only partial protection and since they require the cooperation of the patient, they must be sup-
plemented with other control methods.

Local e xhaust i s a s ource-control te chnique w hich removes a irborne c ontaminants at o r ne ar t he 
patient who is the source of infectious droplet nuclei. Th is technique is especially important during the 
performance of medical procedures likely to generate aerosols containing infectious particles or during 
procedures likely to induce coughing or sneezing. Th ese high-risk procedures include endotracheal auc-
tioning, bronchoscopy, and sputum induction; aerosol treatments such as pentamidine therapy; cough-
inducing; a nd ot her a erosol-generating p rocedures. H oods, b ooths, o r ten ts p rovided w ith e xhaust 
systems can be used to c apture and exhaust the droplet nuclei directly to t he outside of the building. 
If reentrainment is possible or when the exhaust cannot be directed to the outside, the exhaust contain-
ing the droplet nuclei and the medication should be discharged only aft er HEPA  ltration.

At Johns Hopkins, the specially designed free-standing hood (reverse  ow clean air bench) shown in 
Figure 11.13 has been used since 1974 in sputum induction to protect health care workers from expo-
sure to potentially infectious aerosols generated during the procedure. More recently, the same hoods 
have been used for the control of health care worker exposure to fugitive pentamidine during aerosol 
administration.11 Sampling of the area and in the breathing zone of health care personnel as positive 
for pentamidine during administration of the drug without the engineering control; samples were all 
below the analytical limits of detection when the engineering control was used with the hood velocity 
at 100 LFM at the exterior edge (Table 11.5). Th e exhaust from the hood which had its own HEPA  lter 
was captured by a thimble connection and exhausted to the outside. Th e use of the thimble exhaust con-
nection provided directional air ow from the treatment room door to the hood and then to the outside. 
Th e d ata s how t he e ff ectiveness o f t he hood i n c apturing f ugitive p entamidine a nd provide i ndirect 
evidence that the hood had been providing protection from infectious agents, including TB, since its 
use was initiated.

Booths and tents which totally enclose patients have been used during sputum induction and pen-
tamidine administration procedures to capture droplet nuclei from infectious patients. Th e se devices, 
usually connected to lo cal exhaust, undoubtedly are eff ective; however, the eff ectiveness of such units 
has not been adequately evaluated.
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Discussion

Since 1988, outbreaks of TB, including MDR-TB involving over 200 patients, have been reported to the 
CDC. In outbreaks i n seven hospitals a nd one prison at le ast 16 health c are workers have developed 
MDR-TB infection; at least  ve health care workers have died. Nationwide, 700 health care employees 
have become infected aft er workplace exposure and have required medical treatment. Th ese events have 
sensitized the health care industry to the resurgence of TB. In 1990, in response to concerns about TB 
transmission, the CDC issued guidelines for preventing the transmission of TB in health care settings. 
Th e engineering controls, speci cally the dilution ventilation and “negative pressure” isolation rooms 
speci ed i n t he g uidelines h ave p resented a n eng ineering a nd  nancial c hallenge to m any h ospital 
administrations.

TABLE 11.5 Air Sampling Results for Pentamidine

Sample Type

Equipment Controls

Without Hood (No. 
of Samples >LDa)

With Hood (No. 
of Samples >LD)

Area 11/13 (85%) 0/7 (0%)
Personal 5/8 (63%) 0/7 (0%)

Source: Adapted f rom M cDiarmid, M.A.,  S chaefer, J ., Ric hard, C.L.,  
Chaisson, R.E., and Tepper, B.S., Chest, 102, 1764, 1992.

a LD = limit of detection ∼ 0.00033 mg/m3.
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FIGURE 11.13 Design of a reversed  ow, hor izontal  ow containment ho od. Th e d iagram shows t he lo cation 
of  lters a nd t he d irection of a ir ow. (From Mc Diarmid, M .A., S chaefer, J., R ichard, C .L., C haisson, R .E., a nd 
Tepper, B.S., Chest, 102, 1764, 1992.)
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As recently as 1992, surveys have shown that 27% of acute care hospitals do not have isolation rooms 
that were designed to meet the CDC speci cations, a nd t he evidence suggests t hat i f a ll t he existing 
isolation rooms were tested, most would not meet their design speci cations. It can be assumed further 
that the number and location of existing isolation rooms would not be appropriate or adequate for the 
preventive measures recommended in the CDC guidelines.

A survey of our isolation rooms showed results similar to the Fraser et al.7 study. Th e isolation rooms 
in our newer buildings were designed for protective isolation (positive pressure). Over the years clini-
cal services have been relocated so that many of the isolation facilities with anterooms and directional 
air ow were not i n hospital spaces which patients with TB could occupy. Most of the isolation rooms 
in areas admitting patients at h igh risk for TB did not achieve the optimal combination of directional 
air ow, air changes, and external exhaust. In addition, there were no i solation rooms in the ER, ICU, 
radiology, or other areas at high risk for nosocomial transmission of TB. Th e renovation of existing iso-
lation rooms and the addition of new rooms in appropriate locations was given high priority; however, 
design and construction will be extensive because of the age of existing buildings and inadequate HVAC 
systems. Adding isolation rooms to the already limited space in intensive care and emergency rooms has 
challenged our engineers and facility planners. It was obvious that we needed an interim environmental 
control strategy while optimizing our isolation room capacity.

Th e interim solution was to use portable, recirculating, high  ow rate HEPA  lter units in the exist-
ing isolation rooms and in patient rooms used for isolation. Operationally, each patient with possible 
pulmonary TB was placed in AFB isolation, which carries the requirement that a HEPA  ltration unit be 
placed in the isolation room. Th e  lters were placed in the rooms as shown in Figure 11.12. Th e require-
ment was also established that all staff  wear a high- ltration (dust/mist) mask when entering the rooms 
of patients on AFB isolation.

In 1 year, 284 patients were placed on AFB isolation. Of these, 10 patients were culture positive for 
Mycobacterium tuberculosis; 4 of the 10 were AFB smear positive and presumed to have transmissible 
TB. To date, we have not observed PPD conversions in any staff  attending these patients.

In our hospital, the portable HEPA  ltration units have also been used in bronchoscopy rooms, bron-
choscopy recovery rooms, i ntensive c are c ubicles, rena l d ialysis c ubicles, i n t he ER t riage room, a nd 
in a special examination/treatment room in the ER. As described earlier, we have used a containment 
hood for sputum indication and pentamidine administration for several years without associated occu-
pational TB infection. Probably the longest interim use of the portable HEPA  ltration units will be in 
outpatient waiting rooms in high-risk areas such as the ER, AIDS clinics, and substance abuse clinics. 
Th ese areas which usually are large, open, and poorly ventilated have been supplied with multiple por-
table recirculating HEPA  ltration units until such time as the areas are enclosed and the ventilation is 
upgraded.

Review of our data on AFB isolation reveals that over the course of the past year, there have been at 
least 5 days in which 10 or more patients have been on AFB isolation with the portable HEPA  ltration 
units in place. Th e total number of AFB isolation rooms in areas which could be occupied by patients 
with suspected or con rmed TB has not yet been established, but undoubtedly there will be occasions 
where the number of patients with suspected TB exceeds the number of permanent isolation rooms. It 
appears that even aft er t he upgrading and additions there still may be a n iche for the portable HEPA 
 ltration units.
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Preventing TB in the Workplace: What Did We Learn from HIV?
Policies Regarding the HIV-Infected Health Care Worker

John Mehring

Th e HIV/AIDS epidemic brought about a re volutionary change in our practice of infection control in 
health care and other settings. With the adoption of universal precautions as a control methodology, the 
risk of exposure to infected blood and other body  uids or materials is acknowledged to exist potentially 
anywhere, rather than linked exclusively to a con rmed diagnosis.

However, we k now t hat s ome t asks a nd procedures place workers at g reater r isk t han ot hers, a nd 
now eff orts are being made to evaluate these tasks and procedures to modify them, to eliminate them, if 
feasible, or to institute safer devices or barriers with the goal of further decreasing the risk of exposure 
to potentially infectious materials.

Th e concept of applying universal precautions to patients and clients and other members of the public 
is on  rm ground despite eff orts to implement mandatory screening programs to determine HIV infec-
tion in individual patients and clients.

However, t he c oncept o f app lying u niversal p recautions to w orkers i s o n le ss  rm gr ound a nd 
eff orts h ave b een m ade b y v arious s ectors o f o ur s ociety, i ncluding t he C enters f or D isease C ontrol 
and Prevention (CDC), to d iscuss and implement mandatory, or less coercive, screening programs to 
determine HIV infection in individual health care workers and restrict infected health care workers’ job 
duties and responsibilities.

Organizations in the  eld, such as labor unions, which have argued for increased infection control 
vis-à-vis patients and clients, agree that there is a concomitant need for increased infection control vis-
à-vis workers, although there is signi cantly less risk of bloodborne infection from workers as opposed 
to patients and clients. We believe, however, that the same principles that apply in decreasing the risk to 
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workers should apply to decreasing the risk to patients and clients: that is, new, more aggressive infec-
tion control methods must be researched and implemented in order to make the workplace safer for all 
parties. Again, these methods include evaluating the tasks and procedures which place these parties at 
greater risk of infection, and modifying them, or eliminating them, if feasible, or instituting safer devices 
or barriers with the goal of decreasing the risk of exposure to all potentially infectious materials.

While there is general support for a more aggressive approach to infection control to provide protec-
tion against bloodborne pathogens, this support has not been implemented in concrete ways. All three 
relevant federal government a gencies, t he C DC, t he Food a nd D rug Administration (FDA), a nd t he 
Occupational Safety and Health Administration (OSHA) have been extremely conservative in recom-
mending, supporting, or requiring infection control eff orts beyond elementary universal precautions. 
Th e CDC, which has been preoccupied over the past few years regarding the risk of infection posed by 
invasive procedures, has never recommended, ironically, the use of new procedures or devices to reduce 
this risk.

A dichotomy has thus developed: there appears to be a pronounced lack of will in these federal agen-
cies and other quarters to go beyond what has already been achieved, while parties on the front lines shift  
attention away from an individual’s infection status, and try to re focus attention on a more advanced 
program of infection control that protects society across-the-board.

Regardless of our society’s inability to move more quickly to a mo re eff ective infection control pro-
gram, the fact remains that our progress in this area has been substantial. Our mileposts include adop-
tion of universal precautions as a re commendation by the CDC in 1987, and the promulgation of the 
Bloodborne Pathogens Standard by federal OSHA in 1992. Th ese actions by government have not only 
prevented exposure to potentially infected body  uids more eff ectively than previous infection control 
programs, but they also allowed health care workers and health care patients and clients to resist success-
fully repeated attempts to discriminate against them. In addition, the passage and implementation of the 
Americans with Disabilities Act of 1990 provided solid legal ground to protect HIV-infected health care 
workers and health care patients and clients from discrimination. Th is is a model that must be carried 
over and applied to the new struggle to control and prevent tuberculosis (TB) infection and disease, and 
protect HIV-infected health care workers and health care patients and clients from discrimination.

For a decade, HIV-infected health care workers were the subject of concerted eff orts to remove them 
from the workplace to protect patients and clients from exposure to HIV infection. Now HIV-infected 
health care workers are being pressured to leave the health care workplace because of the risk they face 
from TB infection.

HIV-infected health care workers, and other immunocompromised workers, are at g reater r isk for 
acquiring TB infection when coming into contact with the airborne bacillus and developing active TB 
once they are infected. Th is risk is exacerbated by the emergence of multidrug resistant TB, which has 
an extremely poor prognosis. HIV-infected health care workers are being counseled by some individu-
als and organizations to leave the health care workplace in order to decrease or eliminate this risk of TB 
infection and disease.

Labor unions which have grappled with this issue have decided against the medical removal of a class 
of individuals who can be medically protected in the workplace if an eff ective infection control program 
to prevent the transmission of airborne TB is instituted. Of course, we know these programs do not exist 
in most workplaces. Institutions have been slow to adopt the CDC’s recommendations. Many employ-
ers are reluctant to commit  nancial resources to T B prevention or are opposed philosophically to a n 
industrial hygiene approach to TB prevention. Federal OSHA has dragged its feet in moving toward an 
enforceable Prevention of Occupational Tuberculosis Standard. In the meantime, workers are fending 
for themselves. In this vacuum, confusion and inaction predominate, allowing advocates of the medical 
removal of HIV-infected health care workers to appear sensible and humanitarian.

What can HIV-infected health care workers do to protect their health and their employment rights? 
HIV-infected health care workers should assess their risk for TB infection, and they must be allowed, 
in principle and in practice, to reduce the risk of TB infection by asking for, and receiving, “reasonable 
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accommodation,” a right given them by the Americans with Disabilities Act of 1990. Nevertheless, most 
HIV-infected health care workers will remain on the job where they are currently, because that is what 
they want to do, or because they are ignorant of their infection status. Th at is, and should remain, their 
right. And just as we know that we could test everyone for HIV infection and still not know accurately 
what everyone’s infection status is, we also know that the occupational transmission of TB will continue 
even when pressure is exerted to make the health care workforce “HIV-free.” In terms of infection con-
trol, a medical removal program for HIV-infected workers is as productive an outcome as a mandatory 
HIV screening program.

If employers are committed to a safe work environment, they will give their employees the education 
and training to make their individual risk assessment, and they will provide an occupational environ-
ment that protects a ll workers and the public, across-the-board. Th e general application of industrial 
hygiene principles w ill protect t hese populations at r isk for TB infection, just as t he speci c applica-
tion of another industrial hygiene principle—universal precautions—lays the foundation for protecting 
these populations at risk for bloodborne infections.

For HIV-infected workers this means getting critical information and services in a w ay that guar-
antees their con dentiality. It is very important that immunocompromised workers screen themselves 
carefully for TB infection and disease. Workers who may be immunocompromised include those who 
are HIV-infected, as well as t hose w ith leu kemia, ly mphoma or t hose who are using various drug or 
radiation treatments. Accurate screening for TB in immunocompromised persons is diffi  cult to accom-
plish because the standard TB test, the puri ed protein derivative (PPD) skin test, requires a h ealthy 
immune system to work correctly. A compromised immune system may not be able to mount an 
immune response, which means that the person is anergic, and therefore the PPD test result may not be 
accurate. A negative PPD skin test may actually be a false negative. Th e person may be infected with TB, 
but the test may not reveal that.

HIV-infected health care workers should test themselves for anergy. Testing for anergy involves using 
at least two other skin test antigens such as mumps antigen, tetanus toxoid, and candida antigen. If a 
person does not re act to t hese antigens, the person can be considered anergic. Th is person should be 
medically monitored for TB symptoms.

Practically speaking, a n eff ective o ccupational T B pre vention program c an on ly b e bu ilt w hen a ll 
workers are informed about the connection between immunocompromised status and the r isk of TB 
infection, so that the target population of immunocompromised workers is reached successfully, and 
their privacy rights are respected. For example, employers should provide anergy testing in tandem with 
PPD testing or aft er a negative result has been obtained, to all employees who elect it, with no explana-
tion required, as well as off ering an outside referral.

All workers need to m ake informed decisions about their r isk and be given the appropriate equip-
ment to protect themselves. In the debate over appropriate respirator use, we must agree upon a mini-
mum level of protection, while an additional level of protection must be provided to those workers who 
choose it, a c hoice which will be made based on workers’ education and training and individual r isk 
assessment.

HIV-infected health care workers will only be as protected to the degree all other health care workers 
are protected. We must learn the lessons from the HIV/AIDS epidemic and apply those lessons to the TB 
epidemic: (1) an exposure control program which casts a broad net of infection protection, incorporat-
ing an industrial hygiene hierarchy that goes beyond diagnosis, or infection status alone and (2) policies 
and procedures that protect every health care worker and patient from discrimination.

Organizations with TB recommendations speci c to immunocompromised health care workers

 1. American A ssociation o f P hysicians f or H uman R ights, T B: Re commendations f or t he H IV-
Infected Health Care Provider, 1992.

 2. American M edical A ssociation, M ultiple-Drug Re sistant T B: A M ultifaceted P roblem, 1 992; 
Update on TB, 1993.
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 3. American Nurses Association, Position Statement on Tuberculosis and HIV, 1993.
 4. Centers for Disease Control and Prevention, Guidelines for Preventing the Transmission of TB 

in Health-Care Facilities, 2nd edn. (Draft ), 1993.
 5. Labor Coalition to Fight TB in the Workplace: AFGE, AFSCME, AFT, District 1199, SEIU, Fed-

OSHA Petition for TB Prevention Standard, 1993.
 6. State o f N ew Y ork D epartment o f H ealth, Re commendations f or H IV-Infected H ealth-care 

Workers Regarding Tuberculosis, (Draft ), 1994.

Organizations with no TB recommendations speci c to immunocompromised health care workers

American Hospital Association
Association for Practitioners in Infection Control
Federal OSHA

Organization Document Year

Recommendations Speci c 
to Immunocompromised

Health Care Workers

American Association 
of Physicians 
for Human Rights

TB: Recommendations 
for the HIV-Infected 
Health Care Provider

1992 (1)  Know HIV status, and receive regular medical 
care.

(2)  Perform PPD and anergy testing every 
6 months.

(3)  Be well acquainted with signs and symptoms of 
TB.

(4)  HEPA respirators should be worn with known 
or suspected TB.

(5)  Must weigh personal risk of TB infection. A 
change in job setting or career may be 
appropriate.

(6)  HIV-infected providers who risk exposure to 
MDR-TB should strongly consider a change in 
job setting or career.

American Hospital 
Association

Tuberculosis Control in 
Hospitals

1992 None

American Medical 
Association

Multiple-Drug Resistant 
TB: A Multifaceted 
Problem

1992 (1)  HIV-infected health care workers should be 
carefully apprised of their risk of clinical TB. 
Risks and bene ts of caring for persons with 
active or suspected TB should be carefully 
considered.

Update on TB 1993 (1)  Powered air-puri cation respirators (PAPRs) 
may be useful for the protection of 
immunocompromised health care workers who 
care for patients with infectious TB.

American Nurses 
Association

Position Statement on 
Tuberculosis and HIV

1993 (1)  HIV-positive nurse to know their TB status.

(2)  Self-limit their nursing practice based on a 
case-by-case assessment of their TB status.

(3)  Self-restrict their contact with patients, 
co-workers, and visitors if symptoms associated 
with TB are present.

(4)  Adhere to prescribed medication regime for TB 
to decrease the opportunity for transmission of 
the disease.

Association for 
Practitioners 
in Infection Control

Position Statement on TB 
Prevention and Control

1992 None
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Organization Document Year

Recommendations Speci c 
to Immunocompromised

Health Care Workers

Centers for Disease 
Control and 
Prevention

Guidelines for Preventing 
the Transmission of 
Tuberculosis in 
Health-Care Facilities, 
2nd Edition (Draft )

1993 (1)  All health care workers should know if they have 
a medical condition or are receiving a medical 
treatment that may lead to severely impaired 
cell-mediated immunity.

(2)  All health care workers should be counseled 
about potential risks, in severely 
immunocompromised persons, associated with 
taking care of persons with some infectious 
diseases, including TB.

(3)  Severely immunosuppressed health care workers 
should avoid exposure to M. tuberculosis. Health 
care workers with severely impaired cell-mediated 
immunity (due to HIV infection or other causes) 
who may be exposed to M. tuberculosis should 
consider a change in job setting.

(4)  Employers should make reasonable attempts to 
off er alternative job assignments to an employee 
with a documented condition compromising 
cell-mediated immunity who works in a 
high-risk setting for TB. Th e facility should off er, 
but not compel, a work setting which the health 
care worker would have the lowest possible risk 
of occupational exposure to M. tuberculosis.

(5)  All health care workers should be informed that 
immunosuppressed health care workers need to 
have appropriate follow up and screening for 
infectious diseases, including TB. Health care 
workers who are known to be HIV-infected or 
otherwise severely immunosuppressed should be 
tested for cutaneous anergy at the time of PPD 
testing. Consideration should be given to 
retesting immunocompromised health care 
workers with PPD and anergy tests at least every 
6 months because of the high risk of rapid 
progression to active TB should infection occur.

(6)  Information provided by health care workers 
regarding their immune status should be treated 
con dentially.

Federal OSHA Enforcement Policy and 
Procedures for 
Occupational Exposure 
to Tuberculosis

1993 None

Labor Coalition to 
Fight TB in the 
Workplace: AFGE, 
AFSCME, AFT, 
District 1199, SEIU

Fed-OSHA Petition for 
TB Prevention 
Standard

1993 (1)  Prior to PPD test, all employees will be counseled 
regarding increased risk if immunocompromised. 
Upon the employee’s request, the employees will 
be tested with at least two delayed-type skin-test 
antigens, in addition to PPD. Th os e employees 
found to be anergic will receive a follow-up 
evaluation by an appropriate health care 
professional and monitored for development of 
TB-related symptoms. Th e PPD and anergy tests 
will be off ered at least every 6 months for 
immunocompromised workers.

(continued)

(continued)
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Organization Document Year

Recommendations Speci c 
to Immunocompromised 

Health Care Workers

(2)  Th e employer must provide a con dential 
referral at the request of immunocompromised 
health care workers to an employee on an 
individual basis regarding his/her risk of TB.

(3)  Employers must inform all health care workers 
with severely cell-mediated immunity who may 
be exposed to M. tuberculosis about their rights 
to reasonable accommodations under the 
Americans with Disabilities Act (ADA), 
including voluntary transfers to work areas and 
activities in which there is the lowest possible 
risk of M. tuberculosis.

(4)  Employer must treat con dentially all 
information provided by a health care worker 
regarding their immune status. Th e employer 
must have written procedures on con dential 
handling of such information.

State of New York 
Department of Health

Recommendations for 
HIV-Infected Health 
Care Workers 
Regarding TB (Draft )

1994 (1)  Employers should educate all workers at risk for 
occupational exposure to TB about the risks 
associated with TB and the precautions they 
should take to avoid exposure. Th at TB presents 
an especially serious risk to people who are 
immunocompromised for any reason, including 
HIV infection, must be a part of the education 
message. Discussions about relative risk of 
continued employment in a speci c setting 
should be included.

(2)  All employees at risk for occupational exposure 
should be routinely assessed for TB infection. 
Immunosuppressed individuals with TB 
infection will not develop a positive PPD when 
cutaneous anergy is present. If there is a high 
likelihood that an anergic worker has been 
exposed to TB, then the worker and his or her 
health care provider should consider further 
diagnostic evaluations (such as chest x-ray) and 
possible chemoprophylaxis.

(3)  Employers should not mandate reassignment of 
immunosuppressed workers for worksites with a 
high prevalence of TB solely because of the risks 
to the worker. If an immunosuppressed worker 
requests reassignment or modi cation of duties 
to reduce risk, the employer should consider the 
situation carefully, and accommodate the 
worker’s request whenever possible.

(4)  Employers must ensure that workers with 
infectious TB be removed from the workplace.

(5)  All individuals who may be exposed to HIV 
through personal behavior, blood products, or 
occupational exposure should be counseled to 
seek HIV testing so that they may bene t from 
medical management. Recent outbreaks of TB, 
including drug-resistant strains, make the 
reasons for knowing one’s HIV status even more 
compelling.

(continued)
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Organization Document Year

Recommendations Speci c 
to Immunocompromised 

Health Care Workers

(6)  Individuals who are infected with TB should be 
encouraged by their health care providers to 
undergo HIV testing…since their HIV status 
may in uence the value and interpretation of the 
tuberculin skin (PPD) test as well as 
recommendations for preventive therapy and 
treatment of TB disease.

(7)  Individuals with HIV who are at risk for TB 
infection should be under the care of a 
physician. Decisions regarding diagnosis, 
prophylaxis, and treatment should be made by 
the individual and his or her physician.

Reducing the Spread of Tuberculosis in Your Workplace

Derrick Hodge and Daniel Kass

Introduction

In t he last few years, rates of tuberculosis (TB) infection have climbed. In New York City, poverty, 
homelessness, conditions in homeless shelters, h igh rates of HIV a nd AIDS, a nd overcrowded ja ils 
and prisons have a ll contributed to t he epidemic. Some get TB because they have no h ome and are 
forced to spend night aft er night in crowded shelters. Others are sick with AIDS or weakened by HIV, 
making them more susceptible to active TB. Even housed and healthy people have become infected 
with T B f rom c ontinued c ontact w ith ot hers w ho a re sic k. E ach of t hese p eople h as s omething i n 
common—they got T B aft er breathing in the air coughed out by someone who was sick with TB. If 
your work puts you in contact with people who may have active TB, then you might also be at risk for 
infection.

When p eople w ith ac tive T B c ough or sne eze, t hey m ay rele ase sm all pa rticles i nto t he a ir c alled 
“droplet nuclei.” People with active TB are infectious to others. People with TB infection, or those who 
do not h ave symptoms, are not i nfectious to ot hers. Indoors, incoming sunlight, and fresh air reduce 
the amount of particles that remain in the air and infect others. Since you usually cannot control the 
amount of sunlight at work, you need to focus on making sure there is a lot of fresh air to get rid of the 
particles in the air.

Th is fact sheet will help you to

Look at yo ur workplace for problems with the ventilation and quality of air which increase the • 
risk of TB transmission.
Try some low-cost, easy-to-do solutions to improve the problems you identify in your survey.• 

Th is fact sheet recommends low- and no-cost changes to your workplace. Alone, these cannot eliminate 
the risk of TB transmission. To signi cantly reduce this r isk, a c ombination of approaches is needed, 
which may include training your staff  about TB prevention and control, improving or adding ventila-
tion systems, installing ultraviolet lights, and selecting the proper personal protective equipment, such 
as respirators. Most important, your agency needs to identify those with active TB promptly and help 
them get treatment.

Th e  rst pa rt o f t his f act s heet tel ls yo u h ow to e valuate t he v entilation a nd  ow of air in your 
workplace.

(continued)
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Checking Your Building’s Ventilation

What Is Ventilation?

Th e purpose of a ventilation system is to move stale or contaminated air out of a space, and bring in fresh 
air. When the air is moved by a motor and fan through vents and ducts, it is called forced air ventilation. 
Even without forced air, air will naturally move in and out of doorways, windows, and other openings. 
Th is is called natural ventilation (Figure 11.14). Natural ventilation can be improved by using portable 
fans and air conditioners to help move the air and add f resh air. Th is fact sheet will help you evaluate 
natural ventilation in your building and improve it, if necessary.

Good a ir quality depends on good ventilation. W hen t here is c lose and continuous contact w ith a 
person who has active TB, poor ventilation can lead to TB transmission if

 1.  Th ere is little or no fresh air moving into the building.
 2. Contaminated air is removed very slowly or not at all.

To prevent TB transmission, and for general comfort, your natural ventilation must bring in an ade-
quate amount of fresh air. Th e best way to do this, of course, is to leave an outdoor window open wide. 
If your offi  ce does not have a window, try to increase the amount of fresh, outside air moving through 
your work space.

Air Quality Survey

It i s d iffi  cult to te st physically t he a mount of f resh a ir moving i nto a s pace f rom nat ural ventilation. 
One way to check is to see if you are experiencing any symptoms of working in a stuff y environmental. 
Frequent headaches, drowsiness, and fatigue are common among occupants of stuff y environments. In 
these environments, colds and  u may spread usually quickly, widely, and linger longer. Allergies may 
develop or be aggravated, leading to frequent throat, eye, and sinus irritation. Th ough each of us experi-
ence these symptoms at one time or another, stuff y, unhealthy environments may cause them to occur 
more frequently.

FIGURE 11.14 Air naturally moves through windows, doors, and other openings. Some rooms also have window 
air conditioners and/or desktop, window, or  oor-standing fans.
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While stuff y air alone does not mean that there is a risk of TB transmission or infection, it may indi-
cate that air movement needs to be improved.

Another way to assess and improve the air quality in your building is to look at how portable fans and 
air conditioners are used in your area. Th e following sections will help to determine the amount of fresh 
air and the proper movement of air in your environment.

Answer the following questions by checking Yes, No, or Not Applicable (N/A).

 1. If there are windows in your offi  ce area, are they easy to open and close?
  � Yes � No � N/A
 2. Do odors or smells go away fairly quickly?
  � Yes � No � N/A
 3. If you have  oor fans, window fans or tabletop fans installed are they clean and do a ll of their 

features work (such as speeds and position adjustments)?
  � Yes � No � N/A
 4. If there is a window air conditioner, is its  lter clean?
  � Yes � No � N/A
 5. If there is a window air conditioner, is the fresh air knob or vent open and working?
  � Yes � No � N/A
 6. How does the air move naturally in the area? To  nd out, you need to buy several incense sticks, 

and draw a simple  oor-plan of the work area in question. Th e  oor plan should show the location 
of doors, windows and where people are located or seated in the area. Th e following test involves 
making smoke and looking at the direction it moves in your area. Since incense gives off  an odor, 
the time it takes for the odor to travel and go away will help you  gure out how the air is traveling 
throughout the building (see Figure 11.15).

Why is it useful to know the direction of air movement?
Knowing how the air  ows in your work area can help you decide where to place fans, how to position 
desks, and how to arrange seating. If someone is coughing, you want the air to carry the droplets from 
the cough away from other people, not toward them.

FIGURE 11.15 Light two incense sticks. Aft er they start to burn, blow them out so that smoke rises. Hold them 
together horizontally near the base of each window and doorway in the room (if your window or doorway is usually 
wide-open or c losed, keep it t hat way). Look to see which direction the smoke is blowing. Ask people in adjacent 
rooms to tell you when they begin to smell the incense.
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Knowing how the air is moving helps to

 1. Find areas where there is l ittle or no a ir movement. Knowing this can help you make decisions 
about where and how to place fans and air conditioners to create an air ow.

 2. Position fans so that they are not blowing against the natural  ow or air, but helping it. It is easier 
to add to t he natural  ow t han to t ry to re verse it. W hen you do w ant to c hange t he d irection 
of the air, you will need more powerful fans.

 3. Decide where to place furniture and people.

Using the  oor plan, draw arrows indicating the direction smoke is blowing from windows, doorways, 
hallways, and in the middle of the room. You can also make a note o f how strongly the air is  owing. 
(Use a single line for strong air ow, dotted line for light air ow. See Figure 11.16.) Adjacent areas where 
the incense smell travels  rst or is strongest probably receive more air from the testing area than others. 
Since windows usually stay open in summer and closed in winter, make sure you repeat this test in both 
seasons.

Figure 11.16 is one example of a completed air ow diagram.

How to Interpret the Results of the Air Quality Survey

If you and your coworkers answer no to one or more of the questions in the air quality survey, then the 
low-cost improvements on this page can help you  nd ways to improve air quality. If your air ow  oor 
plan from question 6 s hows that you have poor a ir movement or that the a ir ow could carry droplet 
nuclei from one person directly to another, then use the next section to help you to position people and 
fans to make improvements.

Office A

Office C

Reception area

Legend
Heavy airflow
Light airflow
Dead airspace

Window Door

Interview
room

Bathroom

Conference
room

Waiting
area

Office B

FIGURE 11.16 Th is completed  oor pl an s hows a ir ow t hrough do orways a nd w indows, a nd a cross ro om 
and hallways. Th is facility has no forc ed a ir ventilation system a nd relies upon open w indows a nd doorways 
for fresh air.
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Low-Cost Ways to Improve Natural Ventilation to Reduce the Spread of TB

Th ere are many ways to improve the ventilation of a building: an offi  ce can be remodeled, new openings 
can be cut into doors and walls, a forced air system can even be installed, but each of these strategies 
requires expert help and can be very expensive. Because of t he cost, many building owners refuse to 
make these changes. Fortunately, there are some small, inexpensive improvements which will increase 
the amount of fresh air in the area where you work. Th is section off ers some ideas about how to make 
these changes. Alone, these suggestions will not be enough to eliminate the risk of TB transmission, but 
they may help to reduce the risk.

Most of t he suggestions below can be done by staff  w ithout t he help of maintenance workers. You 
should consider all of the suggestions in the order they are listed. Together, they can help to improve air 
quality of your building.

Open Your Windows

Windows should be opened as much as possible. Opening a window is the simplest way to bring fresh 
air into a building. Some windows can be opened at the top and the bottom. If this is the case in your 
area, open both as much as possible. If the windows are hard to open past a certain point, use a lubricant 
so they can be opened more easily. For wooden windows, t ry rubbing candle wax where the window 
slides against the frame. Metal parts can be lubricated with household oil, WD-40, or similar products. 
If these suggestions do not work, ask your maintenance staff  to make the repairs.

In winter months, keep your windows as open as possible. If you cannot get enough heat to keep the 
windows open, there are two things you can do.

Make Your Heating System Work Better

If radiators are your main source of heat, ask your maintenance workers to service them. Th e y may need 
to have water or air removed. Th is will help them produce more heat.

Add Space Heaters

Check w ith yo ur b uilding m aintenance s taff   rst to m ake su re t he ele ctrical s ystem c an h andle t he 
added load otherwise, they could be  re hazards. Since space heaters dry the a ir, you might consider 
putting in a humidi er, or keeping a pan of water on top of a hot radiator. If you use a humidi er or pan 
of water, make sure you change the water frequently.

Install and Properly Position Fans

Fans can do three things:

 1. Move the fresh air in.
 2. Blow the contaminated air out of a work area.
 3. Circulate the existing air to thin out the amount of TB droplets in an area.

All three, in combination, may reduce the risk of TB transmission. Without adding fresh air or remov-
ing contaminated air, a fan will only keep circuiting bad air and could do more harm than good.

Th ere are three kinds of fans that can be added to your work area that can help improve the quality of 
air: window fans,  oor-standing fans, and portable tabletop fans (see Figure 11.17).

Fans blow air in one direction. Do not u se fans just to c reate wind. Without a supp ly of f resh or 
clean air, fans will just recirculate any TB droplets which are present, possibly doing more harm than 
good. Th is section of the fact sheet describes ways to c ontrol the proper movement of a ir to re duce 
exposure to T B. Which direction do yo u want the fans to blow in your own area? Here is what you 
can do to help decide.
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Window Fans and Floor-Standing Fans

Window fans and  oor fans can either bring fresh outside air in, or blow “dirty” indoor air out. If there 
are people coughing in an area next to your offi  ce, t hen h ave f resh a ir c ome i n f rom yo ur w indow. 
If people a re coughing d irectly i n your work a rea, t hen have t he w indow fan blow t he a ir out. You 
always want to move dirty air away from other areas and directly to the outdoors.

Sometimes a w indow fan’s a ir d irection c an be changed just by t urning i t a round i n t he w indow. 
If you are going to buy a w indow fan, buy one that can easily reverse the direction of the air. A  oor-
standing fan can also be put near a window to blow air in or suck air out. Use the same rules as those 
for window fans, above.

Figures 11.18 through 11.21 show ways of using fans to control air ow when a waiting room is located 
in an offi  ce and when a waiting area is located in a hallway.

Portable Tabletop Fans

Tabletop fans can also help control the direction of air. Th ey can be useful if you are sitting with someone 
who may be coughing. If the person is facing you, have a f an positioned behind you, blowing a ir over 
your shoulder. Th e fan should blow the air diagonally and away from you. If this is uncomfortable for 
the person coughing, point the fan so it blows air between you. Make sure that the fan is not pointed at 
anyone else in the work area. Also, have the air  owing toward a window where air exits the building or 
toward an air puri er.

Clean and Maintain Your Air Conditioner and Fans

Window (see Figure 11.22) and wall-mounted air conditioners need to be checked to make sure they are 
blowing as much fresh air as they are able to.

You should regularly clean or replace the  lter on the air conditioner. Remove the cover or face plate 
to get to the  lter. Most can be gently rinsed. Also, make sure that the dial or sliding knob which adjusts 
the fresh air vent works. If the knob does not work, have someone  x it. Always keep the air conditioner 
set to provide the maximum amount of fresh air. If the air conditioner does not work aft er trying these 
suggestions, it may need professional servicing.

a

b

c

FIGURE 11.17 (a) Floor-standing fan, (b) window fan, and (c) portable tabletop fan.



Tuberculosis Engineering Controls 11-53

FIGURE 11.18 In this diagram, the dots represent air contaminated with TB droplets. To minimize contamina-
tion and exposure, a window fan draws air out of the waiting area, helped by a  oor-standing fan. Another window 
fan brings fresh air into the hallway. Whenever a f an is added to forc e air out, make sure that you br ing in more 
fresh air.

Waiting area

Window
fan

Window fan

Floor-standing
fan

FIGURE 11.19 Here, a  oor-standing fan and window fan move air out of the hallway. Fresh air is added through 
a window fan in the offi  ce.

Window
fan

Office

Floor-standing
fan

Window
fan

Waiting area
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Use a Portable Room Air Cleaner

Th e most rel iable ventilation s trategy to lo wer t he r isk of ge tting T B at yo ur workplace i s to h ave a s 
much fresh air circulating as possible at all times. In rooms without windows, or in winter months, an 
air cleaner may help.

Air cleaners  lter out tiny particles in the air like smoke, pollen, and bacteria. Th ough no one is yet 
sure, it is thought that some portable air cleaners can help  lter out the “droplet nuclei” which spread 
TB. A ir c leaners w hich m ay h elp el iminate T B f rom t he a ir c ontain  lters w hich a re c alled “ high-
effi  ciency” or “HEPA”  lters.

FIGURE 11.20 When two people sit across from one another, a fan can be positioned so that it blows air between 
the two people, directly toward an open window. If your fan oscillates back and forth, turn off  that feature so that 
the fan always blows in the same direction. If you are buying a fan, make sure it can stay in the same position.

FIGURE 11.21 In rooms with windows on opposite sides of the room, fans can be used to create a good  ow of air 
across the whole room. For small spaces, window fans could be used. For larger rooms, use  oor-standing fans.
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Room air cleaners (see Figure 11.23) can be placed in conference rooms, offi  ce rooms, or a ny a rea 
where a l arge number of people gather at t he same t ime. Larger models generally  lter more air, at a 
faster rate, than smaller ones. Expect to pay $500 or more for a good one.
Here are some tips for shopping for an air puri er:

 1. Buy the largest you can aff ord.
 2. Buy the newest model—they tend to  lter more air and smaller particles.
 3. You may need more than one for large rooms.
 4. Make sure the cleaner has  lters which are labeled “high effi  ciency” or “HEPA”.
 5. Have a supply of extra  lters and change them oft en (follow manufacturer’s direction).

FIGURE 11.22 Typical window air conditioner.

Vent

Fresh air
Vent open

Filter

FIGURE 11.23 Typical portable room air conditioner.

HEPA filter
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Change the Way You Interact with People

Make Sure People Cover Their Mouths when Coughing or Sneezing

Have a good supply of tissue in your work areas at all times. Do not be shy about asking people to use 
them. Ask people to throw these tissues in a covered garbage can and make sure to empty it frequently.

Leave the Room Momentarily

If a person starts to sneeze repeatedly or cough heavily, you can hold your breath and calmly leave the 
area for a few minutes until the attack subsides and the air has a chance to clear.

Decrease Crowding as Much as Possible

Spread staff  and clients out evenly throughout the building so fewer people are around one another at 
one time. If there are many people coming for some service, try to limit the number coming at any given 
time. Serve fewer people over a longer period of time rather than all at once.

Move Desks, Chairs, and People

Put people where the air ow is best. Move people away from areas where there is little or no ventilation.
If you are meeting one on one with someone who may be coughing, have them positioned so that 

they a re not f acing you d irectly. L imit c lose c ontact w ith a nyone w ho s hows sig ns of T B. A s note d 
before, getting prompt treatment for people with active TB is the best strategy for protecting clients 
and staff .

Th e  oor plan in Figure 11.24a shows the results of an air ow survey using incense sticks in one faci-
lity. Notice the following problems:

Office A

Interview
room

Waiting
area

Conference
room

Bathroom

Office B

Office C

Reception area

(a)

Heavy airflow
Legend

Light airflow
Dead airflow

Window Door

Conference
room

Office B

(b)

Office A

Office C

Interview room

Waiting area

Reception area

Bathroom

Legend
Heavy airflow
Light airflow
Dead airspace

Window Exhaust
fan Door

FIGURE 11.24 An example of workplace improvements which help to reduce the space of tuberculosis: (a) before 
improvements and (b) aft er improvements.
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 1. Interview room has no window and no detectable air ow, potentially resulting in a concentration 
of airborne particles.

 2.  In Offi  ce A, there is a dead air space (an area where no air  ows) where people sit at a table across 
from one another.

 3. When people are sitting in the chairs in Offi  ce B, air  ows from one to the other. If one coughs, 
the particles may go toward the other.

 4. In the bathroom, there is a dead air space.
 5. Waiting a rea i s i n a h allway. Th e air ow pat tern may c arry a ny a irborne T B d roplets i nto t he 

conference room and other areas.

Th e  oor plan in Figure 11.24b shows improvements. Using the suggestions off ered in the previous sec-
tion, several changes have been made:

 1. Interview area has been moved to a room with better air ow.
 2. Tables and chairs in Offi  ce A and Offi  ce B have been repositioned so that air  ows between people.
 3. Waiting area has been moved from the hallway to the front of the facility.
 4. Window exhaust fans have been added in the bathroom and in the new waiting area to draw air 

out of the room.

Summary and Follow-Up

Get Additional Help

Alone, t he suggestions off ered above w ill not s olve complex problems i n facilities where people w ith 
active TB reside, use, or visit. Once you have completed the steps suggested here, or if you feel they do 
not apply to yo ur facility, you should s eek add itional te chnical adv ice a nd a ssistance. Organize s taff  
training on TB and help your agency establish TB protocols. Regulations may be forthcoming which 
require your facility to do more. Stay in touch with health professionals and TB advocates to keep up to 
date with recommendations and guidelines for air ow in facilities like yours.

For help in  nding these resources, call the Hunter College Center for Occupational and Environmental 
Health or the Center on AIDS, Drugs and Community Health.
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Appendix 11.A.1

Test Method

 a. Perform rudimentary supply a ir volume measurements in 3Dl5 to de termine nascent room a ir 
exchange rate.

 b. Measure room/hallway positive pressure with doors and windows closed.
 c. Conduct FS209E room quali cation to establish background.
 d. Elevate particulate load in room with Bolus and record concentration versus time data to create 

clearance curve with machine off .
 e. Turn air cleaning device on at T.B.D. air volume rate and record concentration versus time decay 

aft er Bolus AB. Th e room is quiescent to the hall today, positive pressure <0.005 w.c. smoke reveals 
room s lightly p ositive. H eating, v entilating, a nd a ir c onditioning (H VAC) a ir e stimated to b e 
approximately 150 cfm (cubic feet per minute).
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 1. Test: 6/9/94, room 3Dl5 HVAC recovery test, no a ir scrubbing. aCount = 6 s @ 1 .0 cfm = 0. 1 ft 3, 
Channel = >l.0 µm.

 2.

Time (m) Counta Comment

0.0 1,983 Background
0.5 1,777 Background
1.0 1,686 Background
1.5 1,643 Background
2.0 2,029 Inj. Bolus
2.5 46,128 Rising
3.0 110,128 Rising
3.5 192,962 Peak
4.0 181,394 Decay
4.5 188,361 Decay
5.0 191,927 Decay
5.5 175,957 Decay
6.0 174,710 Decay
6.5 176,260 Decay
7.0 167,960 Decay
7.5 165,877 Decay
8.0 150,716 Decay
8.5 146,112 Decay
9.0 139,033 Decay
9.5 119,913 Decay

10.0 120,664 Decay
10.5 103,928 Decay
11.0 97,353 Decay
11.5 91,656 Decay
12.0 88,046 Decay
12.5 74,029 Decay
13.0 61,180 Decay
13.5 51,444 Decay
14.0 49,709 Decay
14.5 51,665 Decay
15.0 47,204 Decay
15.5 38,419 Decay
16.0 36,334 Decay
16.5 31,325 Decay
17.0 32,356 Decay
17.5 30,267 Decay
18.0 26,881 Decay
18.5 21,615 Decay
19.0 20,875 Decay
19.5 19,097 Decay
20.0 18,142 Decay
20.5 16,515 Decay
21.0 14,022 Decay
21.5 13,451 Decay
22.0 13,000 Decay
22.5 11,055 Decay
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(continued)

Time (m) Counta Comment

23.0 10,010 Decay
23.5 9,925 Decay
24.0 8,579 Decay
24.5 8,549 Decay
25.0 8,170 Decay
25.5 7,980 Decay
26.0 7,493 Decay
26.5 7,804 Decay
27.0 7,155 Decay
36.0 3,498 ♦ Note time 

change, this 
is start of 
next test run

36.5 3,563
37.0 3,348 Decay
37.5 3,498 Decay

 1. Test: 6/9/94, room 3Dl5 HVAC, machine on at approximately 400 cfm throughout. aCount = 6 s @ 
1.0 cfm = 0.1 ft 3, Channel = >l.0 µm.

 2.

Time Counta Comment

 0.0 164 Background
 0.5 155 Background
 1.0 139 Background
 1.5 85 Background
 2.0 146 Background
 2.5 100 Background
 3.0 85 Background
 3.5 3,032 Add DOP; peak decay
 4.0 49,296 Add DOP; peak decay
 4.5 46,944 Add DOP; peak decay
 5.0 33,173 Add DOP; peak decay
 5.5 31,736 Add DOP; peak decay
 6.0 19,985 Add DOP; peak decay
 6.5 14,639 Add DOP; peak decay
 7.0 10,868 Add DOP; peak decay
 7.5 9,165 Add DOP; peak decay
 8.0 8,719 Add DOP; peak decay
 8.5 7,368 Add DOP; peak decay
 9.0 5,991 Add DOP; peak decay
 9.5 4,983 Add DOP; peak decay
10.0 4,198 Add DOP; peak decay
10.5 3,469 Add DOP; peak decay
11.0 3,036 Add DOP; peak decay
11.5 2,356 Add DOP; peak decay
12.0 2,113 Add DOP; peak decay
12.5 1,714 Add DOP; peak decay
13.0 1,229 Add DOP; peak decay

(continued)
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Time Counta Comment

13.5 1,078 Add DOP; peak decay
14.0 865 Add DOP; peak decay
14.5 742 Add DOP; peak decay
15.0 577 Add DOP; peak decay
15.5 471 Add DOP; peak decay
16.0 424 Add DOP; peak decay

 1. Test: 6/9/94, ro om 3Dl5, re peat te st w ith m achine on at 4 00 cfm c ontinuously. aCount = 6 s @ 
1.0 cfm = 0.1 ft 3, Channel = >l.0 µm.

 2.

Time Counta Comment

0.0 577 Background
0.5 471 Background
1.0 424 Background
1.5 5,370 Add Bolus
2.0 35,539 Rising peak decay
2.5 124,092 Rising peak decay
3.0 100,655 Rising peak decay
3.5 83,286 Rising peak decay
4.0 56,860 Rising peak decay
4.5 45,435 Rising peak decay
5.0 32,057 Rising peak decay
5.5 21,427 Rising peak decay
6.0 16,271 Rising peak decay
6.5 12,485 Rising peak decay
7.0 11,821 Rising peak decay
7.5 8,976 Rising peak decay
8.0 7,674 Rising peak decay
8.5 6,502 Rising peak decay
9.0 5,464 Rising peak decay

10.0 3,963 Rising peak decay
11.0 2,589 Rising peak decay
11.5 1,985 Rising peak decay
12.0 1,639 Rising peak decay
12.5 1,296 Rising peak decay
13.0 1,052 Rising peak decay
13.5 878 Rising peak decay
14.0 676 Rising peak decay
14.5 644 Rising peak decay

HEPA Test Mode 880 cfm

Time Concentration

0.0 612,300
0.5 596,440
1.0 577,300
1.5 545,800

(continued)
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Time Concentration

2.0 519,320
2.5 458,350
3.0 417,870
3.5 378,800
4.0 294,170
4.5 235,600
5.0 190,900
5.5 146,890
6.0 106,150
6.5 75,710
7.0 61,530
7.5 43,310
8.0 23,640
8.5 29,140
9.0 23,570

10.0 19,670
10.5 17,650
11.0 16,260
11.5 16,160
12.0 14,380
12.5 16,710

RS 1000 HEPA Challenge Test

San Francisco General Hospital Medical Center

Technical Safety Services of San Ramon, CA was retained by San Francisco General Hospital to test the 
capacity of the portable RS 1000 HEPA recirculating negative air machine utilized in 10 TB isolation 
rooms. C learance r ates/decay r ates were de termined by c hallenging t he m achine w ith D OP, fogging 
the room with speci c particle counts per cubic foot of air, and timing the decay curve to background 
counts. Th e curve slope is considered an activity of time versus a reduction in quanti ed particle count 
in air (Figure 11.A.1).

Test e quipment: Di screet pa rticle co unter: ma nufactured b y pa rticle m easurement s ystems M ode 1# 
Lasaire 310: factory calibration date 4/94

Sample  ow rate: 1 cfm

Room size: 1300 ft 3

HVAC: Supply 150 cfm

Probe site: Exhaust grille, ceiling supply diff user

Machine speeds:

 1. Trial test without machine operating
 2. Machine at 400 cfm setting actively used in isolation rooms as a balance between noise and clear-

ance values
 3. Machine set at HEPA test mode 880 cfm
 4. A setting providing micron range: 1 µm setting

(continued)
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Discussion of Results

Th e R S 1000 f unctioned a s a n a ir s crubber i n t he t wo ba sic mo des te sted, 4 00 a nd 8 80 cfm (H EPA 
Test M ode). Th e unit was tested at t hese volumes with three challenge trials each and all decay slopes 
corresponded.

Th e  rst challenge test without the machine running indicated a 37.5 clearance rate or 16 min clear-
ance time to 90% of background. Th is corresponds to approximately 9 a ir changes per hour (ach) (see 
table, Federal Register, Air Changes Per Hour and Time, Vol. 58, No. 195), if one assumes a mixing fac-
tor of 1 (perfect mixing). However, the formula: Average cfm × 60 room volume of 400 cfm × 60, 1300 
which equals 18 ach).

Th ree trials at 4 00 cfm showed a de cay time of 5.5, 6.5, and 4 min to de cay to 9 0% of background. 
Th is range corresponds to approximately 20–25 ach when consulting Table S3 of the Federal Register, 
Vol. 58, No. 195. Th is in turn is slightly greater than the results with the air change formula due to bet-
ter mixing rate.

Th ree trials at 8 80 cfm (HEPA Test Mode) showed the average recovery time to b e 4.5 min. Adding 
the 880 cfm to the 150 cfm supplied by the house HVAC yields 46 ach. Applying this value to Table S3-1 
suggests that the 90% recovery time should be 3 min, therefore the overall room performance does not 
compare well with the expected value. Th is can be explained by a less than 1 mixing value.

One ot her e xplanation i s t hat t he t urbulence c reated b y a h igh volume c urrent c reates a del ay i n 
decay, or that at the higher rate of air exchange, a homeostasis is reduced with performance. (See Table 
S3-1 Federal Register, Vol. 58, No. 195). Between 30 and 50 air changes, little increase in performance 
is noted.

Th e RS 1000 which brings air in at the bottom through a 17 ≤ × 17 ≤ grille and exhausts air through 
the top, showed in a ll test modes to c lear the air and mix the air extremely well in a 1300 ft 3 room. It 
proved that it can remove particles in an order of magnitude much greater than the central ventilation 
system due to a higher volume effi  ciency and better mixing factor.
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FIGURE 11.A.1 RS 1000 challenge test.
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Ben Gonzales, PE, CSP, Technical Safety Services.
For: William Charney, DOH, Director Environmental Health, San Francisco General Hospital.

Appendix 11.A.2

Olmstead Environmental Services

Challenge Data for Portable HEPA Filter Systems for TB

Introduction

Hazardous Material Technologies Corporation (HMTC) was retained by Biological Controls to test 
the e ff ectiveness o f t he M ICROCONÒ as an auxiliary ventilation system in  ltering si mulated a ir-
borne pat hogenic o rganisms suc h a s T B bac illus a nd t he A IDS v irus. H MTC w as a sked to te st t he 
MICROCON’s ability to control an airborne concentration of respirable particulate of 1–3 µm in diam-
eter (see Appendix 11.A.2.2 for detailed information of particulate characteristics).

Th e MICROCON is a p ortable, self-contained f reestanding a ir puri cation device. It is designed to 
function as an internal ventilation system capable of both  ltration (99.97% of pa rticulate ≥0.3 µm in 
diameter) and disinfection of pathogenic species. Th e unit can be operated at any one of three  ow rates.

Th e test method used consisted of generating an airborne particulate concentration within the test 
rooms, in the range of 10–20 mg/M3. Th e goal of the test was to determine the ability of the MICROCON 
to remove airborne particulate from a typical hospital environment under simulated operating condi-
tions. AU testing was performed i n a s oon to b e renovated section of Horton Hospital, Middletown, 
New York, on December 22, 1992. Th e two test rooms used in the test were a special isolation room and 
a patient residence room.

Scope of Evaluation

Th e intent of this study was to evaluate by impartial objective means the ability of biological control’s 
MICROCON to  lter a si mulated human generated bioaerosol intended to m imic the type of aerosol 
produced by a human cough or sneeze.

Th e particulate medium chosen to simulate the bioaerosol was Arizona Road Dust. Th e test dust had a 
mean diameter of 0.76 µm. Th is medium was chosen because its aerodynamic properties are within the 
human respirable range. Th is medium also permits suffi  cient residency for consistent and reproducible 
measurement of airborne concentrations.

In general, the test consisted of generating an airborne dust concentration in the test room and mea-
suring the change in the particulate concentration. Th e internal volume of the test isolation room and 
regular patient room were 1090 and 1612 ft 3, respectively.

Prior to t he start of each test, the particulate monitoring equipment was adjusted and a c onsistent 
airborne dust concentration generated. A ft er a n appropriate period of t ime to a llow for s tabilization 
of the dust concentration, the MICROCON was placed in central location (as possible) within the test 
room prior to the start of the test.

Once a stable airborne dust concentration was achieved and a baseline established the MICROCON 
was then activated. Th e concentration of airborne dust within the test rooms was monitored using four 
direct-reading p ortable aerosol monitors w hich me asured a irborne pa rticulate le vels at t wo le vels i n 
each o f t he t wo lo cations. Th e mo nitoring e quipment c hosen f or mo nitoring pa rticulate le vels w ere 
battery powered, handheld Haz-Dust™ particulate monitors manufactured by Environmental Devices 
Corp. Th e Haz-Dust monitor has a digital readout as well as a DC voltage output for data recording.

Four of these monitors were used in each test. Two test stands were used in each test cell and each 
contained two monitors mounted at d iff erent heights. Monitors 1 a nd 3 w ere mounted on test stand 
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number 1 with monitors 2 and 4 mounted on test stand number 2. Monitors 1 and 2 were mounted at 
a height of 66 in. with monitors 3 and 4 mounted at a height of 32 in.. Th e height of 66 in. was chosen 
as representative of the breathing zone height of the average standing adult. Th e height of 32 in. was 
chosen as a n approximation of t he height of a sup ine pat ient’s breathing zone. Th e test  stands were 
located as follows:

 1. Test stand #1—(holding monitors 1 and 3) was placed near the front side of the bed approximately 
36 in. from the wall near the head of the bed.

 2. Test stand #2—(holding monitors 2 and 4) was placed in the corner, at the foot of the bed, near the 
window approximately 24 in. from the corner of the rooms.

Th e test protocol was designed to address possible increased settling attributable to the greater density 
of the test dust as compared to that of a bioaerosol. Initially, in an eff ort to compensate for the lack of air 
currents necessary for uniform particle dispersion, one 24 in. diameter fan was employed to distribute 
the test dust and to p roduce a mo re uniform concentration of the test dust within the test room. Th e 
primary reasons for the diminution of the test dust concentrations appeared to be impact losses on fan 
blades, a ssociated surfaces, a nd g ravity-induced settling or d rop-out. A nother source of loss was t he 
scavenging eff ect produced by static charges on the room’s interior surfaces.

As a result of scavenging, drop-out, and impact losses the quantity of test dust required to produce 
a stable concentration of 10–20 mg/M3 in each test room was somewhat greater than calculations indi-
cated. A handheld air-powered nebulizer was used to disperse the test dust in each test cell. Once the 
dust loading requirements were met, it took 5 to 7 min to achieve a stable and acceptably uniform test 
dust concentration within the desired range.

Discussion of Test

Unless ot herwise note d, a ll te sts w ere p erformed w ith t he M ICROCON  ow s etting s elector in  t he 
medium position. Th e tests began aft er a 4–5 min settling period to allow the dust concentration to sta-
bilize. Aft er this settling period the MICROCON unit was activated. During this stabilization period no 
additional mixing was provided other than that produced by the room’s own dynamics.

Chart 1—Background Dust Levels—Room 336
Th is test represents the background or residual airborne dust present in the test room prior to the intro-
duction of t he test dust. Th is dust is undoubtedly the result of lack of use because this section of the 
hospital was not being used.

Chart 2—Settling Pro le —Room 336
Th is test represents normal settling characteristics of the dust used in the tests, as well as any inherent 
 ow dynamics of the test room. An airborne dust concentration was generated, mixed, and then allowed 
to settle naturally.

Chart 3—Test Number 1—Room 336
Th is test shows the performance of the MICROCON (air machine) in the test room with an elevated level 
of dust present. Aft er the initial dust application it was noted that additional openings through which air 
could  ow into the room needed to be sealed if a true test of the MICROCON was to be obtained. Aft er 
these openings were sealed a second dust application was performed (see Chart 3).

Chart 4—Test Number 2—Room 336
In this test all room HVAC vents and openings were opened (this condition is more typical of normal 
usage conditions).
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Chart 5—Test Number 3—Room 336
Th e test conditions were the same as those indicated for Test Number 2, but the MICROCON was oper-
ated with the  ow setting on low.

Chart 6—Test Number 4—Room 335
Th e test conditions were the same as those indicated for Test Number 2.

Chart 7—Test Number 5—Room 335
Th e test conditions were the same as those indicated for Test Number 2, but the MICROCON was oper-
ated with the  ow setting on low.

Discussion of Findings/Results

An analysis of the purge test data indicates that the MICROCON is eff ective in capturing and remov-
ing signi cant quantities of respirable airborne particulate from the immediate surrounding area. Th e 
eff ectiveness of the disinfection option of the unit was not evaluated as part of the purge testing reported 
herein.

Th e te st d ata c ollected c onsisted o f a irborne pa rticulate c oncentrations me asured a s a f unction 
of location and elevation (within the test room) and t ime. Th ese data are presented in graph form in 
Appendix 11.A.1. A total of  ve purge tests were conducted. Th ese included operating the MICROCON 
alone and in tandem with the test room’s HVAC system. Th e MICROCON appeared to function most 
effi  ciently when operated with a ro om’s own HVAC system but is a lso capable of operating well even 
without such aid. Th is was most likely due to the added turbulence and air movement provided by the 
HVAC system. It would also appear that the MICROCON bene ts when it is placed in a location where it 
can take best advantage of the induced air currents produced by the HVAC system when these currents 
do not comprise the design eff ectiveness of the unit.

It should be noted when reviewing the data continued in the charted test data in accordance with the 
Haz-Dust manufacturer’s directions all monitors and subsequent readings are subject to a background 
correction of approximately 1%–2% of the highest dust concentrations encountered. Th is correction is 
a function of the optics used in the monitors and is noncorrectable by zero correction. Hence, each  nal 
reading should be viewed accordingly.

Because w e w ere a sked to p erform t he e valuation te sts u nder t he mo st s tringent c onditions 
possible, the reported data were not adjusted in any way for background buildup. When the back-
ground buildup is taken into account and the f inal readings so corrected the actual levels or per-
centage of total dust removed by the MICROCON (Air Machine) during the test is even greater than 
indicated.

Th e lack of zero correction and the high levels of airborne dust used during these tests were of par-
ticular concern with regard to the data depicted by sensors number 4, 3, 3, and 3 on Charts Number 4 
(Test No. 2), Chart Number 5 (Test No. 3), Chart Number 6 (Test No. 4), and Chart Number 7 (Test No. 5), 
respectively. Th ese sensor readouts show clear evidence of this phenomena. If the background correc-
tions recommended by the manufacturer are performed on a ll data the end point or  nal readings at 
these locations would be more consistent with those observed for the other sensor readings obtained 
during the respective test.

Conclusions

Th e test data indicate that the MICROCON performs its intended task “removal of respirable size air-
borne particulate from the air within its eff ective area of in uence.” Th e size of the eff ective area of in u-
ence is to a large extent dependent upon a number of factors including draft s, obstructions, and machine 
operating speed. All these factors can in uence the aerodynamic behavior of airborne particulate and 
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should be considered in any proposed applications. I f t hese factors are adequately addressed and t he 
manufacturer’s instructions followed then the MICROCON should perform as indicated.

Purge Test Charts 1–7

Background Dust Levels—Room 336

Settling Pro le—Room 336
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Test No. 1—Room 336

Test No. 2—Room 336
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Test No. 4—Room 335

Test No. 3—Room 336
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Test No. 5—Room 335

Minutes

Chart No. 7
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Particulate (Dust) Size Data

Total Data Diff  % Cum %> Diameter (µm) Active Channels
0 0.00 100.00 0.198
0 0.00 100.00 0.250
0 0.00 100.00 0.315
0 0.00 100.00 0.397 0–2.5 µm

483 23.47 100.00 0.500 99.13
567 27.55 76.53 0.630
513 24.93 48.98 0.794
277 13.46 24.05 1.000 0–5 µm
135 6.56 10.59 1.260 100.00
48 2.33 4.03 1.590
17 0.83 1.70 2.000

8 0.39 0.87 2.520 5–10 µm
6 0.29 0.49 3.170 0.00
4 0.19 0.19 4.000
0 0.00 0.00 5.040
0 0.00 0.00 6.350 10–20 µm
0 0.00 0.00 8.000 0.00
0 0.00 0.00 10.080
0 0.00 0.00 12.700
0 0.00 0.00 16.000 20–40 µm

Coulter Counter Model TAII Particle Size Analysis
Customer: General Material: Arizona Road Dust
Date: 10-5-89 No. of runs: 2
Sample No: 4281H Aperture: 30
PTI Run No: 4281 F.F. Cust. Lot No: 60029J
Operator: TAF Mean volume: 0.79 µm
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(continued)
Total Data Diff  % Cum %> Diameter (µm) Active Channels

0 0.00 0.00 20.200 0.00
0 0.00 0.00 25.400
0 0.00 0.00 32.000
0 0.00 0.00 40.300 40–80 µm
0 0.00 0.00 50.800 0.00
0 0.00 0.00 64.000
0 0.00 0.00 80.600
0 0.00 0.00 101.600 80 + µm =
0 0.00 0.00 128.000 0.00
0 0.00 0.00 161.000
0 0.00 0.00 203.000
0 0.00 0.00 256.000
0 0.00 0.00 322.000
0 0.00 0.00 406.000
0 0.00 0.00 512.000
0 0.00 0.00 645.000

Powder Technology Inc. (612) 894–8737.

Position of monitors.

Position of monitors

Breathing zone.

Breathing zone

44˝

6́

3́
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Isolation room.

Patient room.

Source: Evaluation report purge test of MICROCON in a typical hospital environment using a simu-
lated human bioaerosol. Prepared by Hazardous Materials Technologies Corporation, Mount Laurel, 
NJ. P repared f or M r. G ary M essina, Biolog ical C ontrols, E atontown, N J. Re port d ate: J anuary 2 7, 
1993.

Investigation of Isolation Room with the MICROCON HEPA
Air Filtration System

An i nvestigation w as m ade i nto t he e ff ectiveness o f t he M ICROCON H EPA A ir F iltration S ystem. 
A de scription o f t he e quipment i s i ncluded i n t his re port. Th e su rvey i nvolved s ampling t he a ir f or 
microbiological v iable organisms and total particulate levels. Th e samples were taken before running 
the M ICROCON a nd w hile t he e quipment w as r unning. Th e re sults i ndicate t hat t he M ICROCON 
HEPA Air Filtration System was eff ective at removing airborne particulate material and viable micro-
biological organisms. Th ese results appear to support the manufacturer’s claim that the  ltration system 
will remove airborne droplet nuclei produced by persons actively infected with TB.

Background

Over the past decade the incidence of respiratory TB infection has increased steadily in the New York 
Metropolitan area. Many hospitals in Newark have treated patients with actively infectious TB. Patients 

Patient room

MICROCON

MICROCON

Isolation room
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with active cases of TB can release infectious droplet nuclei containing TB into the air thereby exposing 
health care personnel in proximal areas. Th e risk of infection to t he exposed persons is related to t he 
quantities of TB bacillus in the air, the duration of exposure and the general health of the individual. 
Th e Centers for Disease Control and Prevention (CDC) has a criteria document that suggests methods 
that may reduce the risk of TB exposure. Th ese methods include

 1. Using isolation rooms for infectious persons. Th ese rooms should be under negative pressure to 
the surrounding areas and should receive a minimum of 6 ach.

 2. Providing adequate ventilation to reduce concentrations of TB in the air.
 3 . Using high-effi  ciency particulate in air (HEPA)  ltration systems for recirculated air.
 4. Using ultraviolet lamps to kill airborne TB.
 5. Provide respiratory protection to exposed individuals in high-risk areas such as isolation rooms.

Th is survey involved the evaluation of the MICROCON Air Filtration System. Th is unit consists of a fan 
that pulls air into the top of the equipment through a HEPA  lter and discharges the air back into the 
room through the base of the equipment. Th e unit operates at three fan settings:

 1 . 725 cfm
 2 . 675 cfm
 3 . 400 cfm

For a patient room that is 12 ft 2 and with an 8 ft  ceiling this unit would provide over 20 ach at the lowest 
setting.

Methods

Air s ampling w as c onducted f ollowing N IOSH me thod 5 00 f or tot al pa rticulate i n a ir. Th e 5.0 µm 
poly-vinyl chloride (PVC)  lters were preweighted and analyzed by the ITT Hartford Environmental 
Laboratory in Hartford, CT. Th is is an AIHA accredited laboratory. See Appendix 2 in this section for 
the laboratory report from the Hartford laboratory.

Fungi s amples were c ollected on 3% malt e xtract a gar u sing a n A nderson N6 i mpaction s ampler. 
Sample petri dishes were prepared and analyzed by P&K Microbiology Services of Cherry Hill, NJ.

Results

Both the dust samples and the fungi samples indicate a re duction of airborne particulate levels. Table 
11.A.1 summarizes t he dust level sampling results. Levels prior to op erating t he a ir c leaner were 180 
micrograms per cubic meter (mcg/m3) of air. Aft er running the air cleaner levels were below the limit 
of detection of 10 mcg/m3.

Table 11.A.2 summarizes the bioaerosol monitoring the fungi levels in air. Levels were reduced from 
40 cfu/m3 prior to r unning t he a ir c leaner to b etween 5 a nd 7 cfu/m3 aft er r unning at lo w s peed for 
approximately 1 h.

TABLE 11.A.1 Airborne Particulate Sampling Room Tested

Sample No. Description Result (µg/m3)a

14024 Pretest—in room B521 prior to operating the MICROCON Air Filtration 
System

180

14023 Pretest—In the hallway outside room prior to operating the MICROCON 
Air Filtration System

20

14021 Aft er operating the MICROCON Air Filtration System Inside the room Below 10
14016 Field blank <25 µg per  lter

a µg/m3 indicates micrograms per cubic meter.
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Discussion

Th e room tested is designed to op erate as a n isolation for TB pat ients. Th e room is designed to h ave 
6 ach and is under negative pressure to the hallway. Th is design is adequate for preventing the spread of 
airborne TB to the corridor, but it does not appreciably reduce the level of airborne contaminants inside 
the room. Operating the air cleaner in the room reduced levels of particulate and bioaerosols.

Th e results of this monitoring survey indicate the ability for HEPA  ltration devices to reduce overall 
bioaerosol levels inside the isolation room. Th ese results are consistent with our  ndings in a similar test 
conducted in May of 1993. Although we have not used the system on TB, we believe the results support 
the contention that these air  ltration devices are eff ective at reducing airborne droplet nuclei.

There i s no si ngle way to p rotect persons f rom TB t ransmission a nd it i s recommended t hat a 
combination of methods be used. These sample results indicate that HEPA f iltration in combina-
tion with negative pressure in isolation rooms will provide an improved level of protection to the 
medical staff.

It should be noted that the MICROCON HEPA Air Filtration System is an eff ective means of lowering 
the level of bioaerosols in the air. Th ere is no engineering control that will eliminate TB exposure in the 
isolation room.

Source: Edward Olmsted, CIH, CSP, Olmsted Environmental Services, Inc., RR I Box 480, Garrison, 
NY 10524.

Evaluation of MICROCON HEPA Air Filtration System in 
an Emergency Room for Controlling Bioaerosols

An investigation was made into the eff ectiveness of the MICROCON HEPA Air Filtration System. 
Th e survey was conducted on October 13, 1993, by Edward Olmsted, CIH, CSP. A description of the 
air  ltration equipment is included in this report. Th e survey involved sampling the air for micro-
biological v iable o rganisms a nd tot al pa rticulate le vels. Th e s amples w ere t aken b efore r unning 
the MICROCON and while the equipment was running. Th e results indicate that the MICROCON 
HEPA A ir F iltration System w as e ff ective at reducing viable microbiological organisms. Th e par-
ticulate levels were not appreciably reduced by the MICROCON HEPA Air Filtration System. Th ese  
results appear to supp ort the manufacturer’s claim that the  ltration system will remove a irborne 
droplet nuclei produced by p ersons ac tively i nfected w ith T B; a nd t hereby, re duce t he number of 
airborne infectious organisms.

TABLE 11.A.2 Microbial Evaluation Room Tested

Sample No. Location—Description Species Identi ed Result (cfu/m3)

9306281 Inside room, pretest; before running the 
MICROCON air cleaner 141.5 L

Cladosporium, penicillium, 
yeasts

42.4

9306282 Outside room, pretest; before running 
the 141.5 L

Cladosporium 14.1

9306283 Field blank No growth
9306284 Inside room aft er turning on the 

MICROCON air cleaner 141.5 L
No growth <5

9306285 Inside room aft er turning on the 
MICROCON air cleaner 198.1 L

Cladosporium 5

9306286 Inside room aft er turning on the 
MICROCON air cleaner 424.5 L

Cladosporium, sterile fungi 7.1
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Background

Over t he pa st de cade, t he i ncidence o f re spiratory T B i nfection h as i ncreased s teadily i n t he New York 
Metropolitan area. Many hospitals in Newark have treated patients with actively infectious TB. Patients with 
active cases of TB can release infectious droplet nuclei containing TB into the air, thereby, exposing health 
care personnel in proximal areas. Th e risk of infection to the exposed persons is related to the quantities of 
TB bacillus in the air, the duration of exposure, and the general health of the individual. Th e CDC has a cri-
teria document that suggests methods that may reduce the risk of TB exposure. Th ese methods include

 1. Using isolation rooms for infectious persons. Th ese rooms should be under negative pressure to 
the surrounding areas and should receive a minimum of 6 ach.

 2. Providing adequate ventilation to reduce concentrations of TB in the air.
 3 . Using high-effi  ciency particulate in air (HEPA)  ltration systems for recirculated air.
 4. Using ultraviolet lamps to kill airborne TB.
 5. Provide respiratory protection to exposed individuals in high risk areas; such as isolation rooms.

Th is survey involved the evaluation of the MICROCON Air Filtration System. Th is unit consists of a fan 
that pulls air into the top of the equipment through a HEPA  lter and discharges the air back into the 
room through the base of the equipment. Th e unit operates at three fan settings:

 1 . 725 cfm
 2 . 675 cfm
 3 . 400 cfm

Previous tests of the MICROCON have indicated that the system is eff ective at reducing airborne par-
ticulate and viable organisms in an AFB isolation room and in a general use patient room. In this case, 
the system was tested in an emergency room (ER) waiting area. Th e ER was under normal use by the 
hospital during all sampling. Figure 11.A.2 gives a layout of the ER.

ERs p rovide u nique p roblems f or h ospitals at tempting to de velop i nfection c ontrol p rograms f or 
TB. Large numbers of persons visit the ER each day; and in urban areas such as Newark, NJ, there is 
an increased potential for actively TB-infected parsons to come to t he ER. Controlling TB in ERs has 
mostly consisted of the following:

 1. Isolating persons that show signs and symptoms of TB
 2. Installing UV lamps
 3. Installing HEPA  ltration systems

Door

Door

Door

Administrative
reception area

MICROCON
MICROCON

Chairs

ChairsChairs

Chairs

Sample location 1

Sample location 2

X

X

FIGURE 11.A.2 Emergency room.
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Very little is known about the eff ectiveness of these methods at controlling TB. Th e results of this survey 
indicate that the MICROCON HEPA Air Filtration System does reduce airborne bioaerosols and may 
reduce infectious TB as well.

Methods

Air sampling was conducted following NIOSH method 500 for total particulate in air. Th e 5.0 µm PVC 
 lters were preweighted and analyzed by the ITT Hartford Environmental Laboratory in Hartford, CT. 
Th is is an AIHA accredited laboratory. Th e samples were collected using a volume  ow rate of 15 L per 
minute calibrated using a rotameter. Th e laboratory report from the Hartford Laboratory is attached to 
this report.

Bacteria in air samples were collected using Tryptose soy agar and were collected using the Anderson 
N6 single stage impaction sampler operated at a  ow rate of 28.3 lpm. Th e sampler was calibrated using 
an in-line rotameter. Sample petri dishes were prepared and analyzed by P&K Microbiology Services 
of Cherry Hill, NJ.

Samples were collected before operating any a ir c leaning equipment in t he waiting area. A ft er the 
pretest, two MICROCONs were operated at the medium speed. Figure 11.A.2 indicates the locations of 
the MICROCON air cleaners. Samples of the air were taken aft er 90 min of air cleaning.

Results

Bioaerosol Sampling

Attached to this report are the analytical results from P&K Microbiological Services. Table 11.A.3 gives 
a summary of the results.

Particulate Sampling

Attached to t his report is the analytical results for particulate sampling. Table 11.A.4 summarizes the 
results.

Discussion

Th ese results indicate that the MICROCON HEPA Air Filtration System is eff ective at reducing airborne 
levels of bacteria. Th e results for particulate sampling did not show a reduction in airborne particulate 
levels. We believe that the level of particulate in the air was too low for statistically signi cant results. 
Nonetheless, the bioaerosol sample results clearly support the contention by the manufacturer that air-
borne viable bacteria are reduced by the system.

It should be noted that these units cannot be expected to eliminate exposure to TB in any setting. 
Other factors that are important include the rate of generation of TB in the room. Th is is dependent 
upon the degree of infectiousness of the patient. Our sampling results indicate that there is a fourfold 

TABLE 11.A.3 Bacteria in Air Sampling in Emergency Room Waiting Room

Sample No. Description Result (cfu/m3)

1 Location #1—Pretest; before operating the MICROCON 388.7
2 Location #2—Pretest; before operating the MICROCON 388.7
3 Location #3—Aft er running the MICROCON 90 min 88.3
4 Location #2—Aft er running the MICROCON 90 min 150.2
5 Location #1—Aft er running the MICROCON 3 h 91.9
6 Location #2—Aft er running the MICROCON 3 h 134.3

Note: Aft er Bioaerosol Measurements (cfu/m3): Before the MICROCON was run: 388.7; Aft er 90 min of air cleaning 
via MICROCON: 119.2; Aft er 180 min of air cleaning via MICROCON: 113.1.
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reduction in airborne bacteria aft er running the equipment for 90 min, but no add itional reduction is 
achieved with continual operation of the MICROCON HEPA Air Filtration System.

Source: Edward Olmsted, CIH, CSP, Olmsted Environmental Services, Inc., RR 1 Box 480, Garrison, 
NY 10524.

Appendix 11.A.3

ClestraClean Room Air Sterilizer Performance Testing

On M arch 1 2, 1 993 a nd Ap ril 1 2, 1 993 s everal p erformance te sts w ere c onducted o n t he ne w 
ClestraClean Room Air Sterilizer. Listed below are the tests that were performed and the results of 
those tests.

 1.  Air ow measurements
 Description of testing method:

All air ow measurements were accomplished by taking duct traverses either at the temporary • 
inlet duct or at the 4 ≤  ex duct attached to the side of the unit.

 E quipment used:
Alnor Velometer, Model 6000 P• 

Results:
Mode: High-speed in full recirculation, 525 cfm• 
Mode: Low-speed in full recirculation, 230 cfm• 
Mode: High-speed in portion of total (4 ≤ round discharge) to a mbient, 430 cfm discharge to • 
room, 135 cfm (4 ≤ round) to ambient
Mode: Low-speed in portion of total (4 ≤ ro und discharge) to a mbient, 140 cfm discharge to• 
room, 70 cfm (4 ≤ round) to ambient
Mode: High-speed in portion of total (4 ≤ round suction) from ambient, 470 cfm from room, • 
75 cfm (4 ≤ round) from ambient
Mode: Low-speed in portion of total (4 ≤ ro und suction) from ambient, 200 cfm from room, • 
40 cfm (4 ≤ round) from ambient

 2. Volts and amp draw measurements
Equipment used:

AMP Probe, Model RS-3• 
Results:

High speed in full recirculation mode; 110 V and 3.0 amps• 
Low speed in full recirculation mode, 110 V and 6.0 amps• 

TABLE 11.A.4 Particulate Sampling in Emergency Room Waiting Area

Sample No. Location Result µg/m3

13969 Location #1—Pretest; before operating the MICROCON 30
13965 Location #2—Pretest; before operating the MICROCON 20
13966 Location #1—Aft er running the MICROCON 90 min <20
13968 Location #2—Aft er running the MICROCON 90 min 50

Note: Average levels: Before running the MI CROCON HEPA Air Filtration System: 25 µg/m3; Aft er 
90 min of running the MICROCON: 35 µg/m3.
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 3. Sound level measurements
Equipment used:

Extech, Model 407703• 
Results:

High speed in full recirculation mode; 62 dBA (background with unit off  was 48 dBA)• 
Low speed in full recirculation mode; 51 dBA (background with unit off  was 48 dBA)• 

 4.  Pressurization measurements
Description of testing method:

In a re asonably t ight ro om (approximately 1355 C U F T) t he p ressurization te sting w as p er• 
formed. Negative pressurization was obtained by discharging a portion of the supply air to the 
ambient through the 4 ≤ ø∙  ex duct connected to the 4 ≤ ø∙ discharge port. Positive pressuriza-
tion was obtained by drawing a portion of the return air from the ambient through the 4 ≤ ø 
 ex duct connected to the 4 ≤ ø suction port.

Equipment used:
Shortridge Air Data Meter, Model ADM 860• 

Results:
Room was −0.03 ≤ W.C. to ambient with unit on high speed.• 
Duct discharging a portion of supply air to ambient.• 
Room was −0.01 ≤ W.C. to ambient with unit on low speed and 4 ≤ ø• ∙ duct discharging a portion 
of supply air to ambient.
Room was +0.002 ≤ W.C. with unit on high speed and 4 ≤ ø• ∙ duct drawing a portion of return 
air from ambient.
Room was +0.001 • ≤ W.C. with unit on low speed and 4 ≤ ø∙ duct drawing a portion of return air 
from ambient.

 5. PARTICLE COUNT MEASUREMENTS
Description and testing method:

Individual particle count measurements were sampled for 1 min with a volume of 1 C U FT of • 
air.
Baseline particle counts were measured with the unit off . With the unit on, the particle counter • 
sensing probe was placed approximately 8′ from unit at 30≤ above the  oor. Several measure-
ments were taken with the unit on high speed, low speed, and high speed with the 4 ≤ ø duct 
discharging a portion of the supply to simulate a room under negative pressurization.

Equipment used:
Met One Particle Counter, Model 200• 

Results:
Baseline particle counts (• µm)

0.3 0.5 1.0 2.0 5.0 10.0
256,252 149,066 19,341 4,548 372 86

With the unit on high speed, full recirculation, particle counts were taken again aft er 15 min:
Results:

0.3 0.5 1.0 2.0 5.0 10.0

10,965 4,670 481 98 11 3
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With the unit on low speed, full recirculation:
Results:

0.3 0.5 1.0 2.0 5.0 10.0
11,403 5,099 657 195 21 8

With the unit on high speed, 4 ≤ ø duct discharging a p ortion of supply to m aintain a s light 
negative room pressurization:

Results:

0.3 0.5 1.0 2.0 5.0 10.0

30,325 13,488 1,641 548 124 57

Appendix 11.A.4

Th e following is a partial list of commercially available HEPA  lters. Th ere are ceiling mount designs, 
roll-in  oor designs. Th ere are designs t hat off er a ir scrubbing a nd negative pressure in one module. 
Prices range from $100 to $20,000 depending on type, power, and add-ons.

Each facility needs to make individual assessments of needed capacity and function accordingly.

Model RS 1000 Portable Air Scrubber/Negative Pressure Unit. Available from BioSafety Systems, Inc., 
San Diego, CA.

A
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MICROCON WallMAP™. Available from Biological Controls. One Industrial Way, Building D, Unit F, 
Eatontown, NJ 07724-3319, Telephone: 908-389-3319, Fax: 908-389-8821.

MICROCON. Available from Biological Controls. One Industrial Way, Building D, Unit F, Eatontown, 
NJ 07724-3319, Telephone: 908-389-3319, Fax: 908-389-8821.

B



Tuberculosis Engineering Controls 11-81

Enviro™ Airlock from Medical Safety Products, Inc., Marietta, GA.

Enviro™ Airlock Isolation Chamber in Emergency Room. Available from Medical Safety Products, Inc., 
Marietta, GA.
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HEPAPORT. HEPA Fan/Exhaust. To create a negative pressure room as recommended by the Center for 
Disease Control (CDC), a  ltered room exhaust may be installed in a window or wall powerful enough 
to overcome under-door or under-curtain leaks. Available from Modern Medical Systems Company, A 
Division of A. Kingsbury Co., Inc., 1655 Jericho Turnpike, New Hyde Park, NY 11040, 1-800-426-5304.

Enviroä Sputum I nduction C hamber i n E mergency Ro om. Available f rom Medical S afety P roducts, 
Inc., Marietta, GA.

2΄× 4΄ HEPA
FILTER

@800S CFM
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THE CRAB, Ceiling Recirculating Air Blower. For HEPA Air Filtration of waiting rooms, patient rooms, 
and treatment rooms. Available from Modern Medical Systems Company, A Division of A. Kingsbury 
Co., Inc., 1655 Jericho Turnpike, New Hyde Park, NY 11040, 1-800-426-5304.

PRESSURE WATCH. For continuous monitoring of negative or positive pressure rooms. Available from 
Modern Medical Systems Company, A Division of A. Kingsbury Co., Inc., 1655 Jericho Turnpike, New 
Hyde Park, NY 11040, 1-800-426-5304.

BioShield®. High-effi  ciency hospital and medical grade air  ltration unit. Available from Airo Clean, 
Inc., Pickering Creek Industrial Park, 212 Philips Road, Exton, PA 19341, Telephone: 610-524-8100. Fax: 
610-524-8135.
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Engineering Control Options for Tuberculosis 
in Health Care Settings

William Charney

Introduction

Th e transmission of tuberculosis (TB) from patient to health care worker (HCW) is again on the rise.1 
Hospitals ne ed eng ineering me thodologies to h elp p revent t he t ransmission o f d roplet n uclei T B. 
Administrative controls include screening and rapid identi cation of active disease cases. Th is  section 
will not cover the clinical or administrative controls, but rather the engineering control options avail-
able to health care settings.

Th e engineering control options available include the following:

 1.  High-effi  ciency particulate air (HEPA)  lter portable units placed in waiting rooms and patient 
rooms to scrub droplet nuclei from the air (see Figure 11.25).

 2. Isolation of patient using a bed canopy HEPA  lter.
 3. Upper room UV and UV lights in return air duct in a recirculating HVAC system (see the section 

“Upper Room UV”).
 4. Centralization and utilization of a sputum induction hood for all sputum inductions.
 5. Negative pressure isolation rooms as recommended by the CDC.2

 6. Isolation of procedures within Plexiglas™ barriers.
 7. Upgrading of respiratory protection from surgical mask to a respirator National Institute of Safety 

and Health (NIOSH) certi ed for micron range of 1–5 mm (see Respiratory Controls, page 11–38).

FIGURE 11.25 HEPA  lter portable unit.
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Discussion

Droplet Nuclei TB

Droplet nuclei TB is still somewhat of an enigma. It is still not known how many droplet nuclei, when dis-
persed in the ambient air, are required to produce infection in the human host.3 It is also understood that 
the longer one is exposed to a given quantity of droplet nuclei TB, the greater the potential for infection.

Duguid4 showed that 97% of these droplet nuclei were between 0.5 and 12 µm in diameter, the major-
ity of these being 1–2 µm in diameter. Th ese small droplets can remain suspended in a room for more 
than 90 min.5

Th ese droplet nuclei follow air currents within buildings, potentially causing infection well beyond 
the range of direct person to person contact.

Ventilation

Recirculated air within buildings promotes TB transmission.6 However, just providing adequate outside 
air may not solve the transmission problem.

Ventilation systems, however, can lower the probability of the spread of TB in three ways:

 1. Quantity of air ow
 2. Quality of air ow or scrubbing
 3. Direction of air ow

HEPA Filtration

It has been shown that HEPA  lters will eff ectively remove droplet nuclei TB.7,8

Th e  rst design type HEPA unit is the standing, portable HEPA unit. Th ese units will assist in remov-
ing droplet nuclei from the ambient air of a patient’s room, waiting room, bronchoscopy suite, etc. Th ese  
machines are sized and  tted to rooms to create additional room air changes, providing a scrubbing of 
room air of droplet nuclei, as HEPA  lters remove 99.97% of particulate matter down to 0.3 µm. Th e 
price range is from $250 to $2000, depending on portability, size, and power of the units and the types 
of additional  lters desired.

HEPA  lters can also be designed to  t an existing HVAC unit. However, space is necessary within 
the me chanical ro om a nd t hese  lters c reate s igni cant additional resistance to air ow b eyond t he 
capacity of most residential and light commercial air handling equipment.

HEPA Bed Tent

A second engineering control consideration is the HEPA Bed Tent (see Figure 11.26). Th is unit  ts over 
the bed, provides a negative pressure environment within the tent, and is scrubbed by a HEPA  lter unit. 
Th is unit is indicated for relatively nonambulatory patients who are cooperative. It has ports for access 
and the whole side can be lift ed if total patient access is necessary; approximate cost $1500.

Upper Room UV

Both upp er ro om U V a nd f resh a ir ventilation de crease t he c oncentration of a irborne organisms i n 
logarithmic fashion.9 Riley et al. described lamps installed in exhaust ducts from the rooms of patients 
with infectious TB were shown to prevent infection of guinea pigs which are highly susceptible to TB.10 
CDC continues to recommend UV lamps as a supplement to ventilation in settings where the risk of TB 
infection is high.11

Sputum Induction

A f ourth me thod o f c ontrol i s t he ut ilization o f a s putum i nduction h ood w hen p erforming s putum 
induction. Sputum induction is a high-risk activity. CDC recommends an individual room or booth with 
negative pressure. A sputum induction booth (see Figure 11.27) provides negative pressure at the face 
(face velocity >150 fpm), with a pre lter and a HEPA  lter. Th e unit shown (cost approximately $1000) is 
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mobile and can be centralized in one area or moved to a nonambulatory patient room. A sputum induc-
tion booth is designed to contain the actual droplet nuclei containing tubercle bacilli. (Th ese areas should 
not have recirculated air. Th e bene t of isolation barriers is dependent on nonrecirculated air.)

Isolation Barriers

Plexiglas barriers can be used as separation controls in areas as Emergency Admitting, clinical inter-
viewing, etc. Th ese barriers protect the HCW from potential transmission by providing a physical bar-
rier. Th is prevents aerosolized coughs, sneezes, etc., from having direct contact with the HCW. Th ese  
areas should be kept under positive pressure relative to their external surroundings.

FIGURE 11.27 Sputum induction booth.

FIGURE 11.26 HEPA bed tent. (Available from Peace Medical.)
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HEPA-Assisted Recovery Rate Tests

Th e purpose of this report is to present the results of HEPA-assisted recovery rate testing in Room 5R1 
of the San Francisco General Hospital Medical Center. Th is testing was performed as a part of the quali-
 cation of the bene ts of adding an in-room HEPA  ltration unit to assist in the reduction in airborne 
particulates.

Summary

 1. TSS measured the airborne particulate recovery rate in ICU Room 5R1 on a single day, May 05, 
1998.

 2.  Th e in-room HEPA  ltration unit under test was an RxAIR Model 3000 (Figure 11.28).
 3. Although there were no speci c acceptance criteria for this test tour, the overall results agree with 

natural expectations. As summarized in the following table, using the R xAIR Model 3000 was 
readily seen to increase the eff ective ventilation rate in the room:

Case Eff ective Ventilation Rate (ach)
HEPA unit off 4.6
HEPA unit on “high” 23
HEPA unit on “low” 19.7

 4.  Th is test battery was limited in scope to the execution of TSS SOP 9501, “Airborne Particle Recovery 
Test for Mechanically Ventilated Spaces” (v1, 4/11/95) in room 5R1 under three cases: (1) with the 
RxAIR unit off ; (2) with the RxAIR unit on “high”; and (3) with the RxAIR unit on “low.”

 5. Test results are discussed in section 6 of this report.
 6. P ertinent add itional do cumentation, i ncluding d iagrams, i nstrument c alibration re cords a nd 

copies of the  eld data are in section 7.

FIGURE 11.28 RxAIR Model 3000.
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Test Results

Airborne particle recovery test for mechanically ventilated spaces:

 1. In the manner of IES-RP-CC006.2 Section 6.7, as codi ed by TSS SOP 9501, TSS brie y injected 
aerosol at the supply register on Room 5R1 while simultaneously and continuously measuring the 
concentration of airborne particulates > = 0.5 µm. In this manner, TSS recorded the increase and 
decay of the particulate tracer.

 2.  Th ree cases were considered for testing: (1) with the RxAIR unit off ; (2) with the RxAIR unit on 
“high”; and (3) with the RxAIR unit on “low.”

 3. Four trials were conducted according to the following schedule:

Trial Case Result, achEFF Comment
1 RxAIR off 4.6 Anticipated low achEFF

2 RxAIR on high 19.7
3 RxAIR on low 19.7
4 RxAIR on high 23 Best achEFF, as expected

 4. Although trials #2 and #3 demonstrated that the RxAIR unit could clean the air in the room, the 
test method did not resolve its “high” performance from its “low.” Accordingly, the RxAIR unit 
was set to “high” and subjected to trial #4 to better resolve achEFF, with the result that achEFF rose 
solidly to 23.

Conclusion

TB transmission is problematic for hospitals, HCWs, homeless shelters, health clinics, and HIV shelters, 
and with the fourth and  ft h generation multiple resistant strains being seen, it is an even greater prob-
lem as these strains are not responding to conventional antibiotic treatments.

On the positive side, there are engineering control methodologies that can help provide a safer envi-
ronment for HCWs who are exposed to suspected or known cases of TB. Th ese include standing HEPA 
 lter units, ultraviolet lighting in rooms or placed in ventilation ducts, and physical Plexiglas barriers. 
Th ough these methods have not been adequately tested, they theoretically are scienti cally sound, and 
until absolute data are available, provide options to help prevent the spread of droplet nuclei TB.

Engineering c ontrols, upg rading re spiratory p rotection, a nd go od ad ministrative c ontrols ( rapid 
screening, etc.), will contribute to containing the spread of TB in the health care setting.
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The Inefficiency of Surgical Masks for Protection
against Droplet Nuclei TB

William Charney and June Fisher

Th e general perception of the average health care worker is that the generic surgical mask protects the 
wearer against airborne droplet nuclei Mycobacterium tuberculosis. However, a re view of the l iterature 
shows that droplet nuclei tuberculosis (TB) with a diameter of 1–5 µm will not be stopped by the standard 
surgical mask. Surgical masks do not have a tight seal around the face; therefore, air seeking the path of 
least resistance will transmigrate around the unsealed edges into the respiratory zone of the wearer.

Pippin1 te sted t he e ffi  ciency o f su rgical m asks a nd f ound t hat t he pa ssage o f i nspired a ir a round 
the p eriphery of t he t wo t ypes of masks te sted compromised t he masks’ c apacity to s creen a irborne 
contaminants. Th is s tudy used t racer pa rticles of 22.4 µm, which a re 4×–20× larger t han t he d roplet 
nuclei TB, 1–5 µm.2 Tuomi3 of the Department of Industrial Hygiene and Toxicology, Helsinki, Finland 
tested two types of surgical masks, the Surgene and Aseptek. Th e respirators were tested on a test head 
connected to a b reathing simulator. Th e mass median diameter (MMD) of the polydispersed corn oil 
aerosol used in this study ranged from 0.52 to 3.2 µm. Th e overall effi  ciency for the surgical masks was 
68% for Surgene and 33% for Aseptek.

Riley and Nardell4 also state that ordinary clinical masks are ineff ective as a precaution against air-
borne infection, rendering them ineff ective.

Th e Centers for Disease Control5 states that standard surgical masks are not eff ective in preventing 
inhalation of droplet nuclei because they are not designed to provide a tight face seal or to  lter out par-
ticulates in the droplet nucleus range 1–5 µm.

Wentzell6 also commented on the questionable protective eff ect o f su rgical m asks w ith re gard to 
potentially i nfectious pa rticulates, si nce t he average su rgical m ask i s de signed a nd te sted to p revent 
contamination from the health care provider to t he patient and not to p rotect the health care worker 
against inspired particulates.

Th e principle of respiratory protection is clear, that respirators shall be  tted properly and shall be 
tested for facepiecetoface seal: 29 CFR 1910.134 (e)(5). Th e federal regulation also states that respirators 
shall not be worn when conditions prevent a good face seal: 29 CFR 1910 (e)(5)(i).

Th e s tandard su rgical mask does not me et t his condition for qualitative  t testing. (Qualitative  t 
test helps insure maximum effi  ciency between facepiece and wearer.) Th e standard surgical masks were 
also, as stated by Wentzell, designed to p rotect the patient, not t he wearer. TB infection occurs when 
droplet nuclei are inhaled by a susceptible person, as the TB particles are small enough that they remain 
suspended and follow general air currents.7 And since there is no de nitive dose–response relationship 
between the number of droplet nuclei one needs to inhale in order to provoke disease,8 the best possible 
respirator  t is recommended.

Th erefore, a N IOSH/MSHA c erti ed re spirator (see F igure 11.29) t hat c an p revent p enetration o f 
aerosolized particles in the range of 1–5 µm is indicated for health care workers exposed to k nown or 
suspected TB patients, and the dependency on surgical masks is neither quantitatively nor qualitatively 
compatible with protecting health care workers from droplet nuclei TB for short duration or long dura-
tion exposure.



11-90 Handbook of Modern Hospital Safety

Th e cost of the upgrade to a NIOSH/MSHA approved mask is approximately 67 cents as compared to 
23 cents for the standard surgical mask. Th e 44 cents’ diff erence, however, can be off set by HCWs using 
the NIOSH respirator more than one time, which is permissible.
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1. Untwist straps. Cup mask
 in hand with nose contour
 (narrow end) at fingertips,
 allowing headstraps to fall
 below hand.    

2. Place mask under chin with
 nose contour (narrow end)
 up.

3. Pull bottom strap over head
 and below ears, to neck.
 Raise top strap to crown of
 head. Untwist straps.

4. If mask does not fit snugly
 over face, remove mask from
 head. To adjust tension on
 straps, gently pull straps to
 correct position by pulling
 ends of straps.

5. Put mask back on face. Do
 not adjust straps with
 mask on face!

FIGURE 11.29 MOLDEX 2200 Fume, Dust Mist Respirator. Fitting instructions.
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Appendix 11.A.5

Using Ultraviolet Radiation and Ventilation to Control Tuberculosis

Introduction

Tuberculosis (TB) i nfection a nd d isease remains a w orldwide burden despite eff orts to identify and 
treat cases. Aft er many years of slow but steady decrease in the incidence of TB in the United States, 
this d isease i s making a c omeback. It i s a s erious public health problem a mong t he homeless, some 
groups of immigrants, inmates of correctional institutions, and people infected with or at high risk 
for infection with the human immunode ciency v irus (HIV). Concerns about the continued spread 
of TB infection have led to an increased interest in using environmental control measures to protect 
the abovementioned groups of people, health care personnel, and the general public from TB infection 
and disease.

How TB Spreads

TB is spread (transmitted) from person to person by tiny airborne particles containing tubercle bacilli. 
Particles, called “droplet nuclei,” containing these bacteria are coughed up by persons with untreated or 
inadequately treated, clinically active, pulmonary or laryngeal TB. Droplet nuclei are carried on air cur-
rents and disperse rapidly throughout a room. Th e longer that a susceptible (uninfected) person shares 
the same air space with someone who has active pulmonary or laryngeal TB, the greater the chance that 
the susceptible person will inhale airborne TB bacilli. Th erefore, the goal of environmental infection 
control is to prevent the spread of TB by protecting susceptible people from inhaling airborne particles 
generated by infectious individuals.

Environmental Control Measures

Airborne infections such as TB can be prevented by k illing t he infectious microorganisms in t he a ir 
with ultraviolet (UV) radiation. UV lamps are inexpensive, easy to install and maintain, and are eff ec-
tive at k illing airborne microorganisms. Th erefore, some health authorities recommend UV lamps for 
certain high-risk environments.

Although environmental control measures such as air disinfection and ventilation can decrease 
the transmission (i.e., airborne spread) of TB, they are only supplements to t he usual control mea-
sures. Environmental controls cannot replace conventional interventions such as the prompt detec-
tion and treatment of cases, and tracing of contacts. However, if the identi cation and follow-up of 
TB cases is diffi  cult, U V a ir d isinfection and exhaust ventilation can provide an extra measure of 
protection.

UV Radiation

Questions and Answers on the Use of UV Radiation for TB Control

How a re U V lamps used to d isinfect t he a ir? Germicidal U V lamps ( low-pressure mercury vapor 
lamps which emit radiation near 254 nm) can be used in ceiling  xtures suspended above the people 
in a room or within air ducts of recirculating systems. Th e  rst method is called overhead or upper air 
irradiation. Th e  xtures are shielded on the bottoms so that the radiation is directed only up to ward 
the ceiling and out to t he sides (see Figure 11.A.3). Th e bottoms of the  xtures should be at le ast 7 ft . 
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above the  oor, so that people will not bump into them or look directly at the bare tubes.1,2 Overhead 
UV lamps are most eff ective in rooms in which the ceilings are at least 9 ft  high, because this allows a 
signi cant portion of the air to be irradiated.

Fixtures with adjustable louvers which control the direction of the UV rays may be used (with cau-
tion) in areas with lower ceilings.

Th e air entering or leaving a room can be disinfected with UV lamps placed inside the ventilation sys-
tem ducts, as illustrated in Figure 11.A.4. Th is method of air disinfection could be used, for example, in 
a TB clinic from which air is recirculated to other parts of the building, but in which overhead disinfec-
tion cannot be used because the ceiling is too low. UV lamps could be placed instead inside the exhaust 
duct to kill any microorganisms in the air leaving the clinic. Because people are not exposed to the UV 
radiation, very high levels can be used inside ducts.

How eff ective is UV radiation at killing TB bacteria?
Th e following factors, which are discussed in detail below, play a pa rt in determining whether or not 
exposure to UV radiation will kill a microorganism:

 1. Type of microorganism
 2. Dose of radiation to which it is exposed
 3. Amount of moisture in the air

Service door with
inspection window

FIGURE 11.A.4 UV lamps located inside ventilation system duct.

(a) (b)

FIGURE 11.A.3 Examples of s hielded U V  xtures: (a) c eiling-mounted  xture a nd ( b) w all-mounted  xture 
(the arrows indicate the direction of the radiation).



Tuberculosis Engineering Controls 11-93

Type o f m icroorganism: UV radiation rapidly kills airborne bacteria and viruses, but it is less eff ective 
against airborne fungal and bacterial spores. Th e bacteria that cause TB are more resistant to UV than 
some others, but they are not as diffi  cult to kill as spores. UV radiation does not penetrate well through 
matter, t herefore, bac teria c arried i n large pa rticles of d ried sputum, for example, m ight be shielded 
from the disinfection radiation. However, these larger particles do not remain suspended in the air for 
very long nor do they reach the lower lung if inhaled, and therefore do not pose as great a risk of infec-
tion as do smaller, more UV-sensitive particles.

Radiation dose: For air disinfection to be eff ective, the TB bacteria must receive a suffi  cient dose of UV 
radiation. Th is can be achieved by using lamps of the correct wavelength and intensity (wattage) and by 
exposing the bacteria for suffi  ciently long periods of time. Th ere must be good mixing between the irra-
diated upper room air and the air lower in a room where people are. In this way, contaminated droplets 
are moved into the irradiated zone and the disinfected air dilutes the contaminated lower air. Portable 
or ceiling fans can be used to increase air circulation.

Moisture in the air: At typical indoor temperatures, relative humidities above 70% reduce the bactericidal 
effi  ciency of UV radiation. Th is level of moisture is not common in air conditioned buildings (unless the 
air conditioning equipment is not operating properly) or during the colder months of the year when air-
borne transmission is more likely. However, if excess humidity is a problem, air disinfection must exclu-
sively rely on other forms of environmental control, such as increased ventilation or duct irradiation.

For w hat t ypes of fac ilities s hould o verhead U V r adiation b e c onsidered a s a me ans to re duce 
the transmission of infection?
Overhead UV lamps are useful in crowded and poorly ventilated buildings where the conventional con-
trol methods are inadequate. Examples of such areas are

Shelters for the homeless3

Correctional institutions4

Nursing homes
Hospitals: emergency rooms, operating rooms, intensive care areas, some laboratories
TB clinics: sputum collection rooms, aerosol treatment areas, bronchoscopy rooms
AIDS clinics: aerosol pentamidine treatment areas5

In such places, t here occasionally a re u nidenti ed TB c ases. U V lamps a lso m ight be appropriate i n 
pediatricians’ o ffi  ces, w here t he d isinfecting r adiation w ould h elp c ontrol t he t ransmission o f ot her 
airborne infections such as measles.

Is the airborne spread of TB in high-risk settings best controlled by mechanical ventilation, 
air cleaners, or UV air disinfection?
Th e American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE) recommends 
an outdoor air supply of 15–20 cubic feet of air per minute for each person in a room (15–20 cfm/person) 
for c omfort purposes.6 However, this amount of ventilation would not signi cantly re duce t he number 
of airborne TB bacteria that a highly infectious person could produce. It would take more than 100 
cfm/person of outdoor a ir to re duce the number of a irborne bacteria to t he same level that a U V lamp 
could.1,2 Supp lying t hat much o utdoor a ir w ould b e i mpractical i n m any si tuations, b ecause i t i s v ery 
expensive to heat or cool such large quantities of outdoor air and to move it through a ventilation system.

Indoor a ir t hat m ight c ontain i nfectious pa rticles c annot s afely b e re circulated bac k i nto a ro om 
unless the airborne microorganisms have been removed or inactivated. Filtering the air, installing UV 
lamps inside the air ducts, and other forms of air cleaning can eff ectively remove or kill bacteria and are 
suitable, or even necessary, in certain facilities. However, high-effi  ciency air cleaners are more expensive 
to install and maintain than overhead UV lamps, and generally are not practical for treating the air in 
large open rooms. See the section beginning on page 11–47 for more details on the use of general and 
local exhaust ventilation for the control of TB.
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It i s o ft en best to de sign a v entilation system to p rovide at le ast 15 cfm/person for comfort, to u se 
exhaust hoods and special booths to contain airborne particles produced by high-risk procedures, and 
to consider using overhead UV radiation to further reduce the airborne spread of infectious particles.

Checklist of Features to Consider before Recommending Overhead UV Air Disinfection
Yes No

A potentially high risk of TB transmission in the population that cannot be controlled 
adequately by conventional interventions

() ()

Suffi  ciently high ceilings (at least 9 ft ) that are relatively free of obstructions () ()
Relative humidity (RH) below 70% () ()
Th e capability of maintaining and operating the UV lamps eff ectively and safely () ()
A means of measuring the reduction in airborne infections among the occupants () ()
If the answer to any of the above questions is “no,” overhead UV disinfection might not be suitable 

for the proposed situation.

How are UV lamps used inside heating, ventilating, and air conditioning (HVAC) system ducts?
When duct irradiation is used, the lamps should be placed at right angles to the direction of air ow and 
installed at the center of the longest available run, as illustrated in Figure 11.A.4. Because the eff ective-
ness of germicidal UV radiation is dependent on both the level of radiation and the exposure time, it is 
best, whenever possible, to install UV lamps where the velocity of the air is lowest.

Th e access door for servicing the lamps should have an inspection window (ordinary glass is suffi  cient 
to  lter out the UV rays) through which the lamps periodically are checked, and a sign in appropriate 
languages a lerting maintenance personnel to t he health hazard of looking directly at ba re tubes. Th e 
lock for this door should have an electric switch so that the lamps turn off  automatically whenever the 
door is opened.

How do I decide how many overhead UV lamps an area needs?
Th e number of  xtures needed depends on the size of the room the height of the ceilings, and the loca-
tion of the supply air diff users. Th e higher the UV radiation intensity, the more rapidly microorganisms 
are inactivated. Th erefore, the more lamps the better, so long as human exposure to UV is kept at safe 
levels. As a general rule of thumb, install the equivalent of one 30 W  xture for every 200 ft 2 of  oor area 
or for every seven people in the room, whichever is greater. Using two 15 W lamps instead of one 30 W 
lamp might provide better irradiation to the upper room air and reduce the risk of exposing the occu-
pants to unsafe levels of UV radiation. Th is amount of air disinfection is considered the equivalent of 20 
room air changes per hour (ach) or approximately 100 cfm/person.1,2 Ceiling  xtures should be oriented 
so that the radiation is directed into the longest part of a room (see Figure 11.A.5). If multiple  xtures 
are installed, they should be spaced evenly so that there is minimal overlap of irradiation.

Can upper air UV irradiation cause any problems?
UV r adiation i s d ivided i nto t hree re gions. U V-A ( long U V 4 00–320 nm), a nd U V-B (midrange U V 
320–290 nm) produce sunburn and tanning. Prolonged exposure can cause skin cancer and cataracts.7 
Germicidal UV radiation is in the UV-C region of the spectrum (short UV 290–100 nm). UV-C may 
cause reddening of t he skin a nd conjunctivitis (a feeling of sand i n t he eyes), but not s kin c ancer or 
cataracts in humans.8 Because UV-C is absorbed in the outer layers of the skin and eyes, the irritation 
produced by overexposure is super cial. Although serious burns can be incapacitating at the time, the 
eff ects usually disappear within 24 h without lasting eff ects.8

Intense UV radiation can fade colored paints and fabrics, speed up the deterioration of plastics, and 
cause plants to wilt. Because prolonged exposure to UV radiation can damage skin and eyes, one should 
never look directly at t he lighted tubes for more than a few seconds unless wearing appropriate safety 
goggles or a face shield. Also, one should wear a long-sleeved shirt and gloves if it is necessary to work 
near l ighted lamps. Maintenance personnel should exercise appropriate precautions against breakage 
when replacing and disposing of these tubes. Modern UV lamps do not produce ozone.
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It a lso m ust b e rememb ered t hat U V l amps p roduce s ome v isible v iolet l ight. W hile t he c olor i s 
scarcely noticeable during the day, at night it might disturb people who are trying to sleep. Nonetheless, 
the lamps should be operated whenever people occupy the controlled rooms. In buildings that are occu-
pied all day, the lamps should be left  on continuously. Frequent on–off  cycling tends to shorten the life 
of some types of lamps.

A person should be assigned responsibility to maintain the UV  xtures, to train personnel in safety 
procedures, and to keep a maintenance log. A m aintenance and safety log should include information 
on tube cleaning, baseline and periodic meter readings for irradiation areas (between lamp and ceiling), 
and for employee/client exposure areas, training, and complaints of eye or skin irritation. Th ere is no 
substitute for on-site meter readings to ensure that germicidal levels are attained between tubes and ceil-
ings or walls, while at the same time ensuring that room occupants are not exposed to injurious levels. 
Employees should be trained in the hazards of exposure to UV radiation. Th is training should include

 1. Information as to the proper eye protection clothing to be used.
 2. Instructions on how to recognize the symptoms of eye and skin damage due to UV radiation.

How can I be sure that new UV lamps have been installed safely?
When t he l amps a re i nstalled, a n e xperienced p erson s hould me asure t he le vel o f U V r adiation at 
the locations where people w ill be exposed. A ll readings must be below t he American Conference of 
Government I ndustrial Hygienists’ (ACGIH) l imit, w hich for ger micidal l amps i s 0. 2 µW/cm2 for a n 
8 h period.8 If you plan on purchasing a UV radiometer, make certain that it can measure the necessary 
range of wave lengths and is suffi  ciently sensitive. (Th e exposure limit refers to 25 4 nm UV radiation, 
which i s t he predominant wavelength produced by ger micidal l amps.) Th e permitted exposure l imit 

20 ft

10 ft

(a)

(b)

(c)

20 ft

20 ft

10 ft

10 ft

• Overhead view of a 200 ft2

 dormitory room, occupied
 by six people

• One ceiling fixture
 (the arrows indicate the
 direction of the radiation)

• Overhead view of a 200 ft2

 waiting room, occupied at
 times by more than
 seven people

• Two ceiling fixtures

• Same room as in (b)

• Two wall fixtures

FIGURE 11.A.5 Placement of UV ceiling  xtures.
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is 6 mJ/cm2 or 6000 µW s/cm2. For an 8 h day, the average exposure level l imit is 0.2 µW/cm2. For 24 h 
exposure, the limit would be 0.07 µW/cm2.

To reduce UV exposure in the occupied portions of a room, install baffl  es to prevent people from look-
ing directly at the tubes. If necessary, use paints containing titanium dioxide (TiO2) to reduce re ection 
from ceilings and walls, or otherwise treat them to reduce re ection. Once a room has been checked to 
ensure that a ll occupied areas are below the NIOSH exposure l imit, these measurements need not b e 
repeated every time the lamps are changed.

If the UV lamp manufacturer or installer does not supply warning labels, make or purchase your 
own to identify the  xtures as dangerous for direct eye and prolonged skin exposure. Figure 11.A.6 is 
a sample warning label recommended by NIOSH.9 Th e NIOSH document also states that for this type 
of lamp, warning labels are required on the lamp and housing, but not in the work area. Make certain 
that the switches to turn the UV  xtures off  for inspection, cleaning, and tube changing are accessible 
when needed but are out of the reach of unauthorized people so that the lamps cannot be fumed on or 
off  accidentally.

How oft en must the tubes be changed?
Unless a facility has an appropriate radiometer and a trained staff  member who can check lamp output 
periodically, we recommend that the tubes be replaced each year or at the end of their rated life if that 
is less than twelve months.

How oft en must the lamps be cleaned?
TURN T HE L AMPS OFF BEFORE I NSPECTING T HEM. Th e t ubes a nd t he  xture t rough s hould 
be c hecked p eriodically (perhaps e very t hree months) a nd c leaned w hen ne eded. We do not re com-
mend frequent lamp reading or cleaning, unless performed by a properly trained and equipped person, 
because of the risk of accidents.

How much does it cost to use overhead UV air disinfection?
New UV  xtures cost between $100 and $500, depending on their design, and new lamps cost between 
$50 and $100 per tube. You can estimate how much it will cost to operate a lamp continuously for one 
year by multiplying the input wattage by the number of hours of use (8760 h per one year) and the local 
cost of electricity (see the formula below). UV lamps should be purchased as they are needed, because 
prolonged storage results in a loss of UV intensity.

 

⎛ ⎞ ⎛ ⎞
× × =⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠

Input wattage cost(hours of use) operation cost
1000W/kW kW-h

Where can I  nd someone to install germicidal UV  xtures?
You may be able to locate suppliers by contacting your local health department, a hospital, or micro-
biology laboratory, si nce t hese entities may a lready have experience of t heir own w ith U V  xtures. 
Prior to purchase and installation of tubes and/or  xtures, you should review the information in this 

CAUTION

High intensity
Ultraviolet energy

Protect eyes & skin

CUIDADO

Alto Intensidad
Energía Ultravioleta

Protege Ojos y Piel

FIGURE 11.A.6 Warning labels.
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booklet with your supplier and/or installer to ensure that appropriate  xtures are provided and prop-
erly installed. If your supplier/installer has not recently been involved in these types of installations, 
familiarization w ith t he m aterial i n t his b ooklet, e specially a s i t p ertains to s afety, i s a ll t he mo re 
important.

Recommendations

Suggestions on the proper use of upper air UV irradiation

 1. Use germicidal lamps that emit short wave (254 nm) UV radiation.
 2. Install the equivalent of one 30 W ceiling or wall  xture for every 200 ft 2 of  oor area or for every 

seven people in a room, whichever is greater. Always check that your installation does not exceed 
safe exposure levels for workers or clients.

 3. Position the lamps to irradiate the greatest area.
 4. Place labels on the  xtures to warn people to avoid direct eye and prolonged skin exposure.
 5. Check that the level of UV radiation where people will be exposed does not e xceed 0.2 µW/cm2 

(assumes an 8 h exposure). Recheck whenever re ective surfaces or room contents are changed.
 6. Change the tubes annually or when meter readings indicate tube failure.
 7. Inform all employees of the potential hazards of overexposure to UV radiation and provide ade-

quate personal protection to anyone who needs it.
 8. Delegate a person to maintain the lamps and  xtures to see that safety measures are followed and 

to keep a log of when the lamps are replaced.

Technical Details about UV Radiation

As mentioned previously, UV radiation is divided into three regions by wavelength: long, middle, and 
short waves. UV radiation for the purpose of k illing microorganisms is produced by lamps that emit 
radiation in the short wave region near 254 nm (there are 25 million nanometers in an inch), which is 
near the peak of bactericidal eff ectiveness. All UV wavelengths are shorter than visible light; UV rays 
are therefore invisible to the human eye and should be referred to as UV radiation or UV energy, not as 
UV light. However, UV lamps also emit a small amount of visible violet-blue light.

Two important principles (the reciprocity and inverse square laws), which are helpful in understand-
ing how UV lamps can be used for air disinfection, are discussed below.

Reciprocity law: Th e dose of radiation to which microorganisms are exposed is equal to the intensity of 
the radiation times the duration of exposure. Equal doses of UV radiation have the same disinfecting 
action. Th erefore exposure to 100 µW/cm2 for 10 s has the same killing power as exposure to 50 µW/cm 
for 20 s.

Inverse square l aw: As w ith v isible l ight, t he i ntensity of U V radiation d iminishes as t he square of 
the distance from a s ource. For example, two feet from a p oint source the intensity of the radiation 
would be only (l/2)2 or 1/4 of what it was at one foot, and at four feet it would be (1/4)2 or 1/16 of the 
level at 1 ft .

Distance from UV 
Source (ft )

Measured UV Intensity 
(µW/cm2)

1 800
2 200
4 50

Because UV lamps are long, narrow sources of radiation rather than point sources, it is diffi  cult to pre-
dict the UV intensity at a given distance from a lamp. Th erefore, it is more reliable to measure the actual 
exposure level with a suffi  ciently sensitive UV meter.



11-98 Handbook of Modern Hospital Safety

Ventilation

Th e concentrations of contaminants in a room can be controlled with mechanical ventilation in two 
ways. Th e  rst is called local exhaust ventilation. Th e second is referred to as dilution ventilation. Th ese  
methods are described below.

Local Exhaust Ventilation

A local exhaust ventilation system removes airborne contaminants at or near their sources and can con-
tain infectious aerosols very eff ectively. An example would be the safety hoods that laboratory workers 
use when handling specimens. Similar enclosures oft en are used for aerosol-generating activities such 
as sputum collection and aerosol therapy. Detailed information on the design of local exhaust systems 
is available in Industrial Ventilation: A Manual of Recommended Practice.10

Th e major components of a lo cal exhaust ventilation system a re (1) t he hood or enclosure, (2) t he 
ductwork through which the a ir moves, (3) an a ir cleaner, and (4) the fan (see Figure 11.A.7). An a ir 
cleaner, such as a high-effi  ciency air  lter, a UV lamp, or an air incinerator, is needed when the contami-
nated air cannot be exhausted safely or is recirculated to a room.

Th e booth i llustrated in Figure 11.A.8 is designed for use during sputum induction or aerosolized 
pentamidine t reatment. Pat ients enter t he booth t hrough a do or in t he side a nd either sit or l ie on a 
bench. Air is drawn into the chamber through a pre lter (1) located in the front, then moves up past the 
patient and over the top of a back panel (2). Th e air is  ltered through a HEPA (high effi  ciency particu-
late air)  lter (3) before it is exhausted back into a room (4).

Also on the market are vinyl chambers that isolate the patient in an enclosure similar to an oxygen 
tent canopy. Th e canopy falls to w ithin 2 i n. of the  oor. Th e air is drawn upward from the open area 

(3)
(2)

(1)

(4)

FIGURE 11.A.7 Sputum collection/aerosol therapy cabinet (the arrows indicate the direction of air movements).

FIGURE 11.A.8 Side view of a sputum collection/aerosol therapy booth.

(2)

(4)

Filters

(3)
(1)
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around the skirt and exhausted from the enclosure by a fan through a HEPA  lter. Th e chamber is col-
lapsible, conveniently sized so that it takes little space and is on wheels for increased mobility.

Dilution Ventilation

Dilution ventilation is a process of supplying pollutant-free air into a space to reduce the level of con-
tamination. Some ventilation systems provide 100% outdoor air and exhaust all return air. Other sys-
tems, in the interest of energy conservation, recirculate part of the return air.

If a ventilation system is used to protect people from infectious particles, the system must draw the 
contaminated air away from the people in the room and carry it safely outside. Th e American Institute of 
Architects (AIA) has developed construction and operation guidelines for hospitals and medical facili-
ties.11 A design that they recommend for reducing exposure to air contaminants generated by people is 
to place the air supply diff users in the ceiling and the exhaust air grilles (also called registers) near the 
 oor (see Figure 11.A.9). Th e idea behind this arrangement is that clean air enters above the occupants 
and the contaminated air is removed at  oor level. Th is design would not be appropriate if overhead UV 
lamps were being used because t he contaminated a ir would be d irected away f rom t he lamps. W hen 
overhead UV lamps are used, the supply air diff users should be near the  oor, and the exhaust air grilles 
near or in the ceiling.

Contaminated air removed from a room should not be recirculated back into the room or to other 
parts of a b uilding u nless i t pa sses t hrough a h igh e ffi  ciency  lter, or a n a ir i ncinerator, pa st a h igh 
intensity UV lamp, or is otherwise disinfected. Untreated exhaust air should be discharged well away 
(at least 25 ft .) and downwind from the air intakes of any buildings.10 Air oft en is exhausted at the roof of 
a building so that any contaminants it contains are well diluted before they reach street level. Detailed 
guidelines for designing ventilation systems for infection control can be obtained from the AIA11 and 
from the ASHRAE.6

Room Air Distribution

Short circuiting of air. If a supply air diff user is only a few feet away from a return air grille, part of the 
supply air will be exhausted before it mixes with the air in the room. Th is is called “short circuiting.”

Air stagnation. Given average room a ir movement and the nonuniformity of natural convection cur-
rents, stagnant regions are formed in a room near the ceiling during cooling and near the  oor during 
heating. Th e air in a stagnant region does not mix well with the air in the rest of the room.

FIGURE 1 1.A.9 Typical ve ntilation s ystem d esign for a ho spital ( the a rrows i ndicate t he d irection of a ir 
movement).

Supply air
diffuser

Exhaust registers
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Air mixing. Th e mixing of supply air with the air in a room is aff ected by (1) the con guration of the sup-
ply diff users and the return air grilles, (2) the volume of air supplied to the room, and (3) the operating 
mode of the ventilation system, that is, whether it is heating or cooling the air.

Calculating the Number of Room Air Changes per Hour

Engineers sometimes express d ilution ventilation i n terms of t he a ir change rate, which i s measured 
as the number of room air changes per hour (ach). An air change rate of 1 ach means that an amount 
of a ir equal to t he volume of t he room is removed a nd replaced once every hour. CDC recommends 
that rooms for respiratory i solation have (1) separate exhaust ventilation to t he outside, (2) negative 
air pressure in relation to adjacent areas, and (3) provide at le ast 4–6 ach of outdoor air.4,12 To  p revent 
the transmission of TB in high risk areas, the CDC and the American Th oracic Society (ATS) recom-
mend 20 ach.13 Reference 17 cites the American Society of Heating, Refrigerating and Air Conditioning 
Engineers and the Health Resources and Services Administration (our Reference 6) as recommending that 
acid fast bacilli isolation rooms: “should have at least six total air changes per hour including at least two 
outside air changes per hour…” A facility could meet this recommendation by supplying 4 ACH of air 
recirculated from other parts of the building and 2 ach of outdoor air. Reference 17 also gives ventilation 
recommendations for intensive care units and emergency and autopsy rooms, and discusses the use of 
personal respirators for patients while they are being transported, and for health care providers while 
they are treating patients with suspected or con rmed infectious TB. Although an air change rate as 
high as 20 ach may be desirable in high risk areas and has been recommended in earlier documents, we 
realize that this level of ventilation is impractical for many facilities and that the resultant air movement 
may cause draft s.

For a given air change rate and room size, the required amount of supply air in cubic feet per minute 
(cfm) can be calculated, as follows:

 

×(Room volume in cubic feet) (number of ach)
60min/h

For example, a 2 0 ft  × 1 0 ft  room with a 10 ft  ceiling would need 667 cfm of supply a ir to h ave a n a ir 
change rate of 20 ach:

 

× × ×(20ft 10ft 10ft) (20ach)
60min/h

You c an  nd out w hat t he de sign a ir ow r ates a re for a g iven a rea by a sking t he building m anager 
to c heck t he o riginal p lans. Th e op erator of  you r he ating, ve ntilating, a nd a ir-conditioning (H VAC 
SYSTEM DUCTS) system or a contractor can determine the actual supply air ow rate for a particular 
room by measuring it with special instruments.

As mentioned, ASHRAE recommends a ventilation rate of at least 15 cubic feet of outdoor air per min-
ute per person (15 cfm/person) for comfort.6 Th e ASHRAE standard assumes that there are 10 person/
1000 ft 2 in hospital treatment rooms, and 30 persons/1000 ft 2 in lobby areas. In a well-designed facility, 
15 cfm/person w ill suffi  ciently dilute the odors that people produce, but it should not be relied on to 
reduce exposure to highly infectious air contaminants.

Referring again to the 2000 ft 3 room used as an example above, when occupied by seven people, this 
room would need a supp ly of at le ast 105 (cfm) or outdoor a ir (7 people × 1 5 cfm/person = 1 05 cfm) 
to conform w ith t he ASHRAE standard. However, t his would supply only t hree a ir changes a n hour 
[(105 cfm × 60 min/h)/2000 ft 3 = 3 ach]. Th is amount of dilution air would not be suffi  cient to control the 
spread of TB.
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For comparison, i f the 20 ach that the CDC/ATS13 recommends was supplied with outdoor a ir, the 
ventilation rate would have to b e 95 cfm/person (667 cfm/7 people = 95 cfm/person), an impractically 
high ventilation rate for most facilities. However, the equivalent of this amount of TB-free air could be 
provided with upper air UV disinfection, as discussed in Section II.

Supplying Make-Up Air

When an exhaust system is used, air must be supplied to the room to makeup for the volume removed 
through the ventilation system or the hood. If the ventilation system is ba lanced to p rovide less than 
the required amount of makeup air, the room will be under negative pressure. Th is vacuum will result 
in the movement of air from cleaner adjacent rooms into the contaminated room and not t he reverse. 
Th e U.S. Public Health Service suggests an in ltration rate of 50 cfm for containment laboratories14 or 
approximately 10% of the return air volumetric  owrate.15

It is important that a building’s air supply and exhaust system be designed to accommodate the pres-
sure changes caused by the opening and closing of doors, and by the movement of staff  and patients. 
An instrument to measure air pressure (a manometer) with an audible alarm can be installed to warn 
people if room pressure changes.

Proper ventilation i s a n i mportant de terminant of a c omfortable i ndoor environment. I t a lso c an 
provide a me asure of protection against a irborne infection. Periodic monitoring and maintenance of 
air supply and exhaust systems is necessary for eff ective operation. Th e main recommendations of the 
section beginning on page 11–47 are summarized below.

Suggestions for Good Ventilation

 1. Use local exhaust ventilation (e.g., cabinets or booths) to c ontain activities t hat generate infec-
tious pa rticles. Use gener al e xhaust ventilation to remo ve c ontaminated a ir f rom a ro om, a nd 
to keep t he room under negative pressure relative to ot her areas. Supply at le ast t he minimum 
recommended amount of outdoor air.

 2. Install supply air diff users and general exhaust air grilles so that contaminated air moves away 
from the breathing zones of the people in a room. Make certain that short-circuiting and stagna-
tion of air are minimized.

 3. Discharge the contaminated air outdoors at least 25 ft  away and downwind from any outdoor air 
intakes. Install high-effi  ciency air  lters, UV lamps, or other disinfection units if the air must be 
exhausted closer than 25 ft  from an air intake or if a large percentage of the potentially contami-
nated air will be recirculated to a building.

In order to prevent the transmission of TB and other respiratory infections in certain high-risk settings, 
health care workers are paying increasing attention to environmental control measures. Th e references 
listed below provide additional details on the subject. For further information, contact your local health 
department or TB control offi  cer; the Indoor Air Quality Program, Air & Industrial Hygiene Laboratory, 
California Department of Health Services, Berkeley CA 94704-1011, or t he Tuberculosis Control and 
Refugee Health Programs Units, Infectious Disease Branch, California Department of Health Services, 
714/744 P Street, P.O. Box 942732, Sacramento, California 94234-7320.
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The Economics of Implementing an Engineering 
Tuberculosis Control Plan in a County Hospital

William Charney

Introduction

Tuberculosis (TB) has reemerged in recent years as a public health problem.1 California reported 5382 
cases of TB i n 1992, a 5 4% i ncrease i n reported c ases si nce 1985.1 Subsequently, health care workers 
are at increasing risk of occupationally acquired TB and, in some sectors, occupationally acquired TB 
has resulted in mor tality.2 A lthough t he California Health and Safety Code (Title 22, Section 70723) 
requires hospitals and health care facilities to perform baseline preemployment and yearly skin testing 
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for TB, t here i s no s tate-wide data on t he incidence of TB skin test conversions a mong a n estimated 
270,000 at-risk health care workers in California.

San F rancisco G eneral H ospital ( SFGH) i s a n i nner-city c ounty h ealth f acility s erving a d iverse 
patient population. Th e patient population is ethnically diverse: 31% Hispanic, 27% white, 23% African-
American, 15% Asian, 4% ot her/unknown. Th e hospital provides care to about one-half of Medi-Cal 
and low-income pat ients i n S an F rancisco a nd i s v irtually t he o nly p rovider f or i ndigent ad ults not 
eligible for Medi-Cal in the city. SFGH is the only hospital in San Francisco serving prisoners: 384 inpa-
tients and 868 outpatients in 1993. SFGH has an estimated 4000 employees and in 1995 treated 275 cases 
of active TB. On any given day, SFGH will have between 4 and 10 patients hospitalized with pulmonary 
TB and the hospital performs over 500 sputum inductions per month to rule out active TB. Th e  hospital 
has already had patients in the facility who are resistant to two and three of the more eff ective antituber-
culosis drugs. SFGH has a patient population that is almost 25% human immunode ciency virus HIV, 
and many health care providers who are HIV, and consequently more susceptible to TB.

Background

In order to c omply w ith t he Federal a nd St ate re gulations a s well a s t he C enter for D isease C ontrol 
(CDC) recommendations for Mycobacterium tuberculosis (MTb) for isolation rooms and air changes per 
hour (ach) in designated TB areas, high-effi  ciency particulate air (HEPA)  ltration was the engineering 
control option chosen. Th is technology was selected in order to economically increase a low air volume 
output by the central heating and ventilation system (HVAC) which could neither provide negative pres-
sure or a minimum of 6 ach in designated areas.

HEPA  lters have been shown to capture MTb3 and are listed as a control option by both the CDC4 
and California (Cal) Occupational Safety and Health Administration (Cal-OSHA).5 Areas of the hospi-
tal needing retro tting for engineering controls were chosen using (l) preliminary conversion data; (2) a 
plan for directionality of TB patient  ow; and (3) de nitions of high-risk medical procedure.

Emergency Department

Th e emergency de partment (ED) i s t he  rst a rea of contact for u nscreened pat ients s eeking me dical 
attention. Waiting rooms and observation wards (where highly suspected patients may wait for up to 
24 h b efore b eing ad mitted to a w ard ro om) w ere  tted w ith 8 00 c fm c eiling-mounted H EPA u nits 
(Figure 11.30) that provide additional air scrubbing and air changes. Isolation barriers were provided 

FIGURE 11.30 800 cfm ceiling-mounted HEPA unit.
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for t he c lerical s taff  who perform t he i nitial “sign-in” of i ncoming pat ients. Th e ba rrier consists of a 
plexiglass window shield with communication slots. Th e barrier is designed to protect clerical staff  from 
the initial aerosol contact with patients and the space is under positive pressure. Two triage rooms were 
retro tted with booster fans to provide negative pressure. Coughing patients are triaged to these rooms. 
Th e booster fans allow for a negative pressure of 0.002 in. of water gauge. A negative-pressure room was 
added to the Observation Ward to allow a coughing patient to remain until a ward room was found.

Centralization of Sputum Induction

Th e centralization of sputum induction using a H EPA  lter engineering control is an important part 
of t he T B C ontrol P lan. Th ere a re d iff erent t ypes o f H EPA eng ineering c ontrol de vices t hat c an b e 
purchased. A mbulatory pat ients c an b e t ransported to a s peci ed a rea w ith t he eng ineering c ontrol 
device (Figure 11.31). Nonambulatory patients can receive their sputum induction in their room with 
the mobile unit (see Figure 11.32).

Negative-Pressure Isolation Rooms

Regulatory language s tipulates t hat hospitals provide negative-pressure i solation rooms w ith a m ini-
mum of 6 ach. Negative pressure, as de ned by the American Society of Heating, Refrigeration and Air 
Conditioning (ASHRAE) and adopted by the CDC, is a minimum of 10% greater exhaust over supply air 
or a minimum of 50 cfm increased exhaust over supply. Th ese are virtually minimum values and greater 
directionality of air ow and volumes should be attempted to obtain higher protection factors. In order 
to provide negative pressure, SFGH installed a HEPA portable recirculation/negative-pressure unit, an 
RS 1000, (Figure 11.33). Th is unit provides a top-end air volume of 800 cfm on a variable speed fan sys-
tem that can be adjusted as needed. It has a built-in damper system that allows for 40%–60% of the air 
to be directed out of a w indow creating negative pressure. RS 1000 challenge test results are shown in 
Figure 11.34. SFGH purchased 12 negative-pressure units in order to create 10 negative-pressure ward 
rooms with two back-up units in storage to re place a f ailed unit. Additional negative-pressure rooms 
were installed due to an expanding need for isolation rooms. Th e 10 initial rooms have expanded to 17 
isolation rooms using the same portable system to create the negative pressure.

FIGURE 11.31 Built-in sputum-induction exhaust ventilation.
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FIGURE 11.32 Portable or mobile HEPA sputum-induction unit.

FIGURE 11.33 Th e RS 1000, a HEPA portable negative-pressure recirculation unit.
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Pressure Differential Monitoring of Negative Pressure

Pressure diff erential monitors were selected for installation on all negative-pressure rooms in order to 
have a constant display module for alerting personnel to potential changes in pressure. It is important 
to have constant readings of negative pressure for the following reasons:

 1. External atmospheric forces on the building may change pressure in the rooms.
 2. Contractors working on HVAC systems in the hospital may cause changes in the system thereby 

de-balancing pressure.
 3. Doors ajar, or negative pressure machine malfunctioning.

Th e monitors on the wall (Figure 11.35), in front of each room communicates to ward staff  the pressure 
conditions within the room at the moment of interest.

Bronchoscopy

Bronchoscopy is de ned as a “high-risk medical procedure.” Th e room needs to be under negative pres-
sure with a high air exchange rate. SFGH  tted the bronchoscopy suite with an RS 1000 unit that pro-
vides negative pressure and 10 ach.

Outpatient Clinics

SFGH has several outpatient clinics serving high-risk populations for TB. Th ese clinics are mostly located 
in older brick buildings with nonexistent or underpowered ventilation systems. Portable recirculating 
HEPA units were installed in t reatment rooms, ph lebotomy rooms, and waiting areas to i ncrease a ir 
scrubbing (Figure 11.36).

An outpatient waiting room was  tted with two active Viotec UV ceiling fan systems, manufactured 
by JJI Lighting. Th ese systems provided another 500 cfm of air scrubbing.
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FIGURE 11.35 Room-pressure monitors that are displayed on the wall in front of the room.

FIGURE 11.36 Portable recirculating HEPA  lter.
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Economics

Table 11.6 shows a b reakdown of the approximate costs of implementing an engineering control plan 
for TB. One hundred thousand dollars is the estimated cost; at the time of publication, however, another 
$25,000 was incurred due to a n addition of seven isolation rooms using RS l000 technology, bringing 
the total approximate cost to $125,000 for a 350-bed facility. SFGH is meeting the challenge to comply 
with the TB regulations and safe-practice guidelines for engineering controls. Th ese controls do stress 
existing capital equipment budgets and at times equipment needs had to wait for budget allocations.
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TABLE 11.6 Economics of Engineering Controls

Area Unit Type
No. of 
Units Unit Cost

Total Unit 
Cost

Installation 
Cost Total Cost

Emergency room Ceiling HEPA 
800 CFM

5 $1,600.00 $8,000.00 $15,000.00 $23,000.00

Ward rooms RS 1000 12 $3,000.00 $36,000.00
    (approx)

$2,000.00 $38,000.00

Outpatient areas Portable EV 35 15 $300.00 $4,500.00 N/A $4,500.00
Portable EV 15 10 $200.00 $2,000.00 N/A $2,000.00

HVAC system—rebalance 
to produce 10 negative-
pressure rooms

$2,000.00

5-Station sputum-
induction booth

1 $15,000.00 $15,00.00

Portable sputum-
induction booth

1 $1,500.00 $1,500.00

All negative-pressure rooms Pressure monitor 22 675.00 N/A 14,850.00

Note: Th e total cost for TB Engineering Control Program in approximate dollars was $100,850.00. Th is covers 18 negative-
pressure isolation rooms, 6 sputum-induction booths, 25 portable HEPA units used in outpatient settings, and rebalancing the 
central HVAC system in 10 rooms.
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 9.  Wells WF. Aerodynamics of Droplet Nuclei in Airborne Contagion and Air Hygiene. Harvard University 
Press, Cambridge, MA, 1955.

 10. Center f or Dis ease C ontrol. M aternal ac tion p lan t o co ntrol m ulti-drug r esistant t uberculosis: 
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Implementing a Quality Assurance Program
for Tuberculosis Control

Patrice M. Sutton, Mark Nicas, and Robert J. Harrison

Background

Health c are workers have h istorically b een a p opulation at r isk for t uberculosis (T B). S epkowitz has 
shown t hat despite signi cant epidemiologic evidence of t he r isk for TB a mong health care workers, 
the view of TB as an occupational hazard did not emerge u ntil the 1950s when TB among the general 
population rapidly declined.1

Th e increased incidence of active pulmonary TB in the U.S. population in the 1980s has led to renewed 
appreciation of the infection risk posed to hospital workers.2 In response to the resurgence of TB, the U.S. 
Centers for Disease Control and Prevention (CDC) published guidelines to prevent the transmission of 
TB in health care facilities.3 Between 1994 and 1995, as part of a multiyear Cooperative Agreement with 
the National Institute of Occupational Safety and Health (NIOSH), the California Department of Health 
Services (CDHS) evaluated adherence to CDC Guidelines at three high-risk acute care facilities.3

Th e CDHS study found a l ack of f ull ad herence to C DC g uidelines at a ll t hree hospitals.4 Reports 
about work practices varied among hospital staff , and documentation to verify that hospital policy had 
been implemented was oft en absent. For example, the TB control plan included a list of “designated TB 
isolation rooms,” but the ventilation performance of these rooms was not documented. At one hospital, 
ventilation measurements from the previous year showed that the isolation room currently in use for 
those TB patients considered most infectious was actually under positive pressure.

CDHS’  ndings suggest there can be a discrepancy between the written TB control policy and actual 
hospital practice. We therefore undertook a quality assurance project to determine the extent to which 
a hospital’s TB control plan was implemented, and to identify obstacles to implementation. Th is  chapter 
presents guidelines for implementing a quality assurance project and reports  ndings from a 582-bed 
hospital that admitted 72 patients with active pulmonary TB and had a staff  of 5500 in 1996.

Guidelines for Implementing a Quality Assurance Project

A quality assurance project that is not regulatory in nature or linked to disciplinary action is a useful 
tool to improve TB control. Such an approach is a relatively simple way to gather and quantify data 
prospectively, is nonintrusive to patients, and is minimally intrusive to staff . Th e information collected 
tends to be reliable because the method incorporates the experience and knowledge of TB control from 
a wide range of health care workers with a minimum of recall bias. As the data re ect the actual experi-
ence of many (although not a ll) health care workers responsible for implementation of the TB control 
plan, it can provide a common basis for decision making. Th is is particularly important in the absence 
of common agreement of what constitutes acceptable risk for TB infection among health care workers.

Propose the Project to a Wide Range of Health Care Workers

Initiation o f a qu ality a ssurance p roject i nvolves s oliciting t he w ide pa rticipation o f h ospital s taff . 
Participation of line staff  is needed to identify hospital locations and groups of workers at risk, to deter-
mine which TB control measures should be assessed, to develop meaningful evaluation criteria, and to 
ensure their cooperation with the project. Feedback on the proposal should be elicited from all staff  with 
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responsibility to oversee hospital TB control eff orts. Because workers in “hands on” jobs are oft en in the 
best position to observe developing or threatening problems,5 it is essential to have the participation of 
representatives of employees responsible for implementing TB control measures on a d aily basis, and 
from supervisory and nonsupervisory staff  from aff ected hospital locations.

Th e proposal should include the following:

A clear statement of the project goals and objectives• 
Th e nature of the information to be collected• 
Who will be collecting, analyzing, and reporting the data• 
How the data collected will be used and disseminated• 
Th e time and eff ort individuals will need to contribute to the project, if any• 
Th e voluntary nature of the study• 

Providing this information to health care workers at the start of the project allows them to: (1) decide if 
they support the goals of the project; (2) evaluate if the type of information to be collected will be help-
ful to them (rather than critical of their eff orts); (3) understand what trigger events will lead to speci c 
actions or interventions; and (4) assess their ability to provide the time (if any) needed to implement the 
project. Cooperation with the project should be voluntary, and an opportunity to decline participation 
should be provided.

In t he CDHS study, regularly scheduled meetings of t he Infection Control, Environmental Health 
and Safety, and Quality Assurance Committees served as forums to discuss the project at the onset and 
throughout its course. A written one-page project description was also provided to participants.

Develop a Protocol

Discussions w ith hospital s taff  provide t he ba sis for developing a w ritten protocol t hat describes t he 
following:

TB control measures that will be assessed—Consideration should be given to each of the three • 
categories of control measures: administrative, engineering, and personal respiratory protection. 
Select control measures that are considered fundamental to TB control by all parties and that are 
simple to quantify.
Assessment criteria—Objective measures must be developed to assess whether or not the control • 
measure is being implemented.
Method used to measure if the criteria have been met—Th e methodology should be quantitative, • 
prospective, routine, nonintrusive to patients, and minimally intrusive to staff . Th e methodology 
should include precise de nitions of all criteria and terminology, e.g., negative pressure, suspect 
TB patient, NIOSH approved respirator, hospital locations included in the survey.

CDHS evaluated hospital adherence to t he CDC guidelines for the isolation of suspect and known TB 
patients. Once a week CDHS project staff  went to a ll hospital locations designated a priori by hospital 
infection control staff  as areas where TB patients might be located. At each location nursing supervisory 
staff  were asked, “Do you have any TB patients here today?” If they responded yes, we asked, “Are they 
a suspect or known case?” and “What room are they in?” Th erefore, the unit of observation was the “TB 
patient room,” and the clinical status of each TB patient was categorized by the nursing supervisor (i.e., 
a “suspect TB patient” and “known TB patient” were de ned as any patients considered to be a suspect 
or known case by the nursing supervisor). If the same individual was found on more than one occasion, 
this was considered a separate observation.

Each TB patient room was observed for the following:

Is the room a “designated” TB isolation room?• 
Is there a sign on the door?• 
Is the door closed?• 
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If a designated TB isolation room, is the room under negative pressure?• 
Is there a supply of NIOSH approved respirators at the room entry?• 

In t he c ourse of making t he T B pat ient ro om observations, t he u se of re spiratory protection by a ny 
health care workers entering the isolation rooms was also noted. Th e protocol used by CDHS is sum-
marized in Table 11.7. 

Perform the Audits

Th e frequency of data collection, the length of time of the project overall, and the person(s) responsible 
for collecting the data must be determined. It may be preferable to p erform the assessment at v arious 
times of the day and week to reduce the chance that the observations are in some way biased by when 
they are made.

A noti cation plan must be agreed upon before data collection begins. Key factors to consider when 
developing this component of the project are

Who needs to get the information?• 
What type of information do they need?• 
Th e timeliness of noti cation.• 
Th at the project is not regulatory in nature.• 
Th at the project is not linked to disciplinary action.• 

Developing a noti cation plan that accounts for all of these issues is a diffi  cult but critical undertaking. 
A well de ned project goal and the full participation of health care workers from the outset are valuable 
tools for weighing the many issues that must be incorporated into these decisions.

Timely noti cation can greatly enhance the value of a qu ality assurance project, because problems 
can be addressed as they are recognized and health care worker exposures to Mycobacterium tuberculo-
sis (MTb) aerosol can be prevented. Nursing supervisors all chose the option of receiving the results of 
the survey in their respective areas immediately aft er the investigators made the observations. Findings 
were reported to t he director of environmental health and/or the infection control coordinator at t he 
end of each weekly audit. Summary data were disseminated to the physician and nursing staff  through 
presentations to the Infection Control and the Quality Assurance Committees, and to employee repre-
sentatives at the Environmental Health and Safety Committee.

Th e potential for any individual to be “blamed” for problems that are identi ed should be minimized. 
One approach is to not collect any data that clearly documents the actions of an identi able health care 
worker. For example, the names of health care workers observed entering TB isolation rooms without 
or improperly using respiratory protection were not collected, and only summary data without location 
information were disseminated. Although this approach minimizes the opportunity for the data to be 
used to discipline a health care worker, the opportunity to prevent a potential exposure is temporarily 
lost, because a potentially hazardous work practice is not corrected immediately.

Evaluate the Project and Disseminate the Results

Results o f t he p roject s hould b e c ompiled, su mmarized, a nd re ported i n w riting to a ll pa rties. A n 
opportunity to review a draft  of the written report should be provided to ensure that the  nal report is 
accurate and clear. When evaluating the project, consider the following:

Were the project  ndings linked to change?• 
Is there a need to continue the project?• 
How could the project be improved?• 

A summary of the results of CDHS’ assessment of adherence to CDC TB isolation Guidelines shows that 
CDHS staff  observed 1–10 TB patient rooms each week over the 14-week survey period, for a tot al of 
91 T B pat ient ro om ob servations. Th e pat ient w as de signated by nursing s taff  as  “suspect TB” in 75 
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rooms (82%) and as “known TB” in 16 rooms (18%). Rooms with suspect and known TB patients housed 
73 and 10 individuals, respectively.

Survey Results for Adherence to CDC Guidelines for TB Patient Isolation

Place TB Patients in Designated TB Isolation Rooms

Of the known and of the suspect were placed in designated isolation rooms. Th e fact that only a small 
fraction of suspect TB patients, 81% will be infectious, and the erroneous perception by some staff  that 
placing a portable high-effi  ciency particulate air (HEPA) unit in a pat ient’s room (i.e., the unit is only 
cleaning, not e xhausting room air) changes the room into an isolation room, may have reduced con-
cerns a mong i nfection c ontrol s taff  a bout t he practice o f p lacing k nown a nd su spect T B pat ients i n 
nonnegative pressure isolation rooms.

Th e re sponse mo st oft en given as to why TB patients were not placed in designated TB isolation 
rooms was that such a ro om was not a vailable. Th e need for specialized medical care also competed 
with TB control in making patient placement decisions. For example, one suspect TB patient needed 
monitoring and care available only in the intensive care unit. In another instance, it was reported that 
a psychiatric patient with active TB was not placed in a designated isolation room because nursing staff  
wanted the patient in a ro om with a w indow in the door so that the patient could be observed from 
outside the room.

Place a Warning Sign on the Isolation Room Door

A “respiratory precautions” sign was placed on the outside of the door in 98% of the 91 TB patient rooms 
observed. Nursing staff  did not place a sign on one room because their attention to this task was diverted 
by the need to attend to another patient who had fallen. We were unable to identify the reason the second 
room did not have a sign.

Close the Isolation Room Door

Of the 91 isolation room doors, 90% were closed. Reasons for isolation room doors being open were

 1.  Th e door was not self-closing and had not been pulled closed (n = 4).
 2.  Th e patient had left  the room and did not close the door behind him or her. On one of these room 

doors the patient had taped the note “went to smoke” (n = 2).

It appears to be a common practice that TB patients leave their rooms. If they are wearing a mask, 
it is not a breach of isolation. However, some health care workers believed that if the TB patient 
exited the isolation room, there would be no hazard with the door open. Assuming that the isola-
tion room meets CDC’s minimum recommended 6 ach (air changes per hour) and that room air 
is perfectly mixed, it would take 46 min for the room air to be considered 99% disinfected. Prior 
to this time, if patients leave their room door open, MTb aerosol in the room may contaminate 
adjacent areas. In addition, housekeeping and other staff  who routinely enter “empty” TB isola-
tion rooms may be at unrecognized risk if suffi  cient time has not passed to disinfect the air, or if 
they are not wearing appropriate respiratory protection.

 3. On the jail ward, safety concerns competed with TB control. Here, the door was intentionally held 
open by health care workers when they entered the room to prevent them from being automati-
cally locked inside (n = 2).

 4.  Nursing staff  d id not c lose t he door because t hey were d iverted by t he need to at tend a nother 
patient who had fallen (n = 1).

 5. For one room, we were unable to identify the reason that the door was open.
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Maintain the Isolation Room under Negative Pressure

Negative pressure was only measured in rooms designated for TB isolation. Of the 72 designated isola-
tion rooms tested 90% were under negative pressure. In  ve of the seven isolation rooms under positive 
pressure, administrative lapses were the cause. HEPA units are used to eff ect negative pressure in some 
isolation rooms by exhausting room air through a duct directly outside through the room window. In 
three instances the isolation room was under positive pressure because the HEPA unit was either not 
turned on, or was operating at a s etting too low to create suffi  c ient exhaust. Positive pressure resulted 
from an open door in one room and from an open window in another.

Th e temporary disruption of negative pressure in one isolation room appears to have resulted from 
strong winds outside the hospital that caused a change in the pressure relationship between the interior 
and the exterior of the building. Th is in turn resulted in a change in the pressure diff erential between the 
isolation room and the hallway. One room was under positive pressure because the ventilation system 
did not have the power to exhaust enough room air to create negative pressure.

NIOSH-Approved Respirators Available and Used Properly

NIOSH-approved N95 respirators were available for use at the entrance of 90% of the TB isolation rooms. 
Health care workers used type N95 respirators during 92% of the 37 entries into TB isolation rooms that 
we observed. No respiratory protection was used by one physician. One dietary worker and one health 
care provider donned surgical masks intended for patient use that were also available at the entrance of 
55% of the rooms observed. Nursing staff  suggested that the location of patient masks at the room entry 
may encourage misuse of these masks by health care workers.

Th e respirator was used properly in only 29% of t he 34 entries observed. Incorrect usage included 
using only one strap (n = 19), positioning both straps worn on the neck (n = 3), holding the respirator to 
the face without using straps (n = 1), and use by a health care worker with a full beard (n = 1). A lack of 
adherence to the  t testing components of OSHA’s respiratory protection requirements may have con-
tributed to reduced awareness by health care workers regarding the importance of respirator  t.

Conclusions

Th is quality assurance study documents that at this hospital TB control program implementation devi-
ated from the written plan. TB patients were not always placed in negative pressure isolation rooms, 
isolation room doors were not always closed, isolation rooms were not always under negative pressure, 
and respirators were occasionally not used, and/or frequently not used properly.

Th e inadequacy of and/or lack of adherence to the hospital’s TB control plan can lead to inaccurate 
conclusions regarding the risk of health care worker exposure to MTb aerosol. An incomplete under-
standing regarding implementation of TB control measures may confound eff orts to evaluate their effi  -
cacy. Th e quality assurance project serves as a reminder of the factors that will in uence assumptions 
about risk, i.e., what you ask, who you ask, where, how, and how oft en you look for hazards. Th e data also 
suggest a potential for health care workers throughout the hospital to be exposed to MTb aerosol due to 
imperfect containment in isolation rooms; this widespread exposure makes it diffi  cult to identify a truly 
“unexposed” group of health care workers.

Although many meetings were held w ith medical and employee committees to d iscuss t he project 
protocol, t he s tudy c ould h ave b een i mproved by f urther i ncreasing t he pa rticipation o f health c are 
workers. For example, our eff orts to assess patient masking practices in the emergency department wait-
ing room entailed 17 min over 14 weeks observing 119 individuals. However, none of these patients were 
observed to be coughing. Increased participation of health care workers in the emergency department 
may have resulted in a more eff ective assessment tool.

In another example, our a p riori assumptions of locations where TB pat ients “might be” proved to 
be i ncomplete. Th e identi cation o f a n ac tive T B pat ient w ho h ad b een o n a ps ychiatric w ard w ith 
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unrecognized TB prompted us to expand our weekly audits to seven hospital locations that had not been 
designated a priori as having TB patients. Although none of these locations had any designated TB isola-
tion rooms, nursing supervisors in all of these areas reported the potential for caring for TB patients. In 
the course of eight weekly audits we found eight patients identi ed as suspect TB in these “undesignated 
TB locations”:  ve in the postsurgical unit, two in a psychiatric unit, and one in the step-down intensive 
care unit.

A quality assurance project is an early warning system. However, to be eff ective the results must be 
linked to a mechanism for timely change. Our measurements of adherence to the plan aft er 8 weeks were 
virtually the same as aft er 14 weeks of observations. However, the recommendation to improve TB con-
trol eff orts by increasing the number and distribution of isolation rooms throughout the hospital was 
implemented at t he completion of this project. Six months aft er completion of the project, additional 
recommendations to provide better training to health care workers and to install self-closing doors on 
isolation rooms have not ye t been add ressed. Th is u nderscores t hat a qu ality a ssurance project i s a n 
important adjunct to, not a sub stitute for, interventions that must be undertaken if TB among health 
care workers is to be prevented.
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Th is chapter concentrates on the health and safety criteria for plume control during laser and electrocau-
tery surgery. Many articles recommend scavenging during these procedures.1–5 Presented in this chapter 
are (1) the importance of understanding surgical smoke, (2) electrocautery health and safety, (3) health 
hazard evaluation report, (4) laser hazards in the health care industry, (5) proposed recommended prac-
tices, a nd (6) l aser p lume qu anti cation. For re commended s tandards a nd re gulations, t he re ader i s 
referred to the American National Standards Institute (ANSI Z136.3) and OSHA, respectively.

Importance of Understanding Surgical Smoke*

Stackhouse, Incorporated

Th e advent of laser technology in surgery raised concerns over the impact of smoke on the health of patients 
and the surgical staff .

In the early days of laser surgery, the primary motivation for evacuating smoke was the acrid odor that 
was present during most procedures.1

Over time, other concerns emerged regarding the inhalation of vaporized human tissue. Th ese  con-
cerns were shared by leading safety organizations and health care workers alike and resulted in a great 
deal of re search i nto t he hazards of a ll forms of su rgical smoke , i ncluding w hat i s gener ated during 
electrosurgery.

Understanding t he d angers o f su rgical smoke b egins w ith a n o verview o f t he ga ses a nd pa rticu-
late matter that are generated when human tissue comes in contact with laser and electrosurgery heat 
sources.

Known Content of Surgical Smoke

New evidence suggests that there is little diff erence between the smoke generated from electrosurgery 
and smoke f rom l asers. E ach c ontains c arbonized t issue, blo od, a nd v irus.1–10 I n add ition, su rgical 
smoke contains the gases benzene, toluene, formaldehyde, and polycyclic aromatic hydrocarbons; these 
are known carcinogens.11–14 Th ese gases create the acrid smell, but the real danger from smoke c omes 
from the particle content of the smoke.

Knowledge that each form of particulate matter and gases present in surgical smoke a re known to 
pose health risks, a number or researchers set out to gain a better understanding of the speci c health 
risks to surgical teams.

Current Research on Surgical Smoke

One of the  rst and most comprehensive animal studies on the physiological eff ects of surgical smoke 
was conducted by Dr. Michael Baggish in 1992 who was the president of the American Society of Lasers 
in Medicine and Surgery and currently the chairman of the Obstetrics and Gynecology Department at 
Ravenswood Hospital in Chicago, Illinois.1 His objective was twofold:

* Reproduced from: Hazards of surgical smoke (video study guide), Stackhouse, Inc., Riverside, CA, 1992.
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Identify any physiologic risks associated with the inhalation of surgical smoke.• 
Determine t he eff ectiveness of commercially available evacuation equipment in protecting rats • 
from these eff ects.

Dr. Baggish vaporized pig skin with a C O2 laser to create surgical smoke. He found that accumulated 
particulate matter on the rat’s lung t issue caused interstitial pneumonia, bronchitis, and emphysema. 
Th e severity of disease increased in proportion to increased exposure to smoke.

Dr. Baggish veri ed the value of protection from smoke 1 ye ar later by studying the value of smoke 
evacuation.5 Again, vaporizing pig skin, t his t ime Dr. Baggish d ivided t he rats i nto t wo g roups. Th e 
control group experienced the same accumulated particulate matter on their lungs as in the  rst study. 
However, rats receiving air  ltered through a smoke e vacuator equipped with an ultralow penetration 
air (ULPA)  lter experienced no pathological changes over the course of the study.

In 1987, Garden and O’Banion found living virus (human papilloma) in a CO2 laser smoke.3 In 1989, 
Sawchuk a nd colleagues found v iral DNA in t he vapor of warts.10 Th e se  ndings have led to c urrent 
concerns that the thermal eff ects of laser and electrosurgery may not be counted on to destroy all viable 
DNA from viruses.

In 1988, Dr. Barry Wenig found the conclusions of Baggish regarding the damaging eff ects of smoke 
on lung tissue applied also to the use of electrosurgical units (ESU) and the ND:YAG laser. Wenig also 
recommended the use of an effi  cient smoke evacuator in all procedures that generate surgical smoke.

Further studies by Baggish have shown the presence of HIV DNA captive in the suction tubing of 
the evacuator used to suction the surgical smoke while lasing 10 mL of HIV-infected cells.7 Th is  further 
substantiates the importance of proper smoke evacuation.

Th ere have been no do cumented cases of health care workers being infected w ith t hese v iruses by 
means of surgical smoke. Considerably, more research needs to be done in this area clearly de ning the 
risk of airborne pathogens. However, preliminary indications have captured the attention of regulatory 
agencies charged with setting forth policies that assure health work environments.

Standards and Recommendations

Th e American National Standards Institute (ANSI) is responsible for setting safety standards for health 
care workers while on the job. ANSI has compiled evidence that a irborne contaminants during class 
4 laser surgery ( laser procedures t hat use a p ower setting of 0.5 W or greater) can cause lacrimation, 
nausea, vomiting, and abdominal cramping. As a re sult, ANSI has recommended that all class 4 l aser 
procedures producing smoke must have it removed by localized exhaust ventilation.16

Th e National Institute of Occupational Safety and Health (NIOSH) has made recommendations at 
speci c hospitals employing either electrosurgical equipment or lasers. Based on t he mutagenicity of 
compounds NIOSH collected at these facilities, they recommended that smoke evacuation units be used 
to reduce the potential for chronic health eff ects.13,14

Th e Emergency Care Research Institute (ECRI) a nd i ndependent medical device test organization 
have issued statements that the treatment of electrosurgery smoke p ossesses the same danger as laser 
smoke.15 Th e Food and Drug Administration (FDA) has actively challenged current acceptance of smoke 
in the surgical suite during any procedure.

Th e position of these regulatory agencies makes it clear that surgical smoke should be evacuated, not 
only for the safety of the surgical staff , but also for the safety of the patient as well.
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Electrocautery Health and Safety

Jacob D. Paz

History of Electrocautery

Bovie1 in 1928 discovered that high-frequency alternating current in the range 250,000–2,000,000 Hz 
could be used to incise coagulated tissue to obtain homeostasis. Th is technique was  rst popularized by 
Cushing2 in neurosurgery and was subsequently used in other types of surgery. Heat achieves homeo-
stasis by denaturation of protein, which results in coagulation of large areas of tissue. With actual cau-
tery, heat is transmitted from the instrument by conduction directly to the tissue; with electrocautery, 
heating occurs by induction from an alternating current source.

When electrocautery is employed, the amplitude setting should be high enough to produce prompt 
coagulation, but not s o high as to s et up a n arc between t he t issue and t he cautery t ip. St rict control 
prevents burns outside the operative  eld and the exit of current through electrocardiographic leads and 
other monitoring devices.
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A negative plate should be placed beneath the pat ient whenever cautery is used so that severe skin 
burns do not occur. Th e advantage of cautery is that it saves time; its disadvantage is that more tissue is 
killed than with precise ligature. In the past, certain anesthetic agents, such as cyclopropane, could not 
be used with electrocautery because of the hazard of explosion.3

Types of Electrocautery

Currently, two types of electrocautery devices are in use, unipolar and bipolar.
Th e unipolar ESU is used both for surgical d issection and homeostasis. W hen undampened high-

frequency electrical current is passed through tissue, the active electrode functions as a bloodless knife, 
and the cells at the edges of the wound disintegrate. A mild thermal injury occurs away from the plane 
of cutting, and blood vessels thromboses. When the oscillations are dampened, homeostasis is accom-
plished without cutting. During this procedure, the cells rapidly dehydrate, the vessels within the tissue 
coagulate and damage to adjacent tissue may be extensive. Th e precise tip of the divided vessel is all that 
requires coagulation, however, and the power of the unit should be set at the lowest level possible.

Th e bipolar electrocautery u nit con nes t he d amage to t issues between t he t ips of t he c auterizing 
forceps. Notably, the bipolar instrument can be used in a wet environment, and it is indicated to control 
bleeding in microvascular and microneural surgery.

Electrocautery Health Hazards

Explosion, burns, cardiac eff ects, and muscle excitation are the main health hazards oft en associated 
with ESUs are well documented in the literature and are discussed elsewhere.4 To this list, we can now 
add electromagnetic (EM) radiation, smoke, and bioaerosol hazards, which are discussed here.

EM Radiation

Microwave (MW) and radiofrequency (RF) radiation are EM energies in the form of waves that travel 
at the speed of light; RF ranges from 100 KHz to 3 00 MHz and MW from 300 MHz to 3 00 GHz. Th ey  
are classi ed as nonionizing radiation because the energy of these photons is relatively low. Only lim-
ited information on exposure to electric or magnetic  elds generated by ESU has been reported in the 
literature.

Adverse biological eff ects may occur from the heating of deep body tissues by MW and RF radiation. 
Such heating may produce damaging cell alterations, and other non-dermal eff ects, such as neurological, 
behavioral, and immunological changes resulting in leukemia, cataract, mood swings, and dizziness.5,6

Eff ects due to heating are well documented in animals, but the evidence is incomplete and disputable 
for t hose eff ects occurring w ithout a n accompanying i ncrease i n t issue temperature. Th er mal eff ects 
occur in direct proportion to t he  eld strength or power density. When the amount of heat generated 
from the absorbed energy is too great to be released into the surrounding environment, the temperature 
of the body gradually increases and can lead to heat stress.

Reports of human eff ects cover a series of clinical and epidemiological investigations into the associa-
tion between RF radiation and damage to the eyes, central nervous system, and reproductive capability. 
Only a few studies have assessed RF/MW exposure levels to medical personnel. Th e Occupational Safety 
and Health Administration (OSHA) recommended standard for exposure to MW s is 10 mW/cm2. Both 
ANSI and American Conference of Governmental Industrial Hygienists (ACGIH) have published 
guidelines for occupational exposure to EM radiation.7,8

Any area where RF/MW radiation exposure exceeds permissible levels should be considered potentially 
hazardous. Th e a rea should be clearly identi ed, a nd warning sig ns posted. I nterlocks may be u sed to  
prevent unauthorized entry. Basic protective measures include the provision of shields or absorbing enclo-
sures for equipment. Personal protective equipment may be used (e.g., gonad shields, protective suits, and 
wire-netting helmets). Although protective goggles have been developed, they may not provide suffi  cient 
protection. Implementing such precautions, however, would be diffi  cult in the operating room (OR).



12-6 Handbook of Modern Hospital Safety

Carpenter,9 Birenbaum,10 and Guy et al.11 have studied the relationships of MW to subsequent devel-
opments of ocular cataracts. Th e s everity o f o cular d amage i nduced de pends up on M W i ntensity, 
wavelength, a nd duration of e xposure. C ataractogenesis re quired a p ower den sity a bove 100 mW/cm2 
and localized ocular hypothermia of 41°C. In addition to power density, time and frequency are impor-
tant factors with respect to lens changes. Not only the penetration depth of energy, but also the speci c 
absorption rate is distribute frequency dependent. It appears that a critical range of frequency extended 
from 0.8 to 10 GHz. No lens changes were detected at frequencies of 386,486 MHz or at 35 and 107 GHz.

Fox et al.12 were among the  rst to measure the frequency spectrum and power density of ESU. Th ey  
reported that the spark gap ESU emission extended up to 1 GHz and maximum energies concentrated 
below 100 MHz w ith a p eak of 2 .4 MHz. Th ey reported t hat t he ESU power density was 150 mW/cm2 
(which exceeds the present OSHA standard of 10 mW/cm2 for 6 min of e xposure), a nd s tated t hat 
“…the surgeon and patient are most exposed because the active electrode is manipulated by the surgeon 
and the radiating lead is draped over the patient.” Urologists doing transurethral resections are heavily 
exposed since the radiating active lead enters near the eye. We do not have suffi  cient information about 
the new ESU.

A l iterature review indicates t hat ESUs are operated at a f requency of 650 Hz.23 However, in many 
cases spectrum energy of ESU could not be found in the ESU manual as well as in the professional lit-
erature. Electric  eld (E) strength measurements of ESU by Ruggera and Segerson13 in 1977 found that 
the H  eld was 1000 mW/cm2 at 16 cm from the ESU source.

Paz et al.,5 in 1987, conducted a simulation study, to evaluate electric and magnetic  eld strength gen-
erated by a monocular ESU. Test results are listed in Tables 12.1 and 12.2. Experimental data indicated 
that the surgeons may expose themselves to high levels of electric and magnetic  elds exceeding ACGIH 
threshold values. Ocular exposures were especially high: 20 cm from the active lead at the eye/forehead 
position the E  eld ranged from 4.0 × 104 to 9.0 × 106 V2/m2 and the magnetic  eld was 3.5 A2/m2 in the 
coagulation mode, compared to 0.01 A2/m2 in the cutting mode.

A real-time survey of E  elds was conducted during surgery by Paz.14 Experimental data illustrated 
in Table 12.3 showed that the electric  eld s trength i n t he c utting mo de r anged f rom 1.0 × 1 03 to  
1.0 × 105 V2/m2. By comparison, a higher electric  eld value was noticed in the coagulation mode to the 

TABLE 12.1 Electric Field Strength V2/m2: Bipolar ESU Simulation Studies

Body Organ Coagulation Mode (V2/m2) Cutting Mode (V2/m2) (×104)

Eye/forehead 9.0 × 106 2.0
Neck 1.0 × 106 3.0
Chest 1.0 × 105 3.0
Upper arms 1.0 × 105 5.0
Lower arms 5.0 × 104 4.0
Waist 1.0 × 104 4.0
Gonads 1.0 × 104 4.0

TABLE 12.2 Magnetic Field Strength A2/m2 Bipolar ESU Simulation Studies

Body Organ Coagulation Mode (A2/m2) Cutting Mode (A2/m2)

Eye/forehead 3.50 0.01
Neck 0.50 0.01
Chest 0.04 0.06
Upper arms 0.05 0.04
Lower arms 0.05 0.05
Waist 0.04 0.03
Gonads 0.01 0.02



Electrocautery Smoke: Reasons for Scavenging 12-7

extent of 1.0 × 103 to 7.0 × 107 with a peak of >10 × 107 V2/m2. Electric  eld strength (mean values) mea-
surements both in cutting mode and coagulation mode exceeded both ACGIH and ANSI standards.

Electrocautery Smoke

In 1976, Goldstein and Paz15 reported increasing levels of NO2 where high energ y devices were used. 
Th e average NO2 level in the OR during 11 procedures in which ESU and x-ray were used was 0.114 ppm, 
and in the control area was 0.57 ppm. Area monitoring for NO2 by a c hemiluminescent probe located 
about 3 m on a perpendicular line from the middle of the OR table showed an NO concentration of about 
0.6 ppm and NO2 levels of 0.14 ppm. High levels of >5.0 ppm NO2, NO, and NOx were recorded sparking 
ESU in a system of air, and N2O was measured using a chemiluminescence monitor. Th ey  hypothesized 
that high energy devices may modify OR atmosphere and may lead to the formation of other new toxic 
byproducts.

Paz and Milliken17 studied the eff ect of ESU sparking on N2O, air, and halothane in an environmental 
chamber. Experimental results showed an increase in values which reached levels of about 40 ppm NO2, 
measured by use of Miran 1A. Sparking halothane mixture in air caused an increase in 8.8 m infrared 
(IR) wavelength, indicating that new material was being produced. One explanation is that the new IP, 
peak on the spectrogram, indicated the formation of halothane degradation products.

Th e e xperimental d ata o f B osterling a nd Trudell18 u sing ga s c hromatography-mass s pectrometry 
(GC-MS) demonstrated that ultraviolet (UV) irradiation of halothane in air is capable of producing free 
radicals to form new toxic byproducts. Th is work con rmed the earlier hypothesis of Paz et al.17

A recent study by Gatti et a l.19 revealed electrocautery smoke produced during breast surgery con-
tained unidenti ed organic compounds undetected by current analytical techniques. Using the Ames 
test, Gatti reported that these compounds, found in air samples from an OR, were mutagens.

Electrocautery and Bioaerosol Hazards

Th e AIDS epidemic has focused attention on the routes by which HIV virus may be transmitted. One 
potential exposure route is inhalation of blood-containing aerosols infected with t he v irus in t he OR. 
Early studies reported that common surgical power tools produced blood-containing aerosols composed 
of particles in the <5 mm size range.20 Johnson and Robinson21 reported that some of the aerosols found 
to be infected by HIV-infected blood, which also were generated by a surgical tool, had the ability to infect 
T-cell t issue culture.

In more recent studies, Jewett et al.22 s tudied t he p otential h azard of blo od a erosol gener ated by a 
variety of power tools, such as the Hall drill, Shea drill, and ESU operating in cutting and coagulation 
modes during surgery. Th e experimental data showed t hat surgical tools capable of generating a w ide 
distribution of particle sizes produced blood-containing particles in the respirable range. Surgical masks 
do not provide adequate respiratory protection against these aerosols. Th e surgical mask does not provide 
eff ective protection for removal of bioaerosol particles, the authors speculated that the heat produced by 
ESU may inactivate the virus.

Control of ESU Smoke and RF/MW Radiation

RF and MW

Any area where RF/MW radiation exposure exceeds permissible levels should be considered potentially 
hazardous. Th e area should be clearly identi ed and warning signs posted. Interlocks may be used to pre-
vent authorized entry. Basic protective measures include the provision of shields or absorbing enclosures 

TABLE 12.3 Real-Time Monitoring of Electric Field Strength V2/m2 Bipolar ESU

Operation Type Low Value (V2/m2) Peak Value (V2/m2) Mean Value (A2/m2)

Cutting mode 1.0 × 105 7.0 × 107 1.0 × 106

Cutting mode 1.0 × 103 5.0 × 105 2.9 × 105
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for equipment. Personal protective equipment may be used (e.g., gonad shields, protective suits, and wire-
netting helmets). Implementing such precautions, however, would be diffi  cult in the OR.

Engineering Control of ESU Smoke

Both the National Institutes of Health and the Laser Institute have recommended smoke evacuators and 
 ltration be used during laser and ESU procedures to eliminate odor and reduce the health risks asso-
ciated with generation of toxic byproducts during surgery. An earlier version of smoke e vacuator was 
designed with 0.5 m particle  ltration with charcoal to evacuate noxious odors. Today, as more and more 
questions arise over the presence of airborne chemicals, microorganisms, and viable DNA in smoke, an 
evacuator is considered more than an instrument of convenience; it is an important part of protective 
equipment.

A t ypical smoke e vacuator consists of a Vacuum pump, operated at 5 0 CFM, which provides h igh 
static suction; and three  lters completely enclosed. First, the  lter stage draws a ir throughout a p re-
 lter, to capture large particles, collecting up to 80 cm3 of  uid. At a second stage, ultraeffi  ciency  lters 
capture potentially viable microorganisms and carbonized tissue as small as 0.01 m with the effi  ciency 
of 99.9999%. At the third stage, activated carbon adsorbs organic compounds and odors by products. 
As a ir i s d rawn into t he  nal s tage,  ow velocity reduced by  ltration a llows t he gases more t ime to 
be absorbed on activated carbon and thereby increasing adsorption effi  ciency. Figure 12.1 illustrates a 
smoke  ltration system.

Conclusion

Th e author recommends that immediate research is needed to (1) identify ESU toxic byproducts, muta-
gen, a nd p otential c arcinogen gener ated d uring E SU su rgery; ( 2) p erform re al-time e xposure a nd 
dosimetry to R F/MW on OR personnel; (3) test and analyze all ESU for spectrum energy; (4) conduct 

FIGURE 12.1 Stackhouse AirSafeÒ ES-2000 Electrosurgical Smoke Filtration System (Riverside, CA).
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epidemiological studies on the potential health eff ects of ESU smoke; (5) and educate OR personnel on 
health hazards associated with the use of ESU.
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Health Hazard Evaluation Report

Charles J. Bryant, Richard Gorman, John Stewart, 
and Wen-Zong Whong

Preface

Th e Ha zard Evaluations a nd Technical A ssistance Br anch of N IOSH conducts  eld i nvestigations of 
possible health h azards i n t he workplace. Th ese i nvestigations a re c onducted u nder t he authority o f 
Section 20(a)(6) of the Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6), which autho-
rizes the Secretary of Health and Human Services, following a w ritten request from any employer or 
authorized re presentative o f em ployees, to de termine w hether a ny sub stance no rmally f ound i n t he 
place of employment has potentially toxic eff ects in such concentrations as used or found.

Th e Ha zard E valuations a nd Technical A ssistance Br anch a lso p rovides, up on re quest, me dical, 
nursing, and industrial hygiene technical and consultative assistance (TA) to f ederal, state, and local 
agencies; labor, industry, and other groups or individuals to control occupational health hazards and to 
prevent related trauma and disease.

Summary

On January 7, 1985, the National Institute for Occupational Safety and Health (NIOSH) received a request 
from a group of plastic surgeons at the Bryn Mawr Hospital in Bryn Mawr, PA, to evaluate exposure to 
emissions generated by the use of electrocautery knives during reduction mammoplasty surgical proce-
dures. Numerous health eff ects (headache, nausea, upper respiratory, and eye irritation) reported by OR 
personnel were cited in the request.

An initial on-site survey was conducted on February 14, 1985, with follow-up surveys performed on 
December 12, 1985 (Pennsylvania Hospital), April 28, 1987, a nd August 26, 1987. I ndustrial hygiene 
sampling was conducted to e valuate exposure to h ydrocarbons, nitrosamines, total particulates, ben-
zene soluble f raction, polynuclear a romatic compounds (PNAs) a nd a irborne mutagens. In add ition, 
since very little data have previously been collected for this exposure situation, sampling was performed 
to obtain qualitative exposure data ut ilizing a v ariety of solid sorbent tubes (high volume sampling), 
Fourier transform IR spectroscopy (FTIR) and aldehyde screening sorbent tubes (Orbo-23).

Personal (breathing zone) and area samples collected for hydrocarbons contained isopropanol at con-
centrations well below all relevant criteria.

None of the 7 nitrosamines or 16 PNAs that were evaluated were found in detectable quantities. Since 
several n itrosamines a nd PN As a re c arcinogenic, a ny de tectable le vels w ould h ave b een c onsi dered 
potentially signi cant.

Concentrations of airborne particulates ranged from 0.4 to 9.4 mg/m3 of air with a mean of 2.75 mg/m3. 
Although these levels all were below the OSHA PEL (15 mg/m3) and ACGIH TLV (10 mg/m3) for total 
nuisance particulates, it is not known at this time whether this particulate is biologically inert; comparison 
with the nuisance dust evaluation criteria may not be appropriate.

Th e b enzene-soluble f raction o f t he pa rticulate s amples r anged f rom 0. 5 to 7 .4 mg/m3, a veraging 
2.4 mg/m3. S even o f t he 11 s amples e xceeded t he N IOSH re commended e xposure l imit o f 0.1 mg/m3 
and OSHA PEL of 0.2 mg/m3. Th e purposes of these exposure criteria are to minimize worker exposure 
to carcinogenic PNA compounds. However, this is based on industrial settings (coke ovens, asphalt, 
petroleum coke) and may not apply to a nonindustrial hospital environment.

Sorbent tubes (charcoal, silica gel, Tenax-TA) that were utilized at high sampling volumes, qualitatively 
revealed a t race (between the l imit of detection and quantitation) amount of hydrocarbons. All of the 
concentrations were far below evaluation criteria and would not be expected to cause any health eff ects. 
FTIR analysis identi ed a c omponent of the smoke a s a c ompound or compounds related to f atty acid 
esters. None of the aldehydes (C1–C8 aldehydes) evaluated were detected.
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Solvent extracts of airborne particles were mutagenic (with microsomal (S9) activation, and slightly 
mutagenic without activation) to the Salmonella typhimurium TA 98 strain, clearly indicating OR per-
sonnel exposures to potentially genotoxic agents. However, whether exposure of OR personnel to agents 
that are mutagenic to bacteria or the level of these agents to which workers are exposed poses any geno-
toxic hazards is not known.

On the basis of the mutagenicity of the airborne compounds collected during this evaluation and 
the acute health eff ects reported by OR personnel, NIOSH investigators determined that there is 
a potential hazard from exposure to smoke gener ated by electrocautery knives during reduction 
mammoplasty surgical procedures.

Key words: SIC 8062 (General Medical and Surgical Hospitals), ORs, electrocautery knives, electrocautery 
smoke, reduction mammoplasty, mutagenicity assessment, polynuclear aromatics (PNAs), nitrosamines, 
and benzene soluble fraction.

Introduction

On January 7, 1985, NIOSH received a request for a health hazard evaluation at the Bryn Mawr Hospital, 
Bryn Mawr, PA. Th e request was submitted by a group of surgeons, who were concerned about exposure 
to emissions generated by electrocautery knives when performing reduction mammoplasties. NIOSH 
investigators c onducted en vironmental su rveys at t he Br yn M awr a nd P ennsylvania H ospitals o n 
February 14 and December 12, 1985, April 28, 1987, and August 26, 1987.

Background

Th e surgical procedure known as breast reduction is one of the most common procedures, where con-
siderable smoke is produced. Th e plastic surgeons at Bryn Mawr Hospital became concerned about the 
chemical composition and toxicity of this smoke, aft er noticing that several OR personnel were expe-
riencing acute health eff ects during this procedure. Reported health eff ects included upper respiratory 
and eye irritation, headache, and nausea (obnoxious odors).

Th e electrosurgical knife (ESK) is presently used for a w ide variety of surgical procedures in many 
health care facilities throughout the United States. Currently, there may be as many as 30–40 U.S. manu-
facturers of ESK devices. Th ese devices cut or coagulate body tissues utilizing an EM  eld that is focused 
onto the body site. Th e presence of this EM  eld requires the use of a grounding pad to be placed on the 
opposite side of the body being cut in order to collect all  elds produced by the ESK devices. Th e ESK 
units used in this evaluation were a Valley Laboratory (model SSE2L) and a Neo-Med (model 3000). Th e 
operating parameters used on these systems during surgical procedures were the same (i.e., mid-range 
cut and coagulate settings estimated to be 120 W delivered to the cutting area).

On F ebruary 14, 1 985, N IOSH p ersonnel c onducted a n i nitial en vironmental su rvey at t he Br yn 
Mawr Hospital. Personal ( breathing z one) a nd a rea a ir s amples were t aken for hydrocarbons, n itro-
samines, total particulates, benzene soluble fraction, and PNAs. Findings from this visit were presented 
in a letter dated May 7, 1985.

A follow-up visit was made on December 12, 1985, at the Pennsylvania Hospital in Philadelphia, PA. 
Environmental samples were taken (at the suggestion of NIOSH chemists) for PNAs, total particulates, 
benzene soluble fraction, qualitative organic sorbent tube sampling (charcoal, silica gel, Tenax-TA) and 
FTIR for qualitative organic analysis. Results were reported on February 14, 1986.

On Ap ril 2 8, 1 987, N IOSH c onducted a n add itional f ollow-up s tudy at t he Br yn M awr H ospital. 
Environmental air samples for qualitative aldehyde scans were obtained. Monitoring for airborne mutagens 
was performed on April 28 and August 26, 1987. Results were reported in a letter dated December 1, 1987.

Although the purpose of this evaluation was to determine the nature of the emissions produced by 
ESK devices in the OR, it should be realized that there are other potential occupational health issues 
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in addition to the chemical and environmental concerns. One issue is the production of EM radiation. 
Previous NIOSH research work on such systems has indicated that RF radiation at 0.5 MHz is produced 
by these systems.1 Th is   nding has also been con rmed in another report.2

Methods and Materials

Total Particulates, Benzene Solubles, and PNAs

Personal and area air samples were collected utilizing a sampling train consisting of a Ze uor 2 m  lter 
(Membrana Co.) and a cellulose acetate O-ring in a cassette, followed by a 7 mm O.D. glass tube contain-
ing two sections of prewashed XAD-2 resin (100 mg/50 mg) connected to a bat tery-operated sampling 
pump calibrated at a  owrate of 2.0 L/min.

Total particulate weights were determined by weighing the samples plus the  lters on an electrobalance 
and subtracting the previously determined tare weight of the  lters. Th e instrumental precision is 0.01 mg.

Th e benzene soluble fraction of the  lter samples was determined by placing the  lters in screw-cap 
vials w ith 5 mL o f b enzene a nd s onifying f or 15 min. Th e e xtract w as  ltered t hrough a M illex-HV 
0.45 mm  lter and collected in a screw-cap vial. Each sample was transferred into a tared Te onÒ cup and 
evaporated to dryness in a vacuum oven at 40°C. Th e Te on cups were again weighed and the diff erence 
recorded. Th e analytical limit of detection is 0.05 mg/sample.

Th e  lter a nd t ube s amples were a nalyzed for PNAs following N IOSH Technical Bu lletin T B-001 
issued D ecember 1, 1982. Th e  lters a nd t ubes were de sorbed i n 5 mL of b enzene a nd s onicated for 
30 min. Th e resulting solution was  ltered through a 0.4 5 mm nylon  lter. Th e samples and standards 
desorbed in benzene were solvent exchanged to acetonitrile by alternate and multiple additions of ace-
tonitrile and evaporation. Th e samples and standards were not allowed to go to dryness at any time dur-
ing the exchange. Analysis was then performed by high performance l iquid chromatography (HPLC) 
with a  uorescence/UV detector. Th e retention times of the analytes in the standards were compared to 
the retention times in the sample chromatograms for analyte identi cation. Th e standard analytes and 
their associated analytical limits of detection (LOD) are listed below:

Analyte LOD Nanograms/Sample

Acenaphthene 100
Acenaphthylene 500
Anthracene 250
Benz(a)anthracene 25
Benzo(a)pyrene 25
Benzo(b) uorathene 25
Benzo(e)pyrene 50
Benzo(k) uoranthene 25
Benzo(g,h,l)perylene 50
Chrysene 25
Dibenz(a,h)anthracene 25
Fluoranthene 50
Fluorene 100
Indeno(1,2,3,c,d)pyrene 50
Phenanthrene 100
Pyrene 50

Nitrosamines

Personal and area air samples for nitrosamines were collected on Th ermosorb/N tubes attached to battery-
operated sampling pumps operating at a  owrate of 2.0/min. Th e tubes were desorbed with 2.0 mL of 
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a solution of 75% methylene chloride and 25% methyl alcohol. Th e samples were then analyzed by GC 
with a t hermal energy analyzer in the nitrosamine mode. Th e analytical LOD for this method ranged 
from 10 to 100 ng per sample (depending upon the particular nitrosamine that was to be identi ed).

Hydrocarbons

Th e air samples for hydrocarbons were collected by drawing air through a glass tube containing 150 mg 
of activated charcoal at a  owrate of 1.0/min (qualitative samples) and 0.21 pm (quantitative samples) 
using calibrated, bat tery-operated sampling pumps. Th e samples were desorbed w ith 1 mL of carbon 
disul de and analyzed by GC with a  ame ionization detector (FID). Some of the samples were concen-
trated and analyzed by GC using a mass spectrometer for major compound identi cation.

Sorbent Tubes—Qualitative Organic Analysis

Personal a nd a rea a ir samples for qualitative organics a nalyses were collected on charcoal, si lica gel, 
and Tenax-TA tubes at tached to bat tery-operated sampling pumps operating at a  owrate of 1.0/min 
(Tenax-TA, 0.51 pm).

Th e h igh vol ume Tenax t ubes w ere a nalyzed  rst b y t hermal de sorption. A T elanar mo del 4 000 
dynamic head space concentrator equipped with a heated sampler module and capillary cryo focusing 
interface was used for this procedure. Th e concentrator unit was interfaced directly to a GC/MS system. 
Front 100 mg sections of the Tenax sample tubes were put into the sampler module heated to 200°C. Th e 
head space was continually purged during this time and the effl  uent trapped on an internal Tenax trap. 
Th e trap was then thermally desorbed onto the front end of a 30 m DB-1 capillary column,  ash heated, 
and injected into the gas chromatograph and mass spectrometer for analysis.

Both the charcoal and silica gel sorbent tubes were screened by GC (FID) and GC/MS. Charcoal tubes 
were desorbed with 1 mL carbon disul de a nd t he si lica gel t ubes were desorbed w ith 1 mL e thanol. 
Both front sections and the front glass wool plugs were desorbed together. All analyses were performed 
using 30 m DB-1 fused silica capillary columns (splitless mode).

FTIR Qualitative Organic Analysis

Personal and area samples for FTIR analysis were collected by drawing air through a Ze uor  lter at a 
 owrate of 1.0/min using calibrated, battery-operated sampling pumps.

Of the six samples submitted, one area and one personal sample were selected for analysis aft er visu-
ally inspecting the  lters. Th e initial analysis involved the analysis of the  lters using attenuated total 
re ectance spectroscopy (ATR). Th e area sample  lter was removed f rom its cassette and placed in a 
Barnes Model 305 Horizontal ATR cell. Th e crystal in the cell was KRS-5 (thallous bromide). Spectra 
were c ollected w ith a Nic olet 6 0SX F ourier T ransform I R Sp ectrometer u sing a c ombined I ndium 
Actinimide/Mercury Cadmium Telluride detector at 0.5 cm−1 spectral resolution. Aft er correcting the 
recorded sample spectra for the background eff ects of the  lter, there appeared to be some compound 
present. When the  lter was removed f rom the ATR cell, an oily residue was noted to rem ain on the 
ATR cell crystal. A spectra of this material were recorded and corrected for the background of the ATR 
cell. Th e corrected spectra were compared with the Aldrich FTIR spectral search library using Nicolet 
searching soft ware. Th is   lter was then desorbed with 1,1,2-trichlorotri uoroethane. Th is  solution was 
then evaporated onto the ATR crystal. Th e spectra were similar to that obtained from the residue of the 
 lter. Th is desorption procedure was used for the personal sample.

Qualitative Aldehyde Screen

Samples for airborne a ldehydes were collected by drawing air through Orbo-23 tubes at a  owrate of 
0.08/min. Samples were desorbed with 1 mL of toluene in an ultrasonic bath for 60 min. Aliquots of the 
sample extracts were then screened by GC (FID) twice;  rst with a 30 m DB-1 GC column, and second 
with a 30 m DB was fused silica capillary column (splitless mode).
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Airborne Mutagens

Airborne pa rticles w ere c ollected o n g lass– ber  lters (type A /E, 4 ² d iameter) u sing H i-Vol p umps 
(General Metal Works) at  ow r ates b etween 17 a nd 2 4 C FM. F ilters w ere c hanged i f t he  ow rate 
dropped below 17 CFM.

Samples from the  rst survey (April 28, 1987) were  rst extracted with 150 mL of methylene chloride 
(DCM) then with 150 mL of acetone plus methanol (A + M). Samples from the second survey (August 
25, 1987) were divided, because of the quantity of particles. One half was extracted as that in the  rst 
survey, the other half was extracted with an XAD-2 resin column. Each extract was  ltered and con-
centrated to a  nal volume of 0.45 and 0.3 mL in dimethyl sulfoxide for the  rst and second surveys, 
respectively.

Th e same sampling sites were used for both surveys. In the OR, air was sampled 3 ft  directly above the 
operation. As a control (CR), samplers were placed 1/2 ft  above the  oor in the anteroom.

All extracts were tested for the mutagenic activity in both tester strains TA98 and TA100 of S. typh-
i murium u sing t he S almonella/microsomal m icrosuspension te st.3 Th e s ystem i s cha racterized b y 
adding increased numbers of bacterial cells (approx. 109), which are exposed to airborne particle extracts 
with or without S9 in a concentrated treatment mixture. For metabolic activation, 0.065 mL of S9 mix 
(10% S9) was also added to each treatment tube. Th e S9 was prepared from the livers of male Fischer rats 
pretreated with Aroclor 1254 (500 mg/kg body wt). Th e micro-suspension test is a suitable assay system 
for l imited quantities of test materials. Aft er 9 0 min pre-incubation at 3 7°C, the mixture is processed 
according to the standard Ames test protocol.4 Th e mutagenic activity was scored in tester cells from 
histidine-dependence to histidine-independence.

In the in situ assay, samples were taken at intervals of 2, 4, and 6 h postoperation from the trapping 
media and were plated on the appropriate agar plates to determine survival and mutation frequencies.5 
Plates were scored aft er incubation at 37°C for 2 days.

Evaluation Criteria

As a g uide to t he evaluation of the hazards posed by workplace exposures, NIOSH  eld staff  employ 
environmental evaluation criteria for assessment of a n umber of chemical and physical agents. Th ese  
criteria are intended to suggest levels of exposure to which most workers may be exposed up to 10 h/day, 
40 h/week, for a working lifetime, without experiencing adverse health eff ects. It is, however, important 
that not a ll exposures are maintained below t hese levels. A sm all percentage may experience adverse 
health eff ects because of individual susceptibility, a preexisting medical condition, and/or hypersensi-
tivity (allergy).

In add ition, some hazardous substances may ac t i n combination w ith ot her workplace exposures, 
the general environment or with medications or personal habits of the worker to produce health eff ects, 
even if the occupational exposures are controlled at t he level set by the evaluation criteria. Also, some 
substances are absorbed by direct contact with the skin and mucous membranes, and thus, potentially 
increasing the overall exposure. Finally, evaluation criteria may change over the years as new informa-
tion on the toxic eff ects of an agent becomes available.

Th e primary sources of environmental evaluation criteria for the workplace are (1) NIOSH criteria 
documents and recommendations, (2) the ACGIH TLVS, and (3) the U.S. Department of Labor (OSHA) 
occupational health standards. Oft en, the NIOSH recommendations and ACGIH TLVs are lower than 
the c orresponding O SHA s tandards. B oth N IOSH re commendations a nd ACGIH T LVs u sually a re 
based on more recent i nformation t han a re t he OSHA s tandards. Th e OSHA s tandards a lso may be 
required to t ake into account the feasibility of controlling exposures in various industries, where the 
agents a re u sed; t he N IOSH re commended s tandards, b y c ontrast, a re ba sed p rimarily o n c oncerns 
relating to the prevention of occupational disease. In evaluating the exposure levels and the recommen-
dations for reducing these levels found in the report, it should be noted that industry is legally required 
to meet those levels speci ed by an OSHA standard.
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A time-weighted average (TWA) exposure refers to the average airborne concentration of a substance 
during a normal 8–10 workdays. Some substances have recommended short-term exposure limits or 
ceiling v alues, w hich a re i ntended to supp lement t he T WA, w here t here a re re cognized toxic e ff ects 
from high short-term exposures.

Isopropanol

Isopropyl alcohol causes mild irritation of the eyes, nose, and throat. High vapor concentrations may cause 
drowsiness, dizziness, and headache. Repeated skin exposure may cause drying and cracking. NIOSH rec-
ommends an exposure limit of 980 mg/m3.6 Th e OSHA standard and ACGIH TLV are the same.7,8

Nitrosamines

Nitrosamines are a class of compounds, which are readily formed by the interaction of secondary amines 
and n itrites o r oxides o f n itrogen. B ecause t hese p recursors a re ub iquitous, n itrosamines h ave b een 
found in air, water, tobacco smoke, cured meats, cosmetics and in many industrial processes, including 
leather tanneries, pesticide formulations, and tire and rubber manufacture facilities.9

Nitrosamines are considered to be among the most potent of animal carcinogens. Of more than 150 
nitrosamine compounds tested approximately 80% have been found to be carcinogenic in at le ast one 
species of animal. To date, there are no standards for employee exposure to airborne nitrosamines. OSHA 
has a regulation regarding work practices and handling of liquid and solid N-nitrosodimethylamine in 
concentrations greater than 1%.8 In addition, the FDA has limited the amount of nitrosamines allowed 
in beer to 5 ppb and the United States Department of Agriculture has limited nitrosamine concentra-
tion i n cooked bacon to 1 0 ppb. Th e I nternational Agency for Research on C ancer recommends t hat 
N-nitrosodimethylamine, N-nitrosodiethylamine, N-nitrosodibutylamine, a nd N-nitrosomorpholine 
be regarded for practical purposes as if they were carcinogenic to humans.10 NIOSH policy on human 
exposure to known or suspected carcinogens is to reduce exposure to the lowest feasible level (LFL).11

PNAs and Benzene of Cyclohexane Solubles

PNAs are condensed ring aromatic hydrocarbons normally arising from the combustion of organic mat-
ter. Th ey are commonly emitted into the air when coal tar, coal tar pitch, or their products are heated, 
but can result from burning the heavy petroleum fraction used in petroleum coke.12 A number of PNAs, 
including benzo(a)pyrene and anthracene are carcinogenic ( lung and skin). Th ere are no f ederal stan-
dards pertaining to airborne concentrations of individual PNAs. In 1967, the ACGIH adopted a TLV of 
0.2 mg/m3 for coal tar pitch volatiles (CTPV), described as a “benzene-soluble” fraction, and listed certain 
carcinogenic components of CTPV. Th e TLV was established to minimize exposure to the listed substances 
believed to be carcinogens, viz, anthracene, BaP [benzo(a)pyrent], phenanthrene, acridine, chrysene, and 
pyrene. CTPVs are among the seven substances l isted as “Human Carcinogens” in Appendix A o f the 
current ACGIH T LVs. Th is group consists of “a substance, or substances, associated with industrial 
processes, recognized to have carcinogenic or cocarcinogenic potential with an assigned TLV.” Th e TLV 
was promulgated as a federal standard under the Occupational Safety and Health Act of 1970 (29 CFR 
1910.1000).13 In 1972, the Federal Register (37:24749, November 21, 1972) contained an interpretative rule 
of the term “…coal tar pitch volatiles include the fused polycyclic hydrocarbons which volatilize from 
the distillation residues of coal, petroleum, wood, and other organic matter.” Th is has been reprinted as 
29 CFR 1910.1002. Th e general philosophy behind this interpretation was that “all of these volatiles have 
the same basic composition and…present the same dangers to a person’s health.”14

In t he de velopment of t he N IOSH re commended s tandard, i t w as c oncluded t hat C TPVs a re c ar-
cinogenic and can increase the risk of lung and skin cancer in workers. Since no a bsolutely safe con-
centration can be established for a carcinogen, NIOSH recommended the exposure limit be the lowest 
concentration that can be reliably detected by the recommended method of environmental monitoring. 
At that t ime (September, 1977), the lowest detectable concentration for CPTVs was 0.1 mg/m3 for the 
recommended sampling method.
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Although the benzene or cyclohexane extractable fraction off ers an easier, less expensive method of 
analysis than PNA quantitation, there is no c ertainty that there is a c orrelation between the two. Th e 
analytical method for measuring the benzene soluble fraction is not limited to PNAs but will include all 
other organic compounds collected on the  lter and soluble in benzene.15

Mutagenicity Assay

All the overlayed plates were scored for his + revertants aft er 2 days of incubations. An extract was con-
sidered mutagenic if the number of revertants in any of the four concentrations tested (undiluted, 1–2, 
1–4, 1–8) was twofold or greater than the control, and showed a dose-related response.

Results

Hydrocarbons

Table 12.4 presents the results of the air samples taken for hydrocarbons. Four of the  ve samples taken 
contained isopropanol in concentrations ranging f rom 1.4 to 4 .9 mg/m3. All of the samples were well 
below the evaluation criteria for 980 mg/m3. Th e likely source was not the emissions from surgery, but 
the isopropanol used as a sanitizing agent in the OR.

Nitrosamines

Th e re sults of t he a ir s amples t aken for n itrosamines a re presented i n Table 12.5. None of t he seven 
nitrosamines evaluated were detected. Th e speci c compounds evaluated included the nitrosamines of 
dimethyl, diethyl, dipropyl, and dibutylamine, plus those of pyrrolidine, piperidine, and morpholine. 
Th e limit of detection for these compounds ranged from 25 to 150 ng/sample. Since several nitrosamines 
are carcinogenic, any detectable levels would have been considered signi cant.

Particulates, Benzene Solubles, and PNAs

Tables 12.6, 12.8, and 12.9 contain the data from the analysis of the Zen uor  lters and the Orbo-43 
tubes. Each  lter and tube sampling train provided the following three types of data:

 1. Total Particulates—represent the total weight of the smoke p er cubic meter of sampled air. Five 
personal breathing-zone a ir s amples for tot al pa rticulate r anged f rom 0.4 to 2 .0 mg/m3 with a 
mean of 1.0 mg/m3. Six area samples ranged from 0.7 to 9.4 mg/m, with a mean of 4.2 mg/m3.

 2. Benzene Soluble Fraction—represents the total weight of the smoke that is benzene soluble per cubic 
meter of sampled a ir. No benzene soluble f raction was detected in a ny of t he pa rticular samples 

TABLE 12.4 Isopropanol, Bryn Mawr Hospital, Bryn Mawr, PA, 
HETA 85–126, February 14, 1985

Sample Location/Job Sample Type Sampling Isopropanol (mg/m3)a

Assistant surgeon Personal 13:30–15:20 1.4
Surgeon Personal 13:30–15:20 2.1
Anesthesia area or OR lights Area 13:30–15:20 1.4
Surgical nurse Personal 13:30–15:20 4.9
Laser used on breast tissues Area 15:30–15:41 NDb

Evaluation criteria: NIOSH 980
(8 h TWA) ACGIH 980

OSHA 980

a All air concentrations are reported as TWA s for the time sampled.
b Non-detectable. Limit of detection is 0.01 mg/sample, which would correspond to an 

atmospheric concentration of 0.48 mg/m3 when the average sample air volume (21 L) is 
considered.
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taken on February 14, 1985. All of the samples taken on December 12, 1985 had a benzene soluble 
fraction ranging from 0.7 to 6.7 mg/m3, well above the NIOSH evaluation criteria of 0.3 mg/m3.

 3. PNAs—represent the analysis for 17 polynuclear aromatic hydrocarbons. None of the 17 PNAs, 
which are monitored in the NIOSH standard method, were detected in any of the samples.

Sorbent Tubes—Qualitative Organic Analysis (Table 12.7)

Table 1 2.7 l ists t he sub stances t hat w ere iden ti ed by sorbent tube sampling during the survey on 
December 12, 1985. Th e air samples indicate that trace amounts (less than 10 mg) of hydrocarbons were 

TABLE 12.5 Nitrosamines, Bryn Mawr Hospital, Bryn Mawr, PA, 
HETA 85-126, February 14, 1985

Sample Location/Job Sample Type Sampling Nitrosaminesa

Assistant surgeon Personal 13:30–15:20 NDb

Surgeon Personal 13:30–15:20 NDb

Anesthesia area or OR lights Area 13:30–15:20 NDb

Surgical nurse Personal 13:30–15:20 NDb

Laser used on breast tissues Area 15:30–15:41 NDb

Evaluation criteria LFLc

a NIOSH c urrently us es a s even st andard mixt ure t o calib rate a nd iden tify sp eci c 
nitrosamines. Th e mixture contains the nitrosamines of dimethyl, diethyl, dipropyl, and 
dibutylamine plus those of pyrrolidine, piperidine, and morpholine.

b Non-detectable. L OD ra nge f rom 25 t o 150 ng/sample (a id ad justed co ncentrations 
would range from 114 to 682 mg/m3).

c No e valuation cri teria ha ve b een est ablished f or ni trosamines. E xposure sho uld b e 
reduced to LFL.

TABLE 12.6 Particulates, Benzene Solubles, and PNAs, Bryn Mawr Hospital, Bryn Mawr, PA, 
HETA 85-126, February 14, 1985

Exposure Concentrationsa

Sample Location/Job Sample Type Sampling Period
Total Particulates 

(mg/m3)
Benzene Soluble 

(mg/m3) PNAsb

Assistant surgeon Personal 13:30–15:20 1.6 ND ND
Surgeon Personal 13:30–15:20      NDc ND ND
Anesthesia area or 

OR lights
Area 13:30–15:20 1.2 ND ND

Surgical nurse Personal 13:30–15:20 0.4 ND ND
Laser used on 

breast  tissue
Area 15:39–15:41 9.4 7.4 ND

Evaluation criteria NIOSH — 0.1 d

(8 h TWA) ACGIH 10 0.2 d

OSHA 15 0.2 d

a All air samples are reported as TWA s for the time period sampled.
b Represents the following EPA priority PNAs: acenapthene, acenaphthylene, anthracene, benz(a)anthracene, benzo(a)

pyrene, benzo(a) uorathene, benzo(e)pyrene, benzo(k) uoranthene, benzo(g,h,i)perylene, chrysene, dibenz(a,h)anthra-
cene,  uoranthene,  uorene, ideno(1,2,3,c,d)pyrene, phenanthrene, pyrene.

c Non-detectable. L OD a re 0.01 mg/sample f or t otal pa rticulates, 0.05 mg/sample f or b enzene so luble f raction, a nd 
25–500 ng/sample for the various PNAs analyzed.

d No criteria currently exist for total PNAs; however, a number of individual PNAs are carcinogenic (benzo(a)pyrene, 
anthracene, chrysene) and exposures should be controlled to the LFL.
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TABLE 12.7 Sorbent Tube Sampling, Pennsylvania 
Hospital, Philadelphia, PA, HETA 85-126, December 12, 1985

Sorbent Tube Substances Identi ed

Tenax-TAa Iso urane (anesthetic gas)
Halothane (anesthetic gas)

Charcoalb Iso urane
Isopropanol
1,1,1-Trichloroethane
Trichloroethylene
Toluene
Perchloroethylene
Xylene
Several aliphatic hydrocarbons

Silica gel None detected

a Th ermally desorbed tubes cannot be quanti ed.
b Substances were present in t race quantities, between the limit of 

detection (1–5 mg/sample) and limit of quantitation (5–10 mg/sample).

TABLE 12.8 Ze uor Filter Sample/FTIR Analysis, Pennsylvania 
Hospital, Philadelphia, PA, HETA 85-126, December 12, 1985

Sample Type Substances Identi ed

Ze uor (area) Compound or compounds related to fatty 
acid esters

Ze uor (personal) Compound or compounds related to fatty 
acid esters

TABLE 12.9 Particulates, Benzene Solubles and PNAs, Pennsylvania Hospital, Philadelphia, PA, 
HETA 85-126, December 12, 1985

Exposure Concentrationsa

Sample Location/Job Sample Type Sampling Period
Total Particulates 

(mg/m3)
Benzene Soluble 

(mg/m3) PNAsb

Surgeon Personal 11:30–12:40 2.0 1.4 ND
Assistant surgeon Personal 11:30–12:40 0.9 0.7 ND
Handheld/operative site Area 11:35–12:35 0.7 1.3 ND
Handheld/operative site Area 11:35–12:35 0.7 1.7 ND
Handheld/breast tissue/

post-surgery
Area 13:00–13:15 8.7 6.7 ND

Handheld/breast tissue Area 13:00–13.15 4.7 6.7 ND
Evaluation criteria NIOSH — 0.1 c

(8 h TWA) ACGIH 10 0.2 c

OSHA 15 0.2 c

Note: ND, non-detectable; LOD are 0.1 mg/sample for total particulates, 0.05 mg/sample for benzene soluble 
fraction, and 25–500 ng/sample for the various PNAs analyzed.

a All air samples are reported as TWA s for the time sampled.
b Represents the f ollowing EPA p riority PN As: acena pthene, acena phthylene, a nthracene, b enz(a)anthracene, 

benzo(a)pyrene, b enzo(a) uorathene, b enzo(e)pyrene, b enzo(k) uoranthene, b enzo(g,h,i)perylene, c hrysene, 
dibenz(a,h)anthracene,  uoranthene,  uorene, ideno(1,2,3,c,d)pyrene, phenanthrene, pyrene.

c No criteria currently exist f or total PNAs; however, a n umber of individual PNAs are carcinogenic (benzo(a)
pyrene, anthracene, chrysene) and exposures should be controlled to the LFL.
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present w ithin t he OR. Th e substances identi ed would not be expected to cause ill-health eff ects in 
most people at the levels detected.

FTIR Qualitative Organic Analysis

Th e search area of the spectra indicated that the compounds found on both the area and personal  lters 
were related to f atty acid esters, based on spectral similarities. A s earch of the library using the abso-
lute derivative search algorithm indicated that olive oil, cottonseed oil, methyl stearate, and castor oil 
were all close matches to the sample spectra for the bulk sample. Th e goodness-of- t values associated 
with each of these matches were a ll equivalent and higher than what would be expected for an exact 
match. A low goodness-of- t value indicates a good match of library spectra. For the qualitative sample, 
matches included ethyl stearate, castor oil, and other straight chain hydrocarbon compounds. Based on 
the source of the sample, the identi cation of the sample as fatty acid esters is logical.

Attempts m ade to a nalyze t hese s amples by G C were u nsuccessful. Th e s amples we re not vol atile 
enough to allow chromatography.

As a  nal attempt at characterization of the samples, the two desorbed  lter solutions were submit-
ted for direct probe mass spectral analysis. Th e solutions were evaporated onto the direct probe of the 
mass s pectrometer a nd h eated u nder v acuum. Re sults f rom t his a nalysis i ndicated t hat t he s amples 
gave mass spectral detail related to straight chain hydrocarbons, i.e., methylene group (CH2) fragments. 
Since fatty acid esters contain long chain alkyl groups, this fragmentation pattern was not unexpected. 
Th e mass spectra were compared to methyl stearate and stearyl palmitate and were found to be similar 
to the sample spectra but were not an exact match, indicating that there was probably a mixture of fatty 
acid esters in the samples.

Qualitative Aldehyde Screen

Table 12.10 presents t he results of t he a rea a nd personal samples t aken for qualitative a ldehyde scan 
analysis. No aldehydes were detected. It should be noted that the aldehyde scan has only been tried on 
the low molecular weight (C1–C8) aliphatic aldehydes.

Airborne Mutagens

Airborne particles collected on glass– ber  lters from both surveys were found to be mutagenic (TA98). 
Samples from the  rst survey on April 28, 1987 (Table 12.11) showed a positive response only with S9, 
but the second survey (August 26, 1987) samples also showed a slight response without activation. Th e 
mutagenic response of extracts from the organic solvent extraction of the second survey was higher than 
those from the XAD-2 column extraction (Table 12.12). No signi cant mutagenic response was found 
with the in situ assay system in either survey (Table 12.13). Th e population of TA98W for the in situ 
testing was too low and gave sporadic results. Th is was not reported.

TABLE 12.10 Qualitative Aldehyde Scan, Bryn Mawr Hospital, 
Bryn Mawr, PA, HETA 85-126, April 28, 1987

Sample Location Type Sample Aldehydes Identi eda

Scrub nurse Personal None
Surgeon Personal None
Assistant surgeon Personal None
Anesthetist Area None
OR Area None

a Aldehyde s can has o nly b een trie d o n the lo w mo lecular w eight 
(C1–C8) aliphatic aldehydes.
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TABLE 12.11 Mutagenicity of Airborne Particle Extracts, Bryn Mawr Hospital, 
Bryn Mawr, PA, HETA 85-126, April 28, 1987

His. Rev./Plate

TA98 TA100

Sample Location Particles mg/Plate Air Vol. m3/Plate −S9 +S9 −S9 +S9

DCM extraction
OR 78 0.25 4 6 54 55

155 0.49 6 8 64 52
310 0.98 10 19 62 50
620 1.95 10 31 62 55

Control room 9 0.25 4 8 51 43
18 0.49 7 9 60 47
37 0.98 8 8 48 45
73 1.95 8 11 53 48

Filter control 5 8 54 45
Negative control 7 5 44 46
Positive controla 1608 1926

Note: His. Rev., histidine revertants.
a 2-Aminoanthracine: 2.5 mg/plate.

TABLE 12.12 Mutagenicity of Airborne Particle Extracts, Bryn Mawr Hospital, 
Bryn Mawr, PA, HETA 85-126, August 26, 1987

His. Rev./Plate
TA98 TA100

Sample Location Particles mg/Plate Air Vol. m3/Plate −S9 +S9a +S9

DCM extraction
OR 265 0.35 5 37 54

530 0.70 6 69 67
1060 1.41 12 92 79

Control room 17 0.73 4 8 52
33 1.46 2 7 73

Filter control 3 6 64

XAD2 column extract
OR 265 0.35 4 24 57

530 0.70 6 45 45
1060 1.41 10 57 57

Control room 17 0.73 2 8 55
33 1.46 5 8 49

Filter control 4 7 59
Negative control 4 7 68
Positive controlb 1551 1610

Note: His. Rev., histidine revertants.
a Average of two experiments.
b 2-Aminoanthracine; 2.5 mg/plate. 
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An extract was considered mutagenic if the number of revertants in any of the four concentrations tested 
(undiluted, 1–2, 1–4, 1–8) was twofold or greater than the control and showed a dose-related response.

Conclusions

 A.  No speci c organic vapors, other than isopropanol, were quantitatively identi ed during the sur-
gical procedures.

 B.  Th ere were no PNAs or nitrosamines detected during the procedures.
 C.  Th e e xposures to pa rticulates, w hich r anged f rom 0.4 to 2 .0 mg/m3, c on rm th at th e vi sible 

emissions a re more t han just water vapor. However, t here a re no e xposure criteria w ith which 
to compare this exposure. Exposure criteria of 10–15 mg/m3 have been established for nuisance 
dust; however, to app ly t his criteria, t he pa rticulate would need to b e biologically i nert, which 
in t his case, i s not k nown. Airborne particulate can contribute to t he eye i rritation, which has 
been reported during these procedures. We would have expected the samples from the surgeons 
and some of the area samples (hand-held approximating breathing-zone) to be similar. Th e “not-
detected” on one su rgeon suggests t hat we encountered a  ow problem with that sample train 
even though the  ow looked  ne at the end of the sampling period.

 D.  Th e sample (Table 12.6) taken during a brief demonstration of the laser-cutting technique mea-
sured 9.4 mg/m3 of total particulate of which 7.4 mg/m3 was found to be benzene soluble. It is dif-
 cult to make conclusions based on one sample, but these data suggest that there is a tendency for 
the laser method to produce more particulate that is soluble in benzene. Whether this produces 
more PNAs is unknown.

 E. All of the particulate samples taken on December 12, 1985 contained benzene soluble fractions 
above the evaluation criteria. However, it should be noted that the following three issues compli-
cate the interpretation of the benzene soluble fraction data:

TABLE 12.13 In Situ Testing of Airborne Particle Extracts, Bryn Mawr Hospital, Bryn Mawr, 
PA, HETA 85-126

Control Room OR

C T C T

Hour % Sur. Rev./107 % Sur. Rev./107 % Sur. Rev./107 % Sur. Rev./107

April 28, 1987
2 100 8 104 7 100 7 97 8
4 100 5 111 7 110 6 100 7
6 104 8 114 7 124 6 107 8
2 S 100 7 79 10 100 11 123 10
4 S 74 11 58 12 85 14 108 10
6 S 40 17 33 21 52 20 92 13

August 25, 1987
2 100 14 164 12 100 12 131 12
4 118 13 182 10 108 8 123 11
6 109 12 200 13 108 10 131 12
2 S 100 21 127 16 100 26 112 23
4 S 97 21 116 21 102 24 138 19
6 S 64 33 80 30 57 37 75 35

Note: TA100 only; S, with S-9 activation; C, recirculating closed system (control); T, ambient room air; % Sur, percent 
survival; Rev./107, number of revertants/107 living cells.
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 1.  Th ree of the four area samples contained benzene soluble fractions that were higher than the 
corresponding total particulate values. Th is is improbable; the benzene soluble fraction can 
be equal to, but never exceeds the total particulate value. A review of the blank values revealed 
no discrepancies in the analytical procedures. No explanation for this anomaly can be off ered 
at this time.

 2. None of the electrocautery samples taken during the February 14 survey contained a benzene 
soluble fraction, while all the samples taken on December 12 had a benzene soluble fraction 
above the NIOSH evaluation criteria. Sampling conditions were almost identical. Again, no 
explanation for the diff erence in concentrations can be given.

 3. PNAs are benzene soluble and would therefore be contained in the benzene soluble fraction 
of the total particulate samples. It follows that the higher the value for benzene solubles, the 
more potential for PNAs and, therefore, the greater the risk from the exposure. However, it 
should be noted that this concept is based on industrial exposures (CTPV, petroleum coke, 
asphalt fumes, etc.). Although the benzene extractable fraction off ers an easier, less expensive 
method of a nalysis t han PNA quantitation, t here i s no c ertainty t hat t here i s a c orrelation 
between the two (especially in a nonindustrial setting).

 F. Trace amounts of hydrocarbons were identi ed (utilizing high volume sorbent tube sampling) 
and would not be expected to cause ill-health eff ects in most people at the levels detected.

 G. Based on the FRIT (qualitative organic) analysis, the major component of the samples is a com-
pound or compounds related to fatty acid esters.

 H . Aldehydes (C1–C8) aliphatic were not present in quanti able levels.
 I.  Th e results of the studies for airborne mutagens indicate that the solvent extracts of airborne 

particles collected from the hospital OR using cauterization were mutagenic. Th e mutagenic 
activity varies from patient to patient: age, fat content, and size. Th e patient in the  rst survey 
was older w ith more fat in t he t issue t han t he pat ient in t he second survey. By c omparison, 
samples from the second survey showed at le ast double the mutagenic activity than those of 
the  rst. W hether exposure of OR personnel to a gents t hat are mutagenic to bac teria or t he 
level and condition of these agents to which workers are exposed pose any genotoxic hazards 
is not k nown. Limited information suggests that there is a c orrelation between the bacterial 
mutagenicity level of airborne particles and lung cancer incidence.16,17 Index of the mutagenic-
ity of a ir particles has been considered to b e a mo re powerful measure of the human health 
hazard of air pollution than the traditional indices of particulate concentration.17 Th is  infor-
mation is yet to be validated by further epidemiological studies, where the mutagenic activity 
of collected air samples is known. In the meantime, it may be prudent to monitor OR person-
nel for any adverse health eff ects and to reduce mutagenically active contaminants whenever 
possible in the OR.

 J. OR staff  experience acute health eff ects (upper respiratory and eye irritation, headache, nausea 
[obnoxious odors]) during t his t ype of su rgery, where electrocautery techniques a re used for a 
substantial part of the total operative procedure.

Recommendations

 1. Engineering ventilation controls (smoke evacuation units) should be utilized to minimize the 
acute health eff ects a nd f urther reduce t he potential for a ny chronic health eff ects. Th e smoke 
evacuation units will also eliminate the emissions that can impair the surgeon’s vision.

 2. Any further acute or chronic health eff ects experienced by the OR staff  should be evaluated and 
documented.

 3. Exposure to ele ctrocute smoke s hould b e re evaluated i f ot her te chniques f or iden tifying a nd 
quantitating the smoke emissions can be found or developed.
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Laser Hazards in the Health Care Industry

Lindsey V. Kayman

Lasers have opened new vistas in many branches of health care. As with any technology, lasers are not 
without risks. Th erefore, special precautions must be taken to prevent serious potential health hazards, 
which can pose a threat to both medical staff  and patents. Th is guide will summarize major laser safety 
issues, discuss regulation of lasers, and provide resources for further information.

Background Information on Lasers

Th e word “laser” means light ampli cation by the stimulated emission of radiation. Lasers are now used 
in many industries, including building construction and telecommunications, and in consumer prod-
ucts such as compact disk players and offi  ce printers. In health care settings, lasers are widely used for 
microscopic surgery and for measuring immunoglobulins and other elements in the blood.

Lasers create biological eff ects in tissue because they focus large amounts of light energy on a small 
surface area. Th e precise eff ect depends on the length of exposure time. When tissue is exposed to very 
short laser pulses, it becomes extremely hot and promotes a m icro-explosion with a s hock wave. Th e 
laser energ y c auses coagulation, cutting, or vaporization of t he t issue. At longer exposure t imes, t he 
absorbed energy is spread out over a larger area, and the eff ect is smaller.

Commonly used lasers in health care settings are the carbon dioxide laser and argon laser which use 
gas, and the Nd:Yag laser which uses a crystal medium. Continuous wave lasers deliver energy as long as 
the laser is activated; pulsed lasers deliver short bursts of energy. Each laser system has its own unique 
set of optical properties, controls, and output characteristics. Th e chart below lists some lasers used in 
health care and their application.

Lasers are being used in health care settings precisely for their ability to heat and cut biological tissue. 
Yet, this ability of lasers to damage biological tissue is also the reason why lasers are potentially danger-
ous to users and patients, unless lasers are properly operated and maintained.
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Various professional organizations and government agencies have recognized the potential dangers of 
laser use. Th ey have categorized lasers into four major hazard classes according to the wavelength and the
power density of the laser beam. Most lasers used in surgery are considered Class 4 high-risk laser products.

Every employer that utilizes Class 3B or Class 4 lasers must have a t rained Laser Safety Offi  cer (LSO), 
who has the knowledge and authority to monitor and enforce the control of laser hazards. Th e LSO must

Con rm the classic of lasers used at the workplace.• 
Approve the standard operating procedures (SOPs).• 
Ensure that workers exposed to lasers have received proper training.• 
Limit the access of nonessential personnel to laser work areas.• 
Maintain the laser equipment properly.• 
Ensure that laser equipment is properly installed.• 
Reduce or eliminate other risks in the work area that could make the use of lasers more dangerous • 
to users.
Recommend the appropriate protective equipment such as eyewear and protective clothing.• 
Specify the appropriate warning signs.• 

Laser Hazards

Several hazards are associated with lasers in the health care industry: damage to t he eyes, skin burns, 
inhalation of toxic chemicals and pathogens,  res, and electrical shock. Each hazard and how it can be 
controlled are discussed below.

Eye Hazards

Th e eye is especially vulnerable to i njury from a l aser beam; it is generally considered to b e the organ 
at greatest risk. Exposure of unprotected eyes for a fraction of a second as well as chronic lower-power 
exposures from scattered, diff used, and re ected laser beams (such as from surgical instruments and 
tissue) can cause serious, irreversible damage. Th e damage will be located in the part of the eye, where 
the laser energy is absorbed. Th e invisible beam of the laser which operates in the IR region of the light 
spectrum is absorbed i n t he cornea a nd may cause corneal scarring a nd loss of v ision. L asers which 
transmit light in the visible or near IR regions are focused by the lens of the eye to produce an intense 
concentration of light energy on the retina. Th e energy is converted to heat and causes a burn and loss of 

Types of Lasers Used in Health Care

Type Application

Carbon dioxide Incision and excision by vaporization in neurosurgery, otolaryngology, gynecology, 
podiatry, and general surgery

Argon Coagulates tissue, sealing blood vessels in retina. Also used in plastic surgery, 
gastroenterology, and dermatology

KTP 532 (Green) Cutting, coagulation, and vaporization of tissue. Used in otolaryngology, gynecology, 
neurosurgery, urology, podiatry, general surgery, etc.

Nd:YAG (continuous wave) Th ermal eff ect and deep penetration used in gastrointestinal, urological, gynecological, 
and general surgery

Nd:YAG (Q switched) Breaking apart a target tissue. Used primarily in ophthalmology
Helium-neon For aiming the invisible beams of carbon dioxide and Nd:YAG lasers
Ruby Destroying tissues in dermatology and plastic surgery
Tunable dye Treating malignant tissues

Source: Abstract from ECRI, Health Care Environmental Management Systems, “Special Issues in Healthcare Safety,” 
Volume 3, April 1991.
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vision, especially if the burn is located in the macula, the center of visual acuity of the retina. Re ected 
laser beams can also injure the eye.

Eye Protection Devices

Engineering c ontrols, w hich a re b uilt i nto l aser e quipment b y t he m anufacturer, a re a n i mportant 
means of controlling laser hazards. Examples of engineering controls are protective housing, fail-safe 
interlocks, master switch controls and beam stops or attenuators to reduce output emissions. However, 
these measures may not c ompletely control t he beam stray re ections i n many situations. Th er efore, 
OSHA requires eyewear in addition to engineering controls whenever accessible emission levels exceed 
maximum permissible exposure levels.

Unfortunately, e yewear c reates m any p roblems f or u sers, w hich e xplains w hy m any w orkers a re 
reluctant to wear it: eyewear is oft en uncomfortable. It also reduces visibility—it can fog up; it can cause 
tunnel vision, making it diffi  cult to see the laser beam and the patient. For these and other reasons, the 
LSO must select eyewear that is eff ective and also “user-friendly”; i.e., eyewear that has good visibility 
and is comfortable to wear.

Several c omplex f actors m ust b e t aken i nto c onsideration w hen s electing e yewear. F or e xample, 
appropriate eyewear is dependent on the wavelength and power density of the laser in use: eyewear for 
the carbon dioxide beam may not protect against the Nd:YAG laser. Many other considerations aff ect 
the quality and appropriateness of eyewear. Th ese are discussed below.

Optical Density

Th e  ltering ability of laser eyewear is rated by a factor called optical density (OD). Th e laser manufac-
turer or LSO should determine the OD needed for protective eyewear. A high OD at a given wavelength 
indicates greater laser beam absorbency. Th e OD and the wavelength the eyewear is designed for must 
be imprinted on the lens or frame. Note that the OD does not take into account the mechanical strength 
of the eyewear.

Although it is more protective from a safety viewpoint, eyewear with a high OD causes reduced vis-
ibility, diffi  culty seeing a beam which normally may be visible, and eye fatigue.

Th e v isibility a llowed b y p rotective e yewear i s r ated b y i ts v isible l uminous t ransmission ( LT) 
expressed as the percentage of light seen through the glasses; the higher the LT, the better the visibility. 
Eyewear used during procedures should have the highest LT at the safest OD.

Goggles vs. Glasses

Goggles r ather t han g lasses a re gener ally re commended to p rotect a gainst bac k re  ection o r s ide 
entrance of a stray beam. With side shields, properly  tted, lightweight laser protective spectacles pro-
vide a good alternative to goggles if discomfort might result in their not being worn. Side shields made 
of the same material as the lenses allow for adequate peripheral vision as well.

Refl ective vs. Absorptive Laser Protective Eyewear

Th e lenses of protective eyewear are either re ectors or absorbers. Both can be made out of plastic or 
glass. Re ective lens  lters have a t hin surface coating, which is designed to re  ect a l aser beam away 
from the eye. An advantage of re ective coatings is good visibility. Th ey can be designed to selectively 
re ect a given wavelength while transmitting as much of the remaining visible spectrum as possible.

A surface scratch is a s erious problem in a re  ective  lter because it could allow penetration of the 
laser beam, causing possible injury to the eye. In addition, the angle at which the laser beam hits the lens 
could aff ect the protection aff orded by the eyewear. Another problem with re ective lenses is that the 
laser beam remains a safety hazard when it is re ected. Re ected beams are the most common type of 
safety hazard from lasers. Coworkers may be exposed to the re ected beam. Th ere is a danger of  re if 
the beam hits a combustible or  ammable item.

Rather than re ecting the beam, absorptive  lters convert the incoming laser energy to a heat, which is 
harmlessly diff used through the lens. Absorptive lenses have many bene ts compared to re ective lenses:
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Th e protection aff orded by absorptive  lters is not aff ected by surface scratches; they are less likely 
to create hazardous beam re ections; and the protection they aff ord is not a ff ected by the angle 
at which the beam hits the lens. However, many absorbing glass  lters cannot be easily annealed 
(thermally hardened). Consequently, they do not provide adequate impact resistance. In some gog-
gle designs, impact-resistant polycarbonate  lters are used together with non-hardened glass  lters 
to provide good impact resistance. Another problem with absorbing plastic  lter materials is that 
the organic dyes which are used as absorbers are aff ected by heat and/or UV radiation, which can 
cause the  lter to darken or decrease its ability to absorb laser energy.

Plastic vs. Glass Lenses

Th ere are pluses and minuses of both glass and plastic (polymeric) protective lenses. Unless thermally 
hardened, glass does not resist physical impact as well as plastic. Glass is more easily scratched than 
many polymers. Although glass can usually withstand higher laser exposure levels than plastic, plas-
tic boasts a h igh heat-de ection temperature, which enables them to w ithstand laser beams with high 
energy densities.

Plastic is more lightweight than glass, and it may be molded into comfortable shapes. Plastic materi-
als generally also display a lower threshold for laser beam penetration. According to OSHA Guidelines, 
plastic eyewear is only appropriate when the wearer is more than an arm’s length from the target area 
where the beam is focused (typically 0.5 m or about 18 in.); when the direct “raw beam” exposure cannot 
exceed 20 W level.

Plastic eyewear should be adequate for support staff  standing at a distance from the laser, but plastic 
 lters are not considered protective enough for technicians servicing the laser. A 20 W “raw beam” expo-
sure would be more likely to occur to workers during servicing of the laser or to the operator of a laser 
while working at a close distance.

Other Considerations

Some eyewear frames cannot withstand the same exposures that the lenses are designed to tolerate. • 
Certain frames are available which are coated with a laser-absorbent material to correct for this.
Dyes used in eyewear to absorb laser radiation can be bleached or darkened by long-term expo-• 
sure to light and heat or can simply deteriorate over time.
Buildup of humidity within tight  tting eyewear is a problem. OSHA has cited a hospital for use • 
of eyewear with side shields that had air circulation holes since open holes can increase the risk of 
beam exposure. Covered vents are more acceptable. Fogging may be reduced by the use of antifog-
ging cleaning solutions.
If protective eyewear which provides multiwavelength eye protection is to b e used, each wave-• 
length and corresponding OD should be con rmed in advance and understood by each wearer.
Some brands of eyewear are designed to i mprove visibility by selectively a ltering and re ecting • 
the hazardous wavelengths while transmitting a great deal of the remaining visible spectrum.
Certain eyewear  lters make it  d iffi  cult to s ee certain colors found in the beam, blood and t is-• 
sue, colored warning lights, laser emission indicators, and other important instrument displays. 
Alignment eyewear may be useful in these situations. It is used for low power visible laser beams 
which align the high power or invisible beam. Wearing alignment eyewear with a low power vis-
ible beam allows beams, blood and instrument displays to be seen while providing some protec-
tion from diff use radiation. Alignment eyewear should never be worn during the operation; it is 
also not meant for use with power or invisible beam lasers.

Controlling Eye Hazards

Th e employer’s LSO should develop a written safety program including a protocol for eye hazards. Th e 
protocol should include the following:
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Th e determination of a nominal hazard zone (NHZ)• . Th e NHZ is the space within which the level 
of direct, re ected, or scattered radiation during normal operation exceeds the applicable maxi-
mum permissible exposure; it is the area around the laser, where eye protection is required when 
the laser is activated. Th e NHZ may be determined by using the tables in the ANSI’s laser stan-
dard, Z136.1 Section 8 and Appendix B. (See Resources Section for information about ANSI.) Th e 
NHZ can also be derived from information supplied by the laser manufacturer.
Periodic eye examinations• . Th e frequency and content of eye examinations are found in the eye 
examination chart.
Selection of e yewear• . A v ariety of h igh quality models t hat provide good v isibility a nd comfort 
should be available. Joint labor/management safety committees or product evaluation committees 
can be helpful to the LSO in evaluating and selecting appropriate eyewear.
Eyewear in spection and maintenance program• . Eyewear should be properly stored when not in 
use. It should be periodically cleaned and inspected and should be replaced if discolored, pitted, 
or cracked.
Using a dditional controls to r educe e xposure• . Eyewear i s not t he only protection a gainst v ision 
hazards. Th e LSO should also make sure that additional protective measures are also in place to 
reduce potential exposures. Here are a couple of examples:

A t horough e xamination o f a ll op erating ro om m aterials a nd i nstruments must b e c onducted to, 
re ecting surfaces. Th ose that could be in the path of the laser must be replaced, modi ed, or covered. 
Sometimes, instruments that appear to be nonre ective may in fact be re ective to infrared radiation. 
Only special nonre ective laser instruments should be used for laser surgery.

Laser absorbent  lters are available to shield OR observation windows and other areas. Use of  lters 
allows observers to view laser procedures through a window without wearing protective eyewear.

EYE EXAMINATIONS

CONTRAST SENSITIVITY: A test that
determines the ability to distinguish
objects by light and dark contrast.

OCULAR FUNDUS EXAMINATION: Given to individuals with abnormal acuity,
macular function, or contrast sensitivity, this ophthalmoscopic examination detects
scarring and blood flow as well as other problems.

MACULAR FUNCTION: The macula in the
retina is responsible for central vision.
Macular function is tested for distortions
and scotomas.

VISUAL ACUITY: The acuteness or clearness
of vision as tested by the standard eye chart.

OCULAR HISTORY: The past history of the
subject’s eyes, including injuries, diseases which
may affect  the eyes, ocular problems which could
be confused with laser beam-induced injury and 
vision correction.

Eye examinations should be given before
starting to work with lasers, periodically,
following any incidental exposure to direct or
scattered laser beam, and at the termination of a
job involving lasers. Eye examinations should include:

Optic nerve

Macule Lirea
Sclare

Charcoal

Retina

Disk
Fores

Vitrous humor
Zornulus fibers

Clergy body

Aqueous humor
Cornea

Iriss
Cornea

Source: From ECRI, Health Devices, 18(1), 373, 1989; Abstracted from ANSI Z136.3, Sections 6.2, 6.3, and 6.4. 
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Skin Damage

Damage to the skin from laser beam exposure may range from localized reddening to charring and deep 
incision. Th e amount of damage is largely dependent upon wavelength and energy density of the beam 
and duration of exposure.

Skin eff ects for exposure to various wavelength radiation are detailed in Table 12.14. Surgical gloves, 
gown, cap, mask, and laser safety eyewear are considered adequate attire when working near lasers. Th e 
LSO should determine whether special  re-resistant clothing is necessary.

Laser Plumes—Just a Bad Smell?

Plume Hazards

Medical lasers work by vaporizing, coagulating, etc. human tissues. Th e resulting vapors, smoke, and 
particle de bris, c alled “ laser p lume,” a re c omposed o f b oth ga seous a nd pa rticulate p ollutants. Th e 
amount and type of plume is dependent on the type of surgery being done, the type of laser, the surgeons 
technique, and other factors.

Laser surgery team members may suff er acute (short term) health eff ects from laser plume exposure 
including: eye, nose; and throat irritation; tearing of the eyes; abdominal cramping; nausea; vomiting; 
nasal c ongestion; p oor i nspiratory e ff ort; c hest t ightness;  u-like s ymptoms; a nd f atigue. Symptoms 
may persist for 24–48 h aft er exposure.

Th ere are no s tudies at t his time documenting chronic health eff ects caused by long-term exposure 
to plume. However, carcinogens, mutagens, irritants, and  ne dusts have been found in laser plumes, as 
well as viable bacteria spores, cancer cells, and viral DNA. A discussion of these follows here.

Plume Contents

Lung Damaging Dust

In one study, smoke w as collected from nearby pat ients’ abdomens during carbon dioxide laser lap-
aroscopic t reatment of endometriosis. Smoke pa rticles were found to b e spheres w ith t he size range 
0.1–.8 mm. When particles of this size are inhaled they can penetrate to the alveoli, the deepest regions 
of t he lung. Th ere i s concern t hat h igh exposure to t hese pa rticles i n t he laser plume over t ime can 
cause lung problems si milar to t hat found w ith ot her si milar-sized dust, including coal, cotton a nd 
grain dusts and cigarette smoke particles. Surgical masks are not able to  lter out such small particles. 
Studies of the eff ects on laser smoke in the lungs of rats found identi able lesions as a result of chronic 
exposure.

Toxic Chemicals

Some of the chemicals which have been documented from laser beam contact with human and animal 
tissue are listed below. Th e number a nd t ype of c hemicals de pend on t he t ype of su rgery a nd ot her 
factors.

Benzene• 
Formaldehyde• 
Acrolein• 
Aldehydes• 
Polycyclic hydrocarbons• 
Methane• 
Hydrogen cyanide and cyanide compounds• 
Water• 

Benzene and formaldehyde are known carcinogens. Acrolein produces a bad o dor and is an irritant at 
extremely low concentration. Hydrogen cyanide and cyanide compounds are irritants.
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If the laser beam contacts material other than tissue, additional chemicals will be given off . Using the 
laser to re move methyl methacrylate bone cement generates formic ac id formaldehyde, acrolein, a nd 
methyl methacrylate monomer.

Te on-coated products should never be used in the vicinity of the laser. Lethal hydro uoric acid can 
be given off  if the laser beam touches the material or if the material was involved in a  re involving an 
oxygen-enriched atmosphere.

Biological Agents

Th e possibility of transmitting pathogens through the particles in the laser smoke is still being researched. 
However, in various studies, intact cells, identi able cell parts, bacterial spores, and intact viral DNA 
have been collected from the plume. Here are some examples:

Human papillomavirus (HPV) is associated with warts, other lesions as well as benign and malig-• 
nant skin tumors. Lasers are commonly used to vaporize warts and other lesions caused by HPV. 
Intact DNA from HPV has been found in the plume. However, a s tudy found that most doctors 
who contracted warts got them on their hands, probably from direct contact, rather than from 
the laser plume.
A CO• 2 laser was used to vaporize HIV culture medium in a laboratory. HIV DNA was found in 
the smoke e vacuator hose u sed to c ollect t he laser plume. Th e H IV pa rticles were found to b e 
infective, although long-term replication appeared to be impaired.
At low i rradiance le vels, v iable b iological s pores w ere f ound i n t he p lume f rom C O• 2 la sing of 
bacteria-treated skin.

Further s tudies a re c ertainly ne eded f or a b etter u nderstanding o f t he p otential i nfectivity o f l aser 
plumes with varying characteristics.

Controlling Plume Exposures

If smoke i s not ade quately scavenged, contaminants will build up i n the air. Laser plume buildup not 
only contains materials which can be hazardous to health; the plume can also obstruct workers’  eld of 
vision during surgical procedures. If there is inadequate room ventilation, contaminants may remain 
in the air for signi cant periods even aft er the surgery is completed, which could result in exposure to 
employees and to subsequent patients. Th erefore, it is essential to reduce the plume as much as possible, 
if not to eliminate it altogether.

Ventilation

In-House vs. Dedicated Exhaust Systems Th e most important control measure for gaseous and particu-
late emissions is local exhaust ventilation. Local exhaust ventilation eliminates the plume at its source. 
Many hospitals use the wall suction system for this purpose. In-line  lters must be used, or the suction 
lines will become quickly clogged. However, the high effi  ciency  lters which are necessary to c apture 
submicron-sized pa rticles m ay off er to o m uch re sistance f or t he s ystem a nd m ay re sult i n to o l ittle 
suction capability. In addition, in-house vacuum lines may terminate in a machine room in some very 
old u nits. I n suc h si tuations, m aintenance em ployees m ay b ecome i nadvertently e xposed to p lume 
contaminants.

A suction hose which is attached to a dedicated exhaust (a duct which exhausts air directly out of the 
building rather than recirculating it) is preferable to the in-house vacuum system. Th e blower should be 
located on top of the roof. Th is will keep the ductwork under negative pressure, preventing leakage of 
toxic, or malodorous contaminants. Finally, various nozzles should be available for improving collec-
tion effi  ciency of plume contaminants for diff erent procedures.



12-32 Handbook of Modern Hospital Safety

Smoke Evacuation Systems If a dedicated exhaust system is unavailable, plume buildup and exposures 
can be adequately controlled by the proper and diligent use of a smoke evacuation system. Smoke evacu-
ators are used to suction the smoke generated by laser procedures. Activated charcoal beds are used to 
reduce odors and remove certain organic vapors. High effi  ciency particulate air (HEPA) or ULPA  lters 
are used to remove airborne particles. HEPA  lters generally remove 99.97% of 0.3 m particles. ULPA 
 lters generally remove 99.99% of 0.12 m particles.

Studies have shown that smoke evacuator performance can be aff ected by

Angle placement of the nozzle• . Th e nozzle should be placed in the same direction as external air 
 ow of plume production.
How close the nozzle is to the treatment site• . An ori ce 1 cm from the treatment site is 98.6% effi  -
cient. If the laser collection device is moved only 2 cm away from the exposed tissue, the collection 
effi  ciency is reduced to 50% and drops further as the distance is increased.
High power vs. low power laser procedures. High power laser procedures emit smoke i n many • 
directions at a g reater velocity compared to low power procedures. Higher smoke e vacuator air 
 ow speeds are necessary for high power procedures.

Respiratory Protection

Respirators should never replace air cleaning. Respirators should be used as additional protection, where 
needed. Like other protective equipment, such as eyewear discussed above, respirators come with a host 
of problems. Th ese problems are discussed here.

Standard surgical masks are designed to p rotect patients from the germs of their health care pro-
vider, but surgical masks do not p rovide adequate employee protection against plume contaminants 
including:

Chemical vapors such as formaldehyde, acrolein, cyanide which may be found in the plume.• 
Very tiny dust particles, including viruses, which once inhaled, can reach the lung’s alveoli and • 
possibly cause damage.
Cellular debris and bacteria. Surgical masks may  lter much of these larger particles; however, • 
particles can enter the breathing zone at the nose piece and other loose- tting areas.

More research is needed on which respirators should be worn to protect employees from inhaling laser 
plume. One possible alternative to surgical masks in use at some institutions is industrial-type dispos-
able respirators, which are available from industrial respirator suppliers (e.g., 3 M or Moldex). Disposable 
respirators contain materials which are more eff ective at  ltering out small particles than the paper used 
for su rgical masks. Disposable respirators a lso provide a b etter  t t han su rgical masks, a nd t hey a re 
comfortable to wear. However, at t his time, it is not k nown if their use would off er sig ni cantly more 
protection than standard surgical scrub masks.

Rubber or silicone half mask respirators with disposable cartridges are another alternative. Such 
respirators are even more protective than disposable respirators, but they are considered impractical 
for the surgical setting. Th ey are uncomfortable, diffi  cult to w ear with eye projection, and they can-
not be worn by persons with mustaches, beards, or sideburns. Th ey may also be too distracting for the 
intense concentration needed during laser surgery. Half-mask respirators should be considered if there 
is the likelihood of exposure to biohazardous aerosols. Th e cartridges should contain a combination of 
HEPA  lters and organic vapor adsorbent materials to prevent exposure to both particles and chemical 
vapors.

If d isposable re spirators, h alf-mask re spirators, or  a ny ot her t ype of  re spirator a re t o b e u sed by  
employees, OSHA requires that a comprehensive respirator program must be put in place. OSHAs res-
pirator program i ncludes  t-testing training and proper maintenance. (See OSHA Standard 29 CFR 
1910.134 for more details.)
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Tips on Using Smoke Evacuators

Alternate nozzles may be useful for diff erent surgical procedures.• 
Th e smoke evacuation system should be left  on for a short time aft er lasing is completed in order • 
to clear remaining pollutants from the air. Th e smoke e vacuator must be regularly maintained. 
Charcoal and particulate  lters must be changed when they have reached capacity.
Whenever possible, the air leaving the smoke evacuator should be exhausted directly outdoors to • 
prevent contaminants which have not been adsorbed or  ltered from reentry into the building.
Smoke evacuator  lters must be changed once they have reached their capacity. Th is is best deter-• 
mined by a pressure drop across the  lter. Charcoal  lters are used to remove gaseous hydrocar-
bons. Higher grade  lters are able to adsorb more carbon tetrachloride. A CTC-60 grade charcoal 
is capable of adsorbing 60% carbon tetrachloride by weight, whereas a CTC-80 grade charcoal can 
adsorb 80% carbon tetrachloride by weight.
All interconnecting parts of the smoke evacuator system must be kept free of kinks and clogs, and • 
they must be maintained at optimal effi  ciency at all times. Collection effi  ciencies of  lters may 
vary with the manufacturer. Leakage around the  lter can occur if the  lter is not properly  tted 
in its housing, or if the  lter has been damaged. Ability to suck will be reduced when the  lter has 
reached its capacity.

Skin Protection

Surgical gloves, gown, and cap are considered adequate attire when working near lasers. Th e se garments 
will protect skin from exposure to laser plume and tissue debris.

Most frequently reported laser accidents are

Unanticipated eye exposure during alignment• 
Misaligned optics• 
Available eye protection not used• 
Equipment malfunction• 
Improper methods of handling high voltage• 
Intentional exposure of unprotected personnel• 
Use of unfamiliar equipment• 
Lack of protection from ancillary hazards• 
Improper restoration of equipment following service• 

Source: Abstracted from D. Terrible, Preview of the 21st Century. Ohio Monitor, February, 1986, p. 6.

Fires

Causes of Laser Fires

Fires caused by lasers are uncommon, but they do happen. A  re can be started by inadvertently misdi-
recting the beam or the re ection of the beam onto a combustible material. Re ective surfaces that are 
concave in shape can focus the beam, making it potentially more harmful.

If oxygen or nitrous oxide is being used, there will be extra oxygen in the air. Th e oxygen-enriched 
atmosphere will allow many materials to ignite that are not normally  ammable—even those marketed 
as  re resistant. In an oxygen-enriched environment, the  ames will be especially intense.

Conventional  res can also be a problem. When the laser is in the standby mode, the hot tip can start 
a  re if it touches surgical drapes or other  ammable materials. Th e toxic fumes produced when certain 
plastics and fabrics burn can be life-threatening for patients and staff .

Items which may be ignited by a laser beam include:

Intestinal gas ( atus)• 
Hair (facial hair is particularly vulnerable due to its proximity to anesthetic gases)• 
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Skin that has been treated with acetone- or alcohol-based skin preparation solutions• 
Paper products• 
Surgical drapes (even if they are marketed as  re resistant)• 
Rubber a nd p lastic i nstruments i ncluding no nmetallic en dotracheal t ubes: PV C, si licone re d • 
rubber
Human t issue, m iscellaneous m aterials i ncluding p lastic ad hesive t apes, o il-based l ubricants, • 
ointments, gloves, dry gauze, cotton

Preventing Laser Fires

All p ersonnel s hould b e t rained i n t he c auses a nd p revention o f  res as  w ell as  a ppropriate • 
responses to a  re involving a laser.
Precise control of the laser beam must be maintained at all times.• 
Rooms, i nstruments, a nd e quipment s hould b e i nspected to de tect su rfaces, w hich c an c ause • 
unwanted re ection of the beam.
During surgery, the laser should be left  in the stand-by mode at all times except when the hand-• 
piece is in the hands of the surgeon.
Skin p reparation so lution va pors sh ould f ully va porize bef ore co vering t he a rea w ith s urgical • 
drapes.
When in the stand-by mode, the hot tip of the laser should not be allowed to touch combustible • 
items.
During surgery in or near the bowel, proper bowel preparation is necessary to avoid ignition of • 
rectal gas.
During laryngotracheal surgery an endotracheal tube is sometimes used. Special precautions must • 
be taken to re duce t he r isk of combustion while keeping t he pat ient well-oxygenated. Si licone, 
PVC, red rubber, and even specially designed laser-resistant endotracheal tubes may be ignited 
in oxygen-rich atmospheres. Stainless steel endotracheal tubes or non-endotracheal methods to 
ventilate the patient should be used.

Controlling Laser Fires

A basin of sterile saline and a s yringe should be kept on hand to douse a sm all  re a nd to ke ep • 
protective dressings wet.
Portable  re extinguishers should be conveniently located. Personnel should be trained in how • 
to use them.
National Fire Protection Association Standard 99 (1990) Appendix C-12.4 “Suggested Procedures • 
in the Event of a Fire or Explosion-Anesthetizing Locations” should be in eff ect.
A Halon or CO• 2  re extinguisher should be used rather than water if power cannot be discon-
nected during a  re.

Electrical Hazards

Electrical hazards are the largest cause of fatalities in accidents involving lasers. Many lasers use high 
voltage a nd h igh a mperage currents. E lectrical hazards a re usually m inimized by enclosures a round 
high voltage devices within the laser cabinet. Electrocutions have primarily involved technicians who 
opened the protective covering of the laser. Th e high voltage DC capacitors of some lasers can remain 
energized for an extended period aft er the laser has been unplugged from the wall outlet. Danger arises 
mainly when an untrained or unauthorized person attempts internal laser maintenance.

Th e ANSI recommends special precautions for equipment servicing within 24 h aft er the presence of 
high voltage within the unit. A special grounding rod is used to ensure discharge of high voltage capaci-
tors. Additional details for servicing equipment are included in ANSI Z 136.3 Section 7.l.
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ANSI Z 136.3 Section 7.1 contains additional electrical safely requirements:

Grounding of metallic parts of laser equipment• 
Short circuit tests for combustible components in electrical circuits• 
Prevention of shock hazard• 
Prevention of electrical hazards from gas-laser tubes and  ash lamps• 
Labeling lasers with electrical rating, frequency, and watts• 
Preventing EM interference• 
Preventing explosions in high pressure arc lamps and  lament lamps• 

Laser Safety Policy

Every employer utilizing a laser should have a written policy. Th e elements of a policy are outlined here.

Laser Safety Program

Th e employer has a written laser safety program which includes:

Formation of a laser safety committee (LSC)• 
Credentialing of medical personnel• 
Education and training• 
Safety precautions including general precautions, eye protection, eye examinations, preoperative • 
setup, operating precautions, and anesthesia guidelines
Maintenance and service• 
Scavenging of plume contaminants• 
New laser acquisitions• 
Appointing an LSO• 

Laser Safety Personnel

 1. An LSC has been established which
Reviews and approves new laser technology and the design of laser facilities.• 
Reviews and approves protocols and safety measures for lasers used in medical treatment.• 
Appoints an LSO.• 
Investigates unusual occurrences related to laser uses and reports the results to the Quality • 
Assurance Program.

 2.  Th e L SO i s t rained i n l aser operation, c linical applications, a nd s afety me asures. Th e L SO has 
the authority to monitor and enforce the control of laser hazards and eff ect the knowledgeable 
evaluation and control of laser hazards. Th e LSO acts as the laser education coordinator.

 3. Laser te chnicians re port to t he L SO on a ll te chnical a nd c linical i ssues. L aser te chnicians a re 
responsible for the day-to-day operation of surgical lasers.

 4.  Th e laser user is responsible for performing a daily visual inspection of the laser system to check 
for apparent abnormalities.

Laser Maintenance

 1. All persons who install maintain and/or service lasers have been properly trained and approved 
by the LSC.

 2. Enclosed lasers have built-in access panel interlocks and automatic shuttering to protect mainte-
nance persons.



12-36 Handbook of Modern Hospital Safety

 3. Maintenance on a laser is only done when another person is present to render emergency medical 
aid or to call for assistance in the event of an injury.

 4. Initial installation and subsequent maintenance or servicing of lasers that may aff ect their perfor-
mance are followed by performance and safety testing prior to the laser’s use in the OR.

Training and Approval of Laser Operators

 1. Only personnel with speci c credentials are authorized by the LSC to operate lasers.
 2. All personnel who are present during laser operation or maintenance have received appropriate 

training on t he principles of operating lasers, t heir applications, at tendant r isks to pat ient a nd 
staff , safety control measures, and equipment care.

Authorization is given to speci ed physicians (and speci ed other persons to use nonsurgical lasers) for 
speci c types of laser delivery systems and procedures. Authorization is dependent on at least one of the 
following criteria

Documented attendance and completion of a formal laser training course off ered by a recognized • 
authority
Documented completion of a formal training program off ered by the manufacturer of the laser• 
Residency or on-the-job training with proven pro ciency w hile a ssisting a c erti ed laser • 
physician

General Operational Guidelines

 1. An NHZ has been established by the LSO. Outside the NHZ, the level of d irect, re ected, or 
scattered r adiation i s not e xpected to e xceed t he app licable m aximum p ermissible e xposure 
limit.

 2.  Th e l aser i s locked when not i n u se or u nattended to p revent u nintentional or u nauthorized 
activation. Th e key is stored in a secure location.

 3.  Th e l aser te chnician en sures t hat a ll ne cessary e quipment i s re ady f or op eration, a nd t hat a ll 
required safety precautions have been implemented, including visual checks of the surgical laser 
and its control settings.

 4 . All re ective surfaces which are l ikely to b e contacted by the laser beam are removed from the 
path of a  xed laser or from the OR prior to laser surgery.

 5. All windows shall be covered as necessary.
 6. Where necessary, safety latches or interlocks are used to p revent unexpected entry into laser 

controlled areas.
 7. All access doors to laser ORs are posted with a laser warning system, which includes a warning 

light and sign to prevent unexpected interruption of the laser operator.

Personnel Protection

 1. Laser users and support staff  have pre-placement and periodic eye examinations for adverse eff ects.
 2. Appropriate laser eye protection is worn by all persons present prior to powering the laser system 

and throughout the entire procedure. Th is includes all staff , bystanders, and the patient. Th e eye 
protection is labeled with its OD and the wavelength it protects against.

 3. Eyewear is appropriately cleaned aft er each use.
 4. Respirators which are eff ective at  ltering out particles as small as 0.3 mm with 99% effi  ciency are 

used in conjunction with scavenging of the laser smoke when there is a possibility of generating 
biohazardous aerosols.
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Operating Precautions

 1.  Th e laser is not switched to the operating mode until the procedure is ready to begin and the laser 
has been aligned and positioned.

 2.  Th e laser beam is never aimed at a person, except for the therapeutic purposes.
 3.  Th e laser is positioned to avoid placing the beam at eye level whenever possible.

Engineering Control Measures

 1. Local e xhaust v entilation i s u sed to c ontrol a irborne c ontaminants. W henever p ossible, t he 
exhaust is vented directly out of the building. Otherwise, smoke evacuators employing HEPA and 
charcoal  ltration are used. Filters are changed regularly in accordance with the manufacturer’s 
directions.

 2. Microscopes have a fail-safe method to project the users’ eyes against laser beam re ections (i.e., 
built-in  lters, separate optical paths for intermittent viewing and  ring, shutters that automati-
cally close prior to  ring).

Fire Safety

 1. Special precautions are taken if laser energy is to be used near an endotracheal tube.
 2. Patients a re ventilated w ith nonoxygen-enriched ro om a ir w hen p ossible. I f oxygen t herapy i s 

necessary, i t i s ad ministered at t he m inimum concentration necessary to p roperly support t he 
patient.

 3.  Staff  are knowledgeable about procedures to follow in the event of various types of  res.
 4. Flammable prepping solutions are not used.
 5. Liquids are never placed on top of the laser to avoid short circuits.
 6. A basin of saline or water is on hand for patient-related  res.
 7. A UL-approved  re extinguisher is readily available in the event of equipment or material  re.
 8. Combustible materials such a s OR gowns, d rapes, a nd towels a re kept out of t he l aser pat h to 

avoid combustion.

Laser Safety Training

Th e LSO must ensure that an appropriate training program is in place for each group of employees who 
operate lasers or who are exposed to lasers. Here is an outline of topics to be included in a training pro-
gram for health care support staff  as recommended by OSHA and ANSI. (For information about OSHA 
and ANSI, see “Laser Resources” section.)

Laser Beam

 a. What it is and what it can do
 b.  Th e hazards of lasers
 c. Eye and skin hazards
 d. Other laser hazards

Safety Measures in Laser Surgery

 a.  Eye protection
 b.  Re ected beam hazards
 c.  Explosions
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 d.  Smoke evacuation
 e.  Fire hazards
 f. Details of SOPs for the OR

Methods and Procedures to Assure Safety

 a. Boundary of NHZ
 b. Laser area warning signs
 c. Entry way controls
 d. Availability of personal protective equipment: eyewear, non ammable gowns, etc.
 e. Control of unauthorized personnel to prevent access to the laser
 f. Techniques for safety
 g. Use of surgical drapes in laser surgery procedures
 h. Proper laser system controls (e.g., foot switch)

Laser Safety Checklist

Laser status: (A) not in use   (B) after use  (C) in use

Room:

Laser Users:

Laser:

Smoke Evacuator:

COMMENTS

Name of Inspector

Appropriate signs posted outside procedure room when
 laser is in use (sign includes wavelength, class, “Warning,”
CW or pulsed)
All windows and doors covered with a nontransparent,
nonreflecting material
Appropriate fire extinguisher present
Gas tanks stored properly
Laser keys locked in designated place when not in laser
Auxiliary accessories stored properly

YES NO N/A

All persons including patient, wearing appropriate eye
wear when laser in use

Electrical cords intact
Outlets intact
Water pressure adequate for cooling
No leakage from laser hoses
Operating procedures on laser
Maintenance up-to-date
Properly stored
Laser log complete
Laser log accurate

Used with laser
Time recorded on fliter
Filter changed as necessary
Valid safety sticker
Properly stored

Requirement:

Date: Location:
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Government Regulation of Lasers

 1.  OSHA. (Look i n t he blue pa ges o f your tele phone b ook u nder U.S. G overnment, D epartment 
of Labor for OSHA offi  ce nearest you.)

OSHA is a regulatory agency within the U.S. Department of Labor that is responsible for overseeing the 
health and safety of America’s private sector workers. (Public employees in many states are covered by 
state OSHA plans that are administered by their state Department of Labor.) OSHA promulgates worker 
safety regulations a nd has t he authority to en force t hem. Employers t hat do not c omply w ith OSHA 
regulations must correct the problem and pay  nes.

Although OSHA has not yet set a formal standard for medical lasers, OSHA does have very detailed 
guidelines on lasers, which its inspectors use. Th ese guidelines, which were issued on August 5, 1991, are 
called Guidelines for Laser Safety and Hazard Assessment (OSHA Instruction PUB 8–1.7, Directorate 
of Technical Support). Th e guidelines incorporate many of the recommendations for laser safety writ-
ten by a p rofessional organization called ANSI (see Resources below). Th e guidelines include detailed 
information in the following areas:

Th e principles of laser operation and use• 
Eff ects of laser light on the eye and skin• 
Standards for laser safety• 
Hazard evaluation• 
Control measures• 
Personal protective equipment• 
Laser training requirements for various classes of lasers• 

In addition to t he g uidelines, OSHA has c ited employers for unsafe conditions under a v ariety of its 
existing standards. For example:

Eye & Face Protection Standard (29 CFR 1910.133). OSHA can issue citations to health care employers.• 
If the wrong type of eyewear is provided for the surgery being done.• 
If employees fail to use eyewear.• 
If the eyewear is not protective enough. For example, OSHA has issued a citation against a hospi-• 
tal for providing eyewear without side shields and for providing eyewear with vented side shields 
(because vents can allow the laser beam to penetrate through the opening).
Respiratory P rotection St andard ( 29 C FR 1 910.134). O SHA c an i ssue c itations to h ealth c are • 
employers.
If the employer is using respirators without determining that wearers are medically able to wear • 
them.
If workers have not been trained how to use respirators.• 
If respirators have not been properly  t on the wearer.• 
If respirators are not properly stored.• 
If reusable respirators are not cleaned and disinfected.• 
Fire Protection (29 CFR 1910.155–165). Th ere are several standards for  re protection, including • 
alarms, detection systems, and extinguishing systems.
General-Duty Clause, Section 5(a)(1) of the OSHA Act of 1970. Th e General Duty Clause states • 
that it is the employers’ duty to provide a safe workplace. Th e clause is a catch-all for the enforce-
ment of health and safety measures that are not speci cally included in its Regulations. OSHA has 
used the General Duty Clause to issue citations against hospitals that do not take proper precau-
tions to prevent the laser from being inadvertently activated.
Air Contaminants (29 CFR 1910.1000 Subpart Z). Despite t he fact t hat t he plume may contain • 
ingredients that pose a real hazard to health, it is unlikely that OSHA will  nd violations of any 
of its chemical standards. In most cases, the speci c chemical contaminants in the plume will be 
present in concentrations which are allowed by OSHA.
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Furthermore, OSHA does not currently regulate exposure to biological agents in laser plumes. However, 
the ANSI standard, which is incorporated into the OSHA Guidelines, includes a recommendation that 
eff ective smoke evacuators be used during laser surgery.

A more appropriate agency to investigate both chemical and biological hazards of laser plumes is the 
NIOSH.

 2.  NIOSH. U.S. Department of Health and Human Services, U.S. Public Health Service, Centers for 
Disease Control, 4676 Columbia Parkway, Cincinnati, OH 45226, (513)841–4382.

NIOSH was created by the OSHAct to b e the research arm of OSHA. NIOSH does research on occu-
pational h azards, e valuates c ontrol me asures, a nd m akes re commendations to O SHA for s tandards. 
Although its recommendations do not have the force of law, health care workers can call in NIOSH to 
perform a health hazard evaluation of the workplace, including the hazards of laser plume.

 3. Center for De vices a nd R adiological Health (CDRH). Offi  ce of compliance (HFZ-300), 8757 
Georgia Ave., Silver Spring, MD 20910, (301)443–4190.

Th e CDRH is a regulatory bureau within the Federal FDA of the U.S. Department of Health and Human 
Services. All laser products manufactured since 1976 must comply with CDRH speci cations. Manufacturers 
obtain premarket approval or clearance of their laser surgical devices through CDRH. Th e CDRH issues 
“Th e Compliance Guide for Laser Products,” which summarizes the requirements of the U.S. Federal Laser 
Product Performance Standard (21 CFR Part 1000, 1040.10, 1040.11). Manufacturers should use this perfor-
mance standard in order to comply with CDRH requirements for labeling and classifying lasers.

 4 . State Regulations. Laser regulations vary considerably from state to s tate. Such regulations are 
generally concerned with the registration of lasers and the licensing of operators and institutions.

New York l aser regulations, C ode Ru le 5 0, a re en forced by t he Department of L abor. Massachusetts 
regulations, 105 CMR 21, are administered by the Department of Health. New Jersey and Connecticut 
do not have state regulations on lasers at this time. “Suggested State Regulations for Lasers” has recently 
been promulgated by the Conference of Radiation Control Program Directors. Th is may lead to changes 
in state regulations.

Laser Resources

 1. Government Agencies OSHA, NIOSH, FDA. See previous section on Government Regulation 
of Lasers.

 2. American National Standards Institute (ANSI), 11 West 42nd St., 13th  oor, New York, NY 10036, 
(212)642–4900.
 ANSI is a professional organization of engineers from many  elds which has issued the leading 
consensus standard on the safe use of lasers (ANSI Z 136.1) and on safe use of lasers in medicine 
(ANSI Z 136.3). OSHA relies in large part on ANSI’s research for its policies regarding laser safety.

 3. American Conference of Governmental Industrial Hygienists (ACGIH), 6500 Glenway Avenue, 
Building D-7 Cincinnati, OH 45211, (513)661–7881.
 ACGIH is a professional organization of industrial hygienists and safety experts. Th e ACGIH 
has established maximum exposure limits (MELs) known as threshold limit values for employee 
eye and skin exposure to laser radiation. Th ese MELs are used to select protective eyewear, deter-
mine NHZ s, and other safety precautions for laser use.

 4. Joint C ommission o f A ccreditation o f Health C are O rganizations ( JCAHO), O ne Rena issance 
Blvd., Oakbrook Terrace, IL 60181, (708)474–7028.
 Th e JCAHO is a private, professional organization that accredits health care facilities. JCAHO 
is in the process of adopt ing the ANSI standard for medical lasers—ANSI Z-136.3. An institu-
tion’s accreditation can be held up if it is not in compliance with ANSI.
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 5. Th e A merican Society for Laser Medicine a nd Surgery, Inc. 2404 Stewart Square, Wausau, W I 
54401, (715)845–9283.
 Th is organization is composed of scientists, physicians, nurses, and paramedical personnel. 
It holds annual meetings and publishes a bimonthly journal, Lasers in Surgery and Medicine.

 6. Laser Institute of America, 12424 Research Parkway, Suite 130, Orlando, FL 32826, (407)380–1553.
 Th e L aser I nstitute o f A merica i s a no npro t e ducational s ociety, w hich c onducts c ontinu-
ing e ducation c ourses, h olds te chnical s ymposia, off ers e ducational m aterials, a nd p ublishes 
the p eer-reviewed journal, Laser Topics. I t promotes t he adv ancement o f l aser te chnology a nd 
applications.

 7. Association o f O perating Ro om N urses ( AORN), 2 170 S . Pa rker Ro ad, D enver, C O 8 0231, 
(303)755–6300.
 Th is profe ssional or ganization pu blishes ge neral i nformation of  i nterest t o op erating ro om 
personnel. S ee Proposed recommended practices: L aser s afety i n t he operating room. AORN J  
49(l):284–91, 1989.

 8.  Th e Emergency Care Research Institute (ECRI), 5200 Butler Pike, Plymouth Meeting, PA 19462, 
(215)825–6000.
 ECRI is an independent, nonpro t research, and consulting organization which, for a fee, pro-
vides training seminars and publishes information on health technology, including surgical lasers 
and accessories, laser  res, credentialing and training recommendations, and safety programs. 
It a lso p erforms c omparative e valuations o f su rgical l asers, l aser re sistant en dotracheal t ubes, 
smoke evacuators, and laser protective eyewear.

Source: Th is document is reprinted courtesy of Communications Workers of America District 1.

Proposed Recommended Practices: Electrosurgery

Association of Operating Room Nurses

Th e f ollowing d raft  i s b eing p ublished f or re view a nd c omment b y A ORN memb ers. Th e AORN 
Recommended Practices Committee (RPC) is interested in receiving comments on this proposal from 
members and others.

Th ese recommended practices are intended as achievable recommendations representing what is believed 
to be an optimal level of practice. Policies and procedures will re ect variations in practice settings and/or 
clinical situations that determine the degree to which the recommended practices can be ful lled.

AORN recognizes the numerous diff erent settings in which perioperative nurses practice. Th e rec-
ommended practices are intended as guidelines adaptable to v arious practice settings. Th e se practice 
settings include traditional ORs, ambulatory surgery units, physicians’ offi  ces, cardiac catheterization 
laboratories, en doscopy ro oms, r adiology de partments, emergen cy de partments, a nd a ll ot her a reas 
where surgery may be performed.

Although nonmembers may submit c omments, t he i ntent of t he c ommittee i s to re ach a c onsensus 
among A ORN memb ers. A ll c omments w ill b e ac knowledged a nd c onsidered b y R PC b efore  nal 
approval of these recommendations by the committee and the AORN Board of Directors. Comments 
should b e s ent to Re commended P ractices C ommittee, AORN, I nc., 2170 S . Pa rker Ro ad, Su ite 3 00, 
Denver, CO 80231–5711, Attention: Mary O’Neale, RN, BS, CNOR.

Purpose

Th ese recommended practices provide g uidelines to a ssist perioperative personnel in t he use of elec-
trosurgical e quipment i n t heir p ractice s ettings. P roper c are a nd h andling o f ele ctrosurgical e quip-
ment is essential to pat ient and personnel safety. Electrosurgery is used routinely to cut and coagulate 
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body tissue with high RF electrical current. Th ese recommended practices do not endorse any speci c 
product. Biomedical services in practice settings should develop detailed, routine safety and preventive 
maintenance inspections and maintain records.

Recommended Practice I

Th e ESU, dispersive electrode, and active electrode selected for use should meet performance and safety 
criteria established by the practice setting.

Interpretive Statement 1

Information regarding adequate safety margins, in-factory testing methods, warranties and a manual 
for maintenance, and inspections should be obtained from the manufacturer.

Rationale

Equipment m anuals a ssist i n de veloping op erational, s afety, a nd m aintenance g uidelines.1 Th e ESU 
should be used according to the manufacturer’s written instructions.2

Interpretive Statement 2

Th e ESU should be designed to minimize unintentional activation.

Rationale

Unintentional activation may result in patient and personnel injury.3

Interpretive Statement 3

Th e ESU cord should be of adequate length and  exibility to reach the outlet without stress or use of an 
extension cord. Kinks, knots, and curls should be removed from the ESU cord before it is plugged into 
the wall outlet.

Rationale

Tension increases the risk that the cord will become disconnected or frayed, which may result in injury 
to patients and personnel.4 Use of extension cords may result in macroshock or microshock.5 Cords that 
do not lie  at on the  oor produce a potential for tripping and/or accidental unplugging.6

Interpretive Statement 4

Th e E SU p lug, not t he c ord, s hould b e h eld w hen i t i s i nserted i nto o r remo ved f rom a n ele ctrical 
outlet.

Rationale

Pulling on the ESU cord may cause it to break at the point, where the wire is attached to the plug.7 Cord 
breakage is dangerous to patients and personnel and is inconvenient, and replacements are costly.8

Interpretive Statement 5

Th e ESU should be inspected before each use. An ESU that is not working properly or is damaged should 
be reported, labeled, and removed immediately to be checked by the biomedical department.

Rationale

Equipment is checked to ensure it is in good working order.9 Th e manufacturer’s written safety precau-
tions are followed for the well-being of the patient and personnel involved with the procedure.10
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Interpretive Statement 6

Th e ESU should be grounded properly.

Rationale

Proper grounding reduces the risk of electrical shock to the patient and perioperative personnel.11

Interpretive Statement 7

Th e ESU should be mounted on a movable stand that will not tip.

Rationale

Safety me asures f or p erioperative p ersonnel a nd pat ients to p revent i njury a nd d amage to t he E SU 
require the stand to be tip resistant and moved carefully.12

Interpretive Statement 8

Th e E SU a nd a ll reu sable pa rts a re c leaned w ith c are following u se ac cording to t he manufacturer’s 
written instructions.

Rationale

Th e ESU surface should not be saturated or have  uid poured over it because this could permit chemical 
germicide into the generator and cause malfunction.13

Interpretive Statement 9

When t he E SU foot s witch i s u sed, p erioperative p ersonnel s hould c over i t w ith a c lear, i mpervious 
cover if recommended by the manufacturer.

Rationale

Placement in a clear, impervious cover protects the foot switch from  uid spillage.14

Interpretive Statement 10

During t he procedure, perioperative personnel should check t he entire c ircuit i f h igher t han normal 
power settings are requested by the operator.

Rationale

Th e dispersive electrode, generator, or connecting cords may be at fault and should be checked for any 
possible malfunction or hazard. Shock to those touching the patient may result. Th e patient and/or peri-
operative personnel may be burned.15

Interpretive Statement 11

Each ESU should be assigned an identi cation number/serial number.

Rationale

An identi cation number/serial number a llows for documentation of i nspections, routine preventive 
maintenance, and tracking of equipment function and problems.16

Recommended Practice II

Perioperative personnel should demonstrate competency in the use of the ESU in the practice setting.



12-44 Handbook of Modern Hospital Safety

Interpretive Statement 1

Perioperative personnel should be instructed in t he proper operation, care, and handling of t he ESU 
before use.

Rationale

Instruction and return demonstration in proper usage help prevent injury and extend the life of the ESU.17

Interpretive Statement 2

A detailed manual of operating instructions should be obtained from the manufacturer and be available 
in the practice setting. A brief set of operational directions should be on or attached to the ESU.

Rationale

Each type of ESU has speci c manufacturer’s written operating instructions that should be followed for 
the safe operation of the unit.18

Recommended Practice III

Th e FSU, active electrode, and dispersive electrode should be used in a manner that reduces the poten-
tial for injury.

Interpretive Statement 1

Th e ESU should

Not be used in the presence of  ammable agents (e.g., alcohol, tincture-based agents).• 
Have safety features (e.g., lights, activation sound) and be tested before each use.• 
Have the cord, plug and foot switch cord checked for exposed wires or frays in the insulation.• 
Have p ower s ettings c on rmed orally with the operator before activation and determined in • 
conjunction with the manufacturer’s recommendations.
Be protected from spills.• 
Be operated at the lowest eff ective power settings for coagulation and/or cutting.• 

Rationale

Inspections of the ESU and all safety features should be performed before each use because of potential 
hazards.19 Th e volume of the activation indicator should be adjusted to a n audible level to a lert perio-
perative personnel immediately when an ESU is activated inadvertently.20 Ignition of  ammable agents 
by the active electrode has resulted in patient and perioperative personnel injury.21 Fluids should not be 
placed on top of the ESU, because unintentional activation or device failure may occur if liquids enter 
the ESU generator.22

Interpretive Statement 2

Th e active electrode should

Fasten directly into the ESU in a labeled, stress-resistant receptacle (if an adapter is used, it should • 
be o ne t hat i s app roved b y t he m anufacturer a nd do es not c ompromise t he gener ator’s s afety 
features).
Be inspected at the  eld for damage before use.• 
Be placed in a clean, dry, well-insulated safety holster (i.e., recommended by the manufacturer for • 
use with the ESU) in a highly visible area when not in use during a procedure.
Be impervious to  uids.• 
Be disconnected from the ESU if allowed to drop below the sterile  eld.• 
Have a tip that is secure and easy to clean of charred tissue.• 
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Rationale

Incomplete circuitry, unintentional activation, and incompatibility of the active electrode with the gen-
erator may result in patient injury.23

Interpretive Statement 3

Th e dispersive electrode should

Be inspected before each use for wire breakage or fraying.• 
Be the appropriate size for the patient (i.e., neonate/infant, pediatric, adult) and never be cut to • 
reduce size.
Be placed on the positioned patient on a clean, dry skin surface, over a large muscle mass and as • 
close to t he operative site as possible (i.e., bony prominence, scar tissue, skin over an implanted 
metal prosthesis, hairy surfaces, pressure points should be avoided).
Fasten directly into the ESU in a labeled stress-resistant receptacle if an adapter, which is approved • 
by the manufacturer and does not compromise the generator’s safety features, is used.
Have connections that are intact, clean, and make eff ective contact.• 
Maintain u niform b ody c ontact ( potential p roblems i nclude ten ting, gap ing, a nd l iquids t hat • 
interfere with adhesion).

Perioperative personnel should check the status of the dispersive electrode and connection of the cable 
if any tension is applied to the cord or if the surgical team repositions the patient.

If reu sable, t he electrode should have periodic i nspections by t he biomedical s ervice for electrical 
integrity and as recommended by the manufacturer.

Rationale

Wire breakage and frays can deviate current  ow.24 Incomplete circuitry may lead to pat ient injury.25 
Adequate tissue perfusion promotes electrical conductivity in the area and dissipates heat at the elec-
trode contact surface.26 Hair should be removed before applying the dispersive electrode according to 
the manufacturer’s written instructions. Hairy surfaces have poor adhesion and tend to insulate.27

Th ere is potential for superheating if a d ispersive electrode is placed on the skin over an implanted 
metal prosthesis. Th e important factor in the dispersive electrode is the actual surface area in contact 
with the patient. Th e amount of surface area aff ects heat buildup at the dispersive site.28

Discussion

During s ome su rgical p rocedures, i t m ay b e de sirable to u se t wo E SUs si multaneously o n t he s ame 
patient. Perioperative personnel should place each dispersive electrode as close as possible to the respec-
tive surgical sites and ensure that there is no possibility of the two dispersive electrodes touching. Th e 
two ESUs must be of the same technology (e.g., both grounded ESUs, both isolated ESUs). Th e bio-
medical service should test ESUs to ensure that simultaneous operation will not create any microshock 
hazards.

Interpretive Statement 4

Th e bipolar ESU should be used with its foot switch or a hand switching forceps according to the manu-
facturer’s written instructions.

Discussion

In bipolar electrosurgery, a forcep is used for the coagulation of body tissue. One side of the forceps is 
the active electrode and the other side is the inactive electrode or ground. A dispersive electrode is not 
needed because current  ows between the tips of the forceps rather than through the patient. Th e opera-
tor uses a foot switch to c ontrol the bipolar unit to provide precise hemostasis without stimulation or 
current spread to nearby structures.29
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Interpretive Statement 5

Patients with pacemakers should have continuous electrocardiogram (ECG) monitoring when an ESU 
is being used.

Rationale

Use of the ESU may interfere with pacemaker circuitry. Th e bipolar unit may be used when operating 
on a patient with a pacemaker.30

Discussion

Modern pacemakers are subject to interference; most are designed to be shielded from radio frequency 
current d uring E SU u se. Perioperative p ersonnel s hould i mplement add itional ac tions f or t he pac e-
maker patient that include, but are not limited to

Making the distance between the active and dispersive electrodes as close as possible and placing • 
both as far from the pacemaker as possible.
Ensuring t hat t he c urrent pat h f rom t he su rgical si te to t he d ispersive electrode does not pa ss • 
through the vicinity of the heart.
Keeping all ESU cords and cables away from the pacemaker and the leads. Having a de brillator • 
available in the room.
Checking with the pacemaker’s manufacturer regarding its function during use of ESUs.• 
Evaluating the pacemaker postoperatively for proper function.• 31

Interpretive Statement 6

A pat ient w ith a n a utomatic i mplantable c ardioverter de  brillator (AICD) s hould h ave t he de vice 
deactivated before the procedure and have his or her ECG monitored continuously if an ESU will be 
used.

Rationale

Electrosurgery must not be used on a patient with an activated AICD because it may trigger the device 
to shock.32

Interpretive Statement 7

Th e patient’s skin integrity should be evaluated and documented before and aft er ESU use. Particular 
areas to ob serve are under the dispersive electrode, under ECG leads and at tem perature probe entry 
sites.

Rationale

Assessment will a llow evaluation of skin condition for possible injury. A lternate pathway burns have 
been reported at ECG electrode sites and temperature probe entry sites.33

Interpretive Statement 8

If an adverse skin reaction or injury occurs the ESU and active and dispersive electrodes should be 
sent with their packages to the biomedical service for a full investigation. Device identi cation, main-
tenance/service information, and event information should be included in the report from the practice 
setting.

Rationale

Retaining the ESU and electrodes allows for a complete systems check to determine system integrity.34
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Recommended Practice IV

Patients a nd perioperative personnel should be protected f rom i nhaling t he smoke gener ated during 
electrosurgery.

Interpretive Statement 1

An evacuation system should be used to remove surgical smoke.

Discussion

Th ere may be a p otential hazard f rom exposure to smoke gener ated during electrosurgery.35 Fu rther 
research m ust b e p erformed to de termine t he ac tual m agnitude o f smoke e xposure u nder p ractical 
electrosurgical conditions.36

Interpretive Statement

Smoke evacuation systems should be used according to manufacturer’s written instructions.

Discussion

Health care facilities may use the AORN “Recommended Practices for Product Evaluation and Selection 
for Pat ient Care in the Practice Setting” and AORN “Recommended Practices for Laser Safety in the 
Practice Setting” to assist in selecting a smoke evacuation system.

When the evacuation system is used for the  ltration of electrosurgical smoke, placement of the evac-
uator suction tubing should be as close to the source of the smoke as possible. Th is will maximize smoke 
capture and enhance visibility at the surgical site.

Research  ndings suggest that there is little diff erence between the smoke generated from electrosur-
gery and from lasers. Th ere is an unde ned potential for bacterial and viral contamination of smoke. 
Toxicity and mutagenicity of the gaseous byproducts exist.37 High  ltration surgical masks may be worn 
by perioperative personnel during procedures that generate surgical smoke.

Recommended Practice V

Policies and procedures for electrosurgery should be developed, reviewed annually, and available within 
the practice setting.

Discussion

Th ese policies and procedures should include, but are not limited to

Equipment maintenance programs• 
Reporting of injuries• 
Sanitation of ESU• 
Documentation of the ESU brand name, ESU identi cation number/serial number, settings used, • 
dispersive electrode and ECG pad placement, patient skin condition before and aft er electrosur-
gery, and other electrical devices used

Th ese recommended practices should be used as guidelines for the development of policies and proce-
dures in the practice setting. Policies and procedures establish authority, responsibility, and account-
ability. Th ey also serve as operational guidelines.

An introduction and review of policies and procedures should be included in orientation and ongoing 
education of personnel to assist in the development of knowledge, skills, and attitudes that aff ect patient 
outcomes. Policies and procedures a lso assist in the development of quality assessment and improve-
ment activities.
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Glossary

Active electrode: Th e accessory that directs current  ow to the operative site. Examples include pencils 
with various tips, resectoscopes, and fulguration tips.

Current: A movement of electricity analogous to the  ow of a stream of water.
Dispersive electrode: Th e ac cessory t hat d irects c urrent  ow f rom t he pat ient back to t he gener ator 

(oft en called the patient plate, return electrode, inactive electrode, or grounding plate/pad).
Electrosurgery: Th e cutting and coagulation of body tissue with a high RF current.
ESU: For the purposes of this document, the ESU is de ned as the generator, the foot switch and cord 

(if applicable), and the electrical plug, cord, and connections.
Generator: Th e machine that produces RF waves (oft en called a cautery unit, power unit, or Bovie).
Grounded electrosurgery: Th e d ispersive electrode i s g rounded to t he metal chassis of t he generator. 

Current with  ow from the active electrode when it touches any grounded object in the room.
Isolated electrosurgery: No reference to ground. For current to  ow, there must be a complete circuit 

path from the active terminal to the patient terminal.
Macroshock: Occurs when current  ows t hrough a l arge skin surface, as during inadvertent contact 

with moderately high voltage sources, such as electrical wiring failures, that allow skin contact 
with a live wire or surface at full voltage.

Microshock: Occurs when current is applied to a small area of skin, as when current from an exterior 
source  ows through the cardiac catheter or conductor.
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Laser Plume Quantifi cation

William Charney

Quanti cation data of laser plume to test the effi  ciency of a laser scavenging system are presented. Th ese  
data were compiled during a simulated case and during a real case of removal of a condyloma. Th e scav-
enging device tested was a Baxter Class 1 Smoke Evacuator equipped with both HEPA and ULPA  lters 
with an effi  ciency to 0.01 m.

Sampling Instrumentation

A Miniram PDM 3, a light screening aerosol monitor of the nephelometric type that continually senses 
the combined scattering from the population of particles present, was used. Th e Miniram uses a GaAlAs 
light-emitting s ource, w hich gener ates a na rrow-band em ission. Th e r adiation s cattered b y a irborne 
particles i s s ensed o ver a n a ngular r ange o f app roximately 4 5°–90° b y a si licon-photovoltaic h ybrid 
detector.

Measurement ranges: 0.01–10 mg/m• 3 and 0.01–100 mg/m3

Particle size range: 0.01–10 • m

Method

During simulation and real case, the hose of the scavenging device was held approximately 2 cm from the 
burn site. Th e wattage of the laser power was set at 10 and the burn times were normally 10 s with a 20 s 
burn. Th e scavenger was turned on simultaneously with the burn by the use of a foot activator switch.

Discussion

During both the simulation and the real case, all the smoke was evacuated and zero level exposure was 
quanti ed. During simulation when the scavenging device was turned off  at a median level of 12 mg/m3 
particulate, staff  without proper respirators complained of symptoms.

Recommendations

Use of the scavenging system reduces quanti ed levels of particulate to zero. Th e scavenger hose when 
held within the range of 2 cm from the burn site has good capture and it is assumed that capture capacity 
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decreases as the distance from the burn site increases. Th erefore, the scavenging system should be used 
for all laser cases that produce a plume to protect the staff  and the patient from the content of the plume. 
(See Tables 12.15 and 12.16.)

TABLE 12.15 Laser Plume Quanti cations: Simulation; April 29, 1992

Sl. No. Type Positions in Feet Laser (W) No. of Seconds mg/m3

 1 Background (9:29) 5 Off Off  0.00
 2 Background (9:30) 5 Off Off  0.00
 3 Background (9:31) 5 Off Off  0.00
 4 Background (9:34) 5 Off Off  0.00
 5 With scavenging 5 (SBZ) 10 10 0.00
 6 With scavenging 5 (SBZ) 10 10 0.00
 7 With scavenging 5 (SBZ) 10 10 0.00
 8 With scavenging 5 (SBZ) 20 10 0.00
 9 With scavenging 5 (SBZ) 20 10 0.00
10 With scavenging 5 (SBZ) 20 20 0.00
11 With scavenging 5 (SBZ) 20 20 0.00
12 With scavenging 5 (SBZ) 10 10 0.00
13 With scavenging 5 (SBZ) 10 10 0.00
14 With scavenging 5 (SBZ) 10 10 0.00
15 With scavenging 5 (SBZ) 10 10 0.00
16 With scavenging 5 (SBZ) 10 10 0.00
17 With scavenging 5 (SBZ) 10 10 0.00
18 With scavenging 5 (SBZ) 10 10 0.00
19 With scavenging 5 (SBZ) 10 10 0.00
20 With scavenging 5 (SBZ) 10 10 0.00
21 No scavenging 5 (SBZ) 10 10 12.7
22 No scavenging 5 (SBZ) 10 10 13.8
23 No scavenging 5 (SBZ) 10 10 14.2
24 No scavenging 5 (SBZ) 10 10 13.7
25 No scavenging 5 (SBZ) 10 10 12.7
26 No scavenging 5 (SBZ) 10 10 15.8
27 No scavenging 5 (SBZ) 10 10 12.7
28 No scavenging 5 (SBZ) 10 10 12.7
29 No scavenging 5 (SBZ) 10 10 12.7
30 No scavenging 5 (SBZ) 10 10 12.7
31 With scavenging 5 (NBZ) 10 10 0.00
32 With scavenging 5 (NBZ) 10 10 0.00
33 With scavenging 5 (NBZ) 10 10 0.00
34 With scavenging 5 (NBZ) 10 10 0.00
35 With scavenging 5 (NBZ) 10 10 0.00
36 With scavenging 5 (NBZ) 10 10 0.00
37 With scavenging 5 (NBZ) 10 10 0.00
38 With scavenging 5 (NBZ) 10 10 0.00
39 With scavenging 5 (NBZ) 10 10 0.00
40 With scavenging 5 (NBZ) 10 10 0.00

Note: SBZ, surgeon breathing zone; NBZ, nurse breathing zone.
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Laser Plume: Case Study

William Charney, Scott Miller, Shawn Campbell, and Bob Reynolds

Introduction

Medical laser procedures are becoming more and more common as laser technology develops. Th ey are used 
in the following medical specialties: gynecology, neurosurgery, general s urgery, d ermatology, u rology, oph-
thalmology, gastroenterology, otolaryngology, podiatry, and dentistry, as well as in experimental laser surgery. 
Th e following case study is not written as a comprehensive guide to laser safety (the reader is referred to the 
American National Standard for the Safe Use of Lasers in Healthcare Facilities, ANSI 2 136.3., 1988); however, 
it is an experiential clinical case that provides interesting symptomatologies, hypotheses, and interventions.

Each hospital u sing l asers s hould de velop u niform l aser s afety p olicies a nd procedures ba sed on 
ANSI 2 1 36.3., Th e ECRI Model Policy, or f rom the Laser Institute of America guidelines. Generally, 
these should include

 1. Formation of a laser committee
 2. Credentialing of medical personnel
 3. Education and training

TABLE 12.16 Laser Quanti cations: Real Case

Sl. No. Type Position Laser (W) No. of Seconds mg/m3

 1 Background SBZ Off Off  0.00
 2 Background SBZ Off Off  0.00
 3 Background SBZ Off Off  0.00
 4 Background SBZ Off Off  0.00
 5 Laser on SBZ 10 10 0.00
 6 Laser on SBZ 10 10 0.00
 7 Laser on SBZ 10 10 0.00
 8 Laser on SBZ 10 10 0.00
 9 Laser on SBZ 10 10 0.00
10 Laser on SBZ 10 10 0.00
11 Laser on SBZ 10 10 0.00
12 Laser on SBZ 10 10 0.00
13 Laser on SBZ 10 10 0.00
14 Laser on SBZ 10 10 0.00
15 Laser on SBZ 10 10 0.00
16 Laser on SBZ 10 10 0.00
17 Laser on SBZ 10 10 0.00
18 Laser on SBZ 10 10 0.00
19 Laser on SBZ 10 10 0.00
20 Laser on SBZ 10 10 0.00
21 Laser on SBZ 10 10 0.00
22 Laser on SBZ 10 10 0.00
23 Laser on SBZ 10 10 0.00
24 Laser on SBZ 10 10 0.00
25 Laser on SBZ 10 10 0.00

Note: SBZ, surgeon breathing zone.
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 4. Safety p recautions, i ncluding gener al p recautions, e ye p rotection a nd ba seline e xaminations, 
preoperative setup, operating precautions, and anesthesia guidelines

 5. Maintenance and service
 6 . Scavenging systems
 7. New laser acquisitions

Included as an appendix to this case study is a draft  laser policy.

Background

Two registered nurses assisting on procedures using a carbon dioxide laser for treatment of patients 
with cervical dysplasia, warts, or condylomata caused by HPV complained of the following symptoms:

 1.  Nasal congestion
 2. Poor inspiratory eff ort
 3.  Th ro at irritation
 4. Upper respiratory chest tightness
 5. Flu-like symptoms
 6.  Fatigue

Symptoms p ersisted for 2 4–48 h a ft er ex posure to t he la ser procedure. Th e procedure i n que stion i s 
performed in an outpatient clinic room. Th e laser has a smoke plume evacuation system that consists of 
the following parts:

 1.  Pickup ori ce attached to the vaginal speculum
 2. Half-inch Tygon tubing that connects the pickup ori ce to the  lter housing box
 3. Filter box housing  lter
 4 . Capture box

Air is then circulated back to ambient room air.

Hypothesis

Laser plume transmigrating into ambient a ir in respirable (lodging in a lveoli) particle size was being 
inspired by the nurses, provoking symptoms. Th e laser plume was escaping through a dysfunctioning 
scavenging system.

Investigation

Preliminary i nvestigation o f t he n urses’ c omplaints b egan w ith eng ineering a ssessment o f t he l aser 
plume speculum scavenging system, with individual assessment of

 1.  Pickup ori ce
 2 . Capture box
 3.  Effi  ciency of air  ow
 4. Potentiality of blood/particulate matter blocking air velocity  ow (AVF) within the pickup ori ce 

or capture bore

Assessment of the vaginal speculum revealed that the relatively small diameters of the speculum’s smoke 
aspiration tubing and ori ces had the potential of becoming plugged with bodily material, either by tis-
sue or blood particulates. Th ree or four speculums tested were completely plugged, thereby decreasing 
AVF to ne arly zero. With the tubing blocked, the laser plume was not b eing evacuated but rather was 
being aerosolized into the ambient air of the room. It could not be determined how many surgical cases 
were required for the speculums to become blocked.
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Th e Biomedical Engineering Department was consulted. Consensus opinion and assessment of the 
speculum were

 1. Diameter of the ori ces on the speculum aspiration tubing was of marginal size (2 mm) for the 
capture capacity of the laser plume.

 2. Inside diameter of the speculum aspiration was too small (3 mm).
 3.  Th e inside of the original pickup ori ce was found to have  ashing from the drilling of the holes 

that contributed to the decrease in  ow rate of air.
 4. On one ori ce, t here w as s pot w elding p enetration i nto t he t ubing w hich ob structed a ir  ow 

within the tubing.
 5. Because of the residual  ashing inside the pickup ori ces, it was diffi  cult to clean the tubing with 

a cleaning rod to empty particulate debris.

Biomedical engineering was assigned the task of redesigning and modifying the speculums using the 
following criteria:

 1.  Th e a spiration t ube d iameter w as i ncreased f rom 3 to 6 .35 mm u sing s tainless s teel t ubing 
(see Figure 12.2a). Th e assessment of this modi cation was that by doubling the size, potential 
blockage would be decreased and unrestricted  ow would be increased.

 2. Larger pickup ori ces were machined not only to increase the capture face potential, but also to 
reduce the eddies.

(a) (b)

(c)

FIGURE 12.2 Vaginal s peculum u sed i n t he l aser pro cedure. (a) M iddle pic kup or i ce (aspiration t ube) i s of 
original size (3 mm); attached ori ce i s of t he new 6 .35 mm. ( b) Re-ebonized 6 .35 mm pickup or i ce (aspiration 
tube). (c) Complete speculum with smaller aspiration tube in the middle for contrast.
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 3.  Th e tube was then welded into place with a stainless steel  ller rod, keeping the entire speculum 
assembly stainless steel.

 4. Extra s teps were t aken to c orrect t he c leaning ro d problem (ori ce ne eds to b e c leaned a ft er 
each procedure to remove blood, tissue, etc., to maintain air  ow). Aft er drilling the ori ces, the 
aspiration tube was again rebored, then the ori ces chamfered to remove all sharp edges, thus 
allowing for easy access for cleaning rods.

 5. To complete the modi cation, the refabricated speculum was re-ebonized with a thin,  at  nish 
(see Figure 12.2b). Th e complete speculum is shown in Figure 12.2c.

 6.  Filtration System. Th e original L aser Smoke F iltration System w as Sto ckhouse L FA-100. I t i s a 
0.5 m  ltration at 99.07% effi  ciency. It was decided to upgrade the  ltration capacity. A Stockhouse 
PT-1000 Point One 0.01 m  ltration at 99.9999% effi  ciency was installed. Th ough Brownian motion 
plays a role in particle size distribution with  ltration, the decision to upgrade the  lter was based 
on viral particle size (smallest pure 18–26 nm) and the fact that there are no published data about 
the particle size of virus in laser plumes.

Discussion

Th e respiratory symptoms experienced by t he at tending nurses could have either been caused by t he 
“number” and “size” of unscavenged particles or the “type” of particles being respired. Gordon et a l.1 
showed t hat vapor produced by t he c arbon d ioxide laser during t he vaporization of papillomavirus-
infected verrucae had v iral DNA present a nd t hat t his v iral DNA was l iberated into t he a ir w ith t he 
vapor of laser-treated verrucae. Also, the CDRH (Bulletin, Vol. X XII, No. 10) cited their recent study 
demonstrating that viable bacterial viruses can be present in laser plume. It is not i n the scope of this 
case s tudy to de termine t he e xact e tiologic a gent c ausing t he s ymptoms. H owever, i t i s f elt t hat t he 
escaping plume caused the symptoms of the nurses.

Clinical Trial of Modifi ed Unit

A clinical trial was set up to e valuate the modi ed speculum unit. Th e procedure involved was simi-
lar to the procedures done before the modi cation of the unit. Th e doctor in charge veri ed that this 
modi ed unit worked very well to el iminate the plume and that there were no interferences from the 
larger bore sizes. Th e staff  attending had no respiratory symptoms aft er the procedure or for the days 
following.

Conclusion

Th e elimination of the plume at the source is the design criterion of the scavenging system and must be 
achievable. All the diff erent interconnecting parts of the scavenging system speculum, pickup ori ce, 
bore, tubing, and  ltration system must be kept at optimal effi  ciency at all times. If plume escapes into 
the ambient air, symptoms can potentially be expected either due to size and number of respirable par-
ticles or viral contamination. Not all medical laser treatments will produce the same type of plume or 
need the same type of evacuation system. Each laser does need to be assessed by quali ed personnel and 
attending staff .
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Appendix 12.A.1

Sample Hospital Policy Statement: Laser Safety Procedures

Subject: Laser Committee

Policy: I t i s t he p olicy of S an Francisco G eneral Hospital Medical C enter to e stablish a nd m aintain 
a Laser Committee reporting to the Hospital Safety Committee.

Purpose: Th e goals of the Committee are

 1. To develop the Hospital’s physician credentialing criteria for laser use.
 2. To establish rules and practices to ensure laser safety.
 3. To assist in the training and education of physicians, nurses, and support personnel.
 4. To make recommendations to the Capital Equipment Committee for laser modality acquisition.
 5. To investigate unusual occurrences related to laser use.

Procedures:

 1.  Th e Chief of Service of each user department shall designate a representative to the Committee. 
At m inimum, t he C ommittee s hall a lso i nclude t he D irector o f O R N ursing, t he D irector o f 
Environmental Health and Safety, and the Director of Biomedical Engineering.

 2.  Th e Committee shall appoint an LSO to monitor safe laser practice. Th e LSO will report Committee 
activities semiannually to the Hospital Safety Committee.

Eff ective: DRAFT 11/21/88

Laser Committee

 I.  Function. Th e Laser Committee, as designated by the attached Hospital Policy, is responsible for 
the Laser Safety functions at SFGHMC.

 II.  Membership
 1.  Th e current physician membership of the Laser Committee consists of users/physicians from 

the following services:
 ( a) Ophthalmology
 ( b) Gastroenterology
 ( c) Urology
 ( d) Gynecology
 ( e) Anesthesia
 2. Nursing and other departments represented are
 (a) Head nurse, gastroenterology
 (b) Director, OR nursing
 (c) Director, biomedical engineering
 (d) Electronic technician supervisor, biomedical engineering
 (e) Director, environmental health and safety
 (f) Director, plant services
 III.  Duties
 1. LS O. Th e Laser Committee shall appoint an LSO from among the users who will act as the 

laser advocate and laser education coordinator. Th e LSO shall be fully trained in laser opera-
tion and applications, clinical operation and use, and safety. Speci c duties include:
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 (a)  Convene the Laser Committee at least semiannually, or as necessary to investigate unusual 
occurrences or to f ormulate recommendations to t he Capital Equipment Committee for 
laser-related equipment requests.

 (b) Report Laser Committee activities semiannually to the Hospital Safety Committee.
 2. Me mbers. I n add ition to pa rticipating ac tively i n C ommittee a genda, memb ers s hall b e 

responsible for laser education and training of personnel for their respective departments.

Credentialing

 I.  Criteria. Th e Laser Committee shall authorize or certify individual physicians to perform laser 
procedures based on at least one of the following criteria:

 1. Documented completion of an approved formal laser training program off ered by a r ecog-
nized authority (e.g., the American Society of Lasers in Medicine and Surgery), which includes 
a minimum of 4 h each in didactic and clinical hands-on educational workshops.

 2. Documented completion of a manufacturer’s formal training program that includes a dem-
onstration of clinical competence under the management of a previously certi ed laser 
physician.

 3. Preceptorship or residency training and proven pro ciency while assisting an experienced, 
certi ed laser physician. In this case, the certi ed physician or c hairman of t he re sidency 
program shall provide a formal letter stating the number of hours dedicated to such training, 
equipment used, procedures undertaken, and the increasing levels of responsibility assigned 
to the physician-in-training and monitored by the certifying physician.

 II.  Documentation. In addition to the originals of certi cation or approval letters that the physician 
should retain, copies of such documents should be  led with the Laser Committee.

 I II. Exceptions. A physician shall not use a laser for any procedures other than those for which he has 
the Laser Committee’s aforementioned approval. In emergencies, laser use without prior approval 
may be unavoidable, but the physician must then notify the Laser Committee in writing aft er such 
use, not ing t he c ircumstances t hat ne cessitated emergen cy u se a nd p ostoperative p lan f or t he 
patient.

Education and Training

 I . Initial Training. All OR and clinical personnel who are likely to be present during laser operation 
or maintenance are required to attend a training seminar that describes the principles of operat-
ing lasers, their clinical applications, attendant risks to pat ient and staff , s afety procedures, and 
the care of equipment.

Safety Precautions

 I . General Precautions
 1. All access doors to laser ORs shall be posted with warning signs to prevent unexpected inter-

ruption of the laser operator.
 2. A U L-approved  re e xtinguisher s hould b e re adily available i n t he e vent o f e quipment or 

material  re.
 3 . All re ective surfaces likely to be contacted by the laser beam shall be removed from the OR. 

Matte or anodized  nished instruments shall be used when possible.
 4. All windows in the laser OR shall be covered.
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 I I. Eye Protection
 1. Protective eyewear of the appropriate OD for the type of laser being used shall be worn by 

all persons present prior to powering the laser system and during the entire procedure. Th is  
includes all staff , bystanders, and the patient.

 2. Microscopes shall have a failsafe method to protect the user’s eyes against laser beam re ec-
tions (i.e., builtin  lters, separate optical paths for intermittent viewing and  ring, shutters 
that automatically close prior to  ring).

 3. Users a nd support s taff  who a re normally in t he OR during laser ac tivation shall have eye 
examinations at least every 3 years designed to detect any adverse eff ects that may have been 
caused by inadvertent laser radiation. Eye examinations must also be performed during laser 
orientation to establish a baseline.

 I II. Preoperative Setup
 1.  Th e key to the laser system must be removed and kept in a secure location when the laser is 

not in use.
 2.  Th e physician shall test the focusing and the limits of the power range intended for the proce-

dure before using the laser.
 3. When possible, and except for ophthalmic lasers, the physician should avoid placing the laser 

beam path at eye level (sitting or standing).
 4.  Th e laser shall never be switched to the operating mode until the procedure is ready to begin 

and the laser is in the proper position.
 5. Th e laser shall never be aimed at a person except for therapeutic purposes.
 6. When a l aser plume w ill be gener ated, i t must be e vacuated by a smoke e vacuator or by 

wall suction. Th e vacuum tubing or probe used to evacuate the plume should not be used 
to suc tion b lood o r  uids unless it is speci cally de signed to p erform b oth f unctions 
simultaneously.

 I V. Operating Precautions
 1. Combustible material, such as OR gowns, drapes, and towels, should be kept out of the laser 

beam path to avoid combustion.
 2. When possible, skin and tissue adjacent to the lasing site should be draped with moist towels 

to avoid inadvertent damage from direct or re ected irradiation. Towels must be remoistened 
as necessary to avoid combustion.

 3. Alcohol based or other  ammable prepping solutions should not be used. Betadine or sterile 
water can be used if the area is then dried thoroughly.

 4. When procedures are performed in the perianal area, the  ammability of the intestinal gas 
must be considered. Cotton ba lls with a w ater-based jel ly applied may be inserted into the 
rectum.

 5. An alternative means of controlling bleeding should be readily available to the surgical team 
during surgery if the laser is to be used in a procedure where profuse bleeding is a recognized 
risk.

 V . Anesthesia Guidelines
 1. Flammable anesthetics must not be used in conjunction with laser surgery.
 2. If laser energy is to be used near an endotracheal tube, special precautions must be taken. Red 

rubber or silicone elastomer tubes wrapped in re ective tape, or laser-resistant tubes should 
be utilized. Vinyl tubes must be avoided, as toxic hydrochloric acid fumes will be emitted if 
the tube is burned.

 3. If laser energy is to be delivered through an endoscope and used near an endotrachael tube, 
a r igid endoscope w ith a no nre ective su rface or a  exible  beroptic bronchoscope with a 
non ammable sheath should be used. In addition, laser energy should be applied slowly and 
intermittently to avoid scattering  aming carbonized particles that, in the presence of high 
oxygen concentrations, could promote endotracheal tube  res.
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 4.  Th e anesthesiologist should ventilate the patient with nonoxygen-enriched (room) air when 
possible. If oxygen therapy is necessary, it should be administered at the minimum concen-
tration necessary to properly support the patient.

 5. Th e a nesthesiologist shall be k nowledgeable of t he procedures to f ollow i n t he e vent of a n 
endotracheal tube  re. (Th e endotracheal tube should be immediately disconnected from the 
gas source and then removed. Light taping of the tube to the patient to facilitate rapid extuba-
tion is recommended.)

 6. Oil-based endotracheal t ube lubricants shall not b e u sed. (Water soluble solutions of local 
anesthetics are acceptable alternatives.)

 7.  Th e anesthesiologist and the surgical team shall agree, prior to the induction of anesthesia, on 
a management plan in the event of total airway obstruction.

 8. If p ossible, pat ients w ith c ompromised a irways s hall not b e p remedicated w ith na rcotics, 
diazepam, or barbiturates. Standard inhalation or intravenous techniques can be employed 
in patients without compromising airways.

 9. A muscle relaxant to immobilize the surgical  eld should be considered.
 10. Blind intubation shall be avoided in patients with airway lesions. All necessary equipment (e.g., 

laryngoscope blades, various size endotracheal tubes, tracheostomy set, bronchoscopes) shall 
be present prior to b eginning intubation. A su rgeon quali ed to p erform a t racheostomy 
shall be accessible.

Unusual Occurrences

 I.  Th e L aser C ommittee s hall b e re sponsible f or i nvestigating a ll u nusual o ccurrences rel ated to 
laser use and reporting the results to the Quality Assurance Program.

Maintenance and Service

 I . Routine Inspection. Th e l aser u ser i s re sponsible f or p erforming a d aily v isual i nspection o f 
the l aser s ystem to c heck for a ny appa rent a bnormalities. E quipment a bnormalities s hould b e 
reported to Biomedical Engineering or to the service contract vendor.

 II.  Cleaning
 1. L aser System. It is recommended that each laser system be wiped off  with alcohol between 

each laser case.
 2. Carbon Dioxide Accessories
 (a) Handpieces should be steam sterilized or  ash sterilized for three minutes prior to use.
 (b)  Lens should be washed c arefully w ith s oap a nd water, d ried, a nd c arefully s tored a ft er 

each use.
 3. Nd:Yd Laser Accessories
 (a)  Endoscopes s hould b e c leaned a s de scribed i n t he H ospital’s I nfection C ontrol 

Manual.
 4. A rgon Accessories
 ( a)  Th e dermatological hand piece shall be soaked in Cidex for 10 min prior to use with each 

patient. Aft er each use, it shall be washed with soap and water and rinsed well.
 ( b)  Th e contact lens used with Ophthalmology Argon Lasers is carefully cleaned with soap 

and water, dried, and wiped with lens paper aft er each patient use.
 III.  Maintenance. On ly q uali ed m anufacturer’s re presentatives o r i n-house te chnicians p roperly 

trained a nd approved by t he L aser C ommittee shall i nstall, maintain, a nd/or service t he laser. 
Documentation of laser maintenance training shall be submitted to the Laser Committee.
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Initial installation of a laser and any periodic maintenance or repair that could aff ect laser performance 
or safety shall be followed by performance/safety tests prior to laser use.

New Laser Acquisition

 I.  Equipment. Th e L aser C ommittee s hall re view a nd m ake re commendations to t he H ospital 
Capital Equipment Committee for all laser technology acquisitions.

 II.  Space. Th e Laser Committee shall plan and coordinate all laser facility design and modi cations 
with the Plant Services Department.

Source: San Francisco General Hospital Medical Center, 1988.
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Use of Ethylene Oxide in Medical Care

In 1985, a lmost 3 m illion tons of e thylene oxide (EtO) was produced i n t he United St ates. Hospitals 
and other health care facilities routinely use ethylene oxide as an agent to sterilize medical devices and 
equipment. Its use is especially important in the sterilization of heat- and moisture-sensitive items that 
cannot be sterilized by steam. Th ere is no su itable substitute at t he present t ime for EtO sterilization 
within hospitals, and its continued use is essential for the control of nosocomial infections. Less than 
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0.5% of a ll EtO produced i n t he United States i s used as a s terilant; however, t his use poses possibly 
the most s igni cant o ccupational h azard o wing to t he g reater p otential f or em ployee e xposure a nd 
the number of workers involved.1 In 1977, t he National Institute for Occupational Safety a nd Health 
(NIOSH) estimated t hat approximately 75,000 health care workers were potentially exposed to Et O.2 
Perhaps due to increased awareness of the potential health hazards of EtO, recent estimates of the num-
ber of people exposed have been reduced. In 1985, NIOSH estimated that 22,230 hospital workers were 
potentially exposed to EtO.3 Approximately 60%–70% of industrially sterilized medical devices use EtO 
as a sterilant. It is estimated that the health industry sterilizes 10–12 billion items per year. As a conser-
vative estimate, hospitals, clinics, and doctors sterilize an additional 200 million items per year.4

Health Effects

In vivo EtO is rapidly distributed throughout the body. Acute and chronic exposure leads to respiratory 
tract i rritation a nd central ner vous system depression as well a s ot her pat hological changes. At h igh 
doses, EtO can induce dominant lethal mutations and cause embryotoxicity in rodents. One epidemio-
logic study suggested an increase in spontaneous abortions due to EtO exposure.

EtO, presumably due to i ts ability to a lkylate DNA, causes gene mutations in both prokaryotic and 
eukaryotic cells and leads to sister chromatid exchanges and chromosomal damage, including the for-
mation of  aberrations a nd m icronuclei.5,6 Several types of tumors have been induced in rats by EtO. 
Epidemiologic studies of people occupationally exposed to Et O strongly suggest increased incidences 
of stomach cancer and leukemia.7 Th e International Agency for Research on Cancer (IARC) concluded 
that there is suffi  cient evidence t hat carcinogenicity i s l imited. O verall, based on both t he a nimal 
and human data, IARC considers that EtO is probably carcinogenic in people.8 Typical EtO exposure 
patterns are given in Table 13.1.

Th e p rimary e ff ects o f ac ute, sub chronic, o r c hronic e xposure to Et O a re si milar to h umans a nd 
animals: central ner vous system depression and respiratory tract irritation. EtO can irritate the eyes, 
nose, and throat of most people when air concentrations reach about 200 parts per million (ppm). Levels 
above 1000 ppm can cause coughing, lung irritation, breathing diffi  culties, and chest pain. Short-term 
high level exposure to EtO has a mild depressant eff ect on the brain, somewhat like alcohol. Skin or eye 
contact with liquid EtO causes burning. Skin eff ects may not appear until 1–5 h later. Sensitization and 
cataract formation are also associated with repeated exposure in humans.

Repeated inhalational exposure to high concentrations of EtO is associated with neuropathy. 
Observations of neurotoxicity in humans have been con rmed in some, but not a ll, studies by histo-
pathologic observation. In laboratory animals, pathologic changes have been observed in the lungs, kid-
ney, liver, testicles, and blood. Epidemiologic studies have not revealed any toxic, nonmalignant eff ects 
aft er long-term exposure to levels of EtO below 10 ppm.

In 1977, NIOSH recommended a level for occupational exposure to EtO that was designed to protect 
workers against the acute and chronic nonmalignant health eff ects of EtO. Th ey recommended contin-
ued observation of the then-current occupational standard of 50 ppm as a time-weighted average (TWA) 
for an 8 h shift . No noncarcinogenic eff ects were expected below this exposure level. However, in 1984, 
an occupational standard of 1.0 ppm as a permissible exposure limit (PEL) for an 8 h TWA exposure was 
promulgated based on evidence of EtO’s carcinogenicity (OSHA 1984).9,10 OSHA has recently added a 
short-term exposure limit of 5.0 ppm for a 15 min TWA.

Chemical Properties

EtO is a colorless gas at room temperature and a liquid when compressed. Th e chemical structure of EtO is
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EtO has a molecular weight of 44.05, a boiling point of 51°F, a vapor pressure of 1.091 mm Hg at 20°C, 
a speci c gravity of 0.87 (water = 1), and a vapor density of 1.5 (air = 1). One hundred percent EtO has 
explosive limits of 3%–100% and a  ash point of −6°C (tag open cup). EtO is an alkylating agent that 
reacts directly with –COOH, –NH2, –SH, and –OH groups. It also reacts with the ring nitrogen of 
purine and pyrimidine bases and the amino groups of amino acids and proteins. It is relatively noncor-
rosive to most materials except some rubbers.

EtO is provided to mo st hospitals a s 100% pure, u ndiluted EtO i n small cartridges i n up to 1 34 g 
containers t hat contain less t han 5  uid ounces of EtO or as a no n ammable gas mixture k nown as 
88/12 (12% EtO in 88% Freon 12 by weight). Cylinders used are usually 140 lb. Th e cartridges are used to 
operate sterilizers with chamber volumes of less than 4 ft 3. Th ese cartridges contain pressurized liquid 
that will vaporize when released. It is assumed that as long as the sterilizer is in a well-ventilated envi-
ronment, the lower  ammable limit (3% or 30,000 ppm) will never be reached. Th e EtO–Freon mixture 
is preferred because of its non ammability, its low operating pressure in the sterilizer (usually about 
8 psig), and the ease in  nding leaks with an ordinary Freon detector.11 Cold temperatures do no harm 

TABLE 13.1 Typical EtO Exposure Pattern: IR Survey Results

Uncontrolled Controlled

Exposure Pattern
Concentration 

(ppm) Time (h)
Concentration 

(ppm) Time (h) Exposure Control Approach

Pre-cycle room 
levels

3 0.25 1 0.25 At least 15 air changes per 
hour. Local exhaust 
system-aerators.

Cylinder storage 
room

10 0.25 1 0.25 Leak test pressure lines. Check 
valves on tank lines. Local 
exhaust system.

Sterilizer door leak 75 2.00 0 2.00 Leak test door, maintenance. 
Local exhaust system.

Purge line discharge 300 0.25 10 0.25 Local exhaust system. Remote 
location.

Opening door 200 0.25 1 0.25 Local exhaust system. Crack 
door and move away for a 
time period determined by 
IR monitoring.

Packing aerator 10 0.25 2 0.25 Load in baskets. Protective 
gloves. Arm’s length 
handling.

Other duties 2 4.75 0 4.75 Isolate sterilizer location.

1 1 2 2 3 3+ + + +
TWA =

8
n nC T C T C T C T�

(3 × 0.25)+ (10 × 0.25)+ (75 × 2.00)+ (300 × 0.25)+ (200 × 0.25)+ (10 × 0.25)+ (2 × 4.75)
Uncontrolled TWA =

8
= 36 ppm

(3 × 0.25)+ (10 × 0.25)+ (75 × 2.00)+ (10 × 0.25)+ (1× 0.25)+ (10 × 0.25)+ (10 × 0.25)+ (2 × 4.75)Partially controlled TWA =
8

= 21ppm

(1× 0.25)+ (1× 0.25)+ (0 × 2.00)+ (10 × 0.25)+ (1× 0.25)+ (2 × 0.25)+ (0 × 4.75)Controlled TWA =
8

= 0.47 ppm
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to the cylinder contents, but cylinders should be placed at room temperature for at least 24 h before the 
cylinder is placed into service as a working cylinder. Pressure in a cylinder will almost double when 
moved from a 40°F environment to room temperature (about 65 psig).

Sterilization Process

Th e advantage of EtO sterilization lies in its eff ectiveness against microorganisms and spores in many 
types of materials w ith l ittle physical damage to t he material itself. In addition, t he ability of EtO to 
readily diff use and penetrate allows for the eff ective sterilization of prepackaged, preassembled items. 
In hospitals, EtO is used to sterilize delicate instruments that would otherwise be damaged or destroyed 
by the heat and steam produced by a conventional autoclave. Various optical instruments, for example, 
would be ruined if water vapor entered the optic elements, and high temperatures can damage or destroy 
the numerous plastic and rubber goods used in hospitals today. EtO sterilization methods have allowed 
for the proliferation of disposable medical products that can be sterilized aft er pac kaging in paper or 
plastic shelf packs, assuring sterility of the product until use. Although the  rst application of EtO as a 
sterilant occurred in the food industry, the Environmental Protection Agency (EPA) now approves its 
use only to fumigate speci c items such as spices and black walnut meats.

Th e sterilization mechanism of EtO is based on a reaction between EtO and nucleic acids within the 
target cell. Alkylation of nucleic acids by EtO disrupts protein synthesis and, ultimately, cell reproduc-
tion. Th e nature of the alkylation reaction requires an ionic medium; therefore, humidi cation of the 
product is oft en necessary for eff ective sterilization. As in most chemical reactions, gas concentration, 
temperature, and exposure time are also important rate-limiting factors that must be considered in the 
sterilization process.12

Sterilization chambers are designed to control gas concentration, temperature, humidity, and expo-
sure time to obtain optimum results. EtO gas concentration determines the number of EtO molecules 
available to react with the microorganisms and ultimately aff ects the speed and effi  cacy of the steriliza-
tion. For most processes, precise ga s c oncentrations a re not c ritical a nd a re e ff ectively controlled by 
injecting a known volume or weight of gas and closely regulating the chamber vacuum and/or pressure. 
Although an increase in temperature speeds the sterilization process, only moderately elevated temper-
atures are employed to avoid damage to the product. Depending on the items to be sterilized, and pos-
sibly the product packaging, sterilization temperatures range from ambient to 60°C (140°F). Experience 
has shown that items to be sterilized should be humidi ed to 30% relative humidity or higher, depend-
ing on t he selected s terilizing temperature. Again, c are must be t aken not to o ver-humidify because 
items may be damaged by water vapor. Th e duration of exposure to EtO required for complete sterili-
zation w ill depend necessarily on t he a forementioned factors a nd t he ability of EtO to p ermeate t he 
speci c material.

Although a w ide variety of equipment designs have been used for EtO sterilization, t hey basically 
fall into two categories: one uses pure (100%) EtO; the other, a mixture of EtO and a dilutant gas such 
as chloro uorocarbons or carbon dioxide. Pure EtO is quite  ammable. Well-designed sterilizers using 
100% EtO operate at subat mospheric conditions to eliminate potential gas leakage problems that may 
lead to  re or explosion. Sterilizers designed for use with non ammable EtO mixtures can incorporate 
both subatmospheric conditions and pressurized states into the sterilization cycle.

Regardless of the type of gas used, the sterilization cycle has four phases. Th e sterilizing equipment 
regulates three of these phases: the conditioning phase, where the items to be sterilized are brought to 
a speci ed temperature a nd humidity; t he Et O exposure phase; a nd t he e vacuation phase, when t he 
chamber is  ushed with  ltered a ir to remo ve excess EtO from the chamber. At this point, the items 
are sterile but not ready for immediate use. Residual EtO remains dissolved in freshly sterilized items 
and can produce chemical burns to handlers or users of these items. Hence, during the fourth phase, an 
aeration phase, EtO is allowed to dissipate from the product. To hasten this process and control fugitive 
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EtO, sterilized items may be placed in an aeration chamber where elevated temperatures and increased 
air  ow adequately aerate most items within 12 h. New sterilization equipment has recently combined 
both the sterilization and aeration processes so that one does not have to transfer materials to the aerator 
until the aeration cycle is completed.

Occupational exposure to Et O i s dependent i n certain respects on t he design of t he s terilizer, t he 
integrity of the chamber and gas supply and exhaust lines, and the effi  ciency of the purge cycle. Small 
(2–4 ft 3), tabletop sterilization chambers (used primarily in health care facilities) are self-contained units 
that use individual cartridges of 100% EtO to supply gas for each load. Because  ammable, pure EtO is 
used, the entire sterilization cycle proceeds under negative pressure (Figure 13.1). When the chamber has 
achieved the proper vacuum, temperature, and humidity, the EtO cartridge is automatically punctured, 

FIGURE 13.1 Sterilizer for use with 100% EtO.
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releasing gas into the chamber. At the end of the gas exposure phase, a  nal vacuum is drawn—approximately 
∼7 in. of mercury (7 ≤ Hg )—to remove e xcess Et O, a nd t he c hamber i s purged by  ushing with air. 
A slight negative pressure is maintained until the cycle is complete. In these small units, purged EtO 
leaves the unit via copper tubing to the outside atmosphere. Intermediate-sized (9–30 ft 3), built-in sterili-
zers generally use an 88% Freon and 12% EtO (88/12) gas mixture supplied in gas cylinders. Although 
items are preconditioned under a vacuum, the actual sterilization phase is conducted above atmospheric 
pressure (Figure 13.2). Th e post-sterilization purge consists of one or more deep vacuum draws (in some 
cases 30 ≤ Hg) and an air  ush at slightly negative pressure. Large (over 200 ft 3), freestanding sterilizers 

FIGURE 13.2 Sterilizer for use with EtO gas mixtures

Bacteria-retentive
filter

Air valve

Air inlet

Valve
Steam injection for
humidification and

chamber heating

Atmospheric
vent

Dump to
sanitary
sewer

Vacuum pump
Valve

Temperature
control

Valve

Gas
cylinder

Gas
conditioner

Door

Control panel
with chart recoder

Sterilization
chamber

Conditioning Exposure

Multiple
vacuum

draw
Continuous

purge

Atmospheric

Purge

pressure

Time

Va
cu

um
Ch

am
be

r c
on

di
tio

n
Pr

es
su

re



Safe Use of Ethylene Oxide in the Hospital Environment 13-7

are found in commercial sterilization operations. Such sterilizers are designed to use either 100% EtO or 
non ammable gas mixtures and are generally built to the user’s speci cations.

Depending on the effi  ciency of the chamber purge cycle and the size and type of load, a percentage 
of the original EtO charge remains in the sterilization chamber and presents the main EtO exposure 
source. Some of t his residual EtO may be released i nto t he su rrounding work a rea when t he door i s 
opened at the end of the cycle. Th e rest is dissolved, absorbed, or trapped within the sterilized items and 
is slowly released over time, a process referred to as off -gassing.

Th e potential for EtO exposure exists during the purge cycle of medium- to large-sized sterilizers if 
the vacuum outlet is plumbed to an open drain. In these sterilizers, EtO is purged from the chamber 
by a water-sealed vacuum pump. Th e water outlet line empties either locally or remotely into an open 
drain because hard piping into a sewer line without an air gap is not approved by most plumbing codes. 
It is oft en believed the EtO dissolves in the water or reacts to form ethylene glycol; this is not the case. It 
has been estimated that ∼85% of the EtO used in sterilization can be released at the drain opening, 10% 
remains in the water entering the sewer system, and the remaining 5% stays in the chamber.

At all times, whether or not the sterilizer is in operation, leaks from supply tanks, valves, and  tting 
may continuously emit EtO into the workplace. During the sterilization cycle, EtO exposure can result 
from a leak of the door gasket or a failure of the door-locking mechanism. In addition, sterili zers using 
non ammable EtO gas mixtures are equipped with an emergency rel ief valve that will trip to rele ase 
pressure before the pressure rating of the chamber is exceeded. If the relief valve outlet is not vented to 
the outside, a trip of the valve can result in a very large release of EtO into the work environment.

Regulatory Environment

Occupational Safety and Health Administration

On June 22, 1984, the Occupational Safety and Health Administration (OSHA) released its standard on 
occupational exposure to EtO. Th e majority of workers exposed to Et O are employed in hospitals and 
medical pro ducts  rms. Th e c ost o f c ompliance f or t his s egment o f t he i ndustry i s e stimated to  
be $70 million. Th e PEL to EtO is 1.0 ppm, determined as an 8 h TWA air concentration. Th e standard 
also established an action level (AL) of 0.5 ppm determined as an 8 h TWA. Users of EtO should keep in 
mind that these standards are performance standards; that is, as greater and greater concentrations are 
exceeded, regulatory compliance such as environmental and medical monitoring increases (Table 13.2).

In 1988, OSHA amended its standard to provide for a short-term employee exposure limit of 5.0 ppm 
determined as a 15 min TWA. Th e basis for the standards is a determination by OSHA, based on animal 
and human data, t hat exposures to Et O present a c arcinogenic, mutagenic, reproductive, neurologic, 
and sensitization hazard to w orkers. Th e general sections of t he federal OSHA standard for EtO and 
related OSHA standards can be found below:

Speci c Sections of OSHA EtO Standard
29CFR1910.1047 (D) Exposure Monitoring
29CFR1910.1047 (E) Regulated Areas
29CFR1910.1047 (F) Methods of Compliance
29CFR1910.1047 (G) Respiratory Protection and Personal Protective Equipment
29CFR1910.1047 (H) Emergency Situation
29CFR1910.1047 (J) Communication of Hazards to Employees
29CFR1910.1047 (K) Recordkeeping
29CFR1910.1047 (L) Observation of Monitoring
29CFR1910.1047 V entilation

Related OSHA Standards
29CFR1910.134 Re spiratory Protection
29CFR1910.20 Access to Employee Exposure and Medical Records
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29CFR1910.132 Personal Protective Equipment
29CFR1910.141 S anitation
29CFR1910.151 Medical Services and First Aid
29CFR1910.133 Eye and Face Protection
29CFR1910.101 Compressed Gases (General Requirements)
29CFR1910.1200  Hazard Communication—Requires chemical manufacturers and import-

ers to a ssess t he h azards o f c hemicals t hat t hey p roduce o r i mport, a nd 
all employers (SIC c odes 2 0 t hrough 39) to p rovide i nformation to t heir 
employees concerning hazardous chemicals by means of hazard commu-
nication programs including labels, material safety data sheets, training, 
and ac cess to w ritten re cords. N ote: I ndividual s tate re gulations d iff er 
substantially  in coverage and implementation.

Some states have adopted an occupational exposure limit for EtO, while others have environmental 
standards for EtO that may be more stringent than the current federal standard. States that do not have 

TABLE 13.2 EtO Standards (Vary with Concentration)

No. Exceeds 8 h TWA (>1.0 ppm) Exceeds AL (0.5–1.0 ppm) Less than AL (<0.5 ppm)

 1. Monitor every 3 months. May 
reschedule to every 6 months if 
two consecutive measurements 
taken 7 days apart are below 
1.0 ppm. May discontinue if 
consecutive measurements are 
below 0.5 ppm.

Monitor every 6 months. May 
discontinue if two consecutive 
measurements taken 7 days 
apart are below 0.5 ppm.

Required initial monitoring 
and when process or 
engineering change. May 
discontinue if results are 
less than 0.5 ppm.

 2. Report or post all monitoring 
results within 15 days aft er receipt. 
Written noti cation to employees 
of corrective action being taken.

Report or post all monitoring 
results within 15 days aft er 
receipt.

Report or post all 
monitoring results within 
15 days aft er receipt.

 3. Environmental measurement 
records must be kept for 30 years.

Environmental measurement 
records must be kept for 
30 years.

Environmental 
measurement records must 
be kept for 30 years.

 4. Regulated area must be established 
and demarcated.

Regulated area not necessary. Regulated area not 
necessary.

 5. Establish and implement a written 
control program of engineering, 
administrative, and personal 
protective equipment measures.

No control program required. No control program 
required.

 6. Schedule periodic leak detection 
surveys.

No leak detection surveys 
required.

No leak detection surveys 
required.

 7. Written plan for emergency 
situations.

Written plan for emergency 
situations.

Written plan for emergency 
situations.

 8. Means for alerting employees. Means for alerting employees. Means for alerting 
employees.

 9. Medical surveillance required. Medical surveillance required 
for employees exposed at or 
above the AL for at least 30 days 
per year. Rotation of employees 
is prohibited.

Medical surveillance not 
required.

10. Employee information and training 
required.

Employee information and 
training required.

Employee information and 
training required.

11. Material safety data sheet available. Material safety data sheet 
available.

Material safety data sheet 
available.
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their own approved occupational safety and health plans must follow the federal OSHA standard. State 
agencies should be contacted for more information.

Th e EPA registers sterilants such as EtO as a pesticide. Th e EPA’s jurisdiction is mandated through the 
Federal Insecticide, Fungicide, and Rodenticide Act passed by Congress in 1972. Th is act provides that 
no pesticide can be registered by EPA unless it is shown to be safe and eff ective when used as directed. 
It requires users to s how that they know the correct way to u se and handle pesticides, including anti-
microbial agents. EtO is a lso registered w ith t he EPA as a f ungicide for f umigation of books; dental, 
pharmaceutical, medical, and scienti c equipment and supplies; drugs; paper; soil; clothing; spices; and 
transportation vehicles, such as jet aircraft  and railroad passenger cars. Under other laws and regula-
tions that it administers, the EPA presumably has the authority to control EtO effl  uents and emissions 
that could pollute the environment. Th e EPA is investigating EtO as a potential toxic air pollutant under 
the Clean Air Act.

Evaluating the EtO Hazard

Each hospital must determine for itself the strategy it will use in developing a c ontrol program that will 
reduce EtO exposure to acceptable limits. To do so, a hospital must be able to separate and analyze the com-
ponent parts of EtO exposure. It must then determine how to respond to its analysis, implement a plan that 
improves its particular situation, if necessary, and, on a periodic basis, monitor the results of the changes.

Exposure and relative exposure probability of EtO are the result of three independent components: 
personnel practices, equipment conditions, a nd ventilation characteristics. A h ospital w ill be able to 
develop eff ective and effi  cient ways to reduce exposure only when it understands the degree to which 
each of these elements contributes to overall personnel exposure. As these elements are independent in 
their relationship to one another, if any one of them could be completely controlled and eliminated as 
a factor, no exposure would then exist. For example, if the sterilization cycle could be completed before 
personnel handle the materials, no exposure would be possible regardless of the equipment’s condition 
or ventilation characteristics. Or, i f the equipment conditions were such that EtO could be contained 
through t he s terilization process, w hich i ncludes t he a eration c ycle, t here would b e no re ason to b e 
concerned about personnel practice. Th is is now a reality in some new equipment. As in all discussions 
of the ideal, however, these examples are not representative of real-life situations, where more than one 
exposure element needs to be addressed. It is never possible to eliminate the exposure potential of any 
one element. Th e examples demonstrate that not all components need to be addressed completely for 
exposure and exposure potential to be near zero. (Total exposure potential is a product of the individual 
exposure potential elements.) I f one of t hese percentages is near zero, its multiplication by any ot her 
percentage will keep the total exposure potential near zero.

Once the components of exposure are understood, the hospital should review its current operation 
with these elements in mind. Th e methodology may be as simple as (1) observing personnel practices 
while having a passive monitor attached to key personnel responsible for EtO sterilization, (2) testing for 
leaks with a refrigeration leak detector (88/12 sterilizers), and (3) reviewing plans for characteristics of 
the ventilation system. More sophisticated data may be sought by contracting for a real-time EtO analy-
sis and for air-balance studies. Whichever method is used, the studies should result in a l ist of control 
options for each exposure component (see Table 13.1).

As a ll opt ions need not b e implemented for an eff ective control program, only those that are most 
eff ective from a bene t-cost perspective should be installed. Once installed, an evaluation of the program’s 
eff ectiveness should be conducted, and a monitoring program should be started to con rm periodically 
the program’s continued performance.

An air sampling program should comply with the following requirements:

 1.  Th e monitoring me thod s hall b e ac curate to a c on dence level of 95%, to within ±25% at the 
1.0 ppm P EL a nd to w ithin ± 35% at t he 0. 5 ppm A L. I t i s p rudent to u se t he s ame p ersonal 
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monitoring methods that OSHA compliance or NIOSH industrial hygienists use. For example, 
the U.S. Department of Labor OSHA, Directorate of Technical Support has validated two methods 
for use by OSHA compliance offi  cers. Th e primary method used for OSHA compliance purposes 
uses a hydrogen bromide coated charcoal tube as a sampling medium across which 24 L of air is 
drawn at a  ow rate of 0.1 L/min. Analysis is by gas chromatography with electron capture detec-
tion. Th is method has a sampling and analytical error of 0.10. A secondary method requires draw-
ing 1 L of air at a  ow rate of 0.05 L/min across two standard activated charcoal tubes arranged in 
series. Th is method has a sampling and analytical error of 0.11.

 2. All monitoring results must be kept for 30 years.
 3. Employees are to be noti ed of all monitoring results within 15 working days of receipt of results. 

Th is requirement can be met by posting all results in the work area.
 4. Whenever the PEL (1.0 ppm) is exceeded, the employer must notify the employees of the correc-

tive action that will be taken.
 5. OSHA requires breathing zone samples (preferably a sampler worn by an employee) to determine 

compliance.
 6. Monitoring records must have the following information:
 a. Date of measurement
 b.  Operation
 c. Sampling and analytical methods used and their accuracy
 d. Name, social security number, and exposure of the employees whose exposures are represented
 e. Protective equipment worn
 f. Number, duration, and results of samples taken

Th e le tter o f t he l aw e xempts em ployers f rom add itional mo nitoring i f i nitial mo nitoring re sults 
are below the AL. However, if engineering changes occur that would be expected to c hange exposure 
patterns, a re evaluation of employee e xposures must b e p erformed. Th e s ensitivity of d irect re ading 
instruments to achieve less than 0.5 ppm is not necessarily required. A measurement system that pro-
vides reliable real-time monitoring below 1.0 ppm is invaluable in characterizing emissions. Be sure to 
remember that legal compliance should be done with personal sampling. Th e use of continuous moni-
toring systems and direct-reading instruments may be used; however, there is diffi  culty in characteri-
zing the true employee exposure because hospital central supply employees typically change their work 
patterns and oft en leave the area for other parts of the hospital for long periods of time. Infrared (IR) 
monitoring continues to p rovide the most useful information for evaluating exposure patterns, engi-
neering controls, and equipment function. It is recommended that IR monitoring and personal sam-
pling be performed every 6 months when environmental conditions are stabilized.

Exposure Control

Equipment Design

EtO sterilization chambers without basic safety features such as an automatic door-locking mechanism, 
a controlled release of EtO into the chamber, and an EtO purge and air- ush system leading to a remote 
or controlled location should not be used. A few facilities had such equipment, but claimed they were 
never used. Th ese antiquated systems not only have no means of controlling employee exposures to 
the entire EtO charge, but also have a higher potential for incomplete sterilization.

An e ff ective p urge o f t he s terilization c hamber b efore t he c hamber do or i s op ened c an l imit t he 
exposures of operators when they open the sterilizer door. Several companies in the medical products 
industry and some sterilizer manufacturers are experimenting with variations in the purge cycles for 
optimal control of residual EtO. Monitoring results gave indications t hat variables such as t he depth 
of the vacuum draw, the number of draws, and continuous purge systems can decrease the amount of 
residual EtO in the chamber at the end of the cycle (see Figures 13.1 and 13.2). Another factor that may 
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aff ect the effi  ciency of the purge is the quality of the air used to  ush the chamber. If the air intake is 
located in an area contaminated with EtO (such as a maintenance access room without adequate ventila-
tion at the exhaust drain), EtO is circulated back into the chamber.

Implementing c ontrols t hat re duce c ontact w ith f reshly s terilized i tems c an b e very e ff ective in 
reducing e xposures. A f ew manufacturers of t he smaller s terilizers a re b eginning to p roduce e quip-
ment that both sterilizes and aerates, eliminating the need for a worker to open the sterilizer and handle 
freshly sterilized items. Automatic door-opening systems, as seen on some of the larger sterilizers, can 
eliminate  exposures received when manually opening sterilization chambers. One facility had coupled 
this with a mechanism for automatically unloading the sterilized products into an aeration area.

Local Exhaust Ventilation System

Th e purpose of local exhaust systems i s to c apture EtO emissions at t heir source before t he EtO can 
contaminate air in the employee’s breathing zone. Th e most common uses are at the sterilizer door and 
exhaust drain (Figure 13.3), a lthough provisions to c ontrol large releases of EtO from chamber emer-
gency relief valves on medium-to-large sterilizers should also be considered (Figure 13.4). Many of the 
observed local exhaust systems were ineff ective owing to poor design. Such systems should be designed 
by an engineer or industrial hygienist familiar with the principles of industrial ventilation to assure that 
the air volume capacity of the fan and the proportions of the control hood(s) and duct work create suf-
 cient air velocities for emission control. To capture EtO before it reaches the operator’s breathing zone, 
hoods over sterilizer doors must be located as near to the door opening as possible, and systems installed 
at the exhaust drains and pressure relief valves should enclose the source as much as possible.

Large, walk-in type units oft en have chamber exhaust systems pulling from the rear of the chamber to 
 ush residual and off -gassing EtO away from the operator when the door is opened. Th ese systems can 
quickly reduce levels within the chamber and also control the escape of the EtO into the workplace.

Dilution Ventilation Systems

Dilution systems a re designed to re duce EtO levels in t he general work a rea. However, t hey a lone 
cannot l imit t he op erator’s e xposure b ecause Et O i s not remo ved at t he s ource o f em ission. W here 

FIGURE 13.3 EtO d rain w ith a n e xhaust c onnected to a d edicated e xhaust s ystem i n t he me chanical ro om. 
(Photo by Frank Maniscalco.)
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dilution ventilation is installed in lieu of local exhaust, as observed in many hospitals, operators are 
potentially exposed to EtO from the emission source before the dilution system can produce any eff ect. 
Dilution ventilation can be used successfully, however, to augment local exhaust systems where complete 
control of the emission source cannot be achieved owing to the size of the equipment or the amount of 
EtO released. At medical product and spice plants, dilution systems minimize ambient EtO level and 
produce air  ow patterns away from general work areas. Th e design of such systems should be reviewed 
by an industrial hygiene ventilation professional.

Substitution

Because of the potential health hazards associated with EtO, only those items that must be sterile and 
cannot be sterilized by any other method should be treated with EtO. It was noted in a study conducted 
by California OSHA that many items are being gas sterilized which do not re quire this treatment. At 
several hospitals, speci c guidelines determining t hose items t hat w ill be gas sterilized have reduced 
the number of gas sterilization loads and thereby the potential exposures of employees. Th e se hospitals 
employ a more effi  cient use of autoclaves and pasteurization methods. Th e medical products industry 
is substituting ga mma r adiation s terilization te chniques f or s ome o f i ts p roducts; h owever, c ertain 
plastics will still require sterilization with EtO.

Changes in the Work Process

In most facilities, operators crack the door of the sterilizer and leave the area for 10–20 min prior to unload-
ing to a llow EtO remaining in t he chamber to d issipate. Th is may be particularly eff ective in reducing 

FIGURE 13.4 EtO sterilizer. Note the exhaust grill above sterilizer. Th is sterilizer also has a built-in Enviroguard 
system. (Photo by Frank Maniscalco.)
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exposures where the purge cycle of the sterilizer is less than adequate or where chamber exhaust systems 
 ush the open chamber with uncontaminated air prior to unloading, as observed in large, walk-in units.

Procedures that reduce the time required to transfer the product from the sterilizer to the aerator can 
reduce exposures. Such procedures include the use of baskets, carts, and pallets and locating the aera-
tion area as close to the sterilizer as possible.

Isolation

Isolating the sterilization and aeration processes to limited-access work areas (Figure 13.5) may reduce 
the number of employees potentially exposed to EtO, but without additional controls (such as shown in 
Figure 13.6) this has little eff ect on operator exposure. For small sterilization operations, physical isola-
tion may not be necessary, but consideration should be given to locating equipment away from highly 

FIGURE 13.5 Separate EtO sterilizer room with 20 air changes per hour. (Photo by Frank Maniscalco.)

FIGURE 13.6 Emergency shutoff  valve connected to EtO cylinder. (Photo by Frank Maniscalco.)
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populated work areas. In large operations where control of EtO emissions is diffi  cult, physical isolation 
of sterilization and aeration areas becomes more important.

ETO-Related Programs

Th e appropriate selection and implementation of the above EtO control measures should be combined with 
the development of programs to assure their continued eff ectiveness. In several cases, unnecessary emplo-
yee exposures could be related to de ciencies in the administration of otherwise eff ective EtO controls.

Maintenance Programs

Maintenance programs are necessary not only for the eff ective operation of the sterilizers, but also to 
ensure control of employee exposures. A w ritten program complying w ith t he manufacturers’ speci-
 cations should establish equipment maintenance schedules a nd checklists. A n a nnual inspection of 
ventilation systems designed for contaminant control must include the measurement of air  ow rates 
and the inspection of fan blades and power drives. Direct-reading instruments should be available to 
make periodic leak checks around door seals and gas lines. Written procedures for tank change opera-
tions should de ne safe practices such as use of one-way valves, gloves and face shield, leak testing, and 
emergency and  rst-aid procedures.

Training Programs

Although sterilizer operators were generally well trained in the hazards of EtO exposure, proper work 
practices, and emergency procedures, maintenance employees were rarely included in these programs. 
Even though maintenance workers may not be exposed to EtO on a daily basis, duties that require them 
to repair sterilizers, perform leak checks, change EtO cylinders, or respond to EtO emergencies neces-
sitate that they receive appropriate t raining. In addition, such programs must be scheduled regularly 
to present any new information, instruct new employees, and provide a re fresher as necessary. OSHA 
regulations address employee training programs and require employers to provide training in respect 
to the hazards and safe work practices associated with EtO.

Emergency Action Plan

OSHA and many hazardous material regulations now require written emergency action plans that ade-
quately address procedures for an EtO emergency such as a major leak or spill. Each employee who may 
be aff ected by an EtO emergency must be aware of his or her responsibilities and the speci c actions 
to be taken. Th e plan should specify when employees must evacuate the area; which employees, if any, 
should respond to the emergency; when and how outside assistance such as the  re department should 
be contacted; and testing procedures for determining safe reentry.

EtO is used as a gas in a pressure system. It is obvious that, from time to time, leaks will occur from 
the various components of the system or mechanical failure can occur. Th ere are six elements necessary 
for an emergency action plan:

 1. Selection of an early warning system.
 2. What constitutes an emergency condition.
 3. What emergency action will be taken.
 4.  What  rst aid and medical procedures are to be followed.
 5. What administration actions will be taken.
 6 . Protective equipment.
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Th e p lan s hould b e w ritten, b e re viewed by a ll de partments i nvolved, a nd b ecome pa rt o f employee 
training.

Early Warning Sensor System

OSHA requires that a me ans be provided to promptly alert employees during an EtO emergency. Th e 
implication is that an EtO gas sensor be installed in areas where gas leaks, equipment breakdowns, or 
ventilation malfunctions might occur. Th e most important consideration is the location of the sensor. 
Typically, a s ensor should be located in the workroom near the front of the sterilizer (this sensor will 
monitor for do or s eal le aks a nd do or ventilation c ontrols). A s econd lo cation i s t he s terilizer e quip-
ment room (this sensor monitors equipment leaks and ventilation control effi  ciency at the gas discharge 
point). A t hird location might be the compressed gas tank area. Additional locations may be selected 
depending upon the system purchased and speci c need (i.e., adjacent areas). It is not necessary for the 
sensor to ac hieve a s ensitivity of the 0.5 ppm AL. Sensors are early warning devices, not o ccupational 
health monitoring devices. Most sensor systems are hydrocarbon detectors that are nonspeci c, unless 
one is willing to pay thousands of dollars for speci c gas analyzer systems. OSHA has not suggested or 
required t his ac tion. E conomical solid-state sensors w ith a s ensitivity of 10–20 ppm a re available. Be 
aware that nonspeci c sensors may respond to other gases and vapors in the area such as natural gas and 
alcohols. A two-threshold system set at 10–15 and 100 ppm (required protective clothing) is preferable.

Emergency Conditions

An emergen cy c an b e c aused b y (1) s ensor a larm, ( 2) v entilation f ailure d uring s terilization c ycle, 
(3) equipment damage or malfunction, and (4) gas cylinder leaks.

Emergency Action

Th e emergency action element of the plan should tell employees when to evacuate and where to relocate. 
It should have a noti cation (call list) procedure.

First Aid and Medical Procedures

All employees should know the  rst-aid procedure for EtO exposures and how medical treatment deci-
sions are to be made. It is wise to preplan a potential event with the hospital emergency room.

Administration Actions

Decisions have to be made with respect to various responsibilities and noti cations during an episode 
(e.g., regulatory agency noti cation, vendor noti cation, surgery noti cation, employee reentry, etc.).

Protective Equipment

 1. Respiratory protection (assumes in-house response). Th e only acceptable respirator is a positive-
pressure self-contained breathing apparatus.

 2. Protective c lothing, g loves (assumes i n-house re sponse). No eng ineering s tudies a re published 
that evaluate EtO permeability of protective c lothing. As a r ule, response people should spend 
no more than 3 min at any one time in an area with greater than 100 ppm EtO. It should not take 
longer than 3 min to turn off  the gas. Aerate all exposed equipment.

 3. An eye wash/drench hose should be located within 30 ft  of the tank changing area for immediate 
 ushing of the eyes and body.

Respiratory Protection Equipment

Th e u se o f i neff ective, u napproved re spirators w as p revalent t hroughout t he C AL-OSHA s tudy.11 
Air-purifying respirators, such as surgical or dust masks and canister or cartridge respirators, are not 
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eff ective for protection from EtO exposure. Th e ability of EtO to d iff use and penetrate renders surgi-
cal and dust masks totally useless. In fact, their use may present a h azard by promoting a f alse sense 
of security to employees in emergency situations. Although gas masks with canisters designed for EtO 
are available, their use is not currently approved because of the high odor threshold and poor warning 
properties of EtO. A worker wearing a gas mask may be unknowingly exposed to EtO when the service 
life of t he canister has been exceeded and EtO breaks t hrough t he canister. Self-contained breathing 
apparatus (SCBA) or airline respirators are the only respirators acceptable for EtO. In emergency situa-
tions, SCBA must be worn.

Approved re spirators m ust b e w orn w hen c oncentrations o f Et O a re not k nown, suc h a s w hen 
entering large, walk-in chambers for the unloading process. Once EtO levels are tested and shown to 
be within acceptable levels, respirators need not be worn.

Community Exposure

Air Emissions

EtO has been identi ed as a major toxic air pollutant. Th e Offi  ce of Air Quality Planning and Standards 
of the EPA designated EtO as an intent-to-list compound in the Federal Register in early 1986.

Estimations of community contamination from hospital emissions of EtO are made with dispersion 
modeling techniques. Th is method is used because the highest levels of EtO anticipated to be found in 
ambient air are about 20,000 parts per trillion (ppt), and current detection limits for ambient air moni-
toring a nalysis a re g reater t han 100,000 ppt. Using t his approach, t he California State A ir Resources 
Board13 modeled a n a rea i n L os A ngeles County t hat i ncluded EtO emissions f rom 55 hospitals, one 
large industrial sterilization facility, and two compressed gas repackaging facilities. Th e 1985 modeling 
study indicated that the approximately 7 million people in the exposure area were exposed to a p opu-
lation-weighted annual mean EtO concentration of about 50 ppt. About 350,000 (5%) of t hese people 
were exposed to an average annual concentration of greater than 160 ppt. Th e report pointed out that by 
excluding the three industrial sources, the annual average EtO concentration for the exposure area due 
only to hospitals was estimated to be 9 ppt. Risk assessment calculation made in the report predicted an 
upper 95% con dence limit of 55 excess lifetime cancer cases for the exposure area population exposed 
to 50 ppt EtO.

Sewage Emissions

Most EtO discharged to sewers enters the wastewater through the water-sealed vacuum pumps used to 
evacuate sterilizer chambers aft er sterilization is complete. EtO volatilizes from natural waters within a 
period of hours, while hydrolysis occurs over a period of days. A half-life of 12–14 days may be expected 
at normal water temperature and greater than 20 days for bio-oxidation in the presence of microorgan-
isms. As a result, in a t ypical sewer system, most of the dissolved EtO would be expected to evaporate 
within 2 mi of its in uent point.

Potential Control Technologies

A re cent E PA re port13 d iscusses t he de velopment o f Et O c ontrol te chnology f or h ospital s terilizers. 
Th e chemical reactions of EtO and dichlorodi uoromethane were reviewed to evaluate sterilizer emis-
sion control options. Catalytic oxidation and acid hydrolysis were shown to be especially suitable. Th e 
following selection criteria were developed for EtO control technology opt ions (in order of priority): 
(1) cost, (2) eff ectiveness and environmental safety, (3) state of development, (4) complexity, (5) space 
requirements, and (6) safety.
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Nine p otential c ontrol opt ions were e xamined. Si x opt ions were el iminated for t he following re a-
sons: carbon adsorption (high operating cost), thermal incineration (toxic by-product), condensation 
(explosion hazard), ozonation (high cost), corona discharge (toxic by-product), and ultraviolet photoly-
sis (toxic by-product).

Catalytic Oxidation

A control system has been developed in which relatively dilute mixtures of air and EtO (12/88) are passed 
through a c atalyst b ed at 3 00°F–350°F. Th e Et O i s oxidized to c arbon d ioxide a nd w ater; t he Freon 
passes through unchanged. Th e system is characterized by relatively high  ow rates (500–1000 cfm) and 
relatively dilute concentrations of EtO (5–500 ppm). Th e system is designed to t reat ETO em issions in 
the sterilizer exhaust and those in the ventilation air from the aeration cabinets and other areas. Th e 
system has had 2 ye ars of appa rently t rouble-free operation at a h ospital i n Philadelphia. Th e u nit i s 
claimed to be 99.9% effi  cient in controlling EtO.

Acid Hydrolysis

Another control system has been developed that consists of a countercurrent-packed column in which 
EtO (in 88/12) is hydrolyzed to e thylene glycol using sulfuric acid at pH 1 (the Freon is unaff ected). 
Th e system is characterized by relatively high concentrations of EtO (250,000 ppm) and very low 
and highly variable  ow rates (0.1–5 cfm). Many industrial-sized units have been installed, and test 
data on these units show that they are 99+% effi  cient. A hospital system was installed in March 1987. 
Another type of acid hydrolysis system has been developed in which EtO is bubbled through diff users 
into aqueous sulfuric acid. A u nit of this k ind has been designed for hospitals and is claimed to b e 
99.2% effi  cient.

Adsorption/Reaction

Some exploratory work has been done on a proprietary process that uses a combination of adsorption 
and reaction. Th e process is in the developmental stage and is not ready for full-scale application.
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Appendix 13.A.2
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Appendix 13.A.3

Sample Emergency Plan

Note: Th e following is a sample plan for use as a draft  to generate a well-developed plan for a hospital. 
Resources vary from hospital to hospital. It assumes  re department response.

 _____ Hospital
 Em ergency Plan
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I. The Following Events Constitute Emergency Conditions:
 A. Ventilation system shutdown during gas sterilizer gassing and evacuation cycles
 B. Gas sensor alarms
 C. Obvious equipment d amage or malfunction (i.e., pressure buildup, ga s odor, leaks t hat c an be 

heard, etc.)

 II. Emergency Action Procedures:

 A.  All employees should evacuate t he department a nd relocate at _____ . Close a ll doors to t he 
department.

 B.  Th e supervisor shall alert the hospital switchboard operator:
 1. Describe the condition or cause, if possible
 2. Describe the gas (i.e., 88/12 or 100% EtO)
 3. Describe and request medical assistance, if injury occurs
 C.   Th e supervisor shall ensure that all entrances to the department are locked or secured, so that 

persons o utside t he de partment c annot i nadvertently enter t he a rea. C lose a ll do ors to t he 
department. Remain in area to assist  re department.

 D.  Th e hospital switchboard operator shall
 1. Notify hospital security
 2. Notify plant engineering, who will
 3. Alert the local  re department of the event

III. First Aid Procedures:

 A.  Exposed i ndividuals s hould b e mo ved i nto a f resh a ir en vironment a s s oon a s p ossible. I f 
breathing has stopped, give arti cial respiration. Call “Code Blue.”

 B.  Liquid EtO can cause a severe skin irritation or chemical burn depending upon the length of 
exposure. Remove all contaminated clothing and  ush the contact area for at least 15 min.

 C. Eye contact will require immediate  ushing of the eye for at least 15 min.
 D. All exposed individuals shall be seen at the hospital emergency department for evaluation.

IV.  Administrative Actions:

 A.  Th e  re department will be expected to turn off  the gas, if possible.
 B.  Th e equipment service vendor should be contacted for advice and repair.
 C.   Th e h ospital op erating ro om s hall b e not i ed i f su rgery s chedules a re e xpected to b e 

disrupted.
 D.  It i s prudent to re enter t he department 1 h a ft er t he gas is turned off , unless t he problem is 

readily recognizable and correctable or monitoring equipment is available.
 E.  _____ mu st b e noti ed of t he i ncident by phone w ithin 24 h followed by a w ritten report 

within 15 days.
 F.  An industrial hygiene consultation may be necessary if the problem is not readily recognizable 

and resolved.

 V.  Outside Resources:

 A. Industrial hygiene consultation
 B.  Medical c onsultation, h ospital o ccupational me dicine de partment Et O v endor, a nd p oison 

control center
 C . Equipment vendor
 D.  Gas vendor
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Appendix 13.A.4

Department:

Employee Name:

Date
Work Period

5/13/36

1500–2300

1500–2300

0700–1500

Common Work Descriptions: Equip Room - Sterilizer Equipment Room; Decon -
Decontamination; Isolat - Isolation Preparation; Issue - Material Issue; OS Dept -
Outside Department; Tank Chge - Cylinder Tank Change; Transfer - Transferred
Sterilized Materials; Tray Prep - Tray Preparation; Wrapping - Wrapping Table

5/13/86

5/13/86
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Sample Time
(Total Time)

1500–1800

(180 min)

1830–2300
(270 min)

1700–1900

1830–1900

1900–1910

0700–0705

0.00

2.0

0.1

<0.03

2.0 ave

20.0 high
<1.0 low

10.0 high
<1.0 low

5.0 ave

1.1

Short-term

Short-term

Short-term

Short-term
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TWA (ppm)

8-Hour
TWA (ppm)

Social Security #:

Ethylene Oxide Exposure Measurements
(Sample Form)

Sample 8 Hr TWA Calculation:
  180(0.00) + 270(2.0) + 30(0.00)

 = 1.1 ppm
480

Appendix 13.A.5

Work Practices to Prevent Ethylene Oxide Exposure

Th e following work practices and procedures are suggested for employees that work directly with gas 
sterilization activities:

 I. Personal Pr otective E quipment. Protective clothing manufacturer’s report that materials 
made of polyvinyl a lcohol (PVA) show resistance to Et O. No good engineering studies exist 
that e valuate Et O protective g loves a nd c lothing. I t i s prudent to w ear heavy r ubber g loves 



13-22 Handbook of Modern Hospital Safety

when handling damp materials. Disposable surgical g loves under cloth or t erry-cloth g loves 
have been t he r ule in most hospitals. Heavy leather g loves or PVA g loves a re recommended 
for tank changing. A face shield should be worn when tanks are changed. Long-sleeved shirts 
or gowns should be worn by employees to prevent skin exposure when unloading the sterilizer 
or changing tanks.

 II.  Administrative Controls. Exposure to employees can be minimized by
 A. Reducing unnecessary traffi  c in the sterilization and equipment areas.
 B.  Ensuring that materials are placed in baskets. Th is practice results in minimizing exposure 

time when transferring materials to aerators.
 C. Locating aerators next to sterilizers to shorten the transfer route.
 D.  Keeping ga s s terilized materials at a rm’s leng th a nd a s f ar away f rom t he breathing z one. 

Concentration levels are related to distance from emission.
 E.  A leak testing program for gas sterilization equipment and cylinder and supply lines can give 

another order of protection. Be sure to use the appropriate leak detector (i.e., a Freon detector 
will not detect 100% EtO).

 III. Employee Information and Training. Employee training on EtO is required for those employ-
ees who are potentially exposed at or above the AL. Training should be performed at the time of 
initial assignment and at le ast annually thereaft er. It is recommended that all hospital steriliza-
tion staff  be provided training on the safe handling of EtO. Employees should be informed of the 
following:

 A.  Available safety information a nd information in appendices A a nd B o f t he standard. Th e 
labeling system should be explained. An explanation of the material safety data sheet.

 B. Explanation of the operation involving the use of EtO.
 C. Location of the OSHA standard.
 D. Medical surveillance program, if instituted.
 E. Work practices instituted to protect employees.
 F. Explanation of the environmental monitoring program and ventilation system(s).
 G. Details of the hazard communication program developed by the employer.
 H.  Emergency procedures.

It is important to document health and safety training when it is performed.
 IV . Signs. Entrances to areas where there is potential for exposure above the PEL (1.0 ppm) shall have 

signs bearing the following legend:
CAUTION
CONTAINS ETHYLENE OXIDE
CANCER AND REPRODUCTIVE HAZARD
AUTHORIZED PERSONNEL ONLY
RESPIRATORS AND PROTECTIVE CLOTHING MAY
BE REQUIRED TO BE WORN IN THIS AREA

  It i s p rudent to p ut t he sig n o n do ors to ro oms t hat h ouse Et O e quipment a nd c ompressed 
cylinders.

Appendix 13.A.6

Review of Engineering Controls and Physical Design 
Requirements for Ethylene Oxide

Th e following recommendations are made on the basis of controlling EtO during normal operations and 
during leaks and episodes. It is recognized that all hospitals cannot meet them because of architectural 
and physical facility constraints. One should think of them as least preferable to most preferable, 
keeping in mind that the OSHA standard is a performance standard.
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 I.  Facility Location:
 A.  Gas cylinders. EtO gas cylinders should be located exterior to the building (most preferable) 

or in a dedicated room (next preferable) or equipment room (next preferable). Locating gas 
cylinders in the work area of employees provides a potential for employee exposure.

 B.  Sterilizer equipment (including aerators). Sterilizer equipment should have its own room 
(most preferable) or the equipment body and gas discharge point should be within an equip-
ment room (next preferable). Isolating EtO activities limits the number of employees that can 
be potentially exposed. It is preferable to have an EtO-regulated area.

 I I. Equipment Modi cations:
 A. Sterilizer safety relief valves should be hard piped to an exhaust system.
 B.  Vendors should be contacted to see if evacuation (purge) cycles effi  ciency can be improved to 

minimize gas residuals on sterilized materials.
 C.  Sterilizer equipment manufacturers provide equipment such as liquid gas separators, venti-

lation capture boxes, etc., to aid in ventilation control.
 D.  Tee valves and a purge line that discharges to the exhaust system should be installed on the 

gas supply l ine system. Th e tee valve protects employees when changing tanks. Th e purge 
system protects employees when working on supply line components such as the gas  lters.

 III.  Ventilation:
 A.  Room ventilation. Ro om v entilation s hould b e pa rt o f Et O lo cal e xhaust c ontrol s ystem 

(preferable). It is not advisable to connect any other rooms or operations on the same system as 
the EtO removal system. All rooms that house EtO equipment should be negative pressure 
with respect to adjacent areas. Th e room should have at least 10 air changes per hour.

 B.  Exhaust removal ducts/fan locations. Th e most preferable exhaust duct will be dedicated 
to the exterior of the building. It should exit 50 ft  from any openable windows or air supply 
intake. Th e fan should be at the end of the system and preferably on emergency power. Th e 
next p referable s ystem w ould h ave a de dicated e xhaust to a l arge b uilding e xhaust s haft . 
Th e least preferable system would use the building exhaust system. Using building exhaust 
systems generally results in concern with dampers, potential cross-contamination problems, 
and competition with other activities for ventilation needs.

 C.  Location of local exhaust hoods. Th e p urpose o f lo cal e xhaust h oods i s to c ontrol Et O 
at t he s ource of em ission. Th ese s ources a re t he do or (major s ource of routine employee 
exposure), t he ga s c ylinder a rea, t ransfer op eration to a eration c abinet, a eration c abinet 
discharge, and the sterilizer chamber discharge point (usually the  oor drain in the equip-
ment room).

It should be kept in mind that a short-term exposure standard has been added to the current EtO OSHA 
standard. One should also not forget that the above emission points are precisely where OSHA would 
require placement of early warning sensors for leak detection.

 1.  Th e use of booster fans to ac hieve control velocities and volumetric  ow rates is less preferable 
than a sized exhaust system that is always under negative pressure. In this situation, it is necessary 
to have two fans. Th e failure of the building removal system aff ects the function of the positive 
pressure system.

 2. EtO ventilation exhaust systems should have  ow-monitoring devices installed in the system that 
signal at the location of the sterilizer equipment operation panel.

 3. Exhaust h oods s hould b e i nstalled o ver ga s c ylinders s tored i nside b uildings (preferable). Th e 
reason for this is that this is a common area for gas leaks. Th e area should have an early warning 
gas sensor to alert employees. Th e hood should cover the entire manifold and cylinder valve appa-
ratus. Flip-up Plexiglas doors are useful to see controls. As a general rule, each cylinder requires 
100 cfm exhaust. Gas cylinder cabinets are the next preferable choice. Th e number of air changes 
in the cabinet is limited because of the size of the makeup air grill.
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 4. All aerators should be connected to the dedicated exhaust system. Usually it requires 50–100 cfm. 
Provide a d amper to ad just  ow ra tes. So me a erator t emperature g radients a re a ff ected when 
connected to excessive exhaust. Too little exhaust can result in excessively pressurized cabinets, 
which can result in leaks.

 5. Th e discharge point of the sterilizer is usually the  oor drain. Sterilizer equipment companies sell 
liquid gas separators, in-line scavenging devices, etc. It is important to f ollow their installation 
instructions when using such devices. For example,  oor drains may have to be completely sealed, 
a minimum building exhaust removal system may be required, etc. It should be understood that 
air concentrations measured a s below l imits of detection a re achievable during t he evacuation 
cycles. Th is should be the standard of control, particularly in a freestanding or pass-through unit 
or an equipment room that houses other sterilization equipment. If a sterilizer receives the air for 
the evacuation cycle from an uncontrolled equipment room, the gas can be introduced back into 
the sterilizer.

 6.  Th e door exposure pattern varies from sterilizer to ster ilizer. A ster ilizer that uses cart unload-
ing and transfer should have an anteroom in front of the door (most preferable). Th e anteroom 
should be exhausted through ceiling registers into the dedicated system. Th is situation provides 
a regulated area, encloses the door (most containment), and provides an area to room-aerate. It 
should be understood that even aft er a 15 min waiting period, when the cart is pulled out, a bolus 
of EtO develops, which results in employee exposure. Th e next preferable system would be a hood 
over the door. It should be located as close to the swing of the door as possible. Use Plexiglas access 
panel for access to controls. Install side panels to each side of the door to maximize enclosure. Slot 
exhaust systems are least preferable because they provide minimum enclosure and can have their 
control air movement aff ected by draft s of external origin. Th is type of hood generally moves the 
least volume of a ir per unit of t ime. A h ood t hat provides a vol umetric  ow rate of 300 cfm or 
higher (depending on size of door) is necessary.
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Monitoring Aldehydes in the Hospital

Edward W. Finucane

Introduction and Background

Among the more irritating and diffi  cult to qu antify volatile organic compounds that are routinely 
found i n t he hospital a re t he t wo a ldehydes, formaldehyde, a nd g lutaraldehyde. Table 14.1 s hows 
the currently established a nd acceptable Occupational Safety a nd Health Administration (OSHA) 
permissible exposure limits (PELs), American Conference of Governmental Industrial Hygienists 
(ACGIH) t hreshold l imit v alues (T LVs), N ational I nstitute f or O ccupational S afety a nd H ealth 
(NIOSH) re commended e xposure l imits ( RELs), a nd D eutsche F orschungsgemeinschaft ’s  (DFG, 
German Research Foundation) maximum a llowable concentrations (MAKs) for each of t hese t wo 
organic compounds.
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It is understood, at the present time, that an overall reevaluation of new information and data on the 
toxicity and irritability of formaldehyde is underway at both NIOSH and the U.S. Department of Labor’s 
OSHA. It appears very likely that the outcome of this eff ort will be a reduction of the PEL-TWA from 
its current l.0 ppm level to a ne w value of 0.75 ppm. Th is reevaluation will almost certainly also aff ect 
the PEL-STEL.

Characteristics of Any Gas Monitor

In u ndertaking t he monitoring of a ny material, one must consider a nd weigh several d iff erent, and 
usually competing, factors that relate to the analytical problem. Of greatest importance among the 
factors that must be examined is the following group of seven:

Sensitivity•  to t he material b eing a nalyzed—this i s u sually e xpressed i n ter ms of t he a nalytical 
method’s minimum detection limit, or MDL. Typically, one would like to see the analytical meth-
od’s MDL be less than 10% of the “signi cant concentration” for the material to be monitored; the 
signi cant concentration is most commonly understood to be an appropriately selected occupa-
tional exposure value for that material—usually its PEL-TLV.
Selectivity•  for the material being analyzed—this is a me asure of the analytical method’s ability 
to distinguish the material to b e monitored f rom anything else that might also be in the ambi-
ent matrix that is to be monitored (i.e., some other volatile vapor that might potentially interfere 
with the measurement). Interferences can be of two types—namely, positive or negative. Positive 
interferences will tend to c ause the analytical reading to b e greater than the true concentration 
value. Negative interferences, on the other hand, will cause a diminishment or “quenching” of the 
analytical reading to values less than the true concentration.
Reproducibility•  of the analytical approach—this is a me asure of the method’s ability to p rovide 
consistent readings for the same concentration of the material to be measured: either at diff erent 
times or under diff erent ambient conditions, or by diff erent analysts. It is a lso a me asure of the 
method’s ability to remain in calibration over extended periods of time.
Purchase costs•  of the analytical instrumentation—this is an obvious factor.
Operating costs•  for the analytical method—this, too, is an obvious factor.
Timeliness•  of the analytical method—this is a measure of the time interval required for the analytical 
method to provide its concentration level answer for the material being analyzed. Th is time interval 

TABLE 14.1 Occupational Exposure Values

Regulatory/Agency’s Occupational Exposure Value For Formaldehyde For Glutaraldehyde

U.S. Dept. of Labor, OSHA, 8 h TWA permissible exposure limit (PEL-TWA) 1.0 ppm None established
U.S. Dept. of Labor, OSHA, 15 min TWA permissible exposure limit (PEL-STEL) 2.0 ppm None established
U.S. Dept. of Labor, OSHA, ceiling value permissible exposure level (PEL-C) None established 0.20 ppm
ACGIH 8 h TWA Th reshold Limit Value [TLV-TWA] 1.0 ppm None established
ACGIH 15 min TWA threshold limit value (TLV-STEL) 2.0 ppm None established
ACGIH ceiling value threshold limit value (TLV-C) None established 0.20 ppm
NIOSH 8 -h TWA recommended exposure limit (REL-TWA) 0.016 ppm None established
NIOSH 15 min TWA recommended exposure limit (REL-STEL) None established None established
NIOSH ceiling value recommended exposure limit (REL-C) 0.10 ppm 0.20 ppm
German D.F.G.* 8 h TWA maximum concentration value (MAK-TWA) 0.50 ppm 0.20 ppm
German D.F.G.* 15 min TWA maximum concentration value (MAK-STEL) None established None established
German D.F.G.* peak value maximum concentration value (MAK-peak) 1.0 ppm 0.40 ppm

Source: Guide to Occupational Exposure Values—1991, compiled by the American Conference of Governmental Industrial 
Hygienists, 1991.

* D.F.G., Deutsche Forschungsgemeinschaft .
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can be very broad, ranging from instantaneous (or real-time) to very extended periods—as when, 
for example, a passive dosimeter must be sent to some distant external laboratory for evaluation.
Continuity•  o f t he a nalytical me thod—this i s a me asure o f w hether t he a nalytical me thod i s 
capable o f p roviding c ontinuous c oncentration re adouts f or t he m aterial b eing mo nitored; o r, 
alternatively, can only give periodic discrete measures of that concentration.

Aldehyde Analytical Problem in the Hospital

Identifying e xactly h ow to te st f or ei ther f ormaldehyde o r g lutaraldehyde i n t he v arious h ospital 
locations where these two materials are routinely found and used is the most diffi  cult problem. What 
follows are separate discussions of each of these two problems, as well as speci c case studies. To assist 
the reader i n selecting a n a nalytical method, a m atrix ba sed upon t he relationship of t he previously 
listed seven factors (sensitivity, selectivity, etc.) to the possible analytical methods will be developed for 
each of the two aldehydes of interest. In these tabular listings (one each in the Formaldehyde (Table 14.2) 
and t he G lutaraldehyde (Table 14.3) s ections of t his c hapter), a ll t he c urrently re cognized a nalytical 
methods that may be used for the determination of the ambient concentrations of either of these two 
aldehydes will be examined. Each method will be rated in the seven previously listed categories, with 
ratings ranging from 1 to 5. Th ese ratings will represent the following qualitative judgments:

Rating #
Sensitivity [I] Selectivity 
[II] Reproductivity [III]

Purchase Cost [IV] 
Oper. Cost [V] Timeliness [VI] Continuity [VII]

5 Excellent Very high cost Real-time Continuous
4 Good High cost <2 min delay —
3 Fair Average cost <10 min delay Discrete pts.
2 Poor Low cost >10 min delay —
1 Unacceptable Very low cost >1 day delay Average dose

Th e mnemonics that will be used to designate the analytical methods that are to be evaluated for their 
capabilities in quantifying concentrations of these two aldehydes are listed below:

 AIR Infrared spectrophotometric absorbance-based analyzers
 PIR Photoacoustic infrared spectrophotometric-based analyzers
 NDIR Nondispersive infrared-based analyzers

TABLE 14.2

Analytical 
Method

I
Sensitivity

II
Selectivity

III 
Reproducibility

IV Purchase 
Costs

V Operating 
Costs

VI
Timeliness

VII 
Continuity

AIR 3 2 4 4 1 5 5
PIR 4 5 5 5 1 4 3
NDIR 1 2 4 3 1 5 5
EC-A 1 1 2 2 3 5 5
EC-P 1 1 2 1 2 4 5
FID 3 1 3 4 3 5 5
PID 4 1 3 4 3 5 5
OID 2 1 3 4 3 5 5
WC 5 5 5 3 3 3 5
GC 5 5 3 4 4 3 3
PD 5 3 4 4 — 1 1
AD 4 4 3 4 5 1 1
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 EC-A Pumped electrochemical-based analyzers
 EC-P Passive electrochemical-based analyzers
 FID Flame ionization detector-based survey analyzers
 PID Photoionization detector-based survey analyzers
 OID Other ionizing detector-based survey analyzers
 WC Wet chemistry calorimetric-based analyzers
 GC Gas chromatography-based analyzers
 PD Passive dosimetric-based systems
 AD Active dosimetric-based systems

Formaldehyde

Formaldehyde is most frequently encountered in the hospital as a water solution (Formalin) that has 
been stabilized with up to 15%, by weight, of methanol. Formalin, and consequently both formaldehyde 
and methanol vapors, can be encountered in the Pathology Department, in the Morgue, and in locations 
where activities such as kidney dialysis bundle regeneration occur. Th e vapors of formaldehyde are both 
pungent and intensely irritating, particularly to the mucous membranes. Monitoring for formaldehyde 
vapors in the hospital is a very diffi  cult task. Th ere are several diff erent types of analytical methods that 
have been, and are now being used in this area; however, as can be seen from Table 14.2, none of them 
is completely attractive.

It will be instructive to d iscuss next each of the foregoing analytical methods, in the order listed in 
Table 14.2.

AIR spectrophotometric analyzers suff er from severe sensitivity and selectivity problems. Th e typical 
formaldehyde MDL for this category of analyzer falls in the range of 0.4–0.5 ppm, which, though less 
than both the recent past 1.0 ppm, and the new 0.75 ppm PEL-TWA, can be considered, at best, border-
line acceptable. In addition, this method’s lack of selectivity, particularly because of the positive inter-
ferences that are caused by methanol vapors, also comes close to disqualifying it for this application.

PIR spectrophotometric analyzers have a slightly lower MDL (in the range of 0.2–0.3 ppm for formal-
dehyde) a nd a re t herefore s lightly b etter su ited f or t his app lication. I t m ust b e note d, h owever, t hat 
these units’ MDL is still higher than the current target level of 0.1 ppm, and if the predicted downward 
shift  of the formaldehyde PEL-TLV is eventually instituted, then this class of analyzer, too, will become 
similarly disquali ed. Th e principal limitation of this method is the fact that it is not continuous; it is 
capable of providing only a set of discrete formaldehyde concentration values, each one of which could 
be separated from its nearest neighbor, in time units, by up to 90 s.

TABLE 14.3

Analytical 
Method

I
Sensitivity

II
Selectivity

III 
Reproducibility

IV Purchase 
Costs

V Operating 
Costs

VI
Timeliness

VII 
Continuity

AIR 1 2 2 4 1 5 5
PIR 1? 4? 2? 5 1 4 3
NDIR 1? 1 ? 3 1 5 5
EC-A 1? 1 ? 2 3 5 5
EC-P 1? 1 ? 1 2 4 5
FID 2? 1 ? 4 3 5 5
PID 3? 1 ? 4 3 5 5
OID 1? 1 ? 4 3 5 5
WC 5 4 5 3 3 3 5
GC 3? 5 ? 4 4 3 3
PD 5 3 4 4 — 1 1
AD 4 4 3 4 5 1 1
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Nondispersive i nfrared a nalyzers (N DIR) a re ba sically d isquali ed f rom be ing u sed t o m easure 
formaldehyde vapors because of their even poorer and, therefore, totally unacceptable MDL, which is in 
the 3–5 ppm range. Th is class of analyzers also suff ers from a severe lack of selectivity.

Electrochemical analyzers, either pumped or passive (ED-A & EC-P), are even less sensitive than any 
of the previously listed units (MDLs in the range of 5–10 ppm), and this factor alone disquali es them 
from making useful formaldehyde measurements. In addition, they also suff er from unacceptably poor 
levels of selectivity.

All of the  ame, photo, and other ionizing detector-based analyzers (FID, PID, and OID) suff er from 
an absolute lack of selectivity (they all function as “universal detectors”); none can distinguish among 
the possible diff erent v apors t hat w ould a lmost c ertainly b e p resent i n a ny en vironment t hat m ight 
contain formaldehyde; a nd t hey a re a ll, t herefore, not app licable to m aking me asurements for t hese 
aldehydes.

Unlike a ny o f t he p reviously l isted a nalytical me thods, t he w et c hemistry ( WC) me thod i s b oth 
more t han ade quately s ensitive (its M DL f or f ormaldehyde i s i n t he r ange o f 0. 006–0.01 ppm), a nd 
completely selective in any ambient matrix. Th e preferred approach here makes use of the unique and 
characteristic color change of an acid-bleached pararosaniline solution, brought about by its exposure 
to ambient formaldehyde vapors. Th e color change of the pararosaniline solution can be readily mea-
sured colorimetrically at 5 50 nm, and t his color change w ill be proportional to t he a mbient formal-
dehyde concentration t hat c aused i t. Th e most i mportant l imitation of th is method is the fact that 
the chemical reaction kinetics involved requires 7–9 min to proceed to an adequately complete color 
change endpoint to be able to be quanti ed at the low concentration levels of formaldehyde that must 
be monitored and documented. Th us, although this method does give continuous results, it provides 
those re sults approximately 8 min a ft er t he fact. Th ere a re no k nown i nterferences for t his method. 
Setting up a nd op erating a w et c hemistry of t he t ype de scribed here i s b oth a d iffi  cult a nd a t ime-
consuming process; it does, however, provide excellent and incontrovertible results.2

Th e gas chromatographic (GC) method also shows great promise—both from the perspective of its 
sensitivity and its selectivity—in monitoring ambient formaldehyde vapors. Th e MDL for a ga s chro-
matograph that has been properly set up to mo nitor formaldehyde should be approximately 0.05 ppm, 
or possibly even better. Its principal l imitation is in the area of its continuity and its t imeliness. Each 
individual gas chromatographic analysis would likely require a minimum of 3 min; this method would 
thus only be able to provide a s et of discrete ambient formaldehyde concentrations, each separated in 
time from the next by the duration of the analytical period.

Th e  nal methodology to b e considered i s t he dosimetric approach—both passive a nd ac tive (PD & 
AD). Both of these methods provide very adequate sensitivity and selectivity, and this will remain kite even 
if the current PEL-TLV for formaldehyde were to de crease in the future to t he 0.75 ppm level. Th er e are 
numerous commercially available passive dosimetry badges and/or tags on the market, and virtually all 
will perform adequately in quantifying formaldehyde dose. Active dosimetry can also be performed using 
personal sampling pumps and appropriately selected sorbent tubes. Such methods develop very adequate 
data by analyzing the material desorbed from these tubes, using either reverse phase high pressure liquid 
chromatography or standard gas chromatography. Active dosimetry suff ers from the same inadequacy as 
does the passive approach: neither is capable of providing continuous ambient concentration data. Each 
can provide only average concentration or dose data over some speci ed exposure period.

On balance, the combination of a wet chemistry approach—to obtain the continuous ambient form-
aldehyde concentration values—and some appropriate dosimetry method—to obtain individual dose 
data—probably provides the best possible combination of capabilities for this application.

Formaldehyde Monitoring Case Study

A 3 h continuous evaluation of the ambient levels of formaldehyde in the Pathology Department of a 
major hospital was undertaken in mid-1989. Th e primary purpose of this eff ort was to de termine the 
adequacy of t he local exhaust hood t hat was i n operation at t he Grossing Pat hologist’s work s tation. 
Passive do simetry e valuations w ith t his i ndividual h ad e arlier p rovided a mbient f ormaldehyde do se 
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values that ranged from “trace levels” (<0.005 ppm) to 0.60 ppm for periods that ranged from 3 to 4 h. 
It was decided that a pro le of the ambient levels of formaldehyde would be useful, and the study that 
will be described in this section was, therefore, undertaken.

Two diff erent analytical methods were employed simultaneously. Th e  rst used a pararosaniline-based 
Wet Chemistry Analyzer t hat had been set up i n t he manner described above. Th e second employed 
an Infrared Spectrophotometer set up to mo nitor formaldehyde. Both analyzers had been calibration-
checked on the previous day with pure formaldehyde standards that had been developed from a stable 
permeation device source. Th ese calibration checks had, in both cases, been very successful—both ana-
lyzers had responded with a precision within ±5% of the analytical reading, or better, when compared to 
the challenge calibration standards. Th e Wet Chemistry Analyzer was calibration-checked in the range 
0–1.0 ppm (±0.01 ppm), whereas the Infrared Analyzer was checked in the range 0–10 ppm (±0.1 ppm).

At the Grossing Pathologist’s station, each analyzer was set up to sample the air at a point 3 in. above 
the work bench, and at p oints immediately to t he left  (the Wet Chemistry unit), and to t he r ight (the 
Infrared u nit) o f t he p osition w here t he pat hologist w orked. Th is lo cation w as app roximately 18 in. 
below and in f ront of t he pat hologist’s breathing zone (BZ). Th e s lot exhaust hood at t he back of t he 
work b ench w as a lso at a h eight of 3 in. a bove t his su rface, a nd w as lo cated approximately 12–14 in. 
back from the position where the grossing pathology and, therefore, the sources of formaldehyde vapor 
were located. It is unlikely that there was much, if any, diff erence in the ambient concentration levels of 
formaldehyde that each of these analyzers would be measuring during this evaluation period. Th e actual 
sample points were 17 in. apart.

Th e re sults of t hese t wo a nalyzer e valuations of t he formaldehyde le vels a re shown g raphically i n 
Figure 14.1 (for the Wet Chemistry unit) and Figure 14.2 (for the Infrared unit). Note that the two graphs 
show formaldehyde concentrations, on t he vertical a xis, plotted against t ime, on t he horizontal a xis. 
Note also that the two plots have been adjusted to the same time basis—that is to say, the graph of the 
Wet Chemistry unit’s results has been shift ed to the left  by approximately 7.5 min to compensate for the 
relatively slow reaction kinetics of this method, while the graph of the Infrared unit’s results has been 
presented exactly as it was determined. Finally, note t hat the full-scale concentrations represented on 
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these two plots are diff erent; for the Wet Chemistry unit, full scale was set at 0.5 ppm, while the Infrared 
Spectrophotometric unit, full-scale value was 5 ppm. Th e Wet Chemistry unit readings, as represented 
by Figure 14.1, must b e re garded a s t he more ac curate a nd re presentative ones, si nce t his me thod—
unlike its Infrared counterpart, as shown in Figure 14.2—has no known interferences.

Monitoring in this situation was initiated as soon as the grossing pathologist arrived and set up for 
work. Th e actual pathology characterizations started about 30 min into the overall monitoring process, 
and were completed at approximately the 138 min point. Monitoring continued until the 180 min point, 
while the pathologist cleaned up and checked recorded comments.

It can be seen from these two plots that there was a sig ni cant variation in the results reported by 
these t wo d iff erent me thods. Th ere w as a v ery go od gener al f ormaldehyde c oncentration t rend c or-
relation, as represented by the similarity of these two plots. Th e problem was the dramatic diff erence 
in the magnitude of the concentration results reported by the two diff erent methods. On the average, 
the Infrared unit gave answers that were almost one order of magnitude greater than those provided by 
the Wet Chemistry unit—actually an average of ~7.5 times larger. Th e most likely explanation for this 
discrepancy would be the impact of the interference of methanol vapors on the Infrared unit’s indicated 
concentration.

Glutaraldehyde

Glutaraldehyde is commonly encountered in the hospital in any location where a c old sterilization or 
disinfection process would be performed. Th e locations of such processes in any hospital will depend 
largely on how that speci c hospital’s infection control policies and procedures are carried out. Both 
because of the unusually low OSHA established Ceiling PEL level for glutaraldehyde (0.2 ppm), and the 
potential adverse eff ects that individuals who are exposed to this material can experience, it is extremely 
important to be able to monitor employee exposure levels.

Monitoring of the ambient levels of glutaraldehyde vapors is presently possible with only one or two 
diff erent methods, as shown in Table 14.3. Th is tabulation will use the same analytical method mne-
monics and the same rating system (for the same seven categories) that was used in Table 14.2. Note 
that several of the numerical ratings in Table 14.3 are followed by “?s” and several other spaces are listed 

FIGURE 14.2 Time from the start of monitoring, in minutes.
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simply as “?s”; the former was done in cases for which it was important to make an estimate of what value 
a rating in a speci c situation should be, without having had any speci c,  rst-hand supportive experi-
ence upon which to rely; the latter was chosen when no reasonable estimation could be made.

As was the case for the formaldehyde-monitoring section, it will be instructive to discuss each of the 
foregoing analytical methods, in the order listed in Table 14.3.

Infrared spectrophotometric analyzers have been and frequently are used to monitor for glutaralde-
hyde. An infrared spectrophotometer is capable of providing relatively speci c, continuous, real-time 
ambient concentration level data for g lutaraldehyde; however, t he MDL for t his material in t his t ype 
of instrument is in the range of 0.8–1.0 ppm. For this reason, the only concentration data that such an 
analyzer would be capable of providing would be for situations in which the ambient levels of glutaral-
dehyde were far above the existing PEL-C of 0.2 ppm. Th at these analyzers are used in this application 
cannot be denied; that they off er virtually no useful information for such a task also cannot be denied. 
Th eir selectivity for glutaraldehyde is also somewhat suspect.

For the PIR spectrophotometric analyzer family, the same general types of limitations that apply to 
the infrared spectrophotometric analyzers will also likely apply. Th at is to say, this category of analyzer 
will almost certainly fail to have a suffi  ciently low MDL for glutaraldehyde to m ake it a u seful choice 
for monitoring this material—its sensitivity would likely be in the 0.5–0.6 ppm range. It is unlikely that 
there has ever been a suc cessful calibration of this type of analyzer for glutaraldehyde at a ny concen-
tration level; thus all the comments and conclusions listed here are purely speculative. In the event a 
photoacoustic infrared analyzer were to be successfully calibrated for glutaraldehyde, it would doubtless 
be able to provide a very acceptable selectivity for this material.

NDIR glutaraldehyde analyzers do not exist at this time; thus no speci c comments c an be l isted 
for them either. It is unlikely that this type of analyzer could ever be made suffi  ciently glutaraldehyde-
sensitive to justify manufacturing one for this application.

Electrochemical analyzers for glutaraldehyde, whether pumped or passive (EC-A and EC-P), also do 
not appear to exist at this time. It is quite possible that some sort of a relatively speci c electrochemical 
analyzer could be produced to mo nitor glutaraldehyde levels; however, such a u nit would a lmost cer-
tainly lack adequate sensitivity to be very useful in this application.

As w as t rue i n t he c ase o f mo nitoring f ormaldehyde le vels, io nizing de tector-based a nalyzers 
(FID, PID, and OID), would also function, in this case, as “universal detectors.” Th us, such an analyzer 
would lack the selectivity required to function as a useful glutaraldehyde monitor. It is possible that ana-
lyzers in this category might be made suffi  ciently sensitive—particularly, the photoionization units and, 
to a lesser extent, their  ame ionization counterparts—to have some potential for monitoring glutaral-
dehyde in an ambient matrix where there were no other volatile organic compounds present; however, 
such an interference-free situation is unlikely ever to occur in the hospital.

Th e most eff ective method for determining ambient concentration levels of glutaraldehyde employs a 
WC analyzer. Th e analytical process employed by a glutaraldehyde wet chemistry analyzer diff ers from 
that described for analyzing formaldehyde. A glutaraldehyde analyzer makes use of the chemical reac-
tion b etween any a ldehyde a nd M BTH, o r 3 -methyl-2-benzothiazolone h ydrazone h ydrochloride. 
Th e reaction between the aldehyde vapor and MBTH produces an azine that can be easily oxidized to 
form a d istinctive blue cationic die. Th e intensity of the blue color formed–measured calorimetrically 
at a wavelength of 550 nm—will be proportional to the original ambient glutaraldehyde concentration. 
Both the sensitivity (MDL = 0.004 ppm), and the selectivity (the only interferences are from other alde-
hydes, none of which is present in any of the commercially available cold sterilizing solutions) of this 
method make it more than adequate for this task. In fact, its only limitation is that it is not real-time. As 
with its formaldehyde counterpart, the reaction kinetics of this wet chemistry-based procedure require 
the passage of 6 –8 min before a n adequate color change endpoint has been achieved. Setting up a nd 
operating a wet chemistry analyzer for glutaraldehyde is a diffi  cult and time-consuming process; once it 
has been set up, however, such a system would provide excellent in controversial results.3,4
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Suffi  ciently selective and sensitive analyses of ambient glutaraldehyde concentration levels using GC 
analyzers are theoretically very possible; however, diffi  culties in calibrating such analyzers have limited 
their use in this application. In addition, gas chromatograph-based ambient concentration data for glu-
taraldehyde would be neither real time nor continuous.

PD for g lutaraldehyde a re w idely available f rom s everal d iff erent m anufacturers, a nd v irtually a ll 
such u nits can, a nd do, p rovide useful a nd speci c dosimetry data. Th e principal problem w ith t he 
passive dosimetry approach lies in the de nition of the OSHA Ceiling PEL. A C eiling PEL is de ned 
as “a concentration le vel t hat should not b e exceeded during a ny pa rt of t he working exposure.” 
As such, a Ceiling PEL s hould b e re garded a s a pa rameter t hat must b e e valuated o n a c ontinuous 
and/or instantaneous basis. Th ere is a p rovision in the OSHA de nition, however, that stipulates that 
“if instantaneous monitoring is not feasible, then this factor can be evaluated as a 15 min time-weighted 
average (TWA), EXCEPT when the substance vapors can cause immediate irritation with exceedingly 
short exposures.”5

Because it is virtually impossible to evaluate ambient glutaraldehyde concentrations on a continuous 
or instantaneous basis (see Table 14.3), the exception to t he de nition would appear to apply. On the 
other hand, this is a vapor that can produce immediate irritation with exceedingly short exposures; thus 
the exception to t he OSHA Ceiling PEL de nition should not apply! Th e reality of the situation, how-
ever, dictates that we overlook the latter factor (immediate irritation), and perform personal dosimetry 
monitoring. It must be noted that such monitoring must be performed over 15 min periods, and that the 
speci c monitoring periods be selected so that they constitute “the worst possible 15 min periods”—i.e., 
those periods when the cold sterilizing solutions are either being poured into their sterilizing pans or 
being poured out of these pans down the drain in the disposal process, or when the sterilized items are 
being “harvested” from these pans.

AD can also be performed using personal sampling pumps and approximately selected sorbent tubes. 
Such me thods de velop very ade quate d ata by de sorbing t he t ubes, a nd t hen a nalyzing t he de sorbed 
material using reverse phase high pressure l iquid chromatography and/or standard gas chromatogra-
phy. Active dosimetry suff ers from the same inadequacy as does its passive badge counterpart, namely, 
it cannot provide instantaneous ambient concentration data; it is, t herefore, correspondingly at o dds 
with the OSHA Ceiling PEL de nition. In addition, active dosimetry procedures will usually require 
sampling periods greater than 15 min in order to be able to absorb suffi  cient quantities of glutaraldehyde 
from the air to provide for high-con dence analyses.

On balance, for glutaraldehyde, as was the case for formaldehyde, the combination of a wet chemistry 
approach—to obtain the continuous ambient glutaraldehyde concentration values—and some appropri-
ate dosimetry method — to obtain individual dose data—will probably provide the best possible combi-
nation of capabilities for this application.

Glutaraldehyde Monitoring Case Study

For a mo derately extended period i n m id-1990, a Ster ile Processing Department employee at a l arge 
metropolitan hospital had been experiencing signi cant throat and eye irritation problems. Although 
the magnitude of these problems varied between moderate and severe, the general trend had been nega-
tive. It seemed that these problems were caused by exposure to one of the commonly used proprietary 
cold sterilization products required to be used several times each shift  as part of the regular job. Th is  
employee usually had to complete at least four—and sometimes as many as six—separate cold steriliza-
tion runs each day. Each “sterilization run” required a 4 5–60 min process, which consisted of loading 
the sterilization pan with the implements to be sterilized, adding the cold sterilizing solution, waiting 
for an adequate soak, harvesting and rinsing the sterile implements, and  nally, pouring out the “spent” 
sterilizing solution. All of these procedures were carried out in what appeared to b e a re asonably well 
ventilated room. Th e Cold Sterilization Work Station itself did not have any special or unique exhaust 
ventilation arrangements.
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In response to these diffi  culties, this hospital’s Engineering Department had chosen to enclose 
the C old Ster ilization Work Station completely. Th is work s tation, which consisted of both t he cold 
sterilization pan and the sink that was used both for rinsing the sterile implement, and disposing of 
“spent” sterilizing solution, was, in eff ect, transferred into a well-designed and carefully sealed exhaust 
hood. Th e hospital wanted to obtain an objective answer regarding the effi  cacy of their improvements. 
Although the employee who had made the original complaints appeared to be experiencing less and less 
diffi  culty, the department manager wanted a still more objective answer. Th e Engineering Department 
wanted both:

 1. An assessment of the ambient glutaraldehyde levels immediately in front of the hood access doors 
of their “new” Cold Sterilization Work Station, during the period when a batch of implements was 
being cold sterilized

 2. An additional second assessment of the glutaraldehyde levels above the sterilization pan and the 
sink, inside the hood, also during a cold sterilization process

Th e two 1 h duration sets of data that are shown in Figure 14.3 (the ambient glutaraldehyde levels outside 
of the new hood during a procedure) and Figure 14.4 (the levels inside this same hood during a subse-
quent procedure) clearly document this monitoring eff ort.

Th e results of the two evaluations, expressed as 1 h time-weighted averages of the two diff erent glutar-
aldehyde concentration levels, one outside and the other inside the hood were as follows:

From Figure 14.3: Coutside = 0.0083 ppm = 8.3 ppb
TWA for a 1.0 h period

From Figure 14.4: Cinside = 0.5142 ppm = 514.2 ppb
TWA for a 1.0 h period

To the extent that these calculated TWAs for the two monitoring runs were truly representative—and 
it was believed that they were—then the “objective and quantitative” improvement factor provided by 
the new installation (i.e., the engineering modi cations) would simply be the ratio of these two TWAs, 
with the “aft er” being divided by the “before,” thus:

FIGURE 14.3 Time from the start of monitoring, in minutes.
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Th e inverse of this factor represents the decrease in experienced concentrations of glutaraldehyde, thus:

 
Decrease 61.70

0.0162
1= =

 

It can be seen, therefore, that the engineering modi cations resulted in a 61.70-fold decrease in the levels 
of glutaraldehyde vapors to which the employee would be exposed in the future. In essence, the external 
glutaraldehyde concentrations—to which t he employee had been exposed prior to t he modi cations, 
and would, i n t he f uture, continue to b e exposed—was reduced f rom a n u nacceptable level t hat was 
approximately 257% of the existing PEL-C, to a ne w, lower level that was only 4.2% of this value. 
The engineering modi cations were, therefore, judged to have been very successful.
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Appendix 14.A.1

Glutaraldehyde

OSHA previously had no limit for glutaraldehyde and proposed establishing a ceiling limit of 0.2 ppm, 
based on the ACGIH (1986/Ex. 1–3) recommendation. NIOSH (Ex. 8–47, Table N1) concurred with this 
proposal, and the  nal rule established this limit.

Glutaraldehyde is an aliphatic dialdehyde that forms colorless crystals. It is strongly irritating to the 
nose, eyes, and skin (Human Sensory Irritation Th reshold of Glutaraldehyde Vapor 1976, as cited in ACGIH 
1986/Ex. 1–3, p. 285) and can cause allergic contact dermatitis from occasional or incidental occupational 
exposure (Jordan, Dahl, and Albert 1972/Ex. 1–1056). Th e rat oral LD50 has been variously reported as 250, 
820, and 2380 mg/kg (Stonehill, Krop, and Borick 1963/Ex. 1–1066; Smyth 1963 and NIOSH 1975f. both as 
cited in ACGIH 1986/Ex. 1–3, p. 285). Th e dermal LD50 in the rabbit is 2560 mg/kg, and the 4 h inhalation 
LD50 in the rat is 5000 ppm (NIOSH 1975f, as cited in ACGIH 1986/Ex. 1–3, p. 285).

Mice exposed to a lkalinized g lutaraldehyde at 8 a nd 33 ppm for 24 h have shown marked ner vous 
behavior with panting and compulsive washing of the face and limbs; those exposed to 33 ppm exhibited 
signs of toxic hepatitis at autopsy (Varpela, Otterstrom, and Hackman 1971/Ex. 1–1072).

In a s tudy of a c old-sterilizing operation in which t he operator was exposed for 12 min to a n acti-
vated 2% aqueous solution, a measurement of 0.38 ppm glutaraldehyde was taken in the operator’s BZ; 
the operator and the investigators experienced severe eye, nose, and throat irritation, as well as sudden 
headache at t he en d o f t his p rocedure (Schneider a nd Blejer 1 973, a s c ited i n ACGIH 1986/Ex. 1–3, 
p. 285). Another study employing very precise methods of airborne concentration measurement reported 
the irritation response level for glutaraldehyde to be 0.3 ppm and the odor recognition threshold to be 
0.04 ppm (Colwell 1976, as cited in ACGIH 1986/Ex. 1–3, p. 285).

Other than the NIOSH submission, OSHA received no comments on its proposal to establish a ceil-
ing level of 0.2 ppm for glutaraldehyde. Th e agency found that the human evidence cited above clearly 
demonstrated a sig ni cant r isk of i rritation to t he e yes, no se, a nd t hroat a ssociated w ith short-term 
exposures to glutaraldehyde at concentrations of 0.3 ppm or above. OSHA considered the irritation 
eff ects associated with exposure to glutaraldehyde to be material impairments of health. Th er efore, 
OSHA established a 0.2 ppm ceiling limit for this substance in the  nal rule.

Source: Federal Regist er/Vol. 54, No. 12/Th ursday, January 19, 1989/Rules a nd Regulations, pp. 2464. 
Glutaraldehyde: CAS:111-30-8; Chemical Formula: OCH (CH2)3CHO, H.S. No. 1187.

Appendix 14.A.2

Acrolein and/or Formaldehyde
Method no.: 50

Matrix: Air

Target concentrations: Acrolein—0.1 ppm (0.23 mg/m3)

(OSHA PELs) Formaldehyde—3 ppm (3.7 mg/m3)

Procedure: Air samples are collected by drawing known volumes of air through sam-
pling t ubes c ontaining X AD-2 ad sorbent, a nd w hich h ave b een c oated 
with 2-(hydroxymethyl) piperidine. Th e samples are desorbed with tolu-
ene and then analyzed by gas chromatography using a n itrogen-selective 
detector.
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Recommended sampling
rate and air volumes: 0.1 L/min and Acrolein– 48 L

Formaldehyde– 24 L

Acrolein and Formaldehyde– 24 L

___________________________
Acrolein Formaldehyde
___________________________

Reliable quantitation limit:
(based on recommended
air volumes)

2.7 ppb
(6.1 µg/m3)

16 ppb
(20 µg/m3)

Standard error of estimate at
the target concentration:
(See Section 4.7.) 7.1% 7.3%

___________________________

Special requirements: Th e sampling tubes should be obtained at the OSHA laboratory.

Status of method: A s ampling a nd a nalytical me thod t hat h as b een sub jected to t he 
established evaluation procedures of the Organic Methods Evaluation 
Branch.

Source: Warren Hendricks, Organic Methods Evaluation Branch, OSHA Analytical Laboratory, Salt 
Lake City, Utah, March, 1985.

Appendix 14.A.3
Glutaraldehyde
Method no.: 64

Matrix: Air

Target concentration: 0.2 ppm (0.8 mg/m3) (ACGIH TLV-Ceiling)

Procedure: An air sample is collected by drawing a known volume of air through 
an op en-face a ir mo nitoring c assette c ontaining g lass- ber  lters, 
each of which is coated with 2,4-dinitrophenylhydrazine and phos-
phoric acid. Th e sample is extracted with acetonitrile and analyzed by 
high-pressure liquid chromatography (HPLC) using a UV detector.

Recommended air volume
and sampling rate: 15 L at 1 L/min

Reliable quantitation limit: 4.4 ppb (18 µg/m3)

Standard error of
estimate at the target
concentration: 6.2%

(Section 4.7.)
Status of method: Evaluated method. Th is method has been subjected to the established 

evaluation procedures of the Organic Methods Evaluation Branch.

Source: Warren Hendricks, Organic Methods Evaluation Branch, OSHA Analytical Laboratory, Salt 
Lake City, Utah, June, 1987.
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Control of Formaldehyde Exposure in Hospitals

William Charney

Introduction

Health Effects

Formaldehyde gas is an irritant to the eyes and respiratory tract.1 As a l iquid in solution, it can cause 
both primary irritation and sensitization dermatitis. Formaldehyde exposure has also been linked to 
occupational asthma in the hospital setting,2 and in other work environments.3 Formaldehyde has also 
been found by the U.S. Environmental Protection Agency (EPA) to b e a probable human carcinogen 
(New York T imes, Ap ril 17, 1 987, p . 8). Th e ACGIH l ists f ormaldehyde a s a su spected c arcinogen.4 
Th erefore, exposure must be controlled to maintain the lowest levels possible.

Exposure Limits

Th e ACGIH has set a 1 ppm threshold limit value for an 8 h time-weighted average with a ceiling level 
of 2 ppm that is not to be exceeded even for short durations.4 Th e National Institute for Occupational 
Safety a nd H ealth (N IOSH) re commends a s a g uide to p eak e xposures t hat no w orker b e e xposed 
to formaldehyde concentrations g reater t han 0. 1 ppm for a ny 15 min sampling period. N IOSH a lso 
recommends that no worker should be exposed to concentrations in excess of 0.016 ppm as an 8 h time-
weighted average concentration.5 Th e odor threshold has been reported to be 1 ppm.6

Formaldehyde in the Hospital Environment

As of December 1985, NIOSH had conducted seven Health Hazard Evaluations (HHEs) which focused 
on formaldehyde in hospital environments. Five of these seven HHEs found air concentrations which 
exceeded the NIOSH recommended l imit at t he t ime of 0.8 ppm. Air concentrations of formaldehyde 
detected in these studies ranged from 0.04 to 1.28 ppm in a hemodialysis unit, from 0.08 to 2.58 ppm in a 
histology laboratory, and from 0.01 to 2.2 ppm in a gross anatomy laboratory.7 Since these health hazard 
evaluations were completed, NIOSH has reduced the recommended maximum exposure concentration 
to 0.1 ppm for a 15 min ceiling level and 0.016 as an 8 h time-weighted average.5

While t he re cent N IOSH e xposure re commendations p ose a s erious c hallenge for e xposure c on-
trol strategies, the experience of this author suggests that the ACGIH-recommended levels are easily 
achievable, and, in fact, an action level of 0.5 ppm can be maintained in all areas using formaldehyde 
or formalin solutions. Th is section will not discuss at length formaldehyde’s toxicity, biological eff ects, 
or other environmental data, but rather will focus on the methods to evaluate and control exposure in 
the hospital setting.

Variables of Exposure and Population Exposed

Formaldehyde is used in hospitals to  x and preserve tissue. A 10% buff ered formalin solution is made 
from 37% formaldehyde solution. Formaldehyde is also used for reticulin staining. Th is is usually 20% 
formalin solution (concentrations may diff er).

Th e population in hospitals exposed to formaldehyde includes:

 1.  Operating room: doctors and nurses in the transferring of excised tissues to formalin. Th ese  tis-
sues are then sent to Pathology for gross description and selective sectioning.

 2.  Pathology: doctors, technicians’, and autopsy assistants
 a. During gross description and sectioning. A do ctor or technician may be exposed to forma-

lin v apors for g reater or le sser t ime s pans de pending up on t he si ze o f t he s pecimen to b e 
described. Th e times may vary anywhere from 30 s for small biopsies to 1.5 h for larger speci-
mens such as colon or larynx.
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 b. During p reparation o f f ormalin a nd f ormalin-containing s olutions. T echnicians m ay b e 
exposed to f ormaldehyde i n t he p reparation o f s olutions. Ten p ercent b uff ered formalin, 
Brazil solution, cell block  xative, and Bouin solution are all solutions that require formalin. 
Th ey are  xatives (maintain cell integrity, stop autolysis, and putrefaction) and contain form-
aldehyde in varied concentrations. Formalin may also be used in some staining procedures, 
mainly reticulin staining (some Trichrome procedures use Bouin solution), in very minimal 
concentrations.

 c. In t ransferring or gans t o for malin for  s toring a nd/or f urther s ectioning (autopsy a ssis-
tants only).

 d. During setup of processing machines. Th e technicians who set up t he processing machine 
(e.g., Technicon, Histomatic) are exposed to formalin when changing the solution in the con-
tainers or when placing the tissues to be processed.

 3.  Research: Exposures similar to Pathology.
 4.  Clinics: Many doctors have t heir own supply of formalin so pat ient biopsies specimens c an be 

placed in formalin immediately and then sent to Pathology.
 5. Other laboratories: Some older laboratory methods, such as the isolation of worms and parasites 

in feces, may be used in microbiology. However, these methods are becoming obsolete and may 
be found in smaller hospitals or research laboratories.

 6.  Hemodialysis: Disinfection of machines (internal and surface).

Diff erences in quanti ed exposure for all the personnel listed above are explained by several factors:

 1. Individual technique: Did the doctor wash the specimen with water before analysis?
 2. Availability of local exhaust ventilation.
 3. Design and maintenance of local exhaust ventilation to guarantee 100 LFPM face velocity.
 4. Number of air changes per hour of dilution ventilation in the area or work.
 5. Use of personnel protective equipment.

Monitoring for Formaldehyde

Industrial hygiene monitoring is essential to quantify formaldehyde concentrations for safety and legal 
compliance in hospitals. A variety of methods have been documented for accuracy both for short-term 
measuring and long-term monitoring. Th is section will allude to several methods among many. A criti-
cal review of formaldehyde monitoring methods can be found in Balmont.8 Monitoring should be done 
in a ll a reas w here f ormalin ( formaldehyde) i s m anipulated: a utopsy ro oms, pat hology l aboratories, 
and specimen storage rooms. Manipulations, such as cutting of tissue, dilution of 37% HCHO to 10% 
HCHO, waste disposal transfers, and pouring, should be quanti ed by reliable monitoring technique 
to determine exposure values for time-weighted average (TWA), compliance with short-term exposure 
limit, and ceiling units.

Air qu anti cation i s u sed to e stablish t he le vel o f a mbient a ir e xposure a nd i ndividual e xposure 
and to mo nitor on a re gular basis the effi  ciency of whatever plan has been adopted to reduce level to 
legal c ompliance. Th e following me thod for a ir monitoring h as b een u sed suc cessfully at t he Jewish 
General Hospital, Montreal, Quebec. First is evaluation of any area according to National Institute for 
Occupational Safety and Health method 3500. Two impingers are connected in series using 20 mL of 
distilled water. Minimum sample time is 40 min. Th e limit of detection of this method is generally 0.04, 
but detection l imits can be increased with increased volumes. However, g iven the ceiling, short-term 
exposure limit and time-weighted average compliance of 1 ppm or greater, this volume seems adequate 
for compliance. Th e interferences for this method are phenol and other organics. Quanti ed results of 
midget impingement done at the Jewish General Hospital in the pathology cutting laboratory are shown 
in Table 14.4. Figure 14.5 shows t he locations of sampling sites, work a nd storage a reas, a nd exhaust 
hoods in the laboratory.
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Once a ll a reas u sing f ormaldehyde h ave b een qu anti ed ( personal B Z a nd a mbient a ir) u sing 
midget i mpingement, short-term a nd c eiling-level g rab s ampling c an be performed u sing a M iran 
infrared spectrophotometer. Th e Miran i s not v ery rel iable below 1 ppm a nd i nterferences can still 
occur at 3 .58 wavelength (not a lcohol). As seen in Table 14.5, during pouring of HCHO, levels r ise 
above the 1-ppm level.

Monitoring programs for formaldehyde are facilitated by the use of passive dosimetry, especially for 
time-weighted average compliance. Th ere are many diff erent types of passive dosimeters on the market, 
some of which have been evaluated in the literature.9,10 Choice depends on performance data, detection 
limits, availability, user preferences, and price of analysis.

Th e t hree d iff erent t ypes o f mo nitoring—impingement, i nfrared s pectrophotometry, a nd pa ssive 
dosimetry—can cover the major inhalation exposure possibilities. Th e infrared quanti cations shown 
in Table 14.5 reveal the necessity for protective measures during the pouring, dilution, and mixing of 
formalin solution. Th e use of a fume hood for these applications would be advisable.

Th e quanti cations shown in Table 14.4, pathologist BZ, show a degree of exposure approaching 50% 
of t he TLV of 1 ppm. A lthough t hese levels a re below legal compliance, pat hologists a nd technicians 
still h ad i rritative s ymptoms. F ormaldehyde c an c ause s ymptoms at b elow t he 1 ppm g uideline a nd 
individual susceptibility still plays an important role in a prevention program. It is for these reasons that 
pathology cutting tables should be  tted with local exhaust ventilation.

TABLE 14.4 Quanti ed Results of Midget Impingement of Formaldehyde, Pathology Laboratory, Jewish 
General Hospital, Montreal, on Two Testing Dates in 1984

Post Time Minutes
Number of 

Samples
Concentration 

(ppm) Operation

February 21
3 9:50 40 1651 0.35 No work being done in laboratory at this 

moment
1 10:00 40 1647 0:10 No work at this station
1 11:15 40 1646 0.14 No work at this station
2 11:30 20 1650 0.20 Preparing solution
4 12:50 20 1654 0.06 Just before start of work
1 13:30 40 1645 0.24 Beginning to handle the specimens
4 13:40 20 1649 0.36 Beginning to work on large specimens
4 14:00 20 1653 0.29 Pathologist cutting
1 14:15 40 1648 0.39 Pathologist continues to cut
4 14:30 20 1644 1.20 Work of pathologist cutting

March 19
3 9:40 40 1714 0.08 No cutting
1 9:40 20 1710 0.57 No cutting
1 10:20 40 1706 0.16 No cutting
1 12:25 40 1707 0.33 Beginning of work
4 15:10 20 1715 1.98 Cutting 6δ from BZ of pathologist
4 15:10 20 1716 0.49 12δ from pathologist BZ during cutting
4 15:40 20 1708 1.30 6δ BZ of pathologist during cutting

Notes: No local exhaust ventilation hoods at these times.
Post #1. Corresponds to respiratory zone of two workers—local exhaust provided—situated side by side while working on 

specimens.
Post #2. Air analysis during preparation of formaldehyde solution.
Post #3. Situated in open shelving area when specimens are stored.
Post #4. (BZ) of pathologist cutting table. No local exhaust ventilation.
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FIGURE 14.5 Pathology laboratory, Jewish General Hospital, Montreal, February–March 1984. No local exhaust 
hoods.
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TABLE 14.5 Formaldehyde Infrared Monitoring Data, Miran 1B Infrared 
Spectrophotometer, Autopsy Room, Veterans Administration Hospital, Madison, 
Wisconsin, February 1987

Time of Sample (PM) Activity Location of Sample Result (ppm)

3:01 Pouring 3.3
0.2

Floor level 5.8
3:02 Filling 2.1

BZ 1.9
BZ 8.7
BZ 3.4
Floor 1.4

(continued)



14-18 Handbook of Modern Hospital Safety

TABLE 14.5 (continued) Formaldehyde Infrared Monitoring Data, Miran 1B Infrared 
Spectrophotometer, Autopsy Room, Veterans Administration Hospital, Madison, 
Wisconsin, February 1987

Time of Sample (PM) Activity Location of Sample Result (ppm)

3:04 Pouring BZ 2.0
BZ 1.2
BZ 0.8
BZ 1.6

3:05 Adding H2O BZ 4.1
BZ 2.2
BZ 3.8
BZ 4.0
BZ 4.1
BZ 6.4
BZ 7.7
BZ 16
BZ 21
BZ 11

3:06 BZ 23
BZ 18
BZ 14
BZ 6.5

Closed BZ 5.3
3:08 BZ 2.6

2.7
2.4

BZ 1.6
Over container 26
Over BZ 32

3:30 While pouring BZ 3.0
BZ 5.5
BZ 15.0
BZ 22.0
BZ 7.5

Mixing BZ 1.5
3:30 Ambient air DG-215 1.5

0.8
0.7

3:30 Dumping tissue BZ 3.0
BZ 3.8
BZ 4.3
BZ 3.6
BZ 4.1
BZ 8.2
BZ 8.3
BZ 9.7
BZ 7.7
BZ 12
BZ 13
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Methods of Compliance

Design of Local Ventilation

Pathology cutting tables need to be  tted with local exhaust ventilation either of the slot type (Figure 14.6) 
or the Plexiglas hood type (Figure 14.7). Minimum face velocity should not be less than 100 FPM. 
Slot or hood design should pull air back and away from the BZ of the cutter. Th e exhausts need to be 
dedicated exhausts, and elimination of eddies is an important design feature. Th ese hoods need a good 
maintenance program, and face velocity tests need to be done routinely. Th e laboratory area should be 
under negative pressure relative to the corridor with a minimum of 10 air changes an hour. Specimen 
storage shelves can be exhausted if convenient specimens are kept in well-sealed containers. Storage 
rooms containing specimens preserved in formaldehyde need to have good dilution and exhaust 
ventilation (Figure 14.8).

FIGURE 14.6 Slot-type hood for tissue mounting and specimen cutting. Notice the slot at the back of the hood. 
(Photo by Frank Maniscalco.)

FIGURE 14.7 Plexiglas hood for cutting table. (Photo by Frank Maniscalco.)
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Personal Protective Equipment

Working with formaldehyde requires the use of personal protective equipment:

 1. Gloves made of rubber will protect against hand or skin contact.
 2. Aprons can be worn to protect against splashes to the torso.
 3. Framed safety goggles should be worn by all employees manipulating liquid solutions of formal-

dehyde to protect eyes. Goggles will also protect the eyes from contact with formaldehyde vapor.
 4. Face shielding or plastic shielding to protect the face is required when the work process involves 

risk of splashes. A c ombination of safety gog gles a nd plastic f ull-face shield can be used i f t he 
work process involves the risk of formaldehyde solution penetrating face shield.

Medical Surveillance Program

A medical surveillance program should be initiated for all employees with repeated contact with formal-
dehyde. Th e program should t ake i nto consideration skin, eyes, a nd t he respiratory t ract. Baseline 
pulmonary function tests can be a useful tool in annual assessment.

Formaldehyde is a sensitizing agent. Th erefore, employees who have been exposed to legal compliance 
exposures over the long term may still suddenly develop symptoms. Patch testing employees who are 
suspected of reacting to formaldehyde is one method to determine sensitization.

Hazard communication (United States) and the Work Health Material Information System (WHMIS) 
both regulate the need to i nform employees of the toxicity hazards of the chemicals in the workplace. 
As part of the medical surveillance program, employees should be given the Material Safety Data Sheet 
on formaldehyde.
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Appendix 14.A.4

Summary of the Proposed OSHA Formaldehyde Standard

 I. Scope and application. Applies to all occupational exposures to formaldehyde.
 I I.  De nitions. Formaldehyde i s de ned a s ga seous formaldehyde, solutions containing g reater 

than 0.1% formaldehyde, and solids capable of releasing formaldehyde. Action level is de ned 
as 50% of the proposed PEL (see below).

 III.  Permissible exposure limit (PEL). “Th e employer shall ensure that no employee is exposed to 
an airborne concentration of formaldehyde which exceeds 1.0 part formaldehyde per million 
parts of air (1 ppm) or 1.5 parts of formaldehyde per million of air (1.5 ppm) as an 8 h TWA.”

 IV.  Exposure monitoring. Except where employer documents via objective data that exposure at 
or above Action Level (0.5 or 0.75 ppm) could not be generated, each employer shall monitor 
employees to determine their exposure to formaldehyde.

 V.  Initial monitoring. Employer shall monitor any employees who may be exposed and accu-
rately determine their exposure. If all employees who may be exposed are not monitored, a 
representative sampling strategy must ensure that employees monitored are representative 
of all employees, based on investigation of work sites: (1) for formaldehyde-releasing poten-
tial; (2) where complaints or symptoms have been reported; a nd (3) for a nalysis of exposure 
patterns.

 VI.  Repeated monitoring. Th e above monitoring must be repeated “each time there is a change in 
production, equipment, process, personnel, or control measures which may result in new or 
additional exposure to formaldehyde.”

 VII.  Periodic monitoring. Employer shall periodically monitor all employees shown by initial mon-
itoring to be exposed at or above the Action Level (0.5 or 0.75 ppm).

 VIII.  Termination of monitoring. E mployer m ay d iscontinue monitoring i f employee e xposure i s 
below Action Level for two consecutive sampling periods.

 IX.  Accuracy o f monitoring. Monitoring s hall b e ac curate to w ithin +25% at P EL a nd +35% at 
Action Level.

 X .  Employee noti cation of monitoring results. Employees shall be noti ed in writing of monitoring 
results within 15 days of employer’s receiving results. If an employee’s exposure is above the 
PEL, employer shall distribute and implement a written plan for corrective action.

 XI.  Observation of monitoring. Aff ected employees or their representatives shall be permitted to 
observe monitoring.

 XII.  Regulated a reas. P ost t he f ollowing le gend at ac cess p oints to a reas w hich m ay e xceed 
PEL, l imit ac cess to a uthorized p ersons, a nd c ommunicate t he re striction to a ll a ff ected 
personnel.
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DANGER—FORMALDEHYDE—POTENTIAL CANCER HAZARD—RESPIRATORS REQUIRED—
ADDITIONAL PROTECTIVE EQUIPMENT MAY BE REQUIRED

 XIII.  Methods of compliance. Institute Engineering Controls and Work Practices to maintain expo-
sure below the PEL, where feasible, and institute Respiratory Protection until these modi ca-
tions can be made, in emergencies, and in areas where these measures will not be suffi  cient to 
achieve compliance with the PEL.

 XIV.  Respirators. Select respirators approved by MSHA and NIOSH under 30 CFR 11 as speci ed 
in the regulation according to t he expected severity of exposure. Where respirators are used, 
employers shall comply with 29 CFR 1910.134 (b), (d), (e), (f), and with Medical Surveillance 
requirements o f t his St andard. E mployer s hall p erform do cumented a nd app ropriate 
Quantitative Fit tests and appropriate respirators shall be selected. Air-purifying cartridges, if 
used, shall be replaced each work shift . Canisters, if used, shall be replaced aft er two workshift s 
unless canister displays an end-of-life indicator. Employer shall permit employee to wash face 
and respirator mouthpiece as needed.

 XV.  Protective equipment and clothing. Where skin contact with l iquid or solid formaldehyde is 
possible, employer shall supply appropriate protective equipment and clothing in accordance 
with 29 CFR 1910.132.132/.133 at no cost and assure its use. Gas-proof goggles shall be supplied 
at no c ost for eye i rritation, i f required. Contaminated clothing shall be stored to m inimize 
exposure until cleaned and shall be labeled as described under Regulated Areas except for the 
respirator and protective equipment statements. No employee shall be permitted to take home 
contaminated equipment or clothing. Employer shall decontaminate any contaminated equip-
ment or clothing, making certain that such materials are handled by trained persons and that 
persons receiving contaminated materials for cleaning are properly noti ed.

 XVI.  Hygiene protection. Employer shall provide change rooms and showers (29 CFR 191.141) for 
employees w ho ne ed protective c lothing. I f employees m ay b e s plashed w ith formaldehyde, 
employer shall provide conveniently located quick-drench showers and eyewash fountains and 
assure their use.

 XVII.  Housekeeping. Employer shall conduct a program to detect leaks and spills, including visual 
inspections, equipment maintenance, and leak surveys, and shall assure containment, decon-
tamination, a nd d isposal o f s pills p romptly b y em ployees h aving p roper e quipment a nd 
training. Formaldehyde-containing waste shall be sealed in containers labeled “CAUTION—
CONTAINS FORMALDEHYDE—AVOID INHALATION AND SKIN CONTACT.”

 XVIII.  Emergencies. Employer shall develop a w ritten plan, in accordance with 29 C FR 1910.38 (a), 
for each workplace where there is exposure to formaldehyde, including provision for adequate 
training, equipment, evacuation, medical assistance, and cleanup.

 XIX.  Medical surveillance. Employer shall institute Medical Surveillance programs for any emplo-
yees re quired to w ear a re spirator to c omply w ith t he P EL a nd f or a ny em ployees e xposed 
in emergencies, to c onsist of examination by a ph ysician, initially (as soon as possible in the 
case of an emergency), and at least annually thereaft er, including (a) medical and work history 
with emphasis on eye, nose, or throat; (b) physical exam with emphasis on respiratory system; 
(c) pulmonary function test including FVC and FEV; (d) any other test the physician deems 
necessary; a nd (e) c ounseling o f em ployees h aving c onditions a ggravated b y f ormaldehyde 
exposure or respirator use.

Employer s hall supp ly t his St andard to e xamining ph ysicians a long w ith a de scription, i ncluding 
(a) employee’s duties as they relate to e xposure; (b) the typical exposure level for that job; (c) any per-
sonal protective equipment or respiratory protection associated with that job; and (d) previous available 
medical history.

Examining physician shall supply written opinion containing  ndings related to occupational expo-
sure, including (a) whether employee would be “at an increased risk of material impairment of health” 
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from further formaldehyde exposure or respirator use; (b) whether respirator should be reevaluated; 
(c) recommended limitations on employee’s further exposure or use of protective equipment; (d) a state-
ment that the employee has been informed by physician of any formaldehyde-aggravatable conditions, 
whether these may have resulted from exposure and whether there is a need for further explanation or 
treatment. Th e employer shall obtain results of examination and tests and shall supply the physician’s 
written opinion to the employee within 15 days.

 XX.  Hazard communication. Employer shall comply with labeling requirements of 29 CFR 
1910.1200 w ith respect to co ntainers of formaldehyde or formaldehyde-containing products 
and in-process materials (exception: garments, bed clothes, draperies, furniture need not b e 
labeled). Labels shall include the legends: CAUTION—CONTAINS FORMALDEHYDE—EYE 
AND R ESPIRATORY S YSTEM I RRITANT—POTENTIAL C ANCER H AZARD—AVOID 
INHALATION. E mployers w ho m anufacture o r i mport f ormaldehyde-releasing m aterials 
shall develop and update Material Safety Data Sheets as required in 29 CFR 1910.1200 (g) and 
provide these to employers purchasing such materials.

 XXI.  Employee information and training. Employees assigned to workplaces covered by this stan-
dard shall be t rained as of t heir i nitial a ssignment when a ny new hazard i s i ntroduced a nd 
receive ongoing training, at minimum, on an annual basis. Th e training program shall include 
(a) a copy of this Standard; (b) explanation of the Material Safety Data Sheet for formaldehyde; 
(c) purpose for and description of the Medical Surveillance Program, including health eff ects, 
signs, and symptoms of exposure; (d) description of safe procedures for each job in each area 
with formaldehyde exposure; (e) purpose and limitations of any personal protective equipment 
and clothing; (f) handling of spills emergency and cleanup; (g) explanation of engineering and 
work practice controls; and (h) review of emergency procedures.

Employer shall make available a ll t raining materials to em ployees and to t he Assistant Secretary and 
Director (OSHA) on request.

 XXII.  Recordkeeping. Documentation of Personal Exposure Measurements shall include (a) date; 
(b) operation monitored; (c) methods used a nd evidence of accuracy; (d) number, duration, 
and results of monitoring; (e) protective devices worn; and (f) name, job, social security number, 
and exposure of each employee monitored.

Documentation of any objective data supporting a decision that Monitoring is not required.
Documentation of Medical Surveillance shall include (a) name and social security number; (b) physi-

cian’s written opinions; (c) health complaints which may be related to formaldehyde; and (d) examination 
results, including medical history, questionnaire, and any medical tests.

Documentation of Respirator Fit Tests shall include (a) protocol of test; (b) results; (c) size and manufac-
turer of respirators; and (d) date of test, name, and social security number of employee, respirator type, and 
facepiece selected.

Employer shall retain Personal Exposure records for 30 years and Medical Surveillance records for 
the duration of employment plus 30 years. Only the most recent Respirator Fit record need be retained. 
Employer shall make records available, on request, to aff ected employee, former employee, or v alid 
representatives and transfer records, as required by 29 CFR 1910.20. If employer ceases to do business, 
records shall be transferred to successor employer or to the Director (OSHA).

 XXIII.  Eff ective d ate. Th is S tandard becomes eff ective 60 days aft er p ublication o f t he F inal Ru le 
except that Exposure Measurements, Medical Surveillance, and the Emergency Plan required 
by the rule must be completed by 6 months aft er its eff ective date. Engineering Controls and 
Work Practice Controls required by the Standard shall be implemented within 1 year of the 
eff ective d ate. Bu sinesses w ith f ewer t han 2 0 em ployees h ave 2 ye ars to i mplement t hese 
modi cations.
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Hidden Toxicities of Glutaraldehyde

William Charney

Introduction

Glutaraldehyde i s a s aturated d ialdehyde w ith t he f ormula CH O–CH2–CH2CH2–CHO. I t h as a  
molecular weight of 100.12. Glutaraldehyde has a pungent odor, with a t hreshold recognition level 
of 0. 04 ppm. Eye a nd re spiratory i rritation a re note d at a le vel o f 0. 3 ppm, b ut i ndividual s ensiti-
vity reaction can occur at lower quanti ed levels. Th e ACGIH recommends a 0.2 ppm ceiling level. 
Neither federal- nor state-PEL has been established. At present, there are neither NIOSH criteria nor 
an OSHA standard.

Glutaraldehyde is t he ac tive ingredient in Cidex, Sporicidin, Sonocide, Metracide, a nd ot her com-
mercially available products and is used extensively throughout hospitals as a cold disinfectant. It has 
been i mplicated i n t he l iterature a s a c ause o f a sthma a nd rh initis ( in h ospital p ersonnel i n en dos-
copy units);1 contact dermititis;2–4 burning eyes, nose, and throat, lung irritation, and chest tightness;5 
and breathlessness and reduced lung function.6 Glutaraldehyde can be found in almost any area of the 
hospital. It can be used to c lean and disinfect ear, nose, and throat instruments, dialysis instruments, 
surgical instruments, suction bottles, Vitalograph tubing, bronchoscopes, endoscopes, medical sputum 
mouth pieces, corrugated tubing, transducers, and more.

Normal submersion time in activated glutaraldehyde solution is 10 min; however, the tuberculosis 
bacillus and other stronger bacteria and viruses take a 10 h soak time. Th e buff ered, activated solution 
usually sits in an open 1 L container (see Figure 14.9). Most oft en the general-dilution ventilation rates 
in these units are unpredictable. Th e only personal protection used by medical staff  is sterile latex gloves, 
not considered adequate skin protection against glutaraldehyde, which is percutaneous.

Population Exposed

Th e population exposed can vary from hospital to hospital depending on infection control criteria and 
policy. Th e list that follows is based on personal experience:

FIGURE 14.9 Sporicidin or 2% g lutaraldehyde sitting in an open container on a tabletop and in a sink in a gas-
troenterology laboratory, a llowing for g lutaraldehyde vapors to a ccumulate i n t he a mbient a ir. (Photo by Fr ank 
Maniscalco.)
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Nurses on units with a cold sterilizing procedure that uses glutaraldehyde; dialysis nurses, inten-• 
sive care nurses, endoscopy nurses, emergency room nurses, and operating room nurses if Cidex 
or Sonocide solutions are used in infection control procedures
Doctors who work in operating theaters, dialysis departments, or endoscopy units• 
Central service employees who use glutaraldehyde as a sterilant• 
Research technicians, researchers, and pharmacy personnel who activate solution• 
Laboratory technicians who sterilize benchtops• 

General symptoms reported by hospital staff  exposed to glutaraldehyde at the National Jewish Hospital 
in D enver, C olorado; t he J ewish G eneral H ospital, M ontreal, Q uebec; a nd U niversity o f Wi sconsin 
Hospital, Madison, Wisconsin are as follows: (1) burning eyes, (2) headaches, (3) rhinitis, (4) skin sensi-
tization, (5) chest tightness, (6) asthma and asthma-like symptoms, (7) staining of the hands (brownish/
tan), (8) throat and lung irritation, (9)  u-like symptoms, and (10) hives.

Types o f e xposure a re v aried. M anual c leaning o f i nstruments c an e xpose s taff  to high levels of 
glutaraldehyde vapor. While the activated, buff ered solution sits in containers, staff  can be exposed to 
residual vapor. Mixing and activating the solution is a lso a ro ute of inhalation exposure. Retrieval of 
instruments soaking in solution with unprotected or poorly protected hands is a means of percutaneous 
exposure.

Glutaraldehyde Investigations

Case studies implicating glutaraldehyde in clinical pathology with accompanying quantitative data are 
rare. NIOSH5 in a Health Hazard Evaluation Report, Paul Pryor, NIOSH investigator, investigated com-
plaints at t he National Jewish Hospital, Denver, Colorado. Eight personal BZ and 13 area air samples 
were taken. Sampling times ranged from 30 to 80 min using sorbent tubes at a rate of 0.2 L/min. Samples 
analyzed using reverse phase high liquid chromatography; glutaraldehyde concentrations in the eight 
personal BZ samples ranged from N.D. to 1.5 mg/m3 w ith si x (46%) exceeding t he T LV. I n t he u nits 
where 82% (9 of 11 exposed workers) reported i rritative e ye a nd t hroat s ymptoms, e valuation of t he 
ventilation system showed it to be inadequate to remove glutaraldehyde vapors.

In 1985 at Mercy Medical Center, Paul Pryor, NIOSH investigator, quanti ed glutaraldehyde expo-
sures i n t he range of N.D. to 1 .98 mg/m3 for eig ht personal samples a nd N.D. to 0. 74 mg/m3 for a rea 
samples, using sorbent tubes at 0.2 L/min for 30–45 min. On the basis of the environmental results it was 
concluded a health hazard did exist from glutaraldehyde exposure.

Case Studies

Two case studies will now be discussed involving health problems associated with glutaraldehyde expo-
sure. Th e  rst c oncerns t he U niversity o f Wi sconsin H ospital; t he s econd c oncerns J ewish G eneral 
Hospital.

Case Study I: University of Wisconsin Hospital

Nineteen health care employees in module K4/2 at the Center for Health Sciences, University of 
Wisconsin Hospital complained of h ives, chest t ightness, a nd watery eyes. Glutaraldehyde, s tored 
in 1 L baths on countertops, was being used in this area to disinfect bronchoscopes. Th e ventilation 
system was an independent recirculating type with 10% fresh air provided. No personal protection 
was used.

A calibrated Miran 1A i nfrared spectrophotometer was used to de termine the glutaraldehyde con-
centration. Th e m inimum rel iable de tectable l imit for g lutaraldehyde concentration for t he M iran i s 
0.1 ppm. N o c hemical v apors c apable o f c ausing i nterference at t he w avelength w ere not iced i n a ny 
sampling locations. Monitoring results are given in Table 14.6.
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Considering the poor sensitivity of the infrared spectrophotometer to g lutaraldehyde at c oncentra-
tions less than 0.1 ppm, it is possible that much of the absorbance below 0.001 AU (at 3.7 µm) is due to 
instrument noise. In an eff ort to error on the side of safety, any possible instrument noise was consid-
ered to be absorbance due to the presence of glutaraldehyde. As the monitoring data indicate, even when 
this safety margin is factored in, personnel exposure levels do not e xceed t he ACGIH recommended 
ceiling limit of 0.2 ppm in air. Th is does not ne cessarily mean that predisposed individuals (i.e., asth-
matic sensitive) will not experience discomfort or respiratory stress or that personnel will not  nd the 
odor objectionable.

One month aft er application of the following recommendations, the nurses’ symptoms subsided:

 1. Reprogram the air handling system to allow for nonrecirculating for 100% fresh air.
 2. Change all glutaraldehyde containers to air-tight models.
 3. Use neoprene gloves.
 4. Install local ventilation hoods for glutaraldehyde stations.
 5. Check staff  for sensitivity. Skin provocation tests were performed on  ve staff , with two showing 

signs of reaction to glutaraldehyde. Transfer requests were granted to these staff .

Case Study II: Jewish General Hospital

Twenty-two dialysis nurses complained of upper respiratory irritation, rhinitis, lacrimation, and sinusitis.1 
Formaldehyde (HCHO) was being used by this unit to disinfect the dialysis machines. Glutaraldehyde 
was b eing u sed i n op en 1 L bat hs f or c old s terilization o f i nstruments a nd t ubing. G eneral d ilution 
air ventilation system provided approximately 7–10 air changes per hour. Formaldehyde testing using 
midget impingement at 2 00 cc/min with chromotropic acid analysis was performed, showing a r ange 
of N.D. to 0.4 mg/mL during the course of the workday. Formaldehyde was removed from this unit for 
a period of 2 w eeks. All instruments were sent to C entral Supply for gas sterilization. Symptoms per-
sisted. It was then noted that all the nurses immersed their unprotected hands into the glutaraldehyde 
baths to retrieve the instruments. Th is skin contact was then suspected as the cause of their symptoms. 
Glutaraldehyde was removed from this unit on a trial basis. Within 1 week all symptoms of the dialysis 
personnel were eliminated.

As gl utaraldehyde u se in  h ospital s ettings in creases, t he n eed f or in dustrial h ygiene s urveillance 
increases. Glutaraldehyde should be considered an etiologic agent for allergic respiratory reaction, asthma, 

TABLE 14.6 BZ and Ambient Room Air (ARA) Glutaraldehyde Concentration (ppm) 
in CSC Endoscopy (K4/2)

Location Date Sample Type
Number of 1 min 

Samples Mean (+STD Error) Range

K4/261 1/6/87 BZ 10 0.126 + 0.013 0.1–0.18
1/6/87 ARA 8 0.07 + 0.007 0.05–0.1
1/8/87 BZa 10 0.076 + 0.005 0.05–0.1
1/8/87 ARAa 8 0.053 + 0.003 0.04–0.06

K4/259 1/6/87 BZ 8 0.049 + 0.003 0.04–0.06
Olympus EW-10 

washers
1/6/87 BZb 6 0.195 + 0.013 0.16–0.25

Machines (2) 1/6/87 ARAc 10 0.087 + 0.007 0.06–0.13

Source: Richard, A. and Johnson, R.S., Environmental Health Specialist, University of Wisconsin-Madison.
a Sampling conducted during re lling of instrument disinfection containers with fresh CIDEX.
b Sampling conducted during the 3 min disinfection cycle.
c Ambient air sampled for 5 min following disinfection cycle.
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upper re spiratory i rritations, der matitis, h ives, a nd ot her more e soteric i ndividual re sponses, i f ot her 
etiologic causes are el iminated t hrough scienti c method. A ll of t he i rritative symptoms can occur at 
quanti ed levels below the ceiling threshold of 0.2 ppm. Glutaraldehyde should be used with the same 
type of caution as formaldehyde. Industrial hygiene intervention can include the following: substitution; 
local exhaust ventilation; personal protection equipment.

Substitution is still a c ontroversial issue. Th e nonglutaraldehyde-based disinfectants are usually 
not recommended by t he surgical equipment manufacturer; however, gas sterilization by ethylene 
oxide is an acceptable alternative to the cold sterilization technique. Due to lack of funds for enough 
equipment t o a ff ect t he t urnaround t ime f or Et O ga s s terilization, h ospitals u se t he c old s terili-
zation methods. At the Jewish General Hospital, substitutions were successfully used for g lutaral-
dehyde-based products in the following areas: dialysis, intensive care unit, operating theaters, and 
recovery room.

Dialysis unit• . All aldehydes were removed, including formaldehyde and glutaraldehyde, based on 
the sensitization of the dialysis staff  to a ldehydes. All instruments that were being cold sterilized 
with glutaraldehyde (clamps and scissors) are gas sterilized in the Central Service area. Internal 
disinfection o f t he C OBE d ialysis m achines i s ac complished u sing 0. 25% h ypochlorite ( Javex); 
external disinfection of the COBE dialysis machine is accomplished with another chlorine-
buff ered solution.
Intensive care unit• . By substitution of a type of transducer, Savlon soap could be used as the disin-
fection agent. Th e Head Nurse of this unit had developed a glutaraldehyde sensitivity.
Operating t heaters• . Cid amatic w ashing m achines ( glutaraldehyde-based) w ere re placed b y a 
pasteurization u nit. Th ere i s now a nother commercially available substitute for g lutaraldehyde 
manufactured by Steris Corporation that uses peracetic (peroxyacetic) acid in a closed system. As 
San Francisco General Hospital we have successfully eliminated glutaraldehyde in our operating 
theaters and endoscopy unit.

Th e Centers for Disease Control and Prevention (CDC) and EPA Classi cation Schemes for Sterilants, 
Disinfectants, and Sanitizers can be found in Appendix 14.A.5.

Methods of Compliance

Engineering

Regarding lo cal v entilation: G eneral d ilution v entilation i s not ade quate to p rotect w orkers f rom 
glutaraldehyde e xposure u nless 2 0 a ir c hanges a n h our a re m aintained; lo cal v entilation i s mo re 
acceptable. Glutaraldehyde baths should be kept under a fume hood. Despite its low vapor pressure, 
this compound is found readily in air and even at low concentration can cause respiratory reaction 
(see Figure 14.10).

Th e a reas using g lutaraldehyde should be kept u nder negative pressure to a void t ransmigration of 
chemical vapor and its odor.

Personal Protection

All skin contact with glutaraldehyde must be avoided. Heavy neoprene or nitrile gloves must be worn. 
Th is chemical is percutaneous and will pass readily through unprotected skin.

Industrial Hygiene

Air mo nitoring, u sing ac ceptable me thodologies w ith t he p roper de tection l imits s hould b e u sed i n 
areas u sing g lutaraldehyde. Re sults s hould b e e xtrapolated a nd re sponsible re commendations m ade 
based on quantitative data. Industrial hygiene methods include:
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Impingement method: deionized water (H• 2O) 1 L/min for at least 30–60 L. Sensitivity of method: 
0.01 ppm.
Th e Miran infrared can be used to de termine both area and BZ quanti cations. However, reli-• 
ability decreases below 1 ppm. Each Miran must be calibrated speci cally for glutaraldehyde for 
reliable results.

Medical Surveillance

All medical personnel who regularly have contact w ith g lutaraldehyde-based compounds should 
be followed by a medical surveillance program. In periodic physical examinations, the employee’s 
general health should be evaluated. Special at tention can be g iven to s kin a nd respiratory symp-
toms. Hives, f lu-like recurring complaints, and chest tightness can be indications of sensitization. 
Baseline, t hen a nnual, p ulmonary f unction te sts s hould b e p erformed to de termine de crease i n 
function. Patch te sting to de termine sensitization c an be pa rt of a n overall medical su rveillance 
program.
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FIGURE 14.10 Local exhaust hood designed using existing exhaust of 300 FPM. Plexiglas was used to contain all 
the glutaraldehyde-based disinfectants. (Photo by Frank Maniscalco. With permission.)
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Appendix 14.A.6

Veterans Administration Memorandum

Date: January 29, 1987

From: Mark Reicheiderfer, M.D.

Subject: Endoscope Disinfection in Fiberoptics Laboratory

To: Bill Charney, Industrial Hygienist
Th is memo is a letter of appreciation for your involvement in the endoscope disinfection issue and, in 
particular, your decision to switch from glutaraldehyde to the new, less toxic disinfectant. All of us in 
the laboratory are appreciative, as none of us are happy about the current use of glutaraldehyde for dis-
infecting endoscopes in this hospital. Th ere is no question that glutaraldehyde is toxic to the personnel 
who work in this area. I myself have an allergy with eye burning, nasal stuffi  ness, sneezing, and upper 
airway irritation upon exposure to glutaraldehyde. I am aware of other personnel in other institutions 
having asthma and allergic rashes as a result of exposure. You may be interested that such symptoms are 
being reported at the University (where glutaraldehyde is used) and there is now an investigation of the 
prevalence of these symptoms in the gastroenterology clinic.

Appendix 14.A.5

CDC and EPA Classi cation Schemes for Sterilants, Disinfectants, and Sanitizers

EPA Product Classi cations CDC Process Classi cations

Sterilant/disinfectant Sterilization
(sporicidal chemical—prolonged contact time)

High level disinfection
(sporicidal chemical—short contact time)

Hospital disinfectant
(with label claim for TB activity)

Intermediate level disinfection

Hospital disinfectant Low level disinfection

Sanitizer
Examples of common disinfectants used in endoscopy settings
High level disinfectants
(used on instruments, not on environmental surfaces)

• Glutaraldehyde or
• Hydrogen peroxide-based chemicals

Intermediate level disinfectants
(not used on instruments)

• Idophors
• Chlorine compounds
• Phenolics

Low level disinfectants
(not used on instruments)

• Quarternary ammonium compounds
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Th e second reason we are happy with the new disinfectant is that I am convinced the glutaraldehyde 
is toxic to the instruments and will shorten their half-life. It seems likely to me that any increase in cost 
related to using the less toxic disinfectant will be outweighed by extending the lives of the endoscopes, 
thereby saving the VA money overall. Th is to me is a secondary consideration, however, to the safety of 
the laboratory personnel.

Once again, thanks for your eff orts in this area. We are excited about getting glutaraldehyde out of the 
laboratory  nally and hope that the new stuff  arrives soon.

Appendix 14.A.7

San Francisco General Hospital Memoranda

What follows a re t wo memoranda concerning t he el imination of g lutaraldehyde f rom t he Operating 
Th eaters at S an Francisco General Hospital. Th is action was taken for two primary reasons:  rst, the 
complaint of some Operating Room staff  who developed hypersensitivity to glutaraldehyde and second, 
the toxicity data mentioned earlier in this chapter.

Th e SFGHMC is now using a Steris unit that is a closed system that applies peracetic acid. Th e units 
are capable of disinfecting 98% of all instruments used in an Operating Th ea ter. Th e units are installed 
under local exhaust ventilation with a dedicated exhaust to the outside.
Date: September 22, 1989
To: Cedric Bainton, M.D., Chief of Anesthesia
From: Ada Tarkington, A.D.N., Director, Operating Room Nursing Services
Enclosed is a copy of my memo to the staff  regarding the glutaraldehyde solution. As we discussed the 
goal of the actions I a m taking is to el iminate the use of glutaraldehyde from the Operating Room to 
the fullest possible extent. Th e Arthroscope camera is, to my knowledge, the only item frequently used 
which cannot be immersed in the Steris system and will continue to require glutaraldehyde soaking for 
appropriate disinfection. Th is soaking will have to be done in the actual Operating Room so that the 
camera can be placed directly onto a sterile  eld aft er disinfection.

We have agreed that whenever glutaraldehyde must be used for any reason the Head Nurse/Charge 
Nurse w ill d iscuss t he si tuation a nd t he ne ed for u se of t his chemical w ith t he a nesthesia at tending 
physician to determine if Mr. X is present or expected to be on duty. Th e goal is to provide Mr. X with 
an environment which will not c ompromise his health to t he maximum extent possible or to provide 
an opportunity to d iscuss the situation with him so that he can be adequately informed regarding the 
potential exposure to glutaraldehyde.

I believe this summarizes the major points of our discussions. If I have missed anything or misquoted 
any of our agreements please let me know immediately.
Date: September 22, 1989
To: All O.R. Nursing Personnel
From: Ada Tarkington, Divisional Director, Operating Room Services

EFFECTIVE I MMEDIATELY T HE S TANDING GL UTARALDEHYDE C OLD S TERILIZATION 
FROM CYSTO & DECONTAMINATION WILL BE PERMANENTLY REMOVED.

Th e Steris System should be used for cold sterilization of all endoscopes. Any  exible endoscope which 
cannot be leak tested will be processed and soaked in glutaraldehyde by the anesthesia technician.

If the Steris System is down for any reason the only available backup will be the use of glutaraldehyde. 
If it becomes necessary to u se glutaraldehyde, authorization must be given by either Ada Tarkington, 
Terry Bertrand, HN, Cedric Bainton, MD or HN/CN on shift  or WE.
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When approval has been given, a fresh solution of glutaraldehyde should be prepared, the instrument 
soaked appropriately. Th is solution will be discarded immediately aft er use. Under no c ircumstances 
shall active glutaraldehyde solution be left  standing when not immediately needed for use.

For t he present t he A rthroscope camera w ill continue to re quire soaking in g lutaraldehyde in t he 
operating room where the procedure is scheduled to be done. Th e need for use of this camera should be 
discussed with the HN/CN and anesthesia attending before the glutaraldehyde solution is prepared.
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Occupational Risks of Pentamidine: A Review of Current Data

William Charney

Health Concerns

Two m ajor o ccupational h ealth c oncerns a rise f rom t he ad ministration o f a erosolized p entamidine 
(AP): long-term chronic eff ects to re spiratory t herapists f rom A P a nd t he potential for Mycobacteria 
tuberculosis transmission.1



15-2 Handbook of Modern Hospital Safety

Chronic Effects

AP is used to treat Pneumocystis carinii pneumonia (PCP) infections in immunosuppressed patients. In 
general, the procedure for aerosolization calls for 600 mg of lympholyzed pentamidine to b e reconsti-
tuted with 6 mL of sterile water. Th e pentamidine solution is then placed in the Respiragard 11 nebuliz-
ing system. Th e solution is nebulized for approximately 20 min. Th e Respiragard 11 system is speci cally 
designed for the AP. It consists of a Wright nebulizer and a series of one-way valves that act as both a 
baffl  e to trap large particles and a direct exhalation to a bacterial  lter. Th e system is designed to prevent 
AP from being dispersed into the room.

Exposure time of staff  administering AP can  uctuate depending on number of patients and dosage; 
however, exposure time normally varies from 4 to 8 h.

No published studies, to date, have been conducted on the eff ect of AP on the normal human lung. 
However, in an animal study,2 rats receiving high-dose AP showed no ill eff ects and no histopathologic 
evidence of airway in ammation or damage.

An air study to quantify pentamidine exposure was conducted by Montgomery et al.3 An Anderson 
sampler was used with a s ampling rate of 28.3 L/min for a 4 h period. Th ree sets of samples were col-
lected on separate days. Th e study states that assuming a 40 min exposure at Ve 61/m and a deposition 
fraction of 0.5, the mean pulmonary dose a health care worker (HCW) could receive is 4.2 × 10−6 mg and 
the estimated dose the patient receives is 15 mg for a 150 mg dose. Th e Montgomery study extrapolates, 
therefore, that HCWs receive one-millionth as much as the patient. Montgom ery also states that high 
patient absorptions during t herapeutic exposures have not s hown pulmonary toxicity (Montgomery, 
unpublished data). Another study by Montgomery et al.4 shows that of eight AP patients’ serum samples 
only one AP patient had a measurable amount of pentamidine in serum (13 ng/mL). Th e particle mass 
median aerodynamic diameter (MMAD) of the aerosol particle, as measured in the Montgomery study, 
is 8 µ. As a result of his published studies and studies to be published, Montgomery believes the risk of 
occupational exposure to AP to be low.

Tuberculosis Transmission

Th e second major concern to HCWs administering AP is the risk of tuberculosis (TB) transmission. Th e 
MMWR reported 42% of staff  members at a western Palm Beach County, Florida clinic were identi ed 
as having positive tuberculin skin test reactions. Ventilation studies at the clinic revealed that >90% of 
the air of the building was recirculated and that 0.48 fresh air changes occurred per hour. Considering 
that AP is administered to a population of patients with human immunode ciency virus (HIV) infec-
tion who may also have TB, strict precautions must be taken to avoid transmission.

A tight screening process for patients undergoing pentamidine treatment is essential to identify pos-
sible TB. A chest radiograph and sputum smears for acid-fast bacilli (AFB) is suggested by the California 
Morbidity Weekly Report.5 “If the chest radiograph is not suggestive of active TB, and two out of three 
sputum smears are negative for AFB, AP treatments can be initiated.” However, the report continues to 
say that any patient suspected of having an infection of TB should begin anti-TB therapy before starting 
AP. Screening for TB should be ongoing in case a patient develops TB during the course of AP therapy 
(see Appendix 15.A.1).

Engineering Controls

Ventilation control design is crucial in controlling potential TB transmission and in controlling symp-
toms related to AP (symptoms reported have included scratchy throats and burning eyes, and reduced 
lung f unction w as re ported i n a re spiratory t herapist w ho h ad del ivered A P for months i n a n i nad-
equately ventilated room).6,7
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Engineering ventilation control recommendations vary in scope. Th e Massachusetts Department of 
Health has issued guidelines on AP. Its  rst choice is to place patients in negative chamber booths with 
high effi  ciency particulate air (HEPA)  lters. Th ese booths are about the size of telephone booths, and 
cost about $2500 (see Appendix 15.A.2). Another design method is local ventilation designed into open 
cubicles where the AP patient sits. Th e exhausted air can be  ltered, then exhausted to the outside. Both 
the booth design and the cubicle design allow for total environmental control, thus eliminating the need 
for the ongoing TB screening.

Escape of the AP from the device used to administer it can be eliminated or minimized by modifying 
the device and or the way it is used, for example, changing the device so it releases the aerosolized drug 
on demand only (i.e., only at the time of patient inhalation), rather than continuously as is done at pres-
ent. Alternatively, patients receiving the drug should be instructed to shut off  the nebulizer before they 
remove the mouthpieces from their mouths.

Conclusions

 1. According to the Montgomery studies, there appears to be low risk from administering AP, due to 
the low quanti able dose, the size of the median particle, and the low system absorption following 
aerosol administration. However, continued studies need to be conducted on toxicity to rule out 
any variables.

 2.  Mycobacteria t uberculosis transmission is a risk, and strict procedures must be implemented. 
Special ventilation principles must be followed to eliminate the risk of transmission.

 3.  Th e type of ventilation engineering control is up to the facility Infection Control Department.
 4. NIOSH/MSHA masks can be worn by therapists in contact with the exposure as a means of con-

trol for AP, but engineering controls are the preferred means of protection. 3M 9970 respirator is 
an alternative, but  t testing must be accompanied with respirator program.

 5. Because existing d ata on t he teratogenic eff ects of pentamidine a re l imited, female respiratory 
therapists should be made aware of the limited nature of the information and should be allowed 
to make an informed consent regarding administering AP. Hospitals should oblige with a preg-
nancy transfer policy to these personnel.

 6. Due to t he s carcity o f toxicity d ata to lo ng-term e ff ects to lo w-level e xposure to p entamidine, 
every eff ort needs to be made to isolate employees from patients and to protect the environment 
from the potential for contamination. Th is is best accomplished by (1) engineering controls, and 
(2) local exhaust ventilation and proper ventilation guidelines in rooms where AP is administered.
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Appendices*

Appendix 15.A.1

Aerosolized Pentamidine Standards: Tuberculosis Screening

Statement of the problem: AP has proven effi  cacy in preventing PCP, the leading cause of death in AIDS 
patients. TB occurs at some time in the course of 4%–5% of AIDS patients nationwide, and about 2% of 
AIDS patients in San Francisco. Th is poses a risk of TB infection and disease to staff  and other patients 
at AP sites. In order to minimize this risk, three factors must be addressed:

 1. Screening of clients for TB prior to initiating AP prophylaxis.
 2. Monitoring clients during the time they are in an AP prophylaxis program.
 3. Decreasing the amount of infectious TB droplet nuclei that could persist in the AP facility should 

a patient with open TB be unknowingly treated at t he facility. Ventilation and UV light are the 
modalities to consider.

Initial screening shall consist of the following:

 1. All prospective AP clients should have a chest x-ray done within 1 month of the initiation of AP.
 2. All prospective AP clients should be free of new pulmonary symptoms prior to initiation of AP.
 3. All AP clients should have a PPD skin test done within 1 year and, if it is positive to ≥5 mm, should 

be off ered INH prophylaxis.
 4. If t he s creening x-ray i s a bnormal o r ne w p ulmonary s ymptoms c ompatible w ith T B o ccur, 

sputums for AFB smears × 2 should be done and negative prior to initiation of AP.

Ongoing monitoring shall consist of the following:
Prior to each treatment, the client will be interviewed by the respiratory therapist with a short ques-

tionnaire. Th is questionnaire will include the following:

 1. Have you developed a new cough since your last treatment?
 2. Have you developed sputum production or has your sputum increased?
 3. Have you been diagnosed with possible or de nite TB in the past month?

If the questionnaire suggests a potential TB problem, the client should be referred back to his/her pri-
mary provider for assessment and clearance.

Appendix 15.A.2

Aerosol Eater

Th e aerosol eater is a chamber designed to remove infectious aerosols produced by patients during spu-
tum induction or other cough-producing procedures and to remove airborne drug particles produced 
when patients are treated with aerosolized drugs, such as pentamidine (Figure 15.A.1).

Th e patient enters through a door in the side of the chamber and sits facing forward. When the door 
is closed and the switch turned on, room air enters through a pre- lter located in the top panel. Th e air 
passes down in front of the patient and out through an HEPA  lter located at t he bottom of the back 
panel. A blower behind the  lter pulls air through the system and discharges upward into the room.

Th e front and side pa nels are of Plexiglas or glass. Th e back panel is solid except for an opening at 
the bottom for the HEPA  lter. Th e patient compartment is 72 in. high, 39 in. front to back, and 26 in. 
wide. Th e pre- lter is 20 × 20 × 1 in., and the HEPA  lter is 24 × 24 × 6 in. Th e chamber accommodates 
a folding porch chair.

* Edward A. Nardell and Sue Etkind. With permission.
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Th e pre- lter h as 25% e ffi  ciency according to ASHRAE standard number 52–76. Th e H EPA  lter 
(Boston Filter Co., Athol, MA) takes out 99.96% of particles down to 0.3 µ in size. A Dwyer gauge measures 
the pressure drop across the HEPA  lter and indicates when the  lter should be changed. Th e squirrel 
cage blower i s r ated at 4 00 cfm w ith a 0. 6 in. pressure g radient. A rh eostat c ontrols t he s peed of t he 
blower. Wire mesh protects the outlet.

Th e blower should be run at about half speed. Th e pre- lter should be changed when visibly dirty, and 
the HEPA  lter when the Dwyer gauge so indicates.

Appendix 15.A.3

Guidelines to Reduce the Chance of Airborne Tuberculosis 
Transmission from HIV-Infected Patients

TO: Massachusetts Health Care Providers Involved in Pentamidine Aerosol Treatments

FROM: Edward A. Nardell, M.D., Tuberculosis Control Offi  cer, MDPH

Sue Etkind, R.N., M.S., Director, Tuberculosis Program, MDPH

RE: Guidelines to reduce the risk of airborne tuberculosis (TB) transmission

Extensive TB transmission associated with pentamidine aerosol treatments has been reported,1 and 
several ot her si milar occurrences a re now being i nvestigated by t he CDC. H IV-infected pat ients a re 
at i ncreased r isk of re activating T B. Th e r isk of t ransmitting u nsuspected T B to ot her H IV-infected 
patients and to staff  appears to be enhanced by the coughing induced by pentamidine aerosol treatments. 
Th e aerosols produced by sputum induction, bronchoscopy, and by suctioning pat ients with arti cial 
airways may present similar risks to persons breathing the same air. To detect occult TB transmission, 

FIGURE 15.A.1 Aerosol e ater c hamber for c ontrol of a irborne d rug p articles pro duced w hen p atients a re t rea-
ted with aerosolized drugs. Pat ient enters through Plexiglas door and sits on a fold ing porch chair. Legend: 1 in. 
equals 1 ft . (D esigned by R ichard L . R iley, M D, P rofessor E meritus, Joh ns Hopk ins S chool of Me dicine, a nd 
Edward A. Nardell, MD, Professor of Medicine, Harvard University School of Medicine.)

Prefilter20˝

39˝

72˝

24˝

Fan to 400 cfm

HEPA filter



15-6 Handbook of Modern Hospital Safety

regular Mantoux PPD skin testing of staff  involved in these activities is strongly recommended. While 
inadequate fresh air ventilation in rooms where these procedures occur may greatly increase the prob-
ability of transmission, adequate ventilation alone cannot eliminate the risk. Th e enclosed guidelines are 
designed to reduce the risks of transmission.

I.  TB Transmission Associated w ith Aerosolized Pentamidine Treatment. AP may induce cough-
ing a nd t hereby facilitate t ransmission of u ndiagnosed pulmonary T B d isease f rom H IV-infected 
patients to persons sharing the same breathing space during or aft er treatment.1 Other HIV-infected 
persons a re e specially at r isk; s o a re h ealthy s taff  i n t reatment c enters a nd h ousehold c ontacts i f 
treatments are g iven at h ome. Th e potential for TB transmission depends on the prevalence of TB 
infection in the HIV-infected population being served, and on other factors such as (1) fresh air room 
ventilation, (2) the number of infectious droplet nuclei generated by the patient, and (3) duration of 
exposure.
A. T uberculosis screening:

 1. All H IV-infected pat ients s hould b e s creened f or T B i nfection o r d isease b efore s tarting 
pentamidine aerosol therapy. Screening should include a h istory and physical examination, 
Mantoux skin test, including control antigens, chest x-rays, sputum examination, and other 
diagnostic tests, where appropriate.

 2. Patients with a history of previous PPD positivity, or with current PPD reactions >5 mm, with 
no evidence of TB disease, should receive INH preventive therapy, regardless of age, as per 
current CDC/ATS guidelines.2

 3.  Regardless of PPD status, patients receiving aerosol treatment should be reevaluated for TB 
if they develop persistent cough, fever, or symptoms compatible with TB disease. Aerosol 
therapy should be suspended pending the result of diagnostic tests.

 4.  Treatment c enters s erving pat ients i n h igh r isk g roups for T B i nfection (intravenous d rug 
users, Ha itians, a nd ot hers f rom endemic areas for TB infection, prisoners, homeless, etc.) 
should rescreen patients and staff  for TB infection and disease every 6 months. However, if 
TB i nfection i s k nown to b e u nusual a mong t he pat ient population served, re screening of 
patients a nd s taff  m ay b e le ss f requent. However, a ll pat ients a nd s taff  must be screened 
initially and at least annually thereaft er.

B. En vironmental precautions:
 1.   Minimum precautions. Fresh air ventilation in the treatment area should be at le ast 20 room 

changes per hour (about four times normal) to reduce the chance of person-to-person trans-
mission. Air pressure should be negative with relation to adjacent rooms and hallways. Air 
from the treatment area should not be recirculated within the building, but exhausted to t he 
outside, with precautions that the discharge is not adjacent to the air intakes of other buildings. 
Where applicable, ultraviolet (UV) air disinfection is a less expensive alternative to high-level 
fresh air ventilation to reduce person-to-person TB transmission. However, UV  xtures must 
be planned, manufactured, installed, a nd maintained in accordance w ith published g uide-
lines.3 For eff ective UV air disinfection, room humidity must be <60%, which may preclude 
application in some treatment centers due to aerosol treatment itself, or climatic conditions.

 2.   Optimal precautions. Neither h igh-level f resh a ir v entilation no r U V a ir d isinfection c an 
provide c omplete pr otection a gainst p erson-to-person T B t ransmission i f a erosols a re 
administered in rooms occupied by both TB cases and susceptible hosts. Optimal protection 
would be provided by treatment administered within a booth occupied by only the patient. 
Th e b ooth s hould re ceive h igh le vels o f f resh a ir v entilation, t he e xhaust o f w hich m ust 
either be vented safely outside or disinfected by UV light, HEPA  lters, or a combination of 
both methods. Detailed plans for such a booth are available upon request.

C.  Treatment precautions. Current AP treatment protocols are designed to minimize coughing, 
and treat it when it occurs. Variations in equipment or technique may result in increased cough, 
with consequent greater risk of transmission if coexistent pulmonary TB disease exists.
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II.  Sputum I nduction by A erosol. Hypertonic saline aerosol is widely used to induce coughing in 
patients unable to generate satisfactory sputum samples for diagnostic purposes, and therefore may 
be used for AIDS patients with undiagnosed pulmonary problems. Th ere is potential for transmis-
sion of undiagnosed TB pulmonary disease to others, depending on the prevalence of infection in 
the population. Sputum induction should be performed under conditions that assume that TB may 
be present.
A.  Minimum precautions. Patients should be screened for TB by chest x-ray. As few people as 

possible should be present during the induction. Ventilation or UV air disinfection should be 
as outlined above.

B.  Optimal precautions. Th e same type of booth used for aerosol therapy should be eff ective pro-
tection for induction. It would be unwise to mix symptomatic patients awaiting induction with 
otherwise well patients on prophylaxis.

III.  TB Transmission Associated with Bronchoscopy, Endotracheal Intubation, and Tracheostomy. 
Bronchoscopy is extensively used to diagnose infections in HIV-infected patients. Many patients 
presenting re spiratory f ailure a nd re quiring i ntubation h ave H IV-related i nfections, i ncluding 
TB. Both  ber-optic and rigid bronchoscopy have the potential to i nduce coughing and thereby 
facilitate transmission of TB. Arti cial a irways require periodic auctioning, which a lso induces 
coughing. Th e h ighest r ate o f T B i nfectivity ye t re corded o ccurred d uring b ronchoscopy a nd 
endotracheal intubation in an intensive care unit.4

Precautions. Brochoscopy should be performed in a room equipped to handle contaminated air 
by either high-level ventilation (20 room changes per hour exhausted safely to t he outside, with 
negative room air pressure relative to h alls and adjacent rooms) or properly installed and main-
tained UV light. Staff  should be tested regularly for TB infection.

Intensive care units should have isolation rooms equipped to handle contaminated air for criti-
cally ill patients with abnormal chest x-rays, until TB can be ruled out by several sputum exami-
nations. Closed systems for auctioning endotracheal tubes should be evaluated for possible use to 
reduce the production of infectious aerosols. Staff  should be screened regularly for TB.
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Inhalation Hazard Control for Health Care Workers during 
the Administration of Aerosolized Pentamidine

Lawrence Rose

Background

AP has proven to be eff ective in preventing PCP, the leading cause of death in AIDS patients, and has 
been approved for preventive therapy by the Food and Drug Administration.1

Th e most frequent use of AP is for prophylaxis of PCP in HIV-positive patients. Each pentamidine 
therapy s ession l asts a bout 3 0 min: 3 00 mg o f p entamidine m ist i s del ivered to t he pat ient’s mo uth 
through a Re spirgard I I ne bulizing s ystem s peci cally de signed for ad ministration o f A P. Th u s, the 
optimum mist droplet size (1–3 µ) is delivered to the alveoli.
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Th e administering HCW or respiratory therapist must remain in the room in close attendance due to 
frequent and sudden patient respiratory distress (coughing paroxysms, wheezing, hypoxia, etc.) and the 
need, at times, for rapid intervention (bronchodilators and oxygen administration).

Th ere is a v isible aerosol released into the room when the mouthpiece of the nebulizer is removed; 
frequent coughing spasms also release ambient persistent AP droplets into the room. Th e adverse health 
eff ects of systemically administered pentamidine are well known.2,3 Ev idence of  a dverse pu lmonary 
eff ects in workers has been con rmed in a report of a decrease in diff usion capacity in a re spiratory 
technician administering pentamidine.4 Th ere is another recent report of asthma in respiratory thera-
pists5 exposed to AP. AP-induced conjunctivitis has been reported.6 Th e mutagenicity, carcinogenicity, 
and teratogenicity data are incomplete. Further testing is required to characterize these areas of health 
concern fully.

Pentamidine does inhibit dihydrofolate reductase and is therefore a potential reproductive hazard.7 
Adverse re productive o utcomes w ith ot her a erosolized d rugs h ave b een re ported i n H CWs, w hich 
prompted t he adopt ion o f s afe h andling g uidelines a nd t he u se o f w ell-ventilated s afety h oods f or 
drug mi xing.8–10 Pentamidine has been de tected i n t he a mbient a ir i n A P t herapy rooms during A P 
administration.11

Th e transmission of TB has occurred in a facility where AP was administered to patients with HIV;12 
CDC no w re commends c ontrol g uidelines.13 I n add ition, t he c ost e ff ectiveness of  U V r adiation for  
transmission control in AP therapy rooms is now being evaluated.14

Cal/OSHA Compliance Investigations

Outpatient AP has been administered at several major medical centers in the Bay Area for the past 3–4 
years. Th e number o f pat ients re ceiving t his t reatment i s r apidly i ncreasing. C al/OSHA h as i nvesti-
gated  ve medical centers with AP clinics. Twenty-seven AP clinic HCWs have been interviewed during 
on-site inspections.

Medical Interviews and Review of Medical Records

Administering HCWs frequently experienced moderate to severe chest tightness, wheezing, coughing, 
and shortness of breath with exertion; at times, self-treatment with bronchodilator inhalants was neces-
sary. Th ese reactions occasionally lasted up to 5 d ays. One worker was hospitalized on two occasions 
with severe acute asthmatic bronchitis exacerbation.

Th ere were also mild to moderate eye, nose, and throat irritative reactions, with increased mucus dis-
charge, stuff y nose, hoarseness, tearing, burning eyes, and sneezing complaints. In addition, there were 
complaints of mild fatigue, headaches, light headedness, and bitter metallic taste.

Associated Factors

Th e aforementioned HCW’s health reactions were directly related to the number of patients, number of 
treatment chairs per room, and daily duration of exposure secondary to the following factors:

 1. Inadequate room ventilation.
 2. Side by side patient chairs—up to eight in one room.
 3.  Th e volume of patients per working day (2–60 per day).
 4. AP mist coming out of mouthpieces when removed because of coughing paroxysms (or improper 

patient handling of the pressurized aerosolized mouthpiece end, and pronounced visible release 
of a  ne AP mist that would suspend in the room air).

 5. Th e necessity for close HCW-patient observation and proximity during treatments.
 6.  No eff ective HCW eye protection, respirators, or personal protection available.
 7. Inadequate HCW preemployment and periodic medical screening.
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Cal/OSHA Program Requirements to Reduce AP HCW Risks

 1. An HCW medical screening and surveillance program with particular emphasis on workers with 
respiratory problems (e.g., a history of asthma), pregnancy or planning a family within 8 weeks, 
upper respiratory–external eye reaction histories, or those on certain medications.

 2. A TB screening-surveillance control programs should be established by the Hospital Infectious 
Disease Control Committee and/or Employee Health, including patient screening.

 3.  Eff ective control of the AP ambient air mist, requiring exhaust ventilation with suffi  cient nega-
tive pressure to a llow for complete control of the environment surrounding the patient. And an 
exhaust HEPA  lter (that can  lter out d roplets 2 µµ in diameter) if the air is to b e recirculated 
back into the room.

 4. As a temporary measure, prior to the installation of appropriate hood stalls or booths, high-
effi  ciency organic mist respirators, gloves, eye protection with side shields, and disposable gowns 
should be worn. Th is personal protection should be worn when the HCW must enter a booth to 
assist the patient.

 5. To eliminate or minimize AP mist escape, a more eff ective automatic shutoff  system should be 
engineered in the AP delivery system tubing.

 6. A reproductive policy for HCWs should be adopted that includes alternate work assignments for 
pregnant workers or workers planning to be pregnant within 8 weeks.

 7. HCWs w ith a ny ac ute o r p rolonged upp er re spiratory p roblems o r ot her A P h ealth re actions 
should be off ered alternate work assignments aft er medical evaluation.

Notes on Table 15.1: Summary of Symptoms

Column A: Each number represents one HCW administering AP in one hospital setting. Each letter 
(A through E) represents a hospital.
Column B: Symptomatic bronchospasm is graded 1 to 4+ according to the intensity of chest tightness, 
wheezing, shortness of breath, cough, and medical treatment (bronchodilators, etc.).
Summary: Th ere were a total of 27 HCWs interviewed at  ve diff erent Bay Area hospitals.

Sixteen had bronchospastic reactions.• 
Nine could taste the AP.• 
Th irteen noticed throat reactions, some with hoarseness.• 
Th irteen experienced stuff y noses, some with mucus discharge.• 
Eight developed ocular tearing, burning, or redness.• 
Nine felt mild to severe headaches.• 
Ten noticed varying degrees of fatigue, worsening toward the end of the day.• 

Th ere were seven HCWs that terminated work in AP hospital clinics; the individual worker reactions were

 1. Severe, incapacitating headaches
 2. Severe bronchospasm, treated by physician
 3. Severe shortness of breath, with bronchospasm treated by physician
 4. Severe coughing, wheezing, and bronchospasm treated by physician
 5. Mild to moderate symptomatic wheezing and chest tightness
 6. Moderate cough, with symptomatic wheezing and chest tightness
 7. Concern for possible adverse reproductive eff ects (in the  rst trimester of pregnancy)

Column J: Exposure categories are graded mild to severe, from 1 to 4+, based upon the exposure severity 
factors listed below:

 1. Room ventilation factors and the estimated air exchanges per hour
 a. Volume of room
 b. Ventilation system air ow
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 c. Open windows and prevailing winds
 d.  Open doors
 e. Position of treatment chairs and air  ow
 2. Treatment frequency per 8 h working shift 
 a. Number of patients treated in an 8 h working day
 b. More than one patient treatment chair in operation
 c. Number of patient chairs in the treatment room
 3. Personal protection, adequacy, and compliance
 a. Training and education program adequacy
 b.  Respirator program
 c. Availability of personal protective gear
 4. AP health reaction recognition and reporting in Employee Health Systems
 5. Patient responses
 a.  Eff ectiveness of patient instructions on how to minimize escape when the mouthpiece is 

removed from the mouth.
 b. Frequency of pa roxysmal pat ient pulmonary reactions w ith coughing, dy spneal wheezing, 

and hypoxia, necessitating rapid c lose HCW pat ient observation a nd i ntervention (oxygen 
and bronchodilators).

Discussion

Th e HCW acute irritative health reactions and the degree of exposure correlated well. Many of these 
HCWs had administered AP for over 3 years, and were associated with the initial AP clinical research 
trials. Th ey are highly motivated, dedicated, well trained, and experienced in administering AP. Th ei r 
observations regarding their own acute upper respiratory reactions are reliable and quite understated. 
Th ere was a reluctance to participate in anything that might interfere with the effi  ciency and accessibil-
ity of this lifesaving AP program.

In view of the obvious acute upper respiratory ocular HCW reactions, Cal/OSHA regulatory action 
was mandatory. Th is ac tion was a c arefully t hought out ba lance of eff ective engineering controls for  
HCW personal protection vs. lifesaving health care patient needs. Past Cal/OSHA regulatory actions 
to p rotect H CWs h ave b een ne cessary f or c hemotherapeutic d rugs, r ibavirin, a nd a nesthetic ga s 
exposures.

Th is AP experience once again points up t he need for appropriate hospital committees responsible 
to set policies to prevent HCW exposures to aerosolized drugs. Th e makeup of these committees would 
best be a m ix of several professional disciplines (e.g., physicians, nurses, respiratory therapists, indus-
trial hygienists, ventilation engineers, etc.).
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Aerosolized Pentamidine Exposures in Health Care Workers

Patricia Quinlan

Introduction

Pentamidine, an aromatic diamidine derivative anti-protozoal agent, is used as a treatment for patients 
with Pneumocystis carinii (PC).1 Pentamidine use has increased in recent years in preventive therapy 
and treatment of PC pneumonia, as there is a high frequency of the occurrence of this organism in HIV-
infected individuals. To get the most eff ective treatment to the lung tissue, where the infection occurs, 
an aerosolized inhalation delivery method has been evolved for this drug. For example, bronchoalveolar 
ravage  uid concentrations of the drug are at le ast 5–10 t imes higher following oral inhalation of AP 
than aft er intravenous pentamidine administration. Pentamidine absorption from the lungs to the sys-
temic circulation is limited, so that delivering the maximum dose concentration to t he lungs through 
an aerosol is an effi  cient method of treatment.

Because of the sense of urgency that accompanied the development of eff ective treatments for HIV-
infected pat ients, the potential consequences to H CWs who administer the drug in aerosolized form 
did not receive critical attention until recently. Delivering the drug as an aerosol presents the risk that 
workers a s well a s pat ients w ill b ecome e xposed. Pentamidine h as b een de tected i n t he a mbient a ir 
of therapy rooms, indicating that secondary exposure to me dical personnel does occur.2–4 Th e conse-
quences of these exposures are still under study. At least one respiratory therapist has been reported to 
have developed a t ransient decrease in d iff using capacity, which resolved aft er discontinuation of AP 
administration.5

In addition to the direct health eff ects from pentamidine exposure, there is concern that those who 
administer pentamidine may be at risk for inhalation exposure to TB. Th is concern is based on  ndings 
that as many as 5%–15% of AIDS patients may be infected with TB.6 Moreover, there have been reports 
of positive TB skin test conversions among HCWs administering this agent.

More information is needed. We need to better understand HCWs’ exposure to AP during admin-
istration of the drug, and the eff ects of occupational exposure to AP on pulmonary function and the 
development of respiratory symptoms and any other chronic eff ects. As this information becomes avail-
able, we will be better able to design and evaluate appropriate controls to protect the HCWs who admin-
ister this agent.
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Background

Pentamidine i sothionate i s commercially available a s a s terile lyoph ilized powder. It has a n aque ous 
solubility of approximately 100 mg/mL at 25°C.

For aerosolization, the lyophilized pentamidine isethionate (usually 300 mg) is reconstituted with 
6 mL o f s terile w ater to m ake a s olution. Th e p entamidine s olution i s t hen p laced i n a ne bulizer. 
Th e solution is nebulized for approximately 20–30 min. One nebulizer commonly used in the United 
States is the Respirgard II nebulizing system, which is speci cally designed for administration of AP. 
It consists of a nebulizer and a series of one-way valves that trap particles, with direct exhalation to 
a bacterial  lter. Th e system is designed to prevent release of AP to the surrounding environment. It 
is d isposable and designed for single-treatment use. In Canada, FISONeb u ltrasonic nebulizers are 
frequently u sed. With t hese nebulizers, 6 0 mg of p entamidine i sethionate a re d issolved i n 3 mL of 
distilled water.

Th e most frequent use of AP is for prophylaxis of PCP in HIV-positive patients. Th e administration 
of AP is usually done in a therapy room, where one to eight patients receive pentamidine therapy at the 
same t ime. E ach p entamidine t herapy s ession l asts approximately 3 0 min. W hen t herapy i s i n prog-
ress, t he respiratory t herapist or ot her HCW t ypically remains in at tendance in t he t herapy room or 
in an adjoining room. In some facilities, the patients are in booths or in separate rooms equipped with 
exhaust  ltration systems, while in other facilities, treatment is administered in clinic rooms that have 
only dilution ventilation. Th e HCW oft en does not wear any respiratory protection while working in the 
AP therapy room. Th e patients are scheduled to come in at 10–15 min intervals. Th us, there is a constant 
turnover of patients starting and ending therapy. Pretreatment bronchodilator inhalation may be given 
for t hose pat ients who have developed breathing d iffi  culties w ith A P ad ministration i n t he past. I f a 
new patient develops respiratory symptoms, AP should be stopped and nebulized bronchodilator given 
before continuation of AP therapy. When the patient stops inhaling AP and comes off  the mouthpiece of 
the nebulizer, there is visible aerosol released to the surrounding environment, because of the continu-
ous  ow of air through the nebulizer. Th ere are some shutoff  valves available for the nebulizer, but these 
have not met with wide acceptance because of diffi  culty of use. Another source of ambient pentamidine 
is patient coughing during inhalation of the drug.

Adverse re spiratory e ff ects i n pat ients a re c ommon w ith A P. B eta-agonist i nhaler t herapy or pre-
treatment i s re quired f or s ome pat ients.6 Re versible b ronchospasm ha s b een dem onstrated i n s ome 
patients receiving AP. In a series of patients treated prophylactically with AP, peak expiratory  ow rates 
transiently de creased a ft er p entamidine ad ministration, to a n average o f 74.5% of pretreatment v al-
ues.7 Occasionally, a cough may be severe enough to require discontinuation of therapy.8 Th e long-term 
eff ects of AP on pulmonary tissue and function are not known.

Pentamidine h as b een de tected i n t he a mbient a ir i n A P t herapy ro oms.2–4,9 Al though the doses 
HCWs receive may be relatively small compared to t he doses patients receive, the degree of exposure 
may be dependent on AP therapy room environmental conditions, number of nebulizers in simultane-
ous use, or diff erent patient behaviors.

Symptoms of scratchy throat, burning eyes, and reduced lung function were reported by one respi-
ratory t herapist who del ivered AP in an inadequately ventilated room. Aft er 14 months of delivering 
nebulized pentamidine for t he prophylaxis of PCP, a nother respiratory t herapist showed a re versible 
moderate de crease o f c arbon monoxide d iff using c apacity (DLco).5 A survey of health complaints in 
 ve facilities in northern California was undertaken in 1990. Symptoms reported by the investigator 
included shortness of breath, wheezing, cough, and chest tightness.10 Except for these anecdotal reports, 
there is no ot her information available on changes in pulmonary function, a irway responsiveness, or 
prevalence of respiratory symptoms among respiratory therapists delivering AP.

Following oral i nhalation of A P, bronchoalveolar ravage  uid concentrations of t he d rug a re sub-
stantially higher (at least 5–10 times) than those attained following IV administration.11 Pentamidine 
appears to u ndergo l imited absorption f rom t he re spiratory t ract i nto t he s ystemic c irculation; peak 
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plasma concentrations appear to occur at completion of the administration and appear to be 5% or less 
of the levels attained following IV administration.11

To d ate, very l ittle i s k nown a bout t he mutagenic, ter atogenic, or c arcinogenic e ff ects o f A P. O ne 
report stated that pentamidine was negative in the Ames assays.12 Th e report did state, however, that the 
drug does have the ability to inhibit dihydrofolate reductase. Other similar antimetabolites are known 
reproductive toxic agents.9 Th e LD50 in mice is 100 mg/kg intraperitoneal. Th e MSDS from the manu-
facturer s tates t hat c hronic i nformation o n t he to xicity o f t he d rug i s not k nown. O ther s ymptoms 
reported in patients receiving IV pentamidine include cardiac arrthymias, acute renal failure, hypoten-
sion, hypoglycemia, nausea, and a me tallic taste in the mouth (Lyphomed MSDS). Th e manufacturer 
cautions against ingestion, inhalation, and skin absorption. Information from the American Society of 
Hospital Pharmacists cautions female workers about handling pentamidine, given the current lack of 
information of the reproductive toxicity of the drug.12 One in vitro study showed that pentamidine was 
transported across the isolated placenta.13 Other researchers reported a small increase in postimplanta-
tion loss in a study of pregnant rats.14

Exposure Assessment

Th ere have been several reports to date of exposure to AP among HCWs. In 1989, a study was conducted 
at San Francisco General Hospital to assess exposure to AP.2 Four hour area samples were collected on 
three s eparate s ampling d ays. Th e researchers used a n A nderson cascade i mpactor w ith paraffi  n on 
each of the sampling stages. Th ey collected the samples at 92 L/min. Th e plates were eluted with 10 mL 
of distilled water and the eluent was analyzed by high pressure liquid chromatography (HPLC), follow-
ing a me thod previously de veloped for t he a nalysis of pentamidine i sethionate i n blood a nd u rine.15 
Th ey reported an average concentration of 4.5 ± 3.6 × 10−2 µg/m3. Th e MMAD for the sampled AP was 
reported to be 8.0 µ ± 2.7.

In 1990, researchers at Johns Hopkins collected area and breathing zone AP samples before and aft er 
instituting engineering controls. Samples were collected on glass  ber (GF)  lters and extracted with 
sterile water. Th e eluent was analyzed by UV spectroscopy. Th e researchers reported obtaining AP levels 
ranging from non-detectable to 45 µg/m3 in area samples and from non-detectable to 18 µg/m3 on per-
sonal samples in treatment rooms where no controls were in place. Th e number of treatments per day 
ranged from 8 to 17. Th e researchers measured again aft er installing engineering controls. All of these 
later samples were below the limit of detection (LD < 0.33 µg/m3).16

A third study was conducted at a local pentamidine clinic by researchers from McGill University in 
Montreal in May 1990. Personal samples were collected with Marple personal cascade impactors, using 
a 34 mm (0.8 µ pore si ze) polyvinyl chloride (PVC) substrate. A rea samples were collected on 37 mm 
cassettes containing PVC  lters (0.8 µ pore size). Flow rates were 3 L/min for the cascade impactor and 
3.4 L/min for the  lter cassettes. Samples were collected on three diff erent occasions. Th e samples were 
eluted with HPLC-grade distilled water and analyzed by HPLC, following techniques developed by Lin 
et a l.15 Th e nebulizer i n u se was t he F ISONeb u ltrasonic nebulizer, which u ses a 6 0 mg t reatment 
(as compared w ith t he 300 mg t reatment used w ith t he Respirgard II nebulizer). W hen t he sampling 
was conducted the treatment room was under negative pressure and had approximately 14 air changes 
per hour (ACHs). Between 11 and 15 pat ients received treatment on the days of sampling. Th e HCW 
spent most of the day in the treatment room supervising patients. Average pentamidine concentrations 
of 0.231 µg/m3 ± 0.081 were reported for the personal samples. Th e average for the area samples in the 
treatment room were 0.499 µg/m3 ± 0.1. No pentamidine was detected in the hallway outside of the treat-
ment room. Th e detection limit for the method was <0.5 ng/mL.3

A fourth study by McIvor et a l.4 a lso found measurable levels of pentamidine in one AP treatment 
facility in Toronto. Th e clinic a lso used the FISONeb u ltrasonic nebulizer. Ambient a ir samples were 
collected in various locations in this facility: the treatment rooms, the waiting room for the AP clinic, 
and in the corridor outside the clinic. Samples were collected in impingers  lled with 15 mL of distilled 
water at a  ow rate of 1 L/min. Th e samples were collected over an 8 h period. Th e samples were analyzed 
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by HPLC, with a detection limit of 20 ng/mL. Th e AP treatment rooms are separate from each other and 
each contains a h igh-volume air  ltration unit, which is equipped with HEPA  lters. Th e doors to t he 
three treatment rooms are closed during the AP administration. On the day of the study, 38 patients were 
treated with AP. Th e level detected in the treatment room itself was 17 µg/m3, while a level of 13 µg/m3

was de tected i n t he w aiting ro om, a nd 1 .6 µg/m3 w as de tected i n t he c orridor o utside t he c linic. 
Between 1.3 and 4.5 µg/m3 were detected in other locations in the building. No personal samples were 
collected.4

UCSF Health Effects Study

In 1990, re searchers f rom University o f C alifornia, S an F rancisco w ere re quested to s tudy p otential 
adverse health eff ects from exposure to AP. Th e overall objective of this study18 was to assess the extent 
of occupational risks to HCWs associated with AP administration. Th e s tudy w as de signed to me a-
sure personal and general room area concentrations of pentamidine during nebulizer administration to 
patients, determine urine concentrations of pentamidine among HCWs administering AP, and assess 
the potential for respiratory eff ects among HCWs from secondary exposure to AP.

A total of 16 workers from 9 facilities in Northern California participated in the study. Th e amount of 
time spent administering pentamidine ranged from 3 to 40 h per week. Th ere also was a wide range in 
the average number of patients treated per day at each facility. Th e larger facilities averaged more than 
25 per day, while the smaller facilities averaged as few as 2 per week.

Th e respirator outcomes measured included nonspeci c airway responsiveness (measured by metha-
choline inhalation challenge), cross-shift  forced expiratory volume in 1 s (FEV1) and forced vital capacity 
(FVC), carbon monoxide diff using capacity (DLco), and peak expiratory  ow rates (PEFR). Th e subjects 
also kept a log b ook for 3 w eeks of the study to re cord symptoms on work and nonwork days. Urine 
samples were collected at the beginning and end of the workweek for pentamidine testing.

Personal breathing zone and area samples were collected for each subject during the entire shift  while 
administering pentamidine. Th e time of collection ranged from 2 to 12 h, depending on the length of 
the shift . Concurrent with the collection of the environmental data, assessment of the ventilation and 
measurements of the temperature and relative humidity were undertaken. Th e number of treatments 
administered on the sampling days was also recorded.

As there were no NIOSH sampling and analytical methods for pentamidine, the researchers worked 
with NIOSH on the development of a method.17 Personal and area samples were collected on Gelman 
Type AE GF  lters at 2 L/min, for the entire workshift . (In the later part of the study, samples were col-
lected on both PVC and GF substrates.) Opaque cassettes were used because it was thought at the time 
that pentamidine might degrade if exposed to light. To determine the size of the aerosol, a Marple per-
sonal cascade impactor (model 298, Andersen) was used for personal sampling concurrent with the GF 
cassette. Mylar substrate was placed on 4 stages of the 8-stage impactor. Th e stages used were 1, 2, 3, 6, 
and the backup  lter with corresponding cutoff  of 20, 15, 10, 2, and <2 µ, respectively.

Th e samples were a nalyzed by a n HPLC process, which was a mo di cation of an existing method 
developed to measure pentamidine in plasma.15 Th e extraction solute consisted of 3 mL of methanol or 
ethanol mixture, with small amounts of sodium heptane sulfonate, phosphoric acid, and tetramethyl 
ammonium chloride. Th e beakers were sonicated, the  lters were removed, and the extract was analyzed 
by HPLC with  uorescence detection. Th e recently completed NIOSH method for collection of AP calls 
for the use of PVC  lters and the analysis is similar to that described above.

Results

Environmental Sampling

Personal bre athing z one s amples f rom t he f acilities r anged f rom non- detectable to 1 32 µg/m3. A rea 
samples obtained in the treatment rooms at t hese facilities ranged from non-detectable to 95. 6 µg/m3. 
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Th e limit of detection (LOD) was 8 ng/sample and the limit of quanti cation (LOQ) was 50 ng/sample. 
(Th ese results are reported as pentamidine isethionate; there is 1 mg of pentamidine in 1.74 mg of pen-
tamidine isethionate.) For the Marple cascade impactor samples, the majority of the sample was col-
lected on the backup  lter, with the largest portion of the remainder on stage 6 (cutoff  of 2 µ) indicating 
a probable MMAD of <2 µ. Th e number of patients treated on the day of sampling ranged from a low of 
2 to a high of 37. Th e room ventilation rates ranged from 2.4 to 62 ACH. Personal protective equipment 
(PPE) was worn at only one institution.

Airborne exposure levels and conditions on the day of sampling for  ve of the institutions are shown 
in Table 15.2. As can be seen from the table, two of the sites had local exhaust ventilation (Sites A and C). 
Th e average AP levels, both area and personal, were lower at Site A aft er the installation of the stationary 
local exhaust system. A commercial, portable booth was used at Site C. Th e area sample collected in the 
room outside the booth was non-detectable, and the personal sample was below the levels measured at 
most of the other institutions. For three of the institutions (Sites A, B, and E), the HCWs remained in the 
room during the treatments, as their desks were in the treatment rooms. In the other two institutions, 
the HCW would enter the room to connect or disconnect the nebulizer from the patient; otherwise they 
remained outside of the treatment room, usually in an adjoining room.

Medical Results

Pentamidine was not detected in the urine samples analyzed by the USCF analytical laboratory (LOD 
of 229 ng/mL). Results of pulmonary function testing showed a me an decrease in cross-shift  FEV1 on 
days that the HCWs were administering pentamidine. Th is decrease was signi cant when compared to 
the mean cross-shift  change in FEV, on days when the HCWs did not administer pentamidine. Th er e 
also was greater diurnal variation in the PEFR on the days they administered AP, as compared to t he 
days when they did not. Th e clinical signi cance of these  ndings remains to be determined. Th ere were 
no signi cant changes detected in DLco, methacholine responsiveness, or FVC that could be related to 
exposure to AP.

Discussion

Th is study detected measurable levels of pentamidine in the ambient air of the treatment room as well 
as on the personal breathing zone samples, as did other studies. Th e results from this study appear to be 
higher for many of the facilities investigated than the results obtained in either the Montreal or the Toronto 

TABLE 15.2 Airborne Exposure Levels and Conditions

Site

Average 
Number of 
Treatments ACH

Average of 
Personal Samples 

(µg/m3)a

Average of 
Area Samples 

(µg/m3)a LEV

HCW in 
Room During 

Treatment

A (pre) 25 2.4 9.59 5.71 No Yes
A (post) 22 2.4 ND (below 

LOQ)b
0.102 Yes, stationary 

booths
Yes

B 16 15 36.2 30.93 No Yes
C 8 28 0.84b NDb Yes, portable 

enclosed booth
No

D 7 9 0.675 0.39 No No
E 24 6.8 23.82 38.77 No Yes

a All the r esults r eported a re f or p entamidine is ethionate; ther e is 1 mg o f p entamidine in 1.74 mg o f p entamide 
isethionate.

b Th is result represents only one sample.
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study. Th ere were several diff erences between the Canadian clinics and the clinics that participated in 
the UCSF study, which may have contributed to the diff erences in results. As mentioned earlier, a smaller 
dose of pentamidine is administered using the FISONeb ultrasonic nebulizer than when the Respirgard 
II nebulizer is used (60 vs. 300 mg/treatment, respectively). Additionally, the diff erences among the ven-
tilation systems in these facilities may also have contributed to the diff erences in the results.

Th e re sults v aried w idely a mong t he f acilities s tudied b y U CSF. Th ere w as no d irect c orrelation 
between number of treatments of ACH with either breathing zone or area exposure levels. For example, 
Site B (see Table 15.2) administered fewer treatments than did Site A (16 vs. 25) and had more ACH (pre-
LEV [local exhaust vent]), yet both the breathing zone and area samples were higher than those at Site A 
(pre-LEV). From this author’s observations of the work practices and patient practices at each facility, it 
is unlikely there were signi cant diff erences between the facilities in these practices.

As reported above, the results of the pulmonary function testing did show a relationship between AP 
exposure and several signi cant pulmonary endpoints (FEV1 and PEFR). Th ere was, however, no clear-
cut dose–response relationship between exposure and these changes in pulmonary function.

Th ere i s no re commended e xposure le vel for A P. However, g iven t he u ncertainty concerning t he 
possible re productive, c arcinogenic, a nd ot her c hronic h ealth e ff ects, c oupled w ith t he p ulmonary 
function changes reported in the UCSF study, and given the fact that without controls in place, pent-
amidine has been detected in the ambient air in AP treatment rooms, it is best to minimize exposure. 
Additionally, and perhaps more signi cantly, controls should be put in place to re duce the potential 
for transmission of TB.

Recommendations

Nebulizer Valve Controls

Automatic shutoff  valves for the nebulizer may help to reduce ambient AP levels in the treatment room. 
Th ere are some valves available that are diffi  cult for the patients to u se and thus have frequently been 
removed from the devices. Other re nements of the nebulizer system, such as nebulization only during 
inspiration, should be investigated.

Administrative Controls

Prompt recognition and treatment of TB in HIV-positive patients should help in reducing transmission 
of TB. Screening a nd surveillance of workers should place emphasis on t heir respiratory complaints. 
Workers with symptoms should be more extensively evaluated and may need to be off ered alternative 
assignments. Reproductive policies, such a s a llowing pregnant workers t he r ight to t ransfer to ot her 
jobs, may need to be available until such time as it is established that exposure does not pose a reproduc-
tive risk. Finally, all workers administering pentamidine as well as those handling pentamidine waste 
should be instructed in proper work procedures.

Personal Protective Equipment

If p roper eng ineering a nd ad ministrative c ontrols a re i nstituted, t here s hould b e no ne ed f or P PE. 
However, t here may be situations where exposure cannot be prevented. In t hese instances, it may be 
necessary to wear PPE to prevent exposure to AP and TB. Current recommendations include the use of 
a HEPA mask, such as the 3M 9970.
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Verifi cation of the Capture Efficiency of HEPA 
Filtration for Aerosolized Pentamidine

William Charney

Aerosolized medications, now being used for medical therapies, can pose clinical health risks to hospital 
personnel administering the therapies. Ribavirin, used in the treatment of RSV, is a teratogen,1 and pen-
tamidine, used in the treatment of PCP, has had serious enough occupational side eff ects that California 
OSHA adopted special guidelines for the administration of the drug.2 Th e generic engineering design 
for b oth r ibavirin a nd p entamidine i ncorporates H EPA  ltration. Th is s tudy te sted t he c apacity o f 
HEPA  ltration to block aerosolized pentamidine isethionate.

Pentamidine isethionate, as AP, has been approved by the Food and Drug Administration3 for pro-
phylaxis of PCP in patients infected with the HIV. Pentamidine is an aromatic diamidine derivative 
antiprotozoan agent. It is normally aerosolized at 0.5 µ3 and in air studies the MMAD was shown to be 
around 2.0 µ (see “Medical Results” section on page 15–16).

Due to t he a erosolization of t he d rug, t here i s g reater p otential for e xposure. For a erosolization, 
the lyophilized pentamidine isethionate, usually 300 mg, is reconstituted with 6 mL of sterile water to 
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create the solution. Th e solution is then placed in a ne bulizer. Pentamidine has been detected in the 
ambient air in AP therapy rooms.4–7

Study Rationale

Local v entilation de signs to de crease a mbient a ir le vels o f p entamidine h ave ut ilized H EPA  lters. 
However, there is no documentation that HEPA  lters will in fact capture the AP. Th is study’s objective 
was to determine the eff ectiveness of HEPA  ltration to capture pentamidine when aerosolized in the 
clinical setting.

Sample Strategy

Pentamidine isethionate (C23H36N4O12S2) was nebulized upstream from the HEPA  lter. Th e pentami-
dine aerosol was d rawn t hrough t he H EPA  lter by negative pressure c reated by a f an (Figure 15.1). 
Th e fan system is the same type that would be found in a local exhaust ventilation system. An aerosol 
particulate analyzer, QCM, model PC24 probe was placed at the exhaust grill of the engineering system 
in order to con rm breakthrough of pentamidine. Th is is a direct readout instrument by cascade impact 
system that reads particulates as frequency changes.

Analyzer Parameters and Method

Th e cascade impactor of the PC-2 is a series of 10 aerodynamic inertial impactors designed in accor-
dance w ith well-established principles i n aerosol technology. Th e 10 i mpactor s tages a re a rranged i n 
a cascade, with jets that segregate the larger aerosol particles on top. Th e jet d iameters of the impac-
tor s tages b ecome progressively sm aller i n t he lower s tages. Unlike c onventional c ascade i mpactors, 
in which aerosol samples are collected over periods of minutes or hours on  lters or other mechanical 
collection plates and weighed externally, the PC-2 impactor system utilizes “active” piezoelectric crystal 
sensors in each stage for sample collection within seconds, providing real-time signals proportional to 
the mass of the aerosol samples collected.

FIGURE 1 5.1 Pentamidine del ivery s ystem de sign. Sp eci cations: ( 1) ne gative pre ssure, ( 2) H EPA  ltration, 
(3) 1/4 HP fan for 400 cfm, (4)  exible ducting 4 in., (5) main duct 6 in., (6) air recirculates into the room aft er HEPA 
 ltration, and (7) approximate cost for three stations is $5000.
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Th e aerosol stream entering the instrument encounters the largest nozzle  rst, and the nozzles become 
progressively smaller in subsequent stages. Aft er passing through the 10th (lowest) stage, the air  ows 
through a  ow meter to a pump, where it is exhausted to the atmosphere.

Th e c apture e ffi  ciency vs. particle size for the standard 10-stage instrument is shown below. It is 
customary to designate a stage by the size at which there is a 50% probability of capture of particles of a 
speci ed mass density.

Stage Dp50 (µ) Stage Dp50 (µ)
1 25.0 6 0.80
2 12.5 7 0.40
3 6.3 8 0.20
4 3.2 9 0.10
5 1.6 10 0.50

n Frequency signals, one from each stage, emanate from the sensing stack and are fed to o, the control 
unit, where they are stored and processed by a m icroprocessor. By mo nitoring and recording the fre-
quency from each stage before and aft er aerosol sampling, the range in frequency in each stage caused 
by mass loading is calculated by the microprocessor automatically. Th e sampling time is also fed to the 
microprocessor t hrough t he s etting of t he t humbwheel s witch on t he control u nit’s f ront pa nel. Th e 
ratio of frequency change over time is used by the microprocessor to automatically calculate the mass 
concentration, in units of µg/m3, in each stage, using the following relationships:8

 /f t VC∆ = σ  

where
∆f is the frequency change (Hz)
σ is the sensitivity factor
t is the sample time (min)
C is the concentration (mg/m3)
V is the sample  ow rate (L/min)

Background samples were taken with the aerosol particulate analyzer to con rm room background 
particulate. Any frequency counts larger than these background counts were considered to be pentami-
dine. Th e sensitivity of the aerosol particulate analyzer to the pentamidine particulate was con rmed in 
a closed test chamber. Pentamidine was nebulized. Th e analyzer reacted at all 10 impactor stages.

Results

As shown by the computer readouts of the aerosol particulate generator, there was no breakthrough of 
pentamidine through the HEPA  lter.

Readout #1 is the background of room air with the exhaust of the system not running. Th e readings 
in the left -hand column are frequency readings (F) that change in reaction to mass particles.

Readout #2 is a con rmation of background.
Readout #3 is reading at exhaust port with exhaust motor running as background.
Readout #4 is a con rmation of #3.
Readout #5 is nebulizing pentamidine for 10 s and sampling at exhaust port for 5 s.
Readout #6 is nebulizing pentamidine for 20 s and sampling at exhaust port for 10 s.
Readout #7 nebulizes for 90 s and samples for 30 s.
Readout #8 nebulizes for 75 s and collects sample 60 s.
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Discussion of Results

Comparing room background levels with those at the exhaust port of the system shows no elevation. Th e 
interpretation of these results is that the HEPA  lter is capturing all the pentamidine at the 10 diff erent 
micron range sizes of the cascade impactor (14.00–0.07 m).
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Engineering Controls

William Charney

Appropriately de signed v entilation s ystems a re e ssential to t he re duction o f A P e xposure. A s m ini-
mums, the CDC guidelines on reducing TB transmission recommend that the treatment room be under 
negative pressure, have six ACHs, that the room be exhausted away from the building intakes, and that 
 lters be placed in the exhaust. Additionally, they recommend that HCWs in the treatment room wear 
appropriate protective equipment, including respirators a nd protective c lothing. Th e se recommenda-
tions w ill help to p revent A P a nd T B bac illus f rom le aving t he A P t reatment ro om. However, t hese 
recommendations will not prevent transmission between patients in the treatment room, or to the staff  
present in the treatment room who are not wearing appropriate protective equipment.

Properly designed local exhaust ventilation systems are the preferred method of control for reduc-
tion of exposure to both AP and TB. Th ere are several commercially available booths, which are under 
negative pressure and which recirculate the exhaust air through a HEPA  lter prior to releasing the air 
back into the room. One such booth is the Demisti erÔ isolation chamber (Figure 15.2), manufactured 
by Peace Medical. I t e xhausts app roximately 2 20 cfm t hrough a p re- lter, H EPA  lter, a nd c harcoal 
 lter. It comes with disposable canopy, which they recommend changing frequently. It is easily moved 
from room to room. Another fairly portable device is the Emerson aerosol treatment chamber, model 
7AT (Figure 15.3). It too consists of a pre- lter and HEPA  lter and exhausts 150–270 cfm through these 
 lters. San Francisco General Hospital and Medical Center has designed their own booths approved by 
Cal/OSHA. Such a booth is shown in Figure 15.4. As with the other two booths, the air is drawn through 
a pre- lter and a H EPA  lter before being exhausted into the room. Th e  diff erence with this design is 
that the patient is not c ompletely enclosed. Figure 15.5 is another design. Finally, Figure 15.6 shows a 
portable aerosol treatment station. It too exhausts the air through a pre- lter and HEPA  lter and recir-
culates the air back into the room. Again, with this and any recirculating system, it is important to test 
the HEPA  lters on a regular basis to ensure their eff ectiveness.
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FIGURE 15.2 Demisti er isolation chamber from Peace Medical, $1200.

FIGURE 15.3 Emerson model 7-AT aerosol treatment and sputum induction chamber, $4000.
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FIGURE 15.4 AP ventilation control system designed by SFGHMC.

FIGURE 15.5 Aerosol treatment guard from HR, Inc., $2650.

FIGURE 15.6 Portable aerosol treatment station.
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Ribavirin Aerosol: Does a New Method 
of Drug Delivery Place Workers at Risk?

Jim Bellows and Robert Harrison

Summary

In 1 987, t he C alifornia O ccupational H ealth P rogram ( COHP), C alifornia D epartment o f H ealth 
Services (CDHS), c onducted a s tudy of health c are workers’ (HCW) e xposures to t he a ntiviral d rug 
ribavirin. HCWs at s everal hospitals had raised concern about the safety of r ibavirin, based on three 
factors: the drug is a potent animal teratogen; it is usually administered as a respirable aerosol, with the 
excess discharged into patient care areas; and the staff  in those areas oft en include pregnant women.
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Air monitoring and biological monitoring were used to a ssess t he exposures of 10 nurses and t wo 
respiratory therapists (RTs) at four hospitals. Th e highest exposures (mean 161 µg/m3) occurred when 
the drug was administered v ia oxygen tent. For t he nurse w ith t he highest exposure (316 µg/m3), t he 
estimated d aily a bsorbed do se w as 3 0 µg/kg, a bout 3 0% o f t he do se le vels t hat h ave p roduced f etal 
resorptions and malformations in animals. Ribavirin was not detected in any urine or serum samples, 
but 0.44 µg/mL was present in the red blood cells of the nurse who had the highest measured airborne 
exposure.

Exposures were lower during delivery via mist mask and much lower during delivery via mechanical 
ventilator (mean 4 µg/m3). No s ymptoms were re ported b y a ny o f t he w orkers mo nitored, b ut ot her 
HCWs handling ribavirin have reportedly experienced a variety of symptoms, including skin and eye 
irritation and diffi  culty breathing.

Because little margin of safety is maintained, worker exposure to ribavirin during administration 
via oxygen tent may p ose a re productive r isk to H CWs. Th is should be considered one of the most 
serious reproductive hazards yet identi ed in hospitals. Workers should be advised of the reproduc-
tive risk, and comprehensive policies should be implemented to protect those who are pregnant or are 
actively attempting to conceive. Several speci c control measures are recommended at the end of this 
section.

Introduction

Ribavirin ( 1-b-d-ribofuranosyl-1,1,4-triazole-3-carboximide, V irazoleä™) i s a s ynthetic n ucleoside 
analog which inhibits a broad spectrum of viral infections. Th e drug was approved in 1986 by the U.S. 
Food and Drug Administration (FDA) for aerosol treatment of infants and young children with severe 
respiratory syncytial virus (RSV) infection. RSV is rarely serious in adults and healthy children, but 
hospital outbreaks can have substantial fatality rates. Most cases occur during the winter.

An aerosol generator (SPAG IIä™) supplies respirable particles (mass median diameter 1.3 µm) at 
12.5 L/min,1 approximately two to  ve times the minute volume of a typical pediatric patient. During 
administration by oxygen tent or mist mask, the excess is exhausted directly into the room. When the 
drug is delivered v ia ventilator (in the United States, currently approved only on an investigational 
basis), t he e xcess aerosol c an b e  ltered to l imit t he rele ase of r ibavirin.2 Duration of treatment is 
generally 3–5 days for 12–20 h each day, although the drug may be administered for longer periods. 
Patients are typically treated in pediatric intensive care units (PICUs).

Despite some controversy about the effi  cacy of the drug, ribavirin treatment for RSV is apparently 
increasing, b oth i n t he n umber o f h ospitals u sing t he d rug a nd i n t he n umber o f pat ients t reated. 
Clinical trials are also in progress for oral or intravenous ribavirin treatment of other viral diseases, 
including AIDS.

Ribavirin has been found to cause fetal resorptions or malformations in many rodent species.3,4 Based 
on the animal data, use in pregnant women is contraindicated.5 Ribavirin also causes tubular atrophy 
in the testes of adult rats.3

In one previous s tudy of o ccupational e xposure, no r ibavirin w as de tected i n t he re d blo od c ells, 
plasma, or urine of nurses caring for patients receiving ribavirin aerosol; air samples were not collected.6 
Absorbed ribavirin is cleared rapidly from human plasma but accumulates in red blood cells and other 
tissues, reaching a plateau 3 days aft er administration of a single dose.7 From red cells, it is eliminated 
with a half-life of approximately 40 days.1

During 1986, the CDHS/COHP received several inquiries about ribavirin. Two principal questions 
were asked: Are pregnant workers who handle the drug at r isk for adverse pregnancy outcomes? and 
What precautionary measures should be taken? Insuffi  cient data were available to provide a solid basis 
for answering either question. A s tudy to e valuate the occupational health risks was requested by the 
Associate Director of Pharmaceutical Services of a S an Francisco medical center a nd was conducted 
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in the winter of 1986–1987.8 Th ree other area hospitals were eventually added to the study to include a 
diversity of exposure conditions.

Toxicology

In e xperimental a nimals, t he mo st s ensitive k nown to xicity en dpoints a re re productive: emb ryole-
thality, teratogenesis, and testicular atrophy. In rabbits, daily oral doses of 1.0 mg/kg during gestation 
increased fetal resorptions, but 0.3 mg/kg did not.3 In hamsters, single intraperitoneal doses of 1.2 mg/kg 
(the lowest tested) induced both fetal resorptions and gross structural malformations.4 Similar eff ects 
have been observed in other animals at comparable or slightly higher dosages. Reproductive eff ects in 
all species occurred in the absence of maternal toxicity.

In baboons given 60–120 mg/kg daily for 4 days during various stages of gestation (including some aft er 
the most sensitive period of organogenesis), one of seven fetuses aborted spontaneously and no major mal-
formations were observed.3 However, this study cannot be considered to demonstrate absence of repro-
ductive toxicity in primates, because of the small number of animals and the timing of the doses.

Daily ad ministration o f 16 mg/kg ( lowest do se te sted) p roduced t ubular at rophy i n t he te sticle o f 
adult rats.3 Carcinogenesis bioassays are pending.

Disposition o f r ibavirin i n h umans a nd no nhuman p rimates i s sig ni cantly diff erent f rom t hat i n 
rodents. Rats eliminate most ribavirin in urine within 24 h.9 By contrast, human volunteers eliminated only 
33% aft er 24 h.7 Th e drug has been shown to accumulate in the red blood cells of humans and monkeys.7,9

Eff ects of ribavirin on pregnancy or testicular function have not been studied in humans. In clinical 
trials, r ibavirin has been ad ministered to ad ult humans orally, by i nhalation, a nd by i ntraperitoneal 
injection. It is well absorbed by all routes, and has been shown to cause skin rash, eye irritation, anemia, 
and (in adults with underlying pulmonary disease) decreased pulmonary function.1

Acceptable Exposure Levels

No government agencies or professional associations have established regulations for occupational 
exposure to r ibavirin aerosol. In order to evaluate the worker exposures measured in its study, COHP 
derived a provisional exposure limit of 2.7 µg/m3.10 Th is exposure limit is not an enforceable standard, 
but is meant to be used as a working guideline, representing a concentration unlikely to produce adverse 
reproductive eff ects.

In t he absence of human data regarding reproductive toxicity, COHP’s provisional exposure l imit 
for ribavirin aerosol was based on the application of a s afety factor to t he experimental no-observed-
eff ect level (NOEL) for the most sensitive endpoint (embryolethality) in the most sensitive species tested 
(rabbits). A s afety factor of 1000 was selected, based on g uidelines i ssued by t he U.S. Environmental 
Protection Agency (EPA).11,12

Although the risks are most obvious for pregnant women, a single airborne ribavirin concentration 
was selected as the exposure l imit for a ll employees. Th is was based on t he considerations t hat ot her 
women could be subject to reproductive toxicity during as-yet-undetected pregnancies, and that testicu-
lar atrophy has been observed in experimental animals at the lowest dose tested.

No l imits w ere p roposed f or r ibavirin c oncentrations i n blo od o r u rine b ecause ph armacokinetic 
parameters, which could relate absorbed dose to r ibavirin concentrations in blood and urine, are not 
known for low doses. Distribution and elimination have been investigated at much higher therapeutic 
doses, but they are known to be dose-dependent. Even using the available high-dose pharmacokinetic 
values, w hich ten d to o verestimate t he r ibavirin c oncentrations t hat w ould b e p resent i n blo od a nd 
urine, full-shift  exposure at the provisional exposure limit (2.7 µ/m3) would not be expected to produce 
detectable concentrations in biological  uids.10
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Exposure Assessment Methods

Air monitoring and biological monitoring were conducted by COHP in four PICUs. Exposures of 
10 nurses and 2 RTs were evaluated. Each cared for a ribavirin-treated patient for two consecutive days 
during his or her participation in the study, but had cared for no such patients during the previous 
30 days; none were pregnant. Participants were instructed to perform their patient care duties according 
to standard hospital policies, without any change in work practices. At the end of the work shift , each 
participant recorded the amount of t ime spent at t he patient’s bedside, the number of t imes the drug 
delivery system was disturbed, and any use of gloves or face masks. Decisions about route of admin-
istration and duration of therapy were made by the treating physicians.

To measure airborne exposures, full-shift  a ir samples were collected in participants’ breathing zones 
and at the patients’ bedsides. Ribavirin was analyzed by high performance liquid chromatography (HPLC), 
with a quantitative limit of detection of 1 µg/m3. In four cases, paired samples were collected; these were 
analyzed by two independent methods, HPLC and radioimmunoassay (RIA), to validate the analytical 
techniques. To e valuate r ibavirin a bsorption, p lasma, re d blo od c ell, a nd u rine s amples were obtained 
before and immediately following the  rst work shift , and 3–7 days later; all were analyzed by RIA, with a 
quantitative limit of detection of 0.02 µg/mL (0.1 µM).13 Daily absorbed doses were estimated as

 1 70%D c t V W −= × × × ×  

where
D is the estimated absorbed dose (µg/kg)
c is the measured average air concentration (µ/m3)
t is the exposure time (min)
V is the standard minute volume (0.019 m3/min for women, 0.020 m3/min for men)13

W is the standard body weight14

70% is the fraction of the inhaled dose that is believed to be absorbed15

For participants who wore surgical masks, a mask penetration of 50% was assumed, although the frac-
tion of respirable particles penetrating the masks might be greater.16

Exposure Levels

Participants’ work s hift s lasted 7–12 h, of which an average of 50% (range 20%–80%) was spent at t he 
bedsides of t he t reated pat ients. Su rgical masks were worn by four of eig ht subjects caring for pat ients 
receiving ribavirin by oxygen tent and two of three nurses caring for ventilated patients. Oxygen tents 
were lift ed to perform patient care duties 5–17 times per shift . All ventilators were equipped with  lters 
to remove ribavirin from exhausted air, according to an established method.2

Airborne exposures of the participants are summarized in Table 16.1. Th e highest exposures occurred 
during administration via oxygen tent (mean 161 µ/m3). Th e highest individual exposure (316 µg/m3) was 
measured for a nurse whose work practices seemed similar to others’ during this mode of administration. 
Exposures were lowest for three nurses caring for ventilated patients (mean 4 µg/m3). One nurse caring 
for a patient receiving ribavirin by mist mask was exposed to a concentration of 62 µg/m3. Overall, the 
nurses’ exposures were comparable to the RTs’.

General a rea s amples s howed r ibavirin c oncentrations gener ally h igher t han t he c orresponding 
personal samples, averaging 317 µg/m3 during administration via oxygen tent.

For t he pa rticipants w ho c ared f or pat ients re ceiving r ibavirin v ia oxygen tent, s ome f actors t hat 
could in uence workplace air concentrations in personal and area samples are shown in Table 16.2. 
For this small group of samples, no statistically signi cantly associations were identi ed between these 
factors and the measured exposures.
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Estimated absorbed doses are shown in Table 16.3. Th e most highly exposed group, nurses adminis-
tering ribavirin via oxygen tent without wearing masks, had a mean estimated daily absorbed dose of 
13.5 µg/kg. Th is dose is 13% of the dose that caused embryolethality in rabbits and 11% of the dose that 
caused m alformations i n h amsters. For t he mo st h ighly e xposed i ndividual, t he e stimated a bsorbed 
dose was 30 µg/kg, approximately 30% of the dose causing reproductive toxicity in animals.

Ribavirin was not detected in any urine or serum samples, or in any of the preexposure red blood cell 
samples. In the red cell sample collected 5 days aft er  rst exposure from one participant, 0.44 µg/mL of 
ribavirin was measured. Th e airborne exposure level for this nurse was the highest observed.

TABLE 16.1 Ribavirin Exposure of Study Participants, 
Measured by Personal and Area Air Samples

Air Concentrations (µg/m3)

Participant Joba Mask Use Personal Area

Oxygen tent
 3 RN + 95 263
 4 RT + 134 263
 5 RT − 69 86
 6 RN − 168 86
 7 RN − 100 277
 8 RN − 316 1048
 9 RN + 112 69
10 RN + 159 127

Ventilator
 1 RN + 6 4
 2 RN + 6 4
13 <1 <1

Face mask
11 RN 65 283

a RN, registered nurse; RT, respiratory therapist.

TABLE 16.2 Ribavirin Exposures of Health Care Personnel Using Oxygen Tent 
Administration, and Some Parameters Th at Could Aff ect Exposure Levels

Participant Work Shift  (h)
Time at Bedside 

(%)
Times Lift ed 
Oxygen Tent

Ventilation, 
Rate (h1)

Exposures µg/m3

Personal Area

RNs
 3 7 — — 6.1 95 263
 6 8 60 10 6.1 168 86
 7 8 20 12 — 100 277
 8 7 40 10 — 316 1048
 9 11 80 12 3.4 112 69
10 12 75 17 3.4 159 127

RTs
 4 7 — — 6.1 134 263
 5 10 23 5 6.1 69 86
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During t he s tudy, i nvestigators ob served t hat sub stantial a mounts o f r ibavirin c ondensed i nside 
oxygen tents, on bedsheets, and at the joints of the ventilator tubing.

Reported Symptoms

Th e COHP study was not designed to produce substantial information about health eff ects experienced 
by workers caring for ribavirin-treated patients. No symptoms were reported by any of the participants. 
However, the investigators have received accounts of employees experiencing symptoms associated 
with ribavirin administration. Eye irritation, skin rashes, cough, and diffi  culty in breathing have been 
reported by both nurses and RTs. At this time, no de nitive data are available to indicate whether these 
symptoms occur more frequently during ribavirin administration than at other times.

Discussion and Conclusions

A previous report had concluded, aft er detecting no ribavirin in workers’ blood or urine, that occupa-
tional exposure to ribavirin was unlikely to pose a reproductive risk.6 However, these data should be 
interpreted with caution in view of the fact that detectable ribavirin levels are not expected in biological 
 uids aft er exposure at the provisional limit of 2.7 µg/m3.10

The a irborne e xposures me asured b y C OHP, a nd t he e stimated a bsorbed do ses, i ndicate t hat 
during oxygen-tent delivery, HCWs may receive doses approaching the levels that cause embryolethality 
and teratogenicity in animals. Th e average safety factor during this mode of administration was <100. 
Th erefore, ribavirin may pose a re productive risk to t hese workers. Th e concentrations in air samples 
collected at pat ients’ bedsides indicate that visitors who spend many hours in the vicinity may also be 
at risk. Th e single personal air measurement during mist-mask administration suggests this may also 
produce hazardous exposures; however, the single case limits any further conclusions.

During ad ministration by ventilator, w ith e xhaust  lters i n p lace, r ibavirin e xposures were much 
lower and an appropriate margin of safety was maintained. However, the lower exposures with this mode 
of administration do not justify its recommendation as a hazard-control measure, because mechanical 
ventilation poses substantial risks to the patient and can be ordered only when clinically necessary.

TABLE 16.3 Estimated Absorbed Doses for 
Participants Administering Ribavirin Aerosol

Participant Exposure (µg/m3) Dose (µg/kg)

Oxygen tent
 3 95 4
 4 134 5
 5 69 7
 6 168 17
 7 100 10
 8 316 30
 9 112 7
10 159 12

Ventilator
 1 6 0.4
 2 6 0.4
13 1 <0.1

Mist mask
11 65 10
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Exposure le vels h igher t han t hose p resented a bove a re l ikely to o ccur, f or s everal re asons. F irst, 
because of the study’s small sample size, it is unlikely to h ave captured the most extreme conditions. 
Second, R SV c ases ( and r ibavirin t herapy) w ere rel atively i nfrequent d uring t he ye ar o f t he s tudy. 
At t imes, r ibavirin i s ad ministered to s everal pat ients p er ro om, a nd t reatment p eriods f or v arious 
patients oft en overlap, requiring a lmost continuous r ibavirin del ivery. Th ese c ircumstances probably 
produce worker exposures that exceed those measured in this study.

During p eriods of heavy r ibavirin u se, s ome HCWs may b e e xposed re peatedly. Accumulation of 
ribavirin in red blood cells could then produce concentrations far higher than those that occurred in 
study participants aft er just two days of exposure.

Th e r isk a ssessment p resented a bove h as s ome l imitations t hat s hould b e re cognized. I t i s ba sed 
largely on absorbed doses that were estimated using assumptions (rather than actual determinations) of 
participants’ ventilation rates and their absorption of the drug once inhaled, and about the protective 
value of surgical masks. If diff erent values were used in the model, then the estimated absorbed doses 
would be higher or lower, with corresponding changes in the margin of safety. Additionally, the use of 
a safety factor is a rather simplistic method for establishing exposure limits, but no better approach is 
currently available for reproductive toxicants.

Th e presence of detectable ribavirin in the red blood cells of one participant indicates that absorption 
may indeed occur following occupational exposure to the aerosol. Th is   nding must be interpreted with 
caution because it was measured in only a single sample. However, the fact that it occurred in the most 
highly exposed participant suggests that the observation is not spurious. Th e lack of low-dose pharma-
cokinetic data prevents direct comparison of the airborne and biological concentrations.

Aerosolized drug administration has been found to be uniquely effi  cient i n s ome appl ications. 
Th is mode of administration is being investigated for a variety of other drugs and may be more common 
in the future. For this reason, development of eff ective recovery systems is essential.

Recommendations

Overall, d ata f rom t he C OHP s tudy i ndicate t hat r ibavirin p oses a sub stantial re productive r isk to 
exposed HCWs. Hospitals using ribavirin should make provisions for preventing overexposures to the 
drug, especially among women who may be pregnant and among workers (men or women) actively try-
ing to begin a pregnancy. To prevent reproductive toxicity, the following steps are recommended:

 1. HCWs who are pregnant or are actively attempting to c onceive should be advised of the repro-
ductive risk associated with ribavirin exposure during oxygen tent administration, and should be 
off ered alternative job responsibilities with no loss of pay or other employment bene ts.

 2. Available methods of minimizing exposure should be used whenever feasible. Included among 
these are

 a.  Turning off  the aerosol generator when an oxygen tent must be lift ed for more t han a f ew 
seconds

 b. Minimizing the number of times the oxygen tent must be lift ed
 c. Using exhaust  lters during administration via ventilator
 d. Arranging me chanical v entilators to c ycle t he a erosol t hrough t he v entilator (instead o f 

discharging it into the room) during periods when it is disconnected from the patient
 e. Increasing overall air ow rates in treatment areas
 f. Segregating ribavirin-treated patients into designated rooms, to reduce the exposures of 

workers caring for other patients
 3. Common surgical masks or dust masks are unlikely to provide adequate protection, and should 

not be used as the primary means of limiting exposure.15 Other types of respirators are not practical 
in patient care settings.

 4.  Devices speci cally de signed to c apture e xcess r ibavirin b efore i t enters t he workplace s hould 
be u sed, i f suc h de vices b ecome a vailable a nd a re s hown t hrough  eld te sting to b e e ff ective, 
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practical, and reliable. One such device, developed by the drug’s manufacturer, has been reviewed 
by the U.S. FDA and released for marketing. However, few data are available on the drug-scaveng-
ing eff ectiveness of t his device. L imited i nformation, shown i n Appendix 16.A.2, suggests t hat 
the device produces exposures lower than those that occur with standard oxygen tents but still 
exceeding the provisional exposure limit. Other devices are currently under development at sev-
eral academic medical centers.

 5. For hospital workers such as laundry or janitorial workers who may handle ribavirin-contaminated 
equipment, exposures should be limited by a control program which includes:

 a. Labeling of all ribavirin-contaminated materials
 b. Prompt and thorough cleaning of contaminated equipment before it is reused
 c. Special provisions for handling contaminated materials (e.g., bedsheets of patients treated via 

oxygen tent should not be shaken as they are prepared for washing)
 d. Training in the hazards of ribavirin and in safe work practices, for all staff  who might have 

contact with the drug
 6. Family members and visitors of patients treated with ribavirin should be informed of the repro-

ductive risk associated with ribavirin exposure during oxygen tent administration. Individuals 
who are pregnant or attempting to conceive may wish to limit exposure to the aerosol.

To implement these recommendations, hospitals may choose to incorporate control of ribavirin expo-
sures into a comprehensive reproductive protection program. For hospitals that have no such program, 
the risks associated with ribavirin administration may be among the best reasons to institute one.

Policies in Place

Hospitals in the COHP study, and certain many others as well, have established policies to implement 
the above recommendations. As an example of the control measures that can be successfully incorpo-
rated into routine hospital functions, Appendix 16.A.1 shows the ribavirin-control policies of a major 
teaching center. Some of the COHP recommendations above are not spelled out in these policies, and 
in some cases the policies go b eyond the COHP recommendations to me et the needs of the hospital. 
Hospitals in any setting should be able to implement protection programs as protective as that shown 
in Appendix 16.A.1. As an alternative, some hospitals have chosen to sharply restrict ribavirin use until 
more information about the drug’s effi  cacy and safety become available.17
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Appendix 16.A.1

Ribavirin Protection Policies of a Major Teaching Hospital

General Guidelines for All Patients

 1. Patients receiving ribavirin are to be placed individually in single rooms or cohorted in common 
rooms. Th e door is to remain closed with the precautions clearly posted outside.

 2. No pregnant individual is to enter the room.
 3. No male or female individual who is actively trying to conceive within 6 weeks is to enter the 

room.
 4. All other individuals can enter the room including lactating women (the reproductive risk posed 

by ribavirin is limited to eff ects on the fetus).
 5. Gowns and g loves are to b e worn by a ll individuals having contact w ith t he r ibavirin crystals. 

Handwashing is recommended aft er ungloving.
 6. Masks are opt ional since they do not en sure adequate protection against the reproductive r isk. 

Both blue masks and white 3 M masks are to be available outside the room for those individuals 
not at risk who choose to wear a mask.

 7.  Soft  c ontacts should be removed before entering the room to p revent any damage based on the 
 ndings of one clinician. Hard contacts or glasses do not seem to be aff ected adversely.

 8. Individuals w ith a sthma a nd/or ot her p ulmonary c onditions h ave e xperienced e pisodes o f 
respiratory diffi  culty; therefore, a HCW with a history of respiratory disease should be provided 
an alternate assignment when possible.

Ventilated Patients

Ribavirin w ill b e del ivered v ia a  ltered re circulating s ystem w hich e ssentially l imits d ispersion o f 
crystals into the general environment.
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 1.  Th e s et-up m aintenance a nd t reatment o f t his s ystem i s c overed i n t he Re spiratory Th er apy 
guidelines

 2. Ventilator tubing is to remain capped during patient suctions to provide an intact system

Nonventilated Patients

Th e amount of ribavirin crystals dispersed into the general environment depends on the particular 
method of d elivery. Th e me thod c hosen s hould e xpose t he sm allest su rface a rea to p otential c on-
tamination while allowing for the optimal delivery of nursing care, patient treatment, and comfort. 
Th e following additional precautions apply to a ll nonventilated patients since they all have ribavirin 
crystals deposited on all room surfaces.

 1. Only the necessary amount of supplies are to be taken into the room and these are to be stored as 
far as possible from the bedside to de crease the deposit of ribavirin crystals on the surfaces. 
Th e same guidelines apply to the patient’s belongings.

 2. All equipment is to b e t horoughly cleaned before being taken out of t he room. Any cleaning 
solution is usually adequate as ribavirin is water-soluble.

 3. Environmental S ervices i s to en sure t hat i tems u sed to c lean t he ro om a re d isposed o f o r 
thoroughly rinsed of ribavirin before use in another area. It is recommended that these rooms be 
cleaned last.

 4. Meals are to be on the disposable isolation trays.
 5. Trash is to be double-bagged.
 6. Linen i s to b e t reated w ith a m inimum of shaking to de crease f urther d ispersing of r ibavirin 

crystals. Th e linen bag is to be clearly marked “Ribavirin” before being sent to the laundry to alert 
the staff  there to the special handling required.

 7.  Th e room is to be high-cleaned at the conclusion of the course of ribavirin or at the time of the 
patient discharge.

Appendix 16.A.2

Industrial Hygiene Survey Report

Purpose and Scope

Industrial hygiene monitoring was conducted in an isolation pediatric intensive care room at a Northern 
California hospital (not included in the study described in the body of this chapter). Th e purpose of 
this monitoring was to i nvestigate the extent to w hich ICN Pharmaceuticals Aerosol Delivery Hood 
minimized the escape of aerosolized ribavirin (AR) during a May 1989 administration of the drug to 
a patient.

During the administration of the drug to a pat ient with his (her) head enclosed by the ICN Aerosol 
Delivery Hood, personal samples were taken to e valuate the exposure of two registered nurses (RNs) 
providing care to that patient. In addition, two general area samples were taken at the locations speci ed 
in Table 16.A.1.

Volumetric a ir ow rate measurements were made a t ventilation system ceiling exhaust and supply 
openings located in the room (see Table 16.A.2).

Equipment and Survey Procedures

Samples w ere c ollected o n g lass– ber  lters a nd w ere a nalyzed b y H PLC b y A lpha C hemical a nd 
Biomedical L aboratories (Petaluma, CA) using a mo di cation of National Institute for Occupational 
Safety and Health Method Number 5027.

Supply a nd e xhaust a ir v entilation  ow r ates w ere me asured u sing a Sh ortridge M odel C FM-83 
Flowhood equipped with a 2¢ × 2¢ top.



Ribavirin 16-11

Results and Conclusions

Th e personal samples for t he t wo nurses taken during t he May 1989 ad ministration of t he drug to a 
patient showed t heir t ime-weighted average (T WA) exposures to b e <10 µg/mL. Th e measured T WA 
exposure of the nurse who spent the least amount of time in the isolation room was below the detection 
limit for the air sample taken in her breathing zone (see Table 16.A.1).

TABLE 16.A.1 Atmospheric Ribavirin Concentrations in Employees Breathing Zones and Patient Care Areas, 
Northern California Hospital’s Isolation PICU, May 1989

Sample Number Description
Time Start/

Stop
Concentration 

(µg/m3)a

California DHS 
Recommended 
Limitb

2.5

First RN
RIB08 Provided primary care for 4-month-old patient with RSV. Spent 

approx. 70 min of sampling period in the isolation room and 
disturbed ICN aerosol hood seven times. Disturbances varied from 
removal of hood from over patient to slightly raising and shift ing 
the hood. Drug nebulizer remained in operation during these 
disturbances. Because patient was stable, the number of hood 
disturbances needed was minimal.

1644/2352 8.29

Second RN
RIB14 Assisted  rst RN with patient. Spent only approximately 12 min 

of sampling period inside the isolation room.
1820/2358 <2.09

General area samples
RIB11 Sampler suspended on post (at breathing zone height) at end of bed 

away from wall and farthest from the nebulizer and aerosol hood 
(right-rear bed post).

1644/2352 6.77

RIB10 Sampler suspended 6 in. above (at breathing zone height) the SPAG 
unit and vacuum/ lter portion of ICN aerosol hood assembly which 
were located on right-hand side of bed at its head.

1644/2352 12.55

Note: Irregularly shaped room (11.5 ft  by 12 ft —dimensions at greatest width and length). “<” means less than the detection 
limit for the sampling and analytical method used.

a Concentrations are expressed in micrograms per cubic meter of air.
b Th e CDHS has recommended an acceptable occupational airborne concentration for an 8 h workshift  in order to limit the 

ribavirin uptake via inhalation to one one-thousandth of the lowest NOEL. Maintaining workplace exposure below this occu-
pational exposure limit is recommended to minimize the risk among employees of adverse reproductive eff ects (teratogenic 
eff ects and testicular atrophy) observed in laboratory animals.

TABLE 16.A.2 Ventilation Measurements, April 1989, a Northern 
California Hospital’s Isolation PICU

Location/Description Volumetric Air ow (cfm)a

Isolation room used for ribavirin administration
Ceiling exhaust opening in corner above nebulizer  60
Ceiling supply diff user beyond end of bed near 

room entrance
245

a Cubic feet per minute.
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Th e p ersonal a nd gener al a rea s ampling re sults ob tained i ndicate t hat t he I CN P harmaceuticals 
Aerosol Delivery Hood can provide an eff ective mechanism for reducing airborne room contamina-
tion from ribavirin during its administration to small pediatric patients. Good work practices should 
be used to maximize the effectiveness of the hood in minimizing occupational ribavirin exposure 
(see “Discussion”).

Smoke t ube te sting i ndicated t hat purging of a n aerosol f rom t he food’s i nterior requires several 
minutes. Of course, hood clearance time depends upon the volumetric  ow rate of the purging gas and 
how well the incoming gas mixes with the aerosol.

Ventilation system volumetric  ow rates for the isolation room are presented in Table 16.A.2.

Recommendations

 1. Use t he ICN Pharmaceuticals Aerosol Delivery Hood a s a n a lternative to o xygen tents for t he 
administration of ribavirin aerosol.

 2. Develop t he w ritten w ork p ractices f or a erosol del ivery h ood u se t hat w ill ena ble re spira-
tory t herapy, n ursing s taff , a nd ot her h ealth c are p roviders to m inimize t heir e xposures to  
ribavirin.

 3.  Off er the alternative work to personnel who are pregnant or attempting to conceive.
 4. Discuss the results of environmental monitoring and its implications with all aff ected employees 

and make the data available to them.

Discussion

In its report Health Care Worker Exposure to Ribavirin Aerosol dated February 1, 1988, the CDHS rec-
ommended the development of a control system speci cally designed to reduce ribavirin aerosol emis-
sions from oxygen tents. Th e environmental monitoring data collected during this survey indicate that 
the ICN Pharmaceuticals Aerosol Delivery Hood is such a c ontrol system. However, exposures mea-
sured while the device was in use still slightly exceeded the Department’s recommended exposure limit 
of 2.7 µg/m3.

Th e hood substitutes for an oxygen tent and has mechanisms attached to it that scavenge much of the 
ribavirin aerosol escaping f rom it. According to I CN Pharmaceuticals, t he vacuum unit t hat collects 
aerosolized drug includes a high effi  ciency  lter with a collection effi  ciency of 99.97% for an aerosol with 
a mass median diameter of 0.5 micron. Th is collection effi  ciency is adequate for removing the ribavirin 
aerosol from the vacuum device’s exhaust air prior to its release back into the patient care room.

It must be understood that the eff ectiveness of the hood in minimizing employee ribavirin exposure 
depends to a l arge extent of adherence to w ork practices designed to re duce the amount of ribavirin 
released form the hood when patient care procedures require its periodic removal. Work practices 
expected to be successful in this regard include:

 1 . Shutting off  the nebulizer*
 2. Switching to a medical air/oxygen gas stream that does not pass through the nebulizer
 3. Waiting several minutes to a llow the a lternate medical a ir/oxygen gas stream to p urge residual 

ribavirin form the interior of the hood prior to its removal

If an emergency requires immediate removal of the delivery hood, the nebulizer can simply be shut 
off  prior to the hood’s removal.

Source: Adapted f rom a re port p repared b y Ste phen W. H emperly, M S, C IH, I ndustrial H ygienist, 
Kaiser Foundation Hospitals, Berkeley, CA.

* A shut-off  valve can be installed between the medical air/oxygen supply and the nebulizer to permit staff  to turn off  the 
nebulizer without having to adjust  ow rate controls on the nebulizer.
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Ribavirin Aerosol Engineering and Administrative 
Controls to Contain Aerosolized Ribavirin: Results 
of Simulation and Application to One Patient

William Charney, Kevin J. Corkery, Roger Kraemer, and Lee Wugofski

Introduction

Ribavirin is an antiviral agent introduced in the 1980s for the treatment of RSV infections in infants 
and children.1 Although a number of clinically useful drugs are routinely administered by aerosoliza-
tion, particularly for the treatment of bronchospastic disorders, ribavirin diff ers because the particle 
size (mass median diameter 1.3 micron)2 allows deep penetration into the lung; administration usually 
occurs 12–18 h daily for three to seven consecutive days.1 Th e drug has been shown to be teratogenic 
in some animal species,3–7 and, consequently, concern over the occupational exposure of HCWs has 
prompted medical centers to re evaluate their policies on indications for and use of r ibavirin.8 Some 
have decided to provide respirators with protection factors (PFs) of 10 or greater.9 (Th e PF is the ratio of 
the concentration of a particular substance in ambient air to concentration inside the mask.)

Because personal protective equipment or barrier protection (e.g., a respirator) is considered the least 
appropriate control measure for protecting people from potentially hazardous substances, and because 
the c omponents of a re spiratory protection program c an b e d iffi  cult to comply with,10 a s ystem t hat 
reduces occupational exposure to a le vel t hat el iminates t he need for personal respiratory protection 
is desirable. A respiratory protection program involves semiannual  t testing of the respiratory mask, 
annual medical surveillance of all personnel involved, employee instruction in the use of the mask and 
about t he hazardous substances u sed, recordkeeping, safe s torage of re spirators not i n u se, a nd rou-
tine respirator inspection.10 In our experience, the communication necessary among personnel in the 
Respiratory Care, Nursing, and Occupation Health and Safety Services to schedule and implement the 
many facets of a personal protection program is time consuming and diffi  cult to maintain.

Despite numerous investigations of HCW exposure to ribavirin aerosols,2,9,11,12 no consensus has been 
reached concerning t he precautions necessary for safe ad ministration of t his a gent. Th e CDHS13 has 
determined that an acceptable airborne ribavirin concentration can be calculated by applying an EPA 
safety factor of 1000 to t he experimental NOEL for the most sensitive endpoint (the concentration at 
which a n eff ect i s s een) i n t he mo st s ensitive s pecies te sted.13,14 We adopte d t he N OEL ob served b y 
Harrison et al.11 for the rabbit (0.3 mg/kg) to e stimate an acceptable airborne concentration for an 8 h 
work shift  as a TWA of 2.7 µg/m3, assuming that the employee weighs 58 kg, has a 1 min ventilation of 
19 L, and retains 70% of the inspired ribavirin. TWA is the average concentration of the substance in 
question to w hich nearly a ll workers may be exposed in an 8 h workday without adverse eff ect. TWA 
assumes that workers are usually not e xposed to a sub stance for their entire shift  and is calculated by 
the equation:
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where
C is the concentration of substance being measured
T is the time of exposure to substance being measured
TTOT is the total number of minutes worked on shift 
N is the number of times exposed

We determined the room concentration of ribavirin to be 456 µg during a 12 h treatment when ribavi-
rin was being administered directly into a mist tent (unpublished data, San Francisco General Hospital, 
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1989). In a preliminary study, we evaluated the Aerosol Delivery Hood System by ICN Pharmaceutical 
and found the highest concentration of ribavirin to be 36.2 µg/m3.15 We consider these two concentra-
tions to b e unacceptable because ribavirin exposure was above 2.7 µg/m3. Th e Aerosol Delivery Hood 
System may also have limited usefulness due to the size of infants that it will accommodate. It has been 
a goal of our Health and Safety Service to work in conjunction with the Respiratory Care and Nursing 
Services to devise a method of administering ribavirin in a safe and effi  cient one that would obviate the 
need for personal protective equipment. In the pilot study, we sought to determine whether the scaveng-
ing system that we constructed could decrease HCW exposure to a ribavirin TWA of 2.7 µg/m3 or less.

Materials and Methods

We assembled and evaluated a double containment system, which consists of a 25ʹʹ × 30ʹʹ × 28ʹʹ oxygen 
tent canopy over a smaller 12ʹʹ × 12ʹʹ × 12ʹʹ oxygen hood. A Small Particle Aerosol Generator (SPAG-2) 
delivers AR into one port of the hood at a  ow rate of 12 L/min (nebulizer  ow rate of 7 L/min plus a 
drying  ow of 5 L/min). A h eated a nd humidi ed ga s m ixture i s supplied t hrough t he ot her p ort at 
a  ow rate of 12 L/min to provide consistent oxygenation to the hood (and thus to the patient) when 
the SPAG-2 nebulizer is turned off . A si ngle blender provides gas at a c ontrolled concentration to t he 
SPAG-2 and to the supplemental delivery system, which remains in continuous operation. Th e  ow rate 
is continuously monitored with an IL408 oxygen analyzer. Th e space between the tent canopy and the 
oxygen hood i s evacuated continuously by t wo vacuum u nits equipped w ith h igh-effi  ciency particu-
late a ir (HEPA)  lters. Two pieces of smooth-bore aerosol tubing, one 40ʹʹ and one 24ʹʹ in length, are 
attached at one end to the vacuum units and to aerosol T-adapters taped to the oxygen hood at the other 
end. Th e T-adapters decrease the likelihood of accidental occlusion. Th e SPAG-2 unit is equipped with 
a manual shut-off  valve for easy interruption of aerosol delivery. Th e free edges of the tent canopy are 
tucked beneath the mattress to help eliminate leakage. Th e HEPA  lters are replaced daily.

At the start of the tests, evacuation f low was measured at the T-piece and of the aerosol tubing. 
A Jaeger pneumotachograph (calibrated with a Fisher-Porter  owtube and an I-L syringe) was used to 
measure  ow. In order to determine whether the  ow output of the vacuum units was reduced by the 
resistance off ered by the pneumotachograph, we estimated  ow indirectly by the following gas-dilution 
technique: A 40ʹʹ, 22 mm ID smooth-bore tube was attached to a vacuum unit. A bleed  ow of 10 L/min 
oxygen was delivered by a Porter  owtube to the distal end of the tube. Th e unit was turned on and 
the concentration of t he evacuation f low was a llowed to s tabilize. The concentration of oxygen 
(% O2) in the evacuation  ow was measured by mass spectrometer connected to a gas sampling port at 
the proximal end of the tube. Th e  ow was calculated by the equations:
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V
.
bleed, FV

.
bleedO2, FV

.
ambO2, and FV

.
evacO2 are known; the  rst equation is solved for V

.
amb, and then the second 

equation is solved for V
.
evac.

Personal and area-monitoring samples were taken  rst during r ibavirin administration to a si mu-
lated pat ient a nd later to a 2- month-old i nfant w ith R SV i nfection i n t he Medical-Surgical Intensive 
Care Unit. (Our institution does not have a separate PICU.) For the simulation, the test system was set 
up and three 5 h area samples and one 100 min personal sample were taken. For the patient application, 
ribavirin administration was begun at 2 1:00 on one evening and discontinued at 1 5:00 t he following 
day. Th is was the patient’s  ft h and  nal dose of ribavirin. Th e  rst four doses had been administered 
through t he pat ient’s endotracheal t ube v ia mechanical ventilator. Th e pat ient continued to i mprove 
and was discharged from the ICU the morning following the  ft h ribavirin treatment. Th e patient was 
discharged from the hospital 2 days later.

Th ree HCWs were equipped with sample pumps with  lters positioned within their breathing zone 
(i.e.,  lters were placed on t heir collars) a nd were monitored over t wo shift s. In addition, area sam-
pling w as p erformed at t he head of t he b ed, 6 ft  above  oor le vel—the lo cation c onsidered to b e i n 
the breathing zone of persons who might be in the room but not directly attending the patient. Th e 
HCWs were instructed to shut off  the nebulizer with the manual cutoff  valve 5 min before breaking 
into the system for patient care activities. Th e log indicated that compliance was universal, and the 
5 min delay posed no p roblems during t he course of t reatment. Interruptions i n aerosol ad minis-
tration were log ged for t he 18 h period (Table 16.4). A ll bedside personnel (nurses a nd t herapists) 
were required to we ar a  t-tested disposable respirator with a personal protection factor (PPF) of 
10. Fit testing was performed according to Occupational Safety and Health Administration (OSHA) 
Standard 1910.134(c)(5).10 No other persons were allowed to enter the patient’s room during the time 
that ribavirin was being administered.

Airborne ribavirin samples were collected on Gelman 37 mm glass  ber  lters with a cellulose ester 
backup pad i n a 2- piece cassette using an ALPHA-1 Air Sampler. Pump samples were collected at a n 

TABLE 16.4 Aerosol Interruptions and Total 
Exposure Time during 18 h Treatment

Time Off –On Total Minutes Off 

Night shift 
22:18–22:38 20
22:57–23:00 3
24:00–00:20 20
01:25–01:40 15
03:35–04:05 30
05:25–05:40 15
06:20–06:45 25

Number of interruptions = 7 128

Day shift 
08:42–08:59 17
09:20–09:45 25
10:00–10:30 30
13:00–13:30 30
Number of interruptions = 4 102

Replacement nurse day shift 
10:24–10:42 18
Number of interruptions = 1 18
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average  ow rate of 2 L/min for all samples. Pumps were calibrated using a Gilibrator Standard System 
(a calibration method that utilizes a primary  ow calibrator and a bubble generator) and were checked 
periodically in the  eld with a rotameter calibrated against the Gilibrator standard.

Th e rooms i n t he ICU a re de signed for “positive pressure” ventilation, w ith approximately 6 .5 a ir 
exchanges/hour (350 cfm supp ly, 3 00 cfm e xhaust). Ventilation i s b y d ispersion a ir ow th rough th e 
perforated ceiling in a ro om w ith a vol ume of approximately 3200 ft 3. Th e positive pressure design is 
intended to prevent the transmigration of microorganisms into the ICU rooms. Although some might 
consider it more desirable to administer ribavirin in a room with “negative pressure” ventilation, such a 
room was not available to the patient at the time of this pilot study.

Samples were analyzed by HPLC according to National Institute for Occupational Safety and Health 
(NIOSH) Method 5027. As part of the laboratory’s procedure, a spike sample (a known amount of riba-
virin) and a bl and sample (containing no r ibavirin) are analyzed concurrently w ith t he test samples, 
to verify test results. Detection limits for this analysis are variable due to diff erence i n tot al volume 
collected for each sample. Detection limit for sample volume collected appears in Table 16.5. Th e vol-
ume collected varied according to the worker’s exposure. Th e greater the volume of air drawn through 
the sample pump, the lower the detection limit. Th e lowest level of detection (LOD) for this method is 
0.7 µg/sample.

Results

Th e mean (SD) evacuation  ow rate for each vacuum u nit was 91 (1.1) L/min when measured by t he 
Jaeger pneumotachograph and 97 (1.1) L/min when measured by gas dilution.

No other personnel entered the room during ribavirin administration. Th e oxygen concentration in 
the hood (35%) was unaff ected by the evacuation  ow.

Ribavirin was not detected in area or personal breathing zone (PBZ) samples. Table 16.5 provides the 
exposure time, sample pump  ow rate, volume of air passed through the pump  lters, and the detection 
limit of the analytical method based on the volume collected.

No special patient surveillance measures—other than the continuous electrocardiographic, oxygen-
concentration, a nd p ulse-oximetry mo nitoring ro utinely p erformed o n I CU pat ients—was de emed 
necessary.

TABLE 16.5 Personal and Area Sampling Results from Bench Testing and Patient Application

Filter # Sample
Exposure 

Time (min)
Pump Flow 

Rate (L)
Volume 

Collected (L)
Detection 

Limit (µg/m3) Results

Bench data
1 Top of oxygen hood, center 300 2 600 3.93 NDa

2 Top of oxygen hood, right 300 2 600 3.93 ND
3 Top of oxygen hood, left 300 2 600 3.93 ND
4 Personal sample, center 100 2 200 11.8 ND

Patient data
8199 GF1 Personal—night shift /day 218 2 436 5.41 ND
8200 GF3 Personal—day shift 440 2 880 2.68 ND
8201 GF2 Area sample night shift /day 630 2 1260 1.87 ND
8202 GF4 Area sample day shift 440 2 880 2.68 ND
8203 GF5 Personal replacement 300 2 600 3.93 ND

a ND = none detected.
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Discussion

Environmental levels measured in a California State Department of Health’s Field Investigation13 have 
demonstrated t hat t he tot al weighted average (T WA) of 2 .7 µg/m3 (or lower) c an be achieved during 
patient administration via a mechanical ventilator equipped with appropriate  lters. For patients who 
are not intubated, some success in reducing environmental levels has been reported16 ut ilizing t he 
Aerosol D elivery H ood S ystem de veloped b y t he m anufacturers o f r ibavirin, b ut app lication o f t his 
system i s l imited to sm all i nfants ( less t han a bout 6 kg i n weight). I n add ition, environmental le vels 
measured a nd re ported i n a p reliminary s tudy su ggest t hat p ersonal protection e quipment may s till 
be needed.15 Th e h ighest a irborne c oncentrations (area s amples o f 557 µg/m3 re ported by G ladu a nd 
Ecobichon12 and 317 µg/m3 reported by the California Department of Health13) have been seen when 
the drug has been administered by simple oxygen tent. Because patients with RSV may be treated with 
ribavirin in an attempt to avoid intubation, institutions have had to provide personal respiratory protec-
tion to employees to prevent excessive exposure.

Th e numerous components of a p ersonal respiratory protection program must be adhered to i f the 
employer supplies respirators to p ersonnel. In add ition to t he necessary t raining a nd medical evalu-
ation, each employee must be  t-tested semiannually so t hat adequate protection c an be empirically 
demonstrated and inappropriate use and a false sense of security can be avoided.

Since late 1989, our institution has been  t-testing employees involved in ribavirin administration, 
and h as f ound t hat  ve diff erent b rands o f re spirators (nonpowered, a ir-purifying t ype, e quipped 
with H EPA  lters) o f v arious si zes a re re quired to  t t he d iverse w ork f orce p roperly. Th e OSHA 
proscription of most types of facial hair because of hair’s interference with adequate respirator seals 
has further complicated  tting and staffi  ng. P owered air-purifying respirators may address some of 
these concerns, but their substantial cost and noisiness may limit their usefulness. Use of disposable 
respirators such as the 3 M 9970 has certain advantages in that they may be less off ensive to the wearer 
and c ause le ss c oncern to t he pat ient’s f amily, but t hey to o re quire following t he O SHA St andard 
1910.134(e)(5) for  t testing.10

Th e system evaluated in this study diff ers from those previously reported12,15,16 in incorporating two 
separate evacuation components, each utilizing high effi  ciency  lters (99.97% effi  cient with aerosol of 
mass median diameter 0.3 micron). Our experience with the simulated patient encouraged us to try the 
system on pat ients requiring r ibavirin. Unfortunately for our experimental purposes and fortunately 
for our patient population, only one patient reported at this location required ribavirin administration 
between January 1 and June 1, 1990.

Th e fact that no ribavirin was detected, in our opinion, is due to exhaust volume and the integrity of 
the HEPA  lters. We had used the same sampling technique for measuring and the same laboratory for 
analyzing ribavirin during two previous studies (unpublished data) that did not utilize the same engi-
neering and administrative controls. Ribavirin was detected during those studies. Samples collected by 
the same sampling technique and analyzed by the same laboratory in studies by another large medical 
center in the San Francisco Bay Area have yielded ribavirin concentrations (personal communication, 
Steven Henperly, Industrial Hygienist, Kaiser Medical Center–San Francisco, 1990). We believe that the 
combination of the high evacuation  ow in the double-tent system and the 5 min interval of no a ero-
solization before the tent is opened allows the ribavirin to be scavenged through the HEPA  lters. It may 
be diffi  cult to ad here the 5 min shut-off  stipulation i f a n umber of r ibavirin treatments are occurring 
simultaneously a nd a n emergency si tuation a rises. Fu rther e valuation of t his te chnique i s ne cessary 
before the use of personal respiratory protection can be eliminated.

Th e evacuation  ow measurements suggest that the vacuum unit is sensitive to the resistance of the 
evacuation tubing. Flow measured by the pneumotachograph was lower than  ow estimated by gas dilu-
tion. Total evacuation  ow from the two units estimated by gas dilution dropped from 194 to 144 L/min 
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when the units were bench tested with a 6 ft  corrugated aerosol tube in place of the smooth-bore tube. 
Th is suggests that any change in circuit resistance (increasing the length of the evacuation circuit; using 
corrugated tubing, which causes turbulent  ow; partially blocking the tubing with bedsheets; or crimp-
ing tubing w ith t he bedrail) could lower evacuation  ow and increase t he r isk of r ibavirin exposure. 
Th is emphasizes the importance of maintaining a high evacuation  ow and of measuring the  ow before 
initiating ribavirin aerosolization.

Conclusion

Our system appears to maintain environmental levels of ribavirin at or below the TWA recommended 
by the California State Department of Health. With airborne levels kept at the range detected in this 
evaluation, rooms with negative air pressure relative to outside halls may not be necessary.

Our preliminary results suggest that personal protective devices (i.e., respirators) may not be needed 
if the double-tent system and the administrative measure of shutting off  the aerosol generator for 5 min 
prior to op ening t he ten t f or pat ient c are a re f ollowed. Th e effi  cacy and importance of i nterrupting 
aerosolization to allow proper evacuation and setting time cannot be overemphasized. We still require 
personnel to use respirators when administering ribavirin to nonintubated patients. Until more results 
with this system have been reported from our institution or others, we will require the wearing of the 
respirator.

Finally, the risk of ribavirin exposure to the developing fetus has not been established. We believe that 
employees who are pregnant or who are actively attempting to conceive should be assigned to areas of 
the hospital in which ribavirin exposure will not occur.
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Product and Service Sources

Hoods and tents:
Oxygen tent canopy, THS 523, Tri-Anim Health Services, Inc., Glendale, CA
Oxygen hood, Tot Hut #1001, Peace Medical, West Orange, NJ
Aerosol delivery system, #6005, ICN Pharmaceuticals, Inc., Costa Mesa, CA

Evacuation components:
Vacuum units, #4031, ICN Pharmaceuticals, Inc., Costa Mesa, CA
22 mm smooth-bore tubing, Corr A Tube II Part 1413, Hudson Oxygen, Temecula, CA

Aerosol generator:
Small Particle Aerosol Generator, SPAG-2, ICN Pharmaceuticals, Inc., Costa Mesa, CA

Calibration devices:
Jaeger pneumotachograph, Jaeger Medical Instruments GmbH & Co. KG, Hoechberg, Germany
I-I, syringe, Jaeger Medical Instruments GmbH & Co. KG, Hoechberg, Germany
Flowtube, FPI/2GS-27-G-10 Float 1/2GSVT45A, Fisher-Porter Co., Warminster, PA
Flowtube, R-104, Porter Instrument Co., Hat eld, PA
Precision Rotameter, BGI, Inc., Waltham, MA
Gilibrator Standard System, P/D 800-26 and P/D 800-2868N, Gilian Instrument Corp., Wayne, NJ
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Analytical equipment:
Gelman 37-mm glass  ber  lters, Type A/E#61652 micron nominal pore size, Alpha Biomedical, 

Petaluma, CA
Alpha-1 Air Sampler, DuPont Instrument Systems, Kennett Square, PA
Mass spectrometer, Perkin-Elmer, Pomona, CA

Liquid chromatography:
Alpha Chemical and Biomedical Laboratory, Petaluma, CA

Respirators:
Disposable respirator, 3 M 9970, 3 M, St. Paul, MN
Permanent respirator, Wilson Half Mask Respirator #6140, Pedley-Knowles, San Francisco, CA
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Validation of Control System for Ribavirin Aerosol

William Charney

In November 1990, my colleagues and I re ported on the results of the application of engineering and 
administrative controls to contain A R.1 I p resent here t he results of f urther testing (Table 16.6). Th e 
reader i s re ferred to o ur e arlier pap er for t he de tails o f t he eng ineering a nd ad ministrative c ontrols 
imposed and the sampling equipment and analytical method employed, which were duplicated during 
the monitoring reported here.

Th e child under t reatment while t his sampling was done was 10 months of age, extremely ac tive, 
and in an agitated state. Medical personnel from the Pediatrics service and the ICU decided to sedate 
him in order to contain him within the area of the engineering control. With a more subdued child, 
results might have been even more favorable, but that is conjecture until additional monitoring has 
been done.

Th e area sample measurements shown in Table 16.6 indicate that for casual entry into the room, no 
personal protective equipment (PPE) is necessary if the engineering and administrative controls are being 
applied. It also indicates that no transmigration of aerosol to the corridor or adjacent areas occurs.

Th e personal samples re ect a slight excursion above the recommended 2.7 µg/m3 (4.05, ND, 4.54, 4.73). Th e 
nondetectable result occurred during a period of fewer break-ins (3) and less caregiver time in tent (68 min) 
compared to periods of more break-ins and greater total caregiver time in tent (125, 185, and 197 min). With 
the PPE all results were well below the recommended standard of 2.7 µg/m3 with a PF of 10×.

We conclude a nd recommend t hat (1) t hese results show t he integrity of t he eng ineering system in 
reducing levels of r ibavirin aerosol to s afe levels for those casually entering the room. Caregivers who 
must b reak i nto t he tent s hould u se a p ersonal,  t-tested re spirator w ith a ten fold PF; (2) t he c hild’s 

TABLE 16.6 Results of Personal and Area Sampling with Engineering and Administrative Controls in Force

Shift 
Number of 
Break-Ins

Total 
Caregiver 

Time in Tent 
(min)

Caregiver 
Time in 

Room (h)

Volume 
Collected 

(L)
Detectable 

Limit (µg/m3)
PPE
PF10

Result 
without 

PPE 
(µg/m3)

Result 
with PPE 
(µg/m3)

Personal sample
9:00 PM–6:30 AM
Day 1 8 125 9.5 1140 2.07 9970 4.05 0.4
Area sample (foot of bed)
9:00 PM–6:30 AM
Day 1 NA NA 9.5 1140 2.07 NA ND NA
Personal sample
7:30 AM–3:30 PM
Day 2 13 185 8.0 960 2.46 Wilson 

HF
4.54 0.45

Personal sample
9:00 PM–6:30 AM
Day 2 3 68 9.0 1080 2.19 Wilson 

HF
ND ND

Personal sample
7:30 AM–3:30 PM
Day 3 7 197 8.5 1020 2.31 Wilson 

HF
4.73 0.47

Note: PPE, personal protective equipment; PF, protection factor; NA, not available; ND, none detectable; HF, half-face air 
puri er.
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activity may have aff ected the levels of ribavirin detected but this remains to be demonstrated; and (3) the 
engineering system should be used when ribavirin therapy is delivered.
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Appendix 16.A.3

Hazard Evaluation and Technical Assistance
Interim Report HETA 91–104
Florida Hospital
Orlando, Florida
January 1992

Hazard Evaluation and Technical Assistance Branch Division of Surveillance, 
Hazard Evaluations and Field Studies National Institute for Occupational Safety and Health
4676 Columbia Parkway
Cincinnati, Ohio

NIOSH Investigators:
John A. Decker, M.S., R.Ph.
Ruth A. Shults, R.N., M.P.H.

Source: R espir Care 36(6):626–629, 1991.

Summary

In re sponse to a F lorida Hospital management request, t he N IOSH conducted a n i ndustrial hygiene 
and medical evaluation of HCWs’ exposure to A R. Th e evaluation was conducted during three v isits 
to Florida Hospital: February 2–4, 1991, April 3–5, 1991, and October 18–20, 1991. Th is interim report 
contains air sampling data for AR collected during all three visits and urinary ribavirin sample results 
collected during the  rst two visits.

Forty-six full-shift  and short-term personal air samples for AR were collected from nurses and RTs. 
Fift y area air samples were collected. Sixty-one urine samples have been analyzed for ribavirin to date.

Analysis of variance (ANOVA) a nd Tukey’s honestly sig ni cant diff erence (HSD) tests were used 
to compare the full-shift  mean PBZ concentrations among nurses. Th ere were statistically signi cant 
diff erences i n me an PBZ c oncentrations a mong t he e valuated me thods of r ibavirin ad ministration. 
Th e mean concentration associated with administration through the Aerosol Delivery Hood® (ADH®) 
was signi cantly greater than the ADH enclosed by the Demisti er® scavenging tent or ventilator. Th e 
mean c oncentration a ssociated w ith c roup tent w as sig ni cantly greater than the ADH/Demisti er 
combination or ventilator administration.

Among nurses, f ull-shift  samples ranged from 18.7 to 31.0 µg p er c ubic me ter a ir ( µg/m3) for t he 
ADH, 12.0–28.2 µg/m3 for the croup tent, nondetected to 13.2 µg/m3 for the ADH/Demisti er combina-
tion, and <3.3–4.8 µg/m3 for the ventilator. Short-term samples among RTs ranged from <12.1 for the 
ADH, 33.3–83.8 µg/m3 for t he croup tent, 8 .3–55.5 µg/m3 for t he ADH/Demisti er combination, and 
nondetected for the ventilator.

Detectable levels of r ibavirin were consistently found in t he urine of nurses following occupational 
exposure, despite t he use of engineering controls and high-effi  ciency disposable respirators. Port-shift  
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urinary ri bavirin l evels w ere s igni cantly higher in nurses than in RTs. A statistically signi cant 
linear rel ationship w as p resent b etween f ull-shift  PBZ r ibavirin c oncentrations a nd p ostshift  urinary 
ribavirin.

Introduction

On February 2–4, 1991, April 3–5, 1991, and October 18–20, 1991, representatives of the NIOSH visited 
Florida Hospital in response to a request by hospital management to evaluate employee exposures to 
AR. Th e objectives of the NIOSH investigation were to characterize workers’ exposures and evaluate the 
eff ectiveness of engineering controls, work practices, and personal protective equipment.

Th is interim report includes information previously reported to Florida Hospital in letters dated 
May 16, 1991 and November 1, 1991. Participants in the biological monitoring from the  rst two visits 
were informed of their individual results via letter during May–August 1991.

Background

Th e ad ministration o f ph armaceutical a erosols i s r apidly e xpanding i n me dicine. A sthma, c hronic 
obstructive pulmonary disease, and pulmonary infections are frequently treated with aerosols of sym-
pathomimetics, beta-agonists, corticosteroids, and antimicrobials. Th e advantages to the patient include 
rapid onset of therapeutic action, optimized delivery of the drug to the site of action, and reduction of 
unwanted systemic side-eff ects. Aerosol delivery, however, results in increased exposure to t he HCW, 
compared with other administration routes. Th e diffi  culty in controlling the spread of aerosols, along 
with the small particle size, contributes to the risk of occupational exposure. Much of the concern about 
occupational exposure to pharmaceutical aerosols has centered around the use of ribavirin. Th e adverse 
reproductive eff ects of ribavirin exposure in animal studies have raised concerns among HCWs who 
administer ribavirin; many of these workers are in their reproductive years.

Florida Hospital is an 801-bed medical center and teaching hospital. Th e investigation was conducted 
in the PICU, where AR is administered to infants and children.

Uses of Ribavirin

Ribavirin is a synthetic nucleoside that is licensed by the U.S. FDA for the short-term treatment of severe 
RSV infections.1 Its antiviral activity is thought to result from inhibition of RNA and DNA synthesis, 
which subsequently inhibits protein synthesis and viral replication.2 AR has also been used to treat both 
in uenza B p neumonia a nd R SV p neumonia i n i mmunocompromised ad ults.3,4 Clinical trials have 
studied the use of ribavirin in the treatment of in uenza in otherwise healthy adults.5,6

Commercially available ribavirin is available as a sterile, lyophilized powder, which is initially recon-
stituted by adding 50–100 mL additive-free sterile water to a 6 g vial. Th e initial solution is transferred 
to a s terile wide-mouthed  ask, which serves as the reservoir for the aerosol generator and is further 
diluted to a  nal volume of 300 mL with sterile water.

Ribavirin aerosol i s generated by a Sm all Pa rticle Aerosol G enerator® (Mo del SPAG-2® nebulizer) 
marketed by the drug manufacturer, ICN Pharmaceuticals. Th e SPAG-2 nebulizer delivers AR at a rate 
of approximately 14 L/min. When the recommended starting solution of 20 mg of ribavirin per milliliter 
(mg/mL) sterile water is used, the average concentration of aerosol generated by the unit is expected to be 
190 mg per cubic meter (mg/m3), according to the manufacturer.7 Th e small particle size (1.0–1.3 µm mass 
median diameter) of the ribavirin aerosol permits deep penetration of the drug into the patient’s lungs.8

Th e aerosol can be delivered to the patient by a variety of methods, including face mask, head hood 
(i.e., Aerosol Delivery Hood), croup or mist tent, oxygen hood, or direct coupling to tracheostomy. 
During these applications aerosol may escape into the environment and be inhaled by hospital staff  
caring for the patient or working nearby.
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Shift Assignments and Hospital Policies

Th e Pediatric Intensive Care nurses work 12 h shift s, while RTs work 8 h shift s; RTs occasionally work a 
double shift  of 16 h. Nurses care for one or two patients receiving ribavirin, depending on the patient’s 
condition and time required for care and feeding. Nurses spend about 20%–40% of the shift , or 2.5–5 h, 
giving bedside care. When not providing care, they sit at a makeshift  desk directly outside the patient’s 
room. As the primary health care providers, nurses generally have the highest potential for exposure to 
AR. RTs are generally assigned to one patient receiving ribavirin, and they spend approximately 1–1.5 h 
per shift  in the pat ient’s room. During the remainder of the shift , t he RTs rotate to d iff erent patients 
throughout the hospital.

Setting-up and dismantling the ribavirin delivery system is the responsibility of the RTs. Th is  entails 
transferring the l iquid r ibavirin solution to t he SPAG-2 unit’s reservoir, securing the reservoir in the 
unit, turning on the unit, checking/adjusting the air ow settings to the manufacturer’s speci cations, 
and ensuring that the delivery equipment is secure and functioning properly. Th e child is then placed 
into the administration device. AR is delivered from the SPAG-2 to the ADH or tent through tubing.

Every 3 –5 h, t he R Ts c hecked t he pat ient’s v ital sig ns, s olution vol ume, a nd ne bulizer f unction. 
Bronchodilator medications were also administered at this time, if ordered by the physician. Each visit 
usually lasted 15–45 min.

Th e hospital’s written policy states that employees involved with ribavirin administration are required 
to wear isolation gowns, shoe covers, latex gloves, and 3 M 9970® high effi  ciency disposable respirators 
while in the treatment rooms. Th e hospital policy also states that the aerosol generator (SPAG-2) must 
be turned off  at least 5 min before the administration hood or tent is opened.

Engineering Controls

Th e hospital has recently implemented several engineering controls related to ribavirin administration. 
Newly constructed ventilation systems i n r ibavirin t reatment rooms were designed to p rovide 22 a ir 
changes per hour while maintaining negative pressure with respect to the adjacent hallway. Th e return 
air is vented to the outside.

Th e ADH (supplied by the drug manufacturer, ICN Pharmaceuticals) is equipped with an evacuation 
system, which is intended to remove ribavirin from around the area where the child’s body enters the 
hood. Th e supply of AR from the SPAG-2, however, is not de pendent on the operational status of the 
evacuation system.

A Demistifier i solation tent (Peace Medical), which scavenges r ibavirin aerosol e scaping f rom 
the ADH, is currently being used on a trial basis by the hospital. During administration of ribavi-
rin, the plastic isolation tent is placed over the ADH. Air within the tent is exhausted into the room 
through a HEPA filter system.9

Evaluation Criteria

Toxicology of Ribavirin

In animal studies, ribavirin has been shown to be teratogenic and embryolethal in rats, mice, and ham-
sters, and embryolethal in rabbits.10–13 Th e single primate study did not show teratogenic eff ects; how-
ever, due to a l imited number of test animals, this study did not provide adequate evidence to evaluate 
reproductive outcome.14 Th ree studies in rats showed degenerative or histopathologic testicular eff ects. 
Eight other studies in rats, mice, dogs, and monkeys induced no testicular eff ects.15 Ribavirin was found 
to be toxic to lactating animals and their off spring.16

Th e adv erse re productive e ff ects seen in animal studies have raised concerns among HCWs who 
administer r ibavirin; m any o f t hese workers a re i n t heir re productive ye ars. R ibavirin h as not b een 
linked to f etal a bnormalities i n h umans; h owever, g iven t he w ide s pectrum o f ter atogenic p otential 
in several a nimal species, avoidance of r ibavirin prior to p regnancy, during pregnancy, a nd during 
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lactation has been recommended.17 At present, the potential reproductive health eff ects of occupational 
exposure to ribavirin are unknown.

Adverse e ff ects o ccur i nfrequently i n pat ients re ceiving A R; t he mo re c ommonly re ported e ff ects 
include respiratory and cardiovascular disturbances, rash, and skin irritations.16,18 Hemolytic anemia 
and suppression of erythropoiesis can occur when the drug is given orally or parenterally.16,18

Acute eff ects due to environmental exposure to ribavirin aerosol include rhinitis, headache, and eye 
irritation.16,18 Th e drug has been reported to p recipitate on contact lenses, and eye irritation has been 
reported in employees wearing contact lenses.16,19

Pharmacokinetics of Ribavirin

Following i nhalation, r ibavirin i s de posited i n t he re spiratory t ract. I t i s t hen re distributed f rom 
the respiratory tract into the circulation with eventual accumulation in erythrocytes. Th e extent of 
accumulation following inhalation has not b een established, but following oral administration of a 
single dose of ribavirin, plasma and erythrocyte levels initially increased in parallel. Within 2 h aft er 
administration, the plasma levels began to fall while erythrocyte levels continued to rise.

Erythrocyte levels rose to a p lateau at about 4 d ays and then declined, with an apparent half-life of 
40 days.20

Ribavirin is believed to be metabolized in the liver. Th e major route of elimination of ribavirin and 
its metabolites appears to be renal. In healthy adults with normal renal function, excretion of ribavirin 
administered orally indicates that approximately 53% of a single dose is excreted within 72–80 h.16 An 
additional 15% is excreted in the feces.16 No data are available regarding cutaneous or mucocutaneous 
absorption.

Exposure Recommendations—Ribavirin

Th e toxicological d ata c urrently a vailable f or r ibavirin a re i nsuffi  cient to de termine t he h ealth r isks 
to HCWs. No o ccupational e xposure c riteria for r ibavirin h ave b een published by t he O ccupational 
and Health Administration (OSHA), NIOSH, or the American Conference of Governmental Industrial 
Hygienists (ACGIH).

Th e CDHS has suggested that an occupational exposure limit, based on a risk assessment model, can 
be calculated by applying a safety factor of 1000 to the NOEL in the most sensitive animal species.21,22 
Using this procedure, the CDHS has proposed a limit of 2.7 µg/m3 as an 8 h TWA. Th is calculation was 
based on a minute ventilation of 19 L, an employee weight of 58 kg, and a pulmonary ribavirin retention 
rate of 70%. Th e model was based on pharmacokinetic data collected aft er administration of therapeutic 
doses, w hich m ay not b e a rel iable i ndicator o f lo wer-dose o ccupational e xposure. A dditionally, t he 
minute ventilation rate was probably in excess of normal conditions.

Room Ventilation Recommendations

Th e American Institute of Architects (AIA) Committee on Architecture for Health has published venti-
lation recommendations for hospitals. Isolation rooms are recommended to have a minimum of six total 
air changes per hour and should be under negative pressure. Regular patient rooms are required to have 
a minimum of two total air changes per hour.23

Methods

Background

NIOSH investigators collected PBZ samples and urine specimens for ribavirin analysis from nurses 
and RTs who ad ministered t he d rug. Each pat ient had a p rivate room. T he monitoring was con-
ducted i n c onjunction w ith t he f ollowing ad ministration me thods: A DH w ith I CN e vacuation 
device in operation, ADH and Pup® tent enclosed by the Demistifier scavenging tent, croup tent, 
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and d irect c oupling to a v entilator. T he I CN s cavenging s ystem w as not i n op eration w hen t he 
Demistifier was used. Ventilation measurements were made to characterize the effect of room ven-
tilation on AR concentrations. A su mmary of the number and types of air and urine samples can 
be found in Table 16.A.3.

February 2–4, 1991

During the February v isit, three children received r ibavirin for treatment of RSV infection. One was 
treated w ith t he A DH enclosed by t he D emisti er s cavenging tent, t he s econd w as t reated w ithin a 
croup tent, in which the ribavirin aerosol was supplied directly into the tent, and the remaining child 
was treated with the ADH alone.

Th e nurses’ short-term PBZ samples were collected while full-shift  s ampling was in progress. Area 
samples were collected within the treatment rooms and the nurses’ station, which is located across the 
hall from the ribavirin patient rooms. Th ree bulk samples of ribavirin solution were collected from the 
SPAG-2 for analysis.

April 3–5, 1991

During t he Ap ril v isit, t hree c hildren w ere t reated w ith r ibavirin; o ne v ia a n A DH en closed b y a 
Demisti er scavenging tent, and the remaining two via ventilators through tracheostomies.

No scavenging devices, such as the Demisti er, were used with the ventilator administration.
In addition to the samples collected during ventilator administration (Table 16.A.3),  ve PBZ samples 

for AR were collected from three nurses and two RTs assigned to the infant receiving ribavirin aerosol 
in the ADH enclosed by the Demisti er scavenging tent. Eleven area samples were collected. Because of 
an equipment malfunction in the SPAG-2, the results of these air samples will not be reported; they are 
not included in Table 16.A.3.

Five sets of samples from within the ADH and the Demisti er tent were also collected. Th e se  ve sets 
of samples were collected on 37 mm glass  ber  lters at a  ow rate of 1.0 L/min for 10 min within the 
ADH and 15 min within the Demisti er tent.

October 18–20, 1991

During t he O ctober v isit, t hree c hildren w ere t reated w ith r ibavirin. O ne w as t reated v ia a n A DH 
enclosed by the Demisti er scavenging tent. Th e second was treated within a Pup tent (Peace Medical), 
in which the ribavirin aerosol was supplied directly into the tent. Th e Demisti er scavenging tent was 
placed over the Pup tent. Th e third patient was treated with an ADH equipped with the ICN evacuation 
device (no Demisti er).

Th ree samples from inside the ADH, and two from inside the Demisti er were collected at a  ow rate 
of 1 L/min for 5 and 10 min, respectively.

TABLE 16.A.3 Sampling Summary, Florida Hospital, Orlando, Florida. HETA 91–104

February 2–4, 1991 April 3–5, 1991 October 18–20, 1991

Patients 3 infants 1 infant 2 infants
2 older children 1 older child

Administration unit Croup tent ADH/Demisti er ADH/Demisti er
ADH alone Ventilator Pup/Demisti er
ADH/Demisti er ADH alone

Number of full-shift  air samples 9 3 7
Number of short-term air samples 12 3 1
Number of area air samples 32 4 12
Number of urine samples 47 41 60
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Air Sampling Methodology and Laboratory Analysis

Participants and Sample Types

Personal s amples w ere c ollected i n t he w orkers’ b reathing z one. Fu ll-shift  s amples we re ge nerally 
collected from nurses, who provided care continually throughout their shift . Short-term samples were 
generally collected from RTs, who provided care approximately four times per shift . Exposure monitor-
ing was conducted only on employees. No in-mask sampling from the respirators was conducted.

Sampling Methodology

Air sampling for AR was conducted according to NIOSH method 5027, utilizing 37 mm diameter, 1.0 µm 
glass  ber  lters.24 AR was collected on the  lters at a  ow rate of 2.0 L/min for full-shift  personal and 
area samples. A  ow rate of 3.0 L/min was utilized for the short-term samples.

Laboratory Analysis

Th e glass  ber  lters containing r ibavirin were extracted with 3 mL su lfuric acid solution (pH = 2 .5) 
in a n u ltrasonic bat h a nd a nalyzed by H PLC u sing a c ation e xchange re sin c olumn. Th e H PLC w as 
equipped with an ultraviolet detector set at the 210 nm wavelength. Th e reported limits of detection were 
0.3 and 1 µg/sample for the February and October visits, respectively. Th e reported limits of quantita-
tion were 0.8 and 3.1 µg/sample, for the February and October visits, respectively.

Statistical Analysis of Results

ANOVA and Tukey’s HSD25 were used to compare simultaneously group means of the diff erent adminis-
tration methods (ADH, ADH/Demisti er, croup tent, ventilator). Full-shift  PBZ concentrations among 
nurses working with diff erent administration methods were compared.

Biological Monitoring Methodology

Background

Previous studies of ribavirin exposure in HCWs have attempted to measure ribavirin and/or its metabo-
lites in urine, plasma, and erythrocytes. Harrison et al. collected 30 urine, 30 erythrocyte, and 30 plasma 
samples from 10 ribavirin-exposed HCWs. Ribavirin was detected in only one erythrocyte sample (at 
a concentration of 0.44 µg/mL) collected from a nurse 5 days aft er exposure.26 Environmental samples 
collected during the work shift  of this nurse detected a PBZ level of 316 µg/m3 and an area concentra-
tion of 1048 µg/m3. Bradley et a l. collected erythrocytes and plasma from 7 r ibavirin-exposed HCWs 
who were not wearing respirators, but no ribavirin was detected.27 PBZ levels ranged from 1.0 µg/m3 to 
1328 µg/m3.

In a p revious study, NIOSH investigators found a me asurable level of r ibavirin in the urine of one 
of three ribavirin-exposed HCWs, but not i n plasma or erythrocytes.28 With this knowledge, NIOSH 
investigators decided to collect only urine from ribavirin-exposed HCWs. Based on the pharmacokinet-
ics seen in clinical trials, NIOSH investigators chose to collect three urine specimens: prior to exposure, 
immediately following exposure, and 24 to 48 h postexposure.

Participants

All nurses and RTs providing direct care to pat ients receiving ribavirin were invited to pa rticipate in 
the s tudy; 45 of 48 (94%) HCWs submitted u rine samples. HCWs received t heir pat ient assignments 
prior to being recruited for the study and without regard to their willingness to participate in the study. 
Each participant completed a brief questionnaire to document job title, work area, and recent history of 
ribavirin exposure.

Sample Collection

In o rder to a void c ontamination o f t he u rine s temming f rom r ibavirin, p otentially p resent o n t heir 
hands, HCWs were instructed to wash their hands prior to contributing a urine specimen. Samples were 
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collected in disposable paper cups and placed in clean glass or plastic transport tubes without preserva-
tive. Th e samples were frozen and shipped by overnight express to the contract laboratory.

Laboratory Analytical Method

HPLC and RIA were used to measure the urinary ribavirin levels.29,30 Th e laboratory reported the lowest 
value at which the amount of ribavirin in the urine can be accurately quanti ed, or the limit of quanti-
 cation (LOQ), to be 0.02 micromoles per liter of urine (µmol/L).31 However, using data from replicate 
control and  eld samples, NIOSH chemists estimated the LOQ to be 0.01 µmol/L.32 At levels below the 
LOQ the precision with which the laboratory method measures r ibavirin is reduced. All of the urine 
ribavirin values were creatinine-adjusted, and those values were used in statistical analyses regardless 
of whether the unadjusted ribavirin value was above or below the LOQ.

Creatinine Correction of Urine Samples

Urine s amples c ollected o ver a 2 4 h p eriod w ould h ave p rovided t he mo st ac curate me asurement o f 
HCWs’ excretion of ribavirin. However, it was impractical to collect 24 h urine samples (an urine over a 
24 h period), so “spot” urine samples were used. To “standardize” the concentration of substances (i.e., 
to make the results comparable from one time to another and from one person to another), it is common 
practice to c orrect t he results for t he d ilution of t he urine, and creatinine correction is t he preferred 
method for very concentrated and very dilute urine samples.33,34 Creatinine is a normal metabolic prod-
uct that is excreted by the kidney at a daily rate that is constant for an individual.

Th e c reatinine-corrected u rinary r ibavirin re sult w as ob tained b y d ividing t he u rinary r ibavirin 
result by the creatinine concentration. Th e unit of measure used in reporting the creatinine-corrected 
urinary ribavirin level is micromoles of ribavirin per gram of creatinine (µmol/g).

Data Analysis

Th e results of the “next day” urine samples were not i ncluded in the analyses because not a ll partici-
pants provided t hese samples a nd t he intervals between collection of postshift  samples a nd next day 
samples varied widely. Some of the HCWs had cared for patients who were receiving ribavirin therapy 
before t he NIOSH team arrived to b egin biological monitoring. Because some participants had prior 
exposure and others did not, it was necessary to control for the preshift  urine ribavirin levels. Th is  was 
accomplished using analysis of covariance (ANCOVA), with the preshift  ribavirin level and job title as 
independent variables. Th e null hypothesis was that, aft er adjusting for diff erences due to preshift  urine 
ribavirin levels, t he mean postshift  u rinary r ibavirin level of nurses d id not sig ni cantly diff er from 
that of RTs. Logarithmic transformation was done on the postshift  urinary ribavirin levels to obtain a 
normal distribution.

Linear regression was performed to test for an association between the full-shift  PBZ ribavirin levels 
of nurses and t heir corresponding postshift urinary r ibavirin levels. The preshift urine r ibavirin 
levels and t he loga rithmic t ransformation of t he PBZ levels were t he i ndependent variables, a nd t he 
logarithmic transformation of the postshift  ribavirin levels was the dependent variable.

Ventilation Evaluation

February 1991

Smoke t ubes were u sed to v isualize t he d irection of a ir ow b etween t he t reatment ro oms a nd t he 
adjacent hallway, to determine if ribavirin could potentially migrate out of the treatment rooms.

April 1991

Room ventilation  ow rates were measured in the ADH/Demisti er t reatment room (#6322) using an 
Airdata®  ow meter. Four sets of measurements (supplies and exhausts) were made between 1305 h on 
April 4 and 0650 h on April 5, 1991. Measurements were recorded with the front door closed and the bath-
room door open. Hospital personnel adjusted the room ventilation in the morning on April 4, 1991.
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Th e patients receiving ribavirin by ventilator were not i n the specially designed ribavirin treatment 
rooms. No measurements were made in these rooms.

October 1991

Ventilation  ow rates (supplies and exhausts) were measured in each of the treatment rooms (room 6321, 
6322, and 6330-PICU bed #7) with a Shortridge Instruments Air Data Flow Meter, CFM-88, Series 8400. 
Measurements were made with the front door closed and the bathroom door open.

Results and Discussion

Personal Air Sampling Results—Summary

Since most of the employees wore NIOSH/Mine Safety and Health Administration (MSHA) approved 
3 M 9970 disposable high effi  ciency respirators while working in the treatment rooms, the actual expo-
sures were probably lower than the breathing zone concentrations that are reported.

Table 16.A.4 summarizes a ll the personal a ir monitoring results f rom the February and October 
visits. Tables 1 6.A.5 a nd 1 6.A.6 p resent a de tailed l ist o f p ersonal f ull-shift  a nd s hort-term s ample 
results. Th e ADH/Demisti er data from the April visit are not included because the volume of ribavirin 
solution used by the SPAG was later found to be much less than recommended by the manufacturer. Air 
samples collected inside t he ADH were much less t han t he concentration recommended by t he drug 
manufacturer.

Th e use of the scavenging tent, which enclosed the ADH, lowered personal exposures for both nurses 
and R Ts. Th e me an (direct a verage o f t he T WAs), f ull-shift , T WA b reathing z one c oncentration f or 
nurses w as 4 .4 µg/m3 (r ange < 3.3–4.8 µg/m3) w ith t he u se o f t he s cavenging ten t, v ersus 2 4.9 µg/m3 

TABLE 16.A.4 Summary Data, Aersolized Ribavirin Personal Exposure Concentrations, Florida Hospital, 
Orlando, Florida, HETA 91–104

Administration 
Method Job Category Number of Samples Sample Type

Range of Conc. 
(µg/m3)a

Mean of Conc. 
(µg/m3)b

ADH + tentc Nurses 8 Full-shift ND–13.2 d 4.4
ADH + tent Nurses 2 Short-term 11.9–13.9 12.9
ADH + tent RTse 1 Full-shift ND ND
ADH + tent RTs 6 Short-term 8.3–55.5 22.0
Croup tent Nurses 4 Full-shift 12.0–28.2 22.9
Croup tent Nurses 2 Short-term 58.8–95.2 77.0
Croup tent RTs 4 Short-term 33.3–83.3 58.1
ADH alone and 

ADH + tent
Nurses 1 Full-shift 78.0 78.0

ADH alone Nurses 2 Full-shift 18.7–31.0 24.9
ADH alone RTs 2 Short-term <7.5–<12.1 <12.1
ADH alone RTs 1 Full-shift 5.9 5.9
Bear Cub® Ventilator Nurses 3 Full-shift <3.3–4.8 4.3
Bear Cub® Ventilator RTs 3 Short-term ND ND

a “Range of conc.” refers to the ra nge in co ncentrations of the indi vidual samples, expressed in micr ograms per cubic 
meter (µg/m3).

b “Mean of conc.” refers to the mean of the individual samples.
c “ADH + t ent” refers to an Aerosol Delivery Hood enclosed by the P eace Medical Demisti er is olation tent. Th is  

scavenging tent was placed over the ADH. Th e ADH did not have the ICN evacuation apparatus connected.
d “ND” means non-detected. ND concentrations were treated as zero for calculating the “Mean of conc.”
e “RTs” signi es respiratory therapists.
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TABLE 16.A.5 Personal Samples of Ribavirin, Full-Shift  Samples, Florida Hospital, Orlando, Florida. 
HETA 91–104

Job Title/Unit Date
Sample 
Period

Sample Time 
(min)

Time in Room 
(min)

Percent Time 
in Room

Conc. 
(µg/m3)a

TWA 
Conc.b

Nursec 2/2/91 1904–2246 222 80 36 11.3
Demisti er 2246–0645 479 160 33 12.8 12.4
Nursec 2/3/91 0739–1337 358 170 47 9.8
Demisti er 1445–1839 236 65 28 8.5 9.3
Nursec 2/3/91 1915–2320 185 175 95 22.4
Demisti er 2320–0629 369 85 23 7.9 13.2
Nursed 10/18/91 1640–2255 375 30 8 ND ND
Demisti er
RTd 10/18/91 1724–2305 341 50 14 ND ND
Demisti er
Nursed 10/18/91 0756–1451 415 75 18 ND ND
Demisti er
Nursed 10/19/91 0729–0955 146 60 41 ND ND
Demisti er 1245–1646 242 115 47 ND ND
RTe 10/18/91 0750–1447 417 60 14 5.9 5.9
ADH alone
Nursee 10/18/91 1532–1807 157 58 36 18.7 18.7
ADH alone
Nurse 10/18/91 0734–1228 294 50 17 31.0 31.0
ADH alone
Nursed 2/2/91 1906–2245 221 55 25 33.9
Croup tent 2245–0645 480 150 31 25.6 28.2
Nursed 2/3/91 0708–1315 367 130 35 36.8
Croup tent 1315–1600 165 44 27 9.1 28.2
Nursed 2/3/91 1915–2319 244 135 55 38.9
Croup tent 2319–0629 430 112 26 14.0 23.0
Nursed 2/4/91 0730–1510 460 178 39 12.0 12.0
Croup test
Nurse 4/3/91 1403–1903 300 150 50 <3.3 <3.3
Ventilator
Nurse 4/3/91 1944–0620 636 192 30 4.7 4.7
Ventilator
Nurse 4/4/91 1951–0620 630 480 76 4.8 4.8
Ventilator
Nursec,d 2/2/91 1525–1856 211 61 28 43.7 43.7
Croup and 

Demisti er
Nursec,f 2/4/91 0730–1505 455 255 56 78.0 78.0
ADH and 

Demisti erg

a Conc. (µg/m3) = ribavirin concentration in micrograms per cubic meter air, computed over the sampling period.
b TWA Conc. = time-weighted average concentration of ribavirin in micrograms per cubic meter air, computed over the 

entire work shift .
c Administration in room 6322.
d Administration in room 6321.
e Administration in room 6330.
f Administration in room 6320.
g ADH = Aerosol Delivery Hood, ICN Pharmaceuticals.
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(18.7–31.0 µg/m3) without the scavenging tent. Th e ribavirin concentrations in the full-shift  RT sample 
was below the limit of detection (LOD) with the scavenging tent, versus 5.9 µg/m3 without the scaveng-
ing tent. Th e croup tent administration resulted in a f ull-shift  mean breathing zone concentration of 
22.9 µg/m3 (12.0–28.2 µg/m3).

Comparatively low exposures (full-shift  mean of 4.3 µg/m3 for nurses) occurred with the ventilator 
administration. None of the three short-term air samples from the RTs had detectable ribavirin. Th is  
 nding was not u nexpected, since the pediatric ventilator was essentially a c losed system with a  lter 
on the exhalation circuit.

Th e highest full-shift  personal exposure (78.0 µg/m3) was collected from a nurse caring for two chil-
dren, one child treated with the ADH enclosed by the Demisti er scavenging tent. Th e nurse did not 
always turn the aerosol generator off  5 min before opening the administration device. Th e highest short-
term exposures (Table 16.A.3—means of 58.1 and 77.0 µg/m3) occurred with the croup tent, which was 
reasonable to e xpect si nce a sub stantial a mount of r ibavirin remained i nside t he relatively large tent 
when it was opened by the HCW.

Short-term samples collected from one RT while using the ADH alone had ribavirin concentra-
tions below the LOQ (<7.4–<12.1 µg/m3). Th e RT was in the habit of fuming off  the aerosol genera-
tor a nd leaving t he room for 10 to 1 5 min before s tarting h is work. During t his i nterim period, a 
large p ercentage o f A R w as p robably remo ved b y t he ro om v entilation s ystem, w hich p rovided a  

TABLE 16.A.6 Personal Samples for Ribavirin, Short-term Samples, Florida Hospital, 
Orlando. HETA 91–104

Job Title Administration Unit Sampling Date
Sampling Time 

(minutes)
Concentration 

(µg/m3)a

RTb Croup Test 2/2/91 8 83.8
RT Croup Tent 2/2/91 14 71.4
RT Croup Tent 2/2/91 15 44.4
RT Croup Tent 2/3/91 32 33.3
Nurse Croup Tent 2/2/91 88 95.2
Nurse Croup Tent 2/3/91 47 58.8
RT Demisti erc 2/2/91 30 33.3
RT Demisti er 2/2/91 36 55.5
RT Demisti er 2/3/91 32 9.4
RT Demisti er 2/3/91 28 11.9
RT Demisti er 2/3/91 10 8.3
RT Demisti er 2/4/91 20 13.3
RT Demisti er 10/19/91 38 <40.7
Nurse Demisti er 2/2/91 22 11.9
Nurse Demisti er 2/3/91 48 13.9
RT ADHd 2/4/91 36 <7.4e

RT ADH 2/4/91 22 <12.1g

RT Ventilatorf 4/3/91 30 NDg

RT Ventilator 4/4/91 25 ND
RT Ventilator 4/4/91 40 ND

a µg/m3 = micrograms per cubic meter air over the speci ed sample time.
b RT = respiratory therapist.
c Demisti er = Scavenging tent (Peace Medical, Inc.) placed over the Aerosol Delivery Hood.
d ADH = Aerosol Delivery Hood (ICN Pharmaceuticals).
e “<” = indicated value below the LOQ of 3.1 µg/sample.
f Bear Cub pediatric ventilator, administered through tracheotomy.
g ND = Below the LOD of 1 µg/sample.
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measured 18–19 a ir changes per hour (ACH). It should be noted that about 7 min are required for 
90% removal effi  ciency of airborne contaminant, assuming 19 ACH and perfect mixing.35 In addi-
tion to the  ushing eff ect of the ventilation system, the level of ribavirin exposure is probably related 
to the proximity of the employee to t he administration hood during the shut-off  period before the 
hood is opened.

ANOVA and Tukey’s HSD were used to si multaneously compare group means of the diff erent admini-
stration methods (ADH, A DH/Demisti er, croup tent, a nd ventilator). Fu ll-shift  PBZ concentrations 
among nurses were compared. Administration with the ADH alone resulted in statistically signi cant 
greater e xposures t han t he A DH/Demisti er co mbination. Th e c roup ten t a nd A DH re sulted i n 
exposures that were signi cantly greater than the ventilator administration. Th e croup tent was signi -
cantly greater than the ADH/Demisti er. No other pair-wise comparisons (ADH versus croup tent, etc.) 
were statistically signi cant.

Th e overall ANOVA had an F-value of 10.09 with an associated p-value of 0.0017 (degrees of freedom 
were 3, 11). For the purpose of statistical data analysis, values below the LOD were assigned the LOD 
value divided by the square root of 2. Several other methods were used to adjust the values below the 
LOD (such as counting these values at t he LOD and at z ero). Regardless of the value used, the result 
was t he same. Th e results, however, should be interpreted with a note o f caution, due to t he l imited 
sample size.

February 1991 Area Sample Results

Table 16.A.7 l ists t he re sults o f a rea a ir s amples w ithin t he t reatment ro oms a nd t he n urses’ s tation. 
Measurable levels of ribavirin (mean 9.7 µg/m3) were found at the nurses’ station, indicating that the level of 
negative pressure within the treatment rooms relative to the hallway was insuffi  cient. Smoke tube tests also 
indicated that the pressure in the treatment rooms was neutral or under marginally negative pressure.

An area sampler was placed on each side of the croup and the Demisti er tents. As expected, the average 
ribavirin concentrations were highest on the side of the tent that was opened when the children required 
attention. Th e TWAs on either side of the croup tent were 54.0 and 40.0 µg/m3; for the Demisti er, the 
values were 17.0 and 9.8 µg/m3. Area concentrations were generally lower for the Demisti er than for the 
croup tent. In all but one measurement, area concentrations at the sides of the Demisti er tent were lower 
than for the ADH alone.

Two bulk samples of ribavirin solution, taken before placement into the SPAG unit, were analyzed 
to determine t he r ibavirin concentration. Th e sample t aken f rom room 6322 contained 20 mg/mL. 
Th e sample taken from room 6321 was damaged during shipment. A sample collected from SPAG in 
room 6322 at the end of the shift  contained 32 mg/mL. Th is  nding con rms the increase in ribavirin 
concentration i n t he re servoir, w hich o ccurs during t reatment b ecause t he SPAG d ischarges w ater 
vapor in addition to aerosol particles containing the drug.36 Th e mechanism is probably the dilution 
air blowing continuously through the reservoir, and causing evaporation of water.

Ventilation observations. Rooms 6320 and 6322 were under marginally negative pressure with respect 
to the adjacent hallway (air was moving into treatment room). Room 6321 was under weakly positive 
pressure with respect to t he hallway (air movement out of the treatment room). All supply and return 
vents were functioning.

April 1991 Area Sample Results

Ribavirin c oncentrations i n a ll p ersonal a nd a rea s amples c ollected i n a ssociation w ith t he c hild 
receiving ribavirin aerosol in the ADH enclosed with the Demisti er were below the LOD.

Short-term a ir s ampling for r ibavirin w as c onducted i nside t he A DH to de termine i f t here w as a 
relationship between occupational exposures and hood concentrations. Th e results of  ve 5 min samples 
inside the ICN hood ranged from 4.9 to 25 mg/m3, well under the concentration of 190 mg/m3 recommended 
by t he manufacturer. Th e a mount of r ibavirin solution used in t he aerosol generator was later found 
to be much less than expected, according to a telephone conversation with the Director of Respiratory 
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Care i n May 1991. Th erefore, t he PBZ a nd a rea a ir monitoring re sults were lower t han normal a nd 
probably not representative of typical exposures.

Administration of ribavirin to a pat ient through a Bear Cub® ventilator was also conducted during 
the April visit. A scavenging unit was not used during this administration. Th e results of area samples in 
the treatment room ranged from nondetected to 12.9 µg/m3. Concentrations at the nurses’ station were 
from nondetected to <2.4 µg/m3. Speci c results can be found in Table 16.A.8.

Ventilation observation measurements were made in the treatment room with the Demisti er (room 
6322). Using an estimated room volume of 1330 ft 3, ACH were calculated using the exhaust measure-
ments for the room. Th e room air was reportedly exhausted to t he outside. Th e results, which ranged 

TABLE 16.A.7 Ribavirin Area Air Samples, Florida Hospital, Orlando, Florida, February 2–4, 1991. 
HETA 91–104

Sampling Location or Room Number Date Sample Period Conc. (µg/m3)a Average Conc.b

Nurses’ station, across hall from treatment rooms 2/2/91 1515–1907 4.3 9.7
1915–2247 2.2
2247–0647 8.6

2/3/91 0710–1242 9.0
1242–1845 13.9
1845–0629 15.9

2/4/91 0756–1504 4.7
Room 6321, croup tent. 3 ft  from tent and  oor 2/2/91 1517–1911 47.2

1916–2250 52.9
Employees worked from this side of the tent 2/3/91 2250–0649 92.3

0715–1241 32.2
1241–1849 28.5 54.0

Room 6321, croup, tent. Sampler set near SPAG. 
2 ft  from tent, 3 ft  from  oor

2/2/91
2/3/91

1919–2249
2249–0645

38.1
52.6

0712–1243 46.8
1243–1849 36.9
1858–0630 33.3

2/4/91 0759–1506 35.1 40.0
Room 6321, croup. Above tent on light  xture 2/2/91 1529–1910 84.7
Room 6322, Demisti er. Near SPAG. 3 ft  from  oor, 

2 ft  from tent
2/2/91 1525–1856

1921–2253
33.5
21.2

2253–0650 16.6
Employees worked from this side of tent 2/3/91 0719–1245 16.9

1245–1850 15.1
2/4/91 0758–1507 8.4 17.0

Room 6322, Demisti er. 3 ft  from tent and  oor 2/2/91 1922–2254 11.8 9.8
2254–0650 13.6

2/3/91 0716–1245 10.6
1245–1850 11.0
1900–0630 7.2

Room 6322, Demisti er. Above tent 
on light  xture

2/2/91 1520–1911 82.3

Room 6320, ICN hood alone. Sampler 4 ft  
off   oor, 3 ft  from hood

2/4/91 0800–1507 32.8 32.8

a µg/m3 = micrograms per cubic meter air over the actual sampling period.
b Average Conc. = TWA concentration of ribavirin in micrograms per cubic meter air.
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from 18 to 19 ACH, were well in excess of the minimum rates (6 ACH) recommended by the AIA. 
Th e results of ventilation measurements can be found in Table 16.A.9.

Smoke tube tests indicated that room 6322 was under signi cant negative pressure with respect 
to the adjacent hallway, and that the rooms used for the ventilator patients (PICU #3 and #6) were 
under ve ry s light ne gative pre ssure. Th e pat ients re ceiving r ibavirin by ventilator were not i n t he 
specially ribavirin treatment rooms. Room ventilation  ow rates were not measured in these rooms, 
since t he location a nd design of t he re turn a nd supply d iff users d id not p ermit t he use of a ir ow 
equipment.

October Area Air Sample Results

Some samples collected inside the ADH were less than the expected concentration of 190 mg/m3, speci-
 ed by the drug manufacturer.37 Five minute sample results ranged from 30 to 78 mg/m3 ribavirin with 
the nebulizer air ow set at 7 L/min (see Table 16.A.8). However, the amount of ribavirin solution used 
by the SPAG-2 was normal. Other investigators have found that AR concentrations within the adminis-
tration hood vary as a function of time and nebulizer air ow.8 AR concentrations within the treatment 
hood might also vary depending on the sampling methodology and location within the administration 
hood. Two samples collected from inside the Demisti er unit had ribavirin concentrations of 1500 and 
2400 µg/m3.

TABLE 16.A.8 Ribavirin Area Air Samples, Florida Hospital, Orlando, Florida, 
April 3–5 and October 18–19, 1991. HETA 91–104

Sampling Location or Room Number Date Sample Period Conc. (µg/m3)a

Nurses’ station, across hall from ICU #6 4/4/91 0740–1920 NDb

4/4/91 1946–0621 <2.4
Head of bed, Bear Cub Ventilator, Room 

ICU #6
4/3/91
4/3/91

1305–1902
1925–0622

11.2
12.9

4/4/91 0654–1921 ND
4/4/91 1950–0622 11.1

Nurses’ station, across hall from 6320 
and 6321

10/18/91
10/18/91

0707–1746
1804–0650

ND
ND

10/19/91 0720–0955 ND
Nurses’ station, across hall from 6330 10/18/91 0746–1746 ND

10/18/91 1805–0100 ND
Room 6321, Demisti er enclosing ADH, 

4 ft  from tent, 3 ft  off   oor
10/18/91
10/18/91

0712–1746
1804–0650

ND
ND

10/19/91 0720–0955 37.3
10/19/91 1249–1647 ND

Room 6322, Demisti er enclosing 
Pup tent

10/18/91 1710–1500 16.0

Room 6330, ADH alone, 4 ft  away, 3 ft  
off   oor

10/18/91
10/18/91

0735–1747
1806–0653

161.8
ND

Room 6321, inside ADH 10/18/91 1622–1627 64,000
Inside the Demisti er 10/18/91 1622–1632 1,500
Room 6321, inside ADH 10/19/91 1020–1025 30,000
Inside the Demisti er 10/19/91 1020–1030 2.400
Room 6322, inside ADH 10/19/91 0730–0735 78,000

a Conc. (µg/m3) = riba virin concentration in micr ograms per cubic meter, air, computed over 
the sampling period.

b ND = below the limit of detection of 0.8 µg/m3/sample.
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Ventilation  ow rates were measured in each of the treatment rooms (6321, 6322, and 6330-PICU bed 
#7). Measurements were recorded with the front door closed and the bathroom door open. Table 16.A.9 
lists the results, which ranged from 18 to 22 ACH in rooms 6321 and 6322 and 10 to 11 ACH in room 
6330 (PICU #7). Th e room ventilation rates were well in excess of the minimum rate (6 ACH) recom-
mended by the AIA for isolation rooms.34 Using tissue paper, it was visually determined that all of the 
treatment rooms were under signi cant negative pressure at the doorway.

Biological Monitoring Results

As previously described, urine samples were collected immediately prior to t he start of the shift , at 
the end of the shift , and 24–48 h postshift . Urine samples were collected from 18 HCWs during the 
February and April NIOSH visits; 61 samples were analyzed for ribavirin and creatinine: 21 preshift , 
23 postshift , and 17 next day. Nine RTs, eight male and one female, and nine nurses, all females, par-
ticipated. Th eir ages ranged from 22 years to 47 years, with a mean age of 33 years. Results from eight 
additional HCWs who c ared for a pat ient whose malfunctioning SPAG prevented t he pat ient f rom 
receiving a t herapeutic dosage were e xcluded f rom a nalysis. No a ir s ample t aken i n t he ro om had 
detectable levels of ribavirin.

Urine r ibavirin le vels prior to c reatinine adjustment ranged f rom nondetectable (<0.01 µmol/L) to 
0.24 µmol/L of urine. Th e creatinine-adjusted ribavirin levels, reported in micromoles of ribavirin per 
gram (µmol/g) of creatinine, ranged f rom nondetectable to 0. 140 µmol/g. Correlation between unad-
justed post shift  ribavirin levels a nd adjusted p ostshift  r ibavirin le vels w as 0. 77 ( Pearson c orrelation 
coeffi  cient, p = 0.001) and 0.90 (Spearman correlation coeffi  cient, p = 0.001).

For s tatistical a nalyses, m ultiple s ets o f u rine re sults f rom a n i ndividual w ere not c onsidered to 
be independent of each other. Some HCWs worked two shift s d uring the 3 d ay sampling period, and 

TABLE 16.A.9 Room Ventilation Measurements, PICU, Florida Hospital, 
Orlando, Florida. HETA 91–104

Room Number 
and Date Supply (cfm) Return (cfm)

Bathroom 
Exhaust (cfm)

Air Changes 
per Hour

6322 414 −357 −74 19
4/3/91
6322 234 −331 −71 18
4/4/91
6322 228 −342 −72 19
4/4/91
6321 271 −358 −93 20
10/18/91
6321 257 −371 −97 21
10/19/91
6322 443 −367 −124 22
10/18/91
6322 369 −295 −95 18
10/19/91
6330 PICU #7 171 −229 None 10
10/18/91
6330 PICU #7 167 −243 None 11
10/19/91
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therefore t hey contributed t wo sets of urine samples during one v isit; t he urine results f rom t he sec-
ond shift  worked were excluded from analysis in all but one case; in this case, no preshift  sample was 
obtained for the  rst shift  the HCW worked, so those results were excluded. Other HCWs contributed 
one set of samples during each of two visits; their results were averaged by person.

Two additional sets of results did not include preshift  urines. Neither HCW had been exposed to riba-
virin in the 14 days prior to the shift  during which the sampling was conducted; therefore, each preshift  
ribavirin was assigned a value of “0.000” and included in the sets in the analysis.

ANCOVA of 17 urine sample sets showed that nurses had signi cantly higher postshift  urinary 
ribavirin levels compared to RTs (F = 7.76, d.f. = 2,14, p = 0.01). Table 16.A.10 lists the preshift  and post-
shift  values before and aft er creatinine adjustment. Eight of the nine nurses, but only three of the eight 
RTs had postshift  urinary ribavirin labels, before adjusting for creatinine, greater than the 0.01 µmol/L 
limit of quanti cation.

TWAs o f PBZ a ir s amples a nd u rine r ibavirin l abels w ere a vailable f or s even nurses o ver n ine 
work s hift s. L inear re gression s howed t hat t he overall mo del w as sig ni cant (F = 9 .61, d .f. = 2 ,6, 
p = 0.01). Further, aft er ad justing f or p reshift  u rine r ibavirin l abels, a sig ni cant lin ear r elationship 
remained b etween t he P BZ le vels o f r ibavirin a nd t he H CWs’ p ostshift  urin e ri bavirin l evels 
(T = 3.32, p = 0.01).

Study Limitations

NIOSH i nvestigators re quested t hat w ork p ractices rem ain a s u sual d uring t he s tudy p eriod. W hile 
this policy increases the generalizability of the results, the diff ering shift  lengths, the working of double 

TABLE 16.A.10 Urinary Ribavirin Levels, Florida Hospital, Orlando, Florida. HETA 91–104

Job Title
Preshift  Unadjusteda 

(µmol/L)
Preshift  Adjustedb 

(µmol/g)
Postshift  Unadjusted 

(µmol/L)
Postshift  Adjusted 

(µmol/g)

RT 0.0006 0.000 0.0025 0.002
RT 0.0118 0.005 0.0069 0.002
RT 0.0025 0.001 0.0075 0.004
RT 0.0054 0.002 0.0105e 0.004
RT 0.0097 0.003 0.0097 0.004
RT 0.0087 0.010 0.0056 0.006
RT 0.0090 0.017 0.0110e 0.009
RT 0.0054 0.002 0.0999e 0.036
Nursec 0.0000 0.000 0.0020 0.002
Nursec 0.0000 0.000 0.0139e 0.009
Nursed 0.0042 0.000 0.0943e 0.054
Nurse 0.0037 0.002 0.0357e 0.019
Nurse 0.0010 0.000 0.0228e 0.023
Nurse 0.0055 0.012 0.0166e 0.035
Nursed 0.0130e 0.015 0.0933e 0.042
Nurse 0.0229e 0.013 0.0443e 0.092
Nurse 0.0598e 0.085 0.2411e 0.140

a Micromoles of ribavirin per liter of urine.
b Micromoles of ribavirin per gram of creatinine.
c No preshift  urine sample was obtained: a value of “0.000” was assigned.
d Each value represents the mean of two samples; one was collected during the February visit and the 

other was collected during the April visit.
e Unadjusted ribavirin value above the 0.01 µmol/L limit of quanti cation.
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shift s, having exposure to ribavirin in the 24 h prior to the start of the study, and the working of more 
than one shift  during t he s tudy period by some HCWs place l imitations on t he i nterpretation of t he 
biological monitoring data.

Most employees complied w ith t he hospital’s respiratory protection policy during t he NIOSH v isits. 
Employees w ho w ore re spirators w ere  t-tested w ith t he 3 M® s accharin a erosol qu alitative s ystem. 
Some H CWs w ere ob served w earing su rgical m asks i nstead o f re spirators w hile i n pat ients’ ro oms. 
Nurses reported that it was sometimes necessary for them to immediately enter a patient’s room, and in 
these instances respirators were not always worn.

Six of the 17 urine sample sets had postshift  urinary ribavirin values, before adjusting for creatinine, 
far less than the 0.01 µmol/L limit of quanti cation. Th e laboratory method used to measure ribavirin is 
less precise at levels below the limit of quanti cation.

Th e u se o f re spirators d id not a ff ect t he P BZ a ir c oncentrations. H owever, re spirators p robably 
decreased urinary ribavirin levels by decreasing the actual inhaled dose. Disposable respirators, such 
as the 3 M 9970 respirator, have an assigned PF of 5 (the factor is 10 when the respirators are assigned to 
employees based on the results of quantitative  t testing).38 Th e assigned PF is the minimum anticipated 
protection provided by a properly functioning respirator to a given percentage of properly  t-tested and 
trained users. A respirator with an assigned PF of 5 will presumably reduce the inhaled dose  vefold. 
Florida Hospital’s respiratory protection policy speci es a qualitative saccharine  t-test; therefore, the 
assigned PF is 5.

Since the level of protection aff orded by respirators is sometimes variable because of face-seal leakage, 
the use of respirators presumably weakens the PBZ urine ribavirin relationship. Th e level of protection 
aff orded by surgical masks is unknown. Th us, the eff ect of surgical masks on urine ribavirin concentra-
tion is unknown.

HCWs d id not c hange c lothes prior to p roviding p ostshift  u rine s amples, s o c ontamination f rom 
their uniforms could have occurred. However, HCWs wore isolation gowns over their uniforms while in 
patients’ rooms, so the potential contamination of urine from ribavirin on the uniform was presumably 
reduced.

Conclusions

Detectable levels of ribavirin were consistently found in the postshift  urine of nurses despite the aggres-
sive use of control measures. Postshift  urinary ribavirin levels were signi cantly higher in nurses than in 
RTs. A statistically signi cant linear relationship was present between PBZ ribavirin levels and postshift  
urinary ribavirin readings for nurses. Th e se  ndings suggest the presence of a dose–response relation-
ship between occupational exposure to AR and excretion of ribavirin in the urine.

Variables that can aff ect HCWs’ exposure to AR include the method of administration, use of scav-
enging devices, and implementation of certain work practices, such as turning off  the aerosol generator 
before op ening t he ad ministration de vice. O ther f actors t hat may a ff ect e xposure but were not f ully 
evaluated include the concentration of AR produced by the aerosol generator, room ventilation rates, 
and eff ectiveness of the respirators.

Although patient care considerations typically determine the route of ribavirin administration, hos-
pital staff  should be aware that in this study, PBZ exposures were greatest when ribavirin was admini-
stered by croup tent or ADH, and least with the ventilator or ADH/Demisti er combination.

Florida Hospital is utilizing current engineering controls to reduce ribavirin exposure among HCWs. 
Work policies, including turning off  the aerosol generator prior to providing care to the patient and per-
mitting alternative job assignments for individuals who are actively trying to conceive or are lactating 
are practiced with some inconsistency. Th e use of personal protective equipment, including disposable 
respirators, is required by hospital policy, and is practiced by most HCWs.
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Recommendations

Th e following recommendations are off ered to minimize exposure of HCWs and other individuals who 
may enter rooms where ribavirin is administered. Many of these recommendations have already been 
implemented at Florida Hospital.

 1. Training p rograms s hould b e de veloped to e ducate H CWs a bout p otential r isks o f r ibavirin 
exposure. Education should not be limited to direct care personnel, but should include ancillary 
personnel suc h a s ph lebotomists, h ousekeepers, m aintenance s taff , a nd ot hers w ho en ter t he 
room during treatment or must clean contaminated rooms, waste, and bedding. Th e staff  should 
be educated to recognize situations that could result in increased occupational exposure. Female 
HCWs who a re pregnant or l actating, or who may b ecome pregnant, a nd male HCWs whose 
sexual partners are not ac tively avoiding pregnancy should be counseled about r isk reduction 
strategies, such as alternate job assignments. Family members and visitors, who may stay in the 
room for long periods of time during treatment, should be noti ed of  potential health eff ects 
from ribavirin exposure.

 2. Various ribavirin administration and scavenging systems result in diff erent levels of environmen-
tal contamination. All administration systems should include a me chanism to re duce environ-
mental exposures to ribavirin. It is the responsibility of hospital management to implement more 
eff ective control measures as they become available. Administration and scavenging equipment 
should be inspected by respiratory therapy staff  on a regular basis.

 3. Rooms where ribavirin is administered should conform to t he AIA recommendations for isola-
tion rooms.30 Rooms should provide a minimum of six total ACH, and should be under negative 
pressure. Room air should be exhausted to the outside rather than recirculated to other areas of 
the hospital. At Florida Hospital the air from the specially designed isolation rooms is reportedly 
exhausted to the outside.

 4. Air p ressure i n t he r ibavirin t reatment ro oms s hould b e e valuated b efore t herapy b egins a nd 
daily t hereaft er. Ideally, r ibavirin t reatment should begin only i f room a ir pressure i s negative 
with respect to the hallway. Th is can be accomplished by observing the direction of air ow at the 
doorway by holding a piece of tissue paper at the cracked doorway.

 5. Th e aerosol generator should be fumed off  for a minimum of 5 min prior to the HCW entering the 
room to provide routine care. Th is could be accomplished by placement of a remote switch outside 
the room.

 6. During aerosol therapy, ribavirin precipitate is deposited on the patient and on the surrounding area. 
To prevent t he dust f rom becoming a irborne, c are should be t aken when r ibavirin-contaminated 
clothing, b edding, or e quipment i s h andled.39 Although dermal absorption is not thought to be 
signi cant, dermal exposure should be avoided to prevent unintentional oral ingestion or ocular 
contact. Th e u se of personal protective equipment, i ncluding g loves, gowns, a nd a ir-tight gog gles 
should be considered.

 7. Ribavirin has been found to deposit on contact lenses, so HCWs should be discouraged from wear-
ing lenses when working with ribavirin. If contacts are worn, air-tight goggles should be used.

 8. Individual hospitals may choose to use respirators to further reduce HCW exposure to ribavirin. 
NIOSH/MSHA-approved high effi  ciency disposable particulate respirators, assigned to employ-
ees based on the results of quantitative  t tests, have been found by in-mask sampling to reduce 
exposure to AR to the analytical limit of detection.40 OSHA standard (29 CFR 1910.134) requires 
that a ll occupational respirator use must take place w ithin t he context of a re spiratory protec-
tion program that includes evaluation of worker  tness to u se a re spirator, t raining,  t testing, 
and maintenance. Surgical masks should not be relied upon to provide personal protection from 
occupational exposure to ribavirin.41
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 9. In order to help reduce exposure of HCWs to ribavirin, medically unnecessary use of it should 
be avoid ed. Ac cordingly, me dical s taff  s hould rem ain m indful o f t he A merican A cademy o f 
Pediatrics recommendations42 and other current knowledge regarding ribavirin therapy.
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Appendix 16.A.4

Health Hazard Evaluation Report
HETA 90–155–2169
HCA Wesley Medical Center
Wichita, Kansas

NIOSH Investigators

Steven W. Lenhart and John A. Decker

Summary

A management request was received from the RT educator of HCA Wesley Medical Center in Wichita, 
Kansas, for a H ealth Hazard Evaluation of the effectiveness of procedures used at t he hospital to 
control exposures of RTs and nurses to a erosolized r ibavirin. R ibavirin ( l-b-d-ribofuranosyl-1,2,4-
triazole-3-carboxamide) is a synthetic nucleoside analogue which is licensed in the United States for 
the short-term treatment of RSV infection.1 Occupational exposure criteria have not been established 
for r ibavirin. Because t he drug has been found to b e teratogenic a nd/or embryolethal in most a ni-
mal species in which it has been tested,1–3 there is concern about its potential reproductive eff ects in 
humans.

Twelve-inch c ubical “ Care Cub e” d isposable o xygen-delivery h oods a nd Vi ratek Sm all Pa rticle 
Aerosol G enerators a re u sed f or ad ministration o f Vi razole® a erosol ( ribavirin) at H CA W esley 
Medical C enter. I n add ition, e ach “ Care Cub e” h ood i s ad apted w ith a s cavenging s ystem i n a n 
attempt to l imit t he amount of r ibavirin released f rom t he hood into a pat ient’s room. As an extra 
precautionary measure, hospital management requires that a 3 M 8710 dust/mist respirator (NIOSH/
MSHA approved number TC-21C-132) be worn by every person who enters a ro om where ribavirin 
is being administered.

Th ree site visits were made in association with this Health Hazard Evaluation. Th e purposes of the 
 rst site visit were to evaluate exposures of RTs and nurses to r ibavirin during aerosol administration 
with infant mannequins used to simulate patients, and to conduct a pilot study to develop a sampling 
technique for evaluating in-mask exposures to ribavirin. Area samples were collected within the “Care 
Cube” disposable hoods used for administration of ribavirin, beside beds upon which the hoods were 
located, and at a location where no exposure to ribavirin was expected. Four RTs and two nurses agreed 
to participate in personal exposure monitoring, which consisted of the simultaneous collection of lapel 
and in-mask samples for ribavirin. While hospital management requires that a 3 M 8710 respirator be 
worn by everyone entering a room where ribavirin is administered, 3 M 9920 dust/fume/mist respirators 
(NIOSH/MSHA approval number TC-21C-202) were used during this site visit because they can better 
support a sampling probe and cassette without aff ecting the  t of the respirator. Quantitative  t testing 
was not conducted.

During the second site v isit, area a ir samples were collected within “Care Cube” disposable hoods 
that were not ad apted w ith scavenging systems a nd beside beds upon which t he hoods were located. 
Quantitative  t te sting u sing a P ortacount&permile; Re spirator F it Tester w as a lso c onducted f or 
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respirator assignment to RTs and nurses. Th e purpose of the third site visit was to collect simultaneous 
in-mask and lapel samples to evaluate the level of protection received by RTs and nurses during ribavirin 
administration to a patient.

Th e results of simultaneous lapel and in-mask sampling during the  rst site visit produced 8 h TWA 
lapel concentrations of ribavirin ranging from 87 to 323 µg/m3. Fift y-nine percent (10/17) of the in-mask 
samples had no de tectable r ibavirin, four ot hers contained t race quantities, a nd t he t hree remaining 
samples c ontained qu anti able a mounts o f r ibavirin. Re spirators w hich w ere a ssigned ba sed o n t he 
results of quantitative  t test conducted during the second site v isit were worn by four RTs and three 
nurses during the third site visit. All of the respirators were high effi  ciency half-masks jointly approved 
by the NIOSH/MSHA. Th e results of lapel sampling produced 8 h TWA lapel concentrations ranging 
from 40 to 120 µg/m3. Seven of the eight in-mask samples obtained simultaneously with the lapel sam-
ples had no detectable ribavirin, and one sample was reported at the limit of detection.

Th e sampling results from the Health Hazard Evaluation suggest that notable concentrations of AR 
were present in the rooms where the drug was administered despite the addition of a scavenging system 
to t he “ Care Cub e” d isposable h ood. H igh e ffi  ciency a ir-purifying re spirators app roved b y N IOSH/
MSHA and assigned to employees based on the results of quantitative  t tests were found by in-mask 
sampling to reduce exposures to AR to the limit of detection of the analytical method. Th erefore, a recom-
mendation was made to c ontinue the use of respirators and initiate a c omplete respiratory protection 
program that would remain until technically feasible devices and/or procedures for the administration 
of ribavirin are developed and implemented that would alone reduce exposures of health care providers 
at HCA Wesley Medical Center to AR.

Introduction

A management request was received from the RT educator of HCA Wesley Medical Center in Wichita, 
Kansas, for a Health Hazard Evaluation of the eff ectiveness of procedures used at the hospital to control 
exposures of RTs and nurses to A R. Ribavirin (l-b-d-ribofuranosyl-1,2,4-triazole-3-carboxamide) is a 
synthetic nucleoside analogue which is licensed in the United States for the short-term treatment of RSV 
infection.1 Ribavirin aerosol is indicated in the treatment of carefully selected hospitalized infants and 
young children with severe lower respiratory tract infections due to RSV.2

Occupational exposure criteria have not b een established for r ibavirin. Because t he drug has been 
found to be teratogenic and/or embryolethal in most animal species in which it has been tested,1–3 there 
is concern about its potential reproductive eff ects in humans. Health hazard assessment data available 
for r ibavirin aerosol are currently insuffi  cient to a ssess accurately the health r isk to e xposed HCWs.3 
Ribavirin h as not b een l inked to f etal a bnormalities i n h umans; h owever, g iven t he w ide s pectrum 
of teratogenic p otential i n mo st a nimal s pecies, avoidance o f r ibavirin prior to p regnancy, during 
pregnancy, and during lactation has been recommended by the author of a review of the toxicology of 
antimicrobial aerosols.1

HCA Wesley M edical C enter i s l icensed f or 760 b eds, em ploys app roximately 3 000 f ull-time a nd 
part-time employees, and has a 640-member medical staff . Th e hospital’s PICU has 18 beds. To address 
the concerns of the RTs and nurses who worked on this unit regarding their potential exposures to AR, 
the management of the hospital implemented procedures in March 1987, in an attempt to limit environ-
mental exposures to ribavirin for the health care providers.

Th e HCA Wesley Medical Center program for limiting environmental exposure to ribavirin consists 
of the following procedures:4

A patient who will receive ribavirin is to be admitted to a private room. Th e door to the room is to • 
be closed during ribavirin treatment.
When en tering a r ibavirin pat ient’s ro om, a ll em ployees a nd v isitors a re to w ear a re spirator • 
with a capability of  ltering pa rticles w ith aerodynamic d iameters ranging f rom 0.4 to 0. 6 µm 
(3 M model 8710).
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When ribavirin is administered via ventilator, a  lter is to be used in the ventilator circuit to pre-• 
vent the release of ribavirin aerosol into the room. When the ventilator is disconnected, a second 
 lter is to be attached to the patient’s connector to prevent release.
When ribavirin is administered via an oxygen-delivery hood, a “Care Cube” is to be used. An air-• 
entrainment adapter with  lter is to be used to scavenge excess ribavirin from the out ow port of 
the “Care Cube.”
Aft er the administration of ribavirin is completed, employees and visitors are to continue to wear • 
their respirators for 30 min. Aft er 30 min, the room’s ventilation exchange system is expected to 
have cleared any escaped ribavirin aerosol. (Th e air exchange rate is estimated by the hospital’s 
engineering staff  to be 12 ACH.)

Three site visits were made in association with this Health Hazard Evaluation: (1) July 17–18, 1990, 
(2) January 15–16, 1991, and (3) February 28–March 1, 1991. Th e purposes of the  rst site visit were to 
evaluate exposures of RTs and nurses to r ibavirin during aerosol administration with infant manne-
quins used to simulate patients, and to conduct a pilot study to develop a sampling technique for evalu-
ating in-mask exposures to ribavirin. Aft er the  rst site visit, an interim letter dated December 5, 1990, 
was mailed to the requester. During the second site visit, samples were collected both inside and outside 
the hoods used to administer ribavirin to patients, and respirator quantitative  t tests were conducted 
using diff erent air-purifying respirators. Th e purpose of the third site visit was to collect simultaneous 
in-mask and lapel samples to evaluate the level of protection received by RTs and nurses during ribavirin 
administration to a patient.

Background

Twelve i nch c ubical “ Care Cub e” d isposable h oods a nd Vi ratek Sm all Pa rticle A erosol G enerators 
(model SPAG-2, 6000 series, ICN Pharmaceuticals, Inc., ICN Plaza, 3300 Hyland Avenue, Costa Mesa, 
California 92626) are used for administration of Virazole aerosol (ribavirin) at H CA Wesley Medical 
Center. Th e d rug m anufacturer’s re commended c oncentration o f 2 0 mg o f r ibavirin p er m illiliter o f 
sterile USP water (mg/mL) is used as the starting solution for the drug reservoir of the SPAG-2. Th is  
drug c oncentration i s e xpected to p roduce a n a erosol c oncentration o f 190 mg/m3 inside a  ribavirin 
administration hood for a 12 h period.2

Th e operating parameters of the SPAG-2, as used at HCA Wesley Medical Center during this study, 
were a re gulator pressure of 26 lb per square i nch gauge (psig), a ne bulizer a ir ow rate of 6.5 L/min, 
and a drying air ow rate of 6.5 L/min. Th ese values are within the ranges of the operating parameters 
recommended by the manufacturer.2 (Th e aerosol del ivery rate of 13 L/min is at le ast twice the 1 min 
volume of a typical patient.5) In addition, each “Care Cube” hood is adapted with a scavenging system in 
an attempt to limit the amount of ribavirin released from the hood into a patient’s room. Th e scavenging 
system consists of a 2 4% venturi oxygen mask adapter operated at 2 L/min, corrugated plastic tubing, 
and a model BB-50 T Pall breathing circuit  lter (Pall Biomedical Products Corporation, East Hills, New 
York) placed on top of the hood. Air is exhausted from the  lter into the room environment.

As an extra precautionary measure, a 3 M 8710 dust/mist respirator (NIOSH/MSHA approval 
number TC-21C-132) is required by hospital management to be worn by every person who enters 
a room where r ibavirin is being administered. An exposure l imit has not b een established or rec-
ommended f or r ibavirin, a nd i ndustrial h ygiene s ampling h ad not b een c onducted p reviously at  
the PICU of HCA Wesley Medical C enter to e valuate exposures of RTs a nd nurses to r ibavirin. 
Therefore, it was not possible to calculate the minimum level of protection that a respirator would 
need to achieve in order to be selected for this application. Th e 3 M 8710 respirator was selected by 
hospital management based upon a k nowledge of the  lter effi  c iency of the classes of respirators to 
which the 3 M 8710 belongs and of the reported particle size of the ribavirin aerosol generated by the 
Viratek SPAG-2.
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Single-use dust and mist respirators must demonstrate 99% effi  ciency against silica dust particles 
with a geometric mean diameter of 0.4–0.6 µm and a geometric standard deviation not greater than 2 
to be certi ed by the NIOSH.6 Health professionals at HCA Wesley Medical Center believed that the 
3 M 8710 would adequately protect a user against the ribavirin aerosol with a reported mass median 
diameter of approximately 1.3 µm.2 Consideration was not g iven regarding the contribution of face-
to-facepiece seal leakage to the overall performance of a respirator. In addition, the measures gener-
ally incorporated in an acceptable respiratory protection p rogram (e.g., me dical e xaminations,  t 
testing, and training) required by the Occupational Safety and Health Administration (described in 
29 Code of Federal Regulations Part 1910.134), were not present at HCA Wesley Medical Center.

Methods

Site Visit #1 (July 17 and 18, 1990)

Twenty m illigrams p er m ililiter i s t he re commended c oncentration o f r ibavirin p repared a s t he 
starting solution for the drug reservoir of the Viratek small particle aerosol generator (SPAG) model 
SPAG-2 used at HCA Wesley Medical Center. Bulk samples of ribavirin solutions were collected on 
both days of sampling and were analyzed to con rm that the solutions contained the recommended 
concentration of ribavirin.

Area air samples were collected within the “Care Cube” disposable hoods used for administration 
of ribavirin, beside beds upon which the hoods were located, and at a location where no exposure to 
ribavirin was expected. RTs and nurses were asked to pa rticipate in personal exposure monitoring, 
which consisted of the simultaneous collection of lapel and in-mask samples for r ibavirin. Th e RTs 
and nurses simulated the activities that would normally have been necessary if a patient was actually 
receiving care, but did so with infant mannequins for the purposes of this site visit.

While a 3 M 8710 respirator is required by hospital management to be worn by everyone entering a 
room where ribavirin is administered, 3 M 9920 dust/fume/mist respirators (NIOSH/MSHA approval 
number TC-21C-202) were used for this evaluation because they can better support a s ampling probe 
and cassette without aff ecting the  t of the respirator. Both respirators belong to the class of respirators 
described a s d isposable a ir-purifying h alf-mask re spirators a nd a re s elected for protection a gainst 
particulate exposures. Th is class of respiratory protection has an assigned PF of 5, but a PF of 10 can be 
used if they have been properly  tted using a quantitative  t test.7

A plastic Liu probe for in-mask sampling was positioned at a lo cation directly below the exhala-
tion valve of each 3 M 9920 respirator used during this evaluation.8 Quantitative  t te sts were not  
conducted during this site visit. Respirators were always donned and removed at a location designated 
as the “IH offi  ce,” where no exposure to ribavirin was expected. Area air sampling was conducted at 
this location to determine whether ribavirin was present at concentrations that would in uence the 
overall results of the pilot study. Sampling pumps were always started aft er respirators were in place 
and were s topped before respirators were removed to en sure t he i ntegrity of each i n-mask sample. 
All study participants were observed to ensure that they wore their respirators properly during all 
periods of potential exposure to ribavirin. Each sampling probe was washed at the conclusion of each 
full-shift  sampling period with 10 mL of puri ed water, a nd t he resulting l iquid was submitted for 
ribavirin analysis. Th is was done to ensure that all ribavirin entering a sampling probe was collected 
within a sampling cassette.

Equipment for each area, personal, or in-mask sample consisted of a three-piece, closed-face 37 mm 
cassette containing a g lass  ber  lter (type A/E, Product Number 61652, Gelman Sciences, Inc., Ann 
Arbor, M1 48106–9990) and a cellulose backup pad. Each cassette was connected by  exible tubing to a 
personal sampling pump operated at 1.0 L/min for samples collected inside the “Care Cube” hoods and 
at 2.0 L/min for all other samples. Field blanks were prepared and submitted for analysis along with the 
sample cassettes.
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Samples were analyzed in accordance with NIOSH analytical method 5027 issued May 15, 1989.9 
Each  lter sample was removed f rom its c assette, folded i n half, a nd i nserted i nto a c ulture t ube for 
extraction with 3 mL of deionized water with sulfuric acid added (90 mL/L, pH = 2.5) in an ultrasonic 
bath. Each sample was agitated for 15 min. Aft er each  lter sample solution or each bulk sample of riba-
virin solution was  ltered through a s yringe  lter, an injection volume of 30 µL was analyzed using a 
HPLC equipped with an ultraviolet detector.

Site Visit #2 (January 15 and 16, 1991)

Area air samples were collected within “Care Cube” disposable hoods that were not adapted with scav-
enging systems, and beside beds upon which the hoods were located. Samples were collected in the same 
manner as for the  rst visit, and each sample was likewise analyzed in the same manner, according to 
NIOSH analytical method 5027. Bulk samples of ribavirin solutions were collected both before and aft er 
administration and analyzed for ribavirin concentration.

Quantitative  t testing was also conducted for respirator assignment using a Portacount % Respirator 
Fit Tester (TSI, Inc., P.O. Box 64394, St. Paul, MN 55164). Quantitative  t factors of respirator wearers 
measured with the Portacount % have been reported on a group basis as having a high degree of correla-
tion to those obtained by a recognized photometer quantitative  t test system.10 A P ortacount % w as used 
during this study because it is less cumbersome to transport to a study site than are conventional quan-
titative  t test systems. Th e group of respirators used for  t testing consisted of Moldex 2300 dust/mist 
disposable re spirators ( NIOSH/MSHA approv al n umber TC -21C-350), Mold ex 3 400 du st/fume/
mist disposable respirators (NIOSH/MSHA approval number TC-21C-418; Moldex-Metric, Inc., 4671 
Leahy Street, Culver City, CA 90232), 3 M 8710 dust/mist disposable respirators (NIOSH/MSHA approval 
number TC-21C-132), 3 M 9920 dust/fume/mist disposable respirators (NIOSH/MSHA approval num-
ber TC -21C-202), me dium a nd l arge 3 M 9 970 h igh e ffi  ciency dust/fume/mist d isposable r espirators 
(NIOSH/MSHA app roval number TC -21C-437; 3 M O ccupational Health a nd E nvironmental S afety 
Division), and small, medium, and large MSA half-mask respirators with high effi  ciency dust/fume/mist 
cartridges (NIOSH/MSHA approval number TC-21C-135; Mine Safety Appliances Company, P.O. Box 
439, Pittsburgh, PA 15230).

Each e mployee’s  t te st s tarted w ith a s eries o f s creening te sts c onsisting gener ally o f o ne o f t he 
Moldex respirators, one of the 3 M low effi  ciency respirators, one of the 3 M high effi  ciency respirators, 
and one of the MSA half-mask, high effi  ciency respirators. Each screening  t test was conducted while 
the employee breathed normally. Th e respirator with the highest screening  t factor was selected for a 
complete  t test during which t he employee performed t he following si x exercises: normal breathing 
(NB1), deep breathing (DB), moving head side to side ( SS), moving head up a nd down (UD), talking 
(TK), and normal breathing (NB2). An overall  t factor (Fl7) was then calculated using the following 
equation:10

 FF FF FF FF FF FFOverall FF 6 /[(1/NB1 ) (1/DB ) (1/SS ) (1/UD ) (1/TK ) (I/NB2 )]= + + + + +  

Site Visit #3 (February 28 and March 1, 1991)

Area air samples were collected within a “Care Cube” disposable hood used for administration of riba-
virin to a n infant patient, beside the bed upon which the hood was located, and at locations where no 
exposure to ribavirin was expected. Bulk samples of ribavirin solutions were collected before adminis-
tration at the beginning of each day of testing. Study participants were selected for participation in the 
personal exposure monitoring phase of this site visit from among the nurses and RTs available during 
the work shift s when ribavirin was being administered.

Based upon the results of the quantitative  t tests conducted during the second visit, the RTs or nurses 
scheduled to work on one of the days of sampling who had the highest overall  t factors were asked to 
participate in the personal exposure monitoring phase of the study, which consisted of the simultaneous 
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collection of lapel and in-mask samples for ribavirin. Samples were collected in the same manner as for 
the  rst and second site visits, and each sample was likewise analyzed in the same manner, according to 
NIOSH analytical method 5027.

Results and Discussion

Site Visit #1 (July 17 and 18, 1990)

Two b ulk s amples c ollected o n J uly 17, 1 990, f rom d iff erent  asks co ntaining st arting so lutions o f 
ribavirin, were analyzed, and both were reported to contain 30 mg/mL, which is greater than the recom-
mended c oncentration o f 2 0 mg/mL. A s ample c ollected o n J uly 18, 1 990, w as re ported to c ontain 
21 mg/mL.

Th e results of sampling with cassettes placed inside “Care Cube” hoods are presented in Table 16.A.11. 
Th e results of the 21 short-term samples (10–18 min in duration) range from 1.3 to 1 23 mg/m3. Th e  ve 
mean concentrations range from 3.6 to 93.2 mg/m3. Th ese concentrations are lower than the expected 
concentration o f 1 90 mg/m3, p ossibly b ecause o f de creased del ivery p ressures, ob structed del ivery 

TABLE 16.A.11 Concentrations of Ribavirin Inside “Care Cube” Disposable 
Hoods, HCA Wesley Medical Center, Wichita, Kansas, Site Visit #1 (July 17–18, 
1990). HETA 90–155

Sampling Location
Sample 

Number
Ribavirin Sampling 

Period

Mean (SD) 
Concentration 

(mg/m3)
Concentration

(mg/m3)

July 17, 1990
Room 512, Bed #3 7 0810–0820 4.1 62.4 (32.5)

15 0936–0948 82.5
18 1204–1215 45.5
20 1235–1246 74.5
24 1356–1406 76.0
26 1440–1450 92.0

Intensive Care 13 0921–0931 48.0 41.2 (26.1)
6 1006–1016 64.0
5 1102–1112 47.0

19 1209–1219 69.0
22 1316–1326 6.4
25 1422–1433 12.7

July 18, 1990
Room 512, Bed #1 40 0938–0951 76.9 71.6 (54.2)

47 1056–1106 15.0
53 1346–1359 123.0

Room 512, Bed #3 41 0938–0951 76.9 93.2 (16.6)
46 1056–1106 110.0
54 1346–1400 92.8

Intensive Care 43 0954–1012 6.1 3.6 (2.4)
48 1059–1112 1.3
55 1348–1401 3.5

Note: L OD: 1.0 µg/sample; L OQ, 4.0 µg/sample; S D, st andard de viation; T WA, time-
weighted average.
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nozzles, o r remo val o f e xcessive a mounts o f r ibavirin b y t he s cavenging s ystem. Re search h as b een 
conducted w hich dem onstrates t hat  uctuations i n del ivery c oncentrations c an o ccur a s a f unction 
of nebulizer air ow rate.5 Decreasing the nebulizer air ow rate resulted in a signi cant reduction of 
aerosol concentration. A concentration of 190 mg/m3 at a nebulizer air ow rate of 7 L/min was reduced 
to only 7 mg/m3 at a nebulizer air ow rate of 4 L/min. Based upon the results of this study,5 a concentra-
tion of approximately 140 mg/m3 would be predicted from the nebulizer air ow rate of 6.5 L/min used 
at HCA Wesley Medical Center.

Th e results of area air sampling conducted in room 512 and the intensive care unit of the pediatric 
ward are presented in Table 16.A.12. Th ere is no obvious or apparent explanation for the discrepancies 
between the ribavirin concentration estimate of 9 µg/m3 recorded beside Bed #3 in room 512 and the 
concentration estimate of 59 µg/m3 recorded approximately 25 ft  away at the nurse’s desk in room 512. 
Similarly, there is no explanation for the diff erence between the concentration estimates recorded beside 
Bed #3 on the  rst day of sampling (9 µg/m3) and the second day (573 µg/m3). Sampling at these locations 
was initiated on both days aft er ribavirin administration was started, and sampling was stopped aft er 
ribavirin administration was completed. Th erefore, the diff erences are not associated with variabilities 
related to sampling methods, or to sampling during only certain phases of a ribavirin administration 
procedure. It is also unlikely that the administration techniques of the RTs and nurses were contributing 
factors, since the mean concentrations inside the delivery hoods used at Bed #3 were similar (62.4 and 
93.2 mg/m3). It is plausible that diff erences in the orientation of the sampling cassettes with respect to 
the delivery hoods might have been a contributing factor in the observed diff erences.

Th e sampling location identi ed in Table 16.A.12 as “IH offi  ce” was an area of the pediatric ward 
where respirators and personal and in-mask sampling cassettes were donned and removed. As antici-
pated, t here w as e ssentially no r ibavirin e xposure at t his lo cation, a nd i t i s u nlikely t hat t he t race 
concentration present on July 18, 1990 aff ected the overall results of the pilot study.

Th e results of simultaneous lapel and in-mask sampling are presented in Table 16.A.13. Th e 8 h TWA 
lapel c oncentrations r ange f rom 87 to 3 23 µg/m3. F ift y-nine p ercent (10/17) o f t he i n-mask s ampling 
results were reported as nondetected; t he analytical l imit of detection was 1 µg/sample. An additional 
four samples contained quantities of ribavirin between the limit of detection (1.0 µg/sample) and the limit 
of quantitation (4.0 µg/sample); they should be considered trace amounts and limited con dence should 
be placed in their accuracy. Th ree samples contained quantities of ribavirin which exceeded the LOQ.

TABLE 16.A.12 Results of Area Air Sampling for Ribavirin, HCA Wesley Medical Center, Wichita, 
Kansas, Site Visit #1 (July 17–18, 1990). HETA 90–155

Sampling Location Sample Number
Ribavirin Sampling 

Period
8 h TWA Ribavirin 

Concentration (µg/m3)
Concentration 

(µg/m3)

July 17, 1990
Room 512, beside bed #3 8 0816–1508 11 9
Room 512, on desk 9 0819–1458 71 59
PICU, beside bed 14 0923–1511 330 239
“IH offi  ce” 12 0848–1514 ND —

July 18, 1990
Room 512, beside bed #1 38 0802–1505 378 333
Room 512, beside bed #3 37 0802–1504 652 573
PICU, beside bed 39 0809–1501 243 209
“IH offi  ce” 30 0729–1509 (3)a (3)a

Note: PICU, pediatric intensive care unit; ND, none detected; TWA, time-weighted average.
a Values in () represent a quantity of ribavirin between the LOD [1.0 µg/sample] and the LOQ [4.0 µg/sample], 

and should be considered trace concentrations with limited con dence in their accuracy.
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To conservatively approximate the workplace PFs achieved during this phase of the study, in-mask 
samples that were reported as nondetected were replaced with the limit of detection (1 µg/sample), and 
8 h TWA concentrations were determined. Also ribavirin found from the probe wash of the one sample 
(RT/PICU on July 17, 1990) w as i ncluded i n t he c alculation of i ts a ssociated i n-mask c oncentration. 
Probe wash concentrations that were reported as nondetected were assumed to contain no ribavirin. Th e 
workplace PFs achieved are presented in Table 16.A.14. A workplace PF was not calculated for the RN 
in room 512 on July 17, 1990, because the quantity of ribavirin reported for the probe wash associated 
with this set of samples was twice the amount reported for this individual’s lapel sample. Th is  situation 
suggests that the probe, or probe wash solution, was contaminated and that using this value would not 
re ect a true indication of respirator performance.

Disposable respirators like the 3 M 8710 and the 3 M 9920 have an assigned PF of 5.7 While the respi-
rators used at Wesley Medical Center were not quantitatively  t tested, the  ve calculated workplace PFs 
exceed 5, and range from 15 to 29. Although the sample size is small, an assigned PF of 12 results from 
these  ve values, using a calculation method described elsewhere.11,12

Site Visit #2 (January 15 and 16, 1991)

Th e results of analysis of bulk samples taken from preadministration and postadministration ribavirin 
solutions used during the 2 days of testing are presented in Table 16.A.15. Th e solutions ranged from 22 
to 38 mg/mL, and all exceeded the recommended concentration of 20 mg/mL.

Because t he concentrations w ithin t he “Care Cube” hoods evaluated during t he  rst v isit were a ll 
less t han t he expected concentration of 190 mg/m3, testing was conducted during t he second v isit to 

TABLE 16.A.13 Results of Lapel and In-Mask Sampling for Ribavirin. HCA Wesley Medical Center, 
Wichita, Kansas. Site Visit #3 (February 28 and March 1, 1991). HETA 90–155

Job/Emp./Mask
Lapel Sample 

Number

Sampling 
Duration 

(min)

Actual/8 h TWA 
Ribavirin 

Concentration 
(µg/m3)

In-Mask Sample 
Number

Sampling 
Duration (min)

Ribavirin 
Concentration 

(µg/m3)

February 28, 1991
RN/E/MSA M 

(7 AM–7 PM)
3 88 438/120 1 88 ND

RT/U/MSA M 
(7 AM–3 PM)

4 89 236/44 2 89 ND

RT/S/MSA L 
(3 PM–11 PM)

15 46 413/40 14 46 ND

March 1, 1991
RN/F/MSA L 

(7 AM–3 PM)
31 92 408/78 32a 92 (4)

RN/H/MSA M 
(3 PM–11 PM)

43 78 494/80 44 78 ND

RT/Q/3 M 9970 L 
(7 AM–3 PM)

29 102 279/59 30 15 ND

37 87 ND
RT/Y/3M 9970 L 

(3 pm–11 pm)
45 45 733/69 46 45 ND

Note: Th e value in () represents a quantity of ribavirin between the LOD [0.7 µg/sample] and the LOQ [2 µg/sample], 
and should be considered a trace concentration with limited con dence in its accuracy.

Emp, employee identi cation letter; L, large; M, medium; ND, none detected; RN, registered nurse; RT, respiratory 
therapist; TWA, time-weighted average.

a Th e cassette of sample 32 was dis connected accidentally from the r espirator facepiece for approximately 2 s during 
sampling
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evaluate the concentrations of ribavirin inside hoods without scavenging systems. Th e results of testing 
are presented in Table 16.A.16. Th e 32 short-term samples (10–11 min in duration) range f rom 0.3 to 
180 mg/m3. Th e four mean concentrations range from 91.0 to 124 mg/m3. While nurses and RTs simu-
lated their normal activities during the  rst visit, which included frequent opening of the hood, this was 
not done during the second visit. Although all of the short-term sampling results were still <190 mg/m3, 
seven equaled or exceeded the predicted concentration of 140 mg/m3.

Th e results of area air sampling conducted in Room 512 and the intensive care unit of the pediatric 
ward are presented in Table 16.A.17. Overall, the 8 h TWA ribavirin concentrations are slightly higher 
than those recorded during the  rst visit.

Th e results of quantitative  t testing for 32 nurses and RTs are presented in Tables 16.A.18 and 16.A.19. 
Th e 35  t factors achieved during normal breathing with low effi  ciency disposable respirators (Moldex 
2300 and 3400, and 3 M 8710 and 9920) range f rom 2 to 9 2 and have a ge ometric mean of 15 w ith a 
geometric standard deviation of 2 .54. Generally, quantitative  t tests of negative pressure respirators 
are conducted using high-effi  ciency  lters, achieving the test’s primary purpose of evaluating face-to-
facepiece seal leakage only. Th e  t factors reported here for low effi  ciency disposable respirators might 

TABLE 16.A.15 Concentrations of Ribavirin Solutions Prepared for 
Reservoirs of SPAGs. HCA Wesley Medical Center, Wichita, Kansas. 
Site Visit #2 (January 15–16, 1991). HETA 90–155

SPAG Location
Sample 

Number
Ribavirin 

Pre-Administration
Concentration (mg/mL) 

Post-Administration

July 15, 1991
Room 512, Bed #1 63 — 37
Room 512, Bed #3 64 — 38
Room 512, Bed #3 65 and 67 31 38
Room 511, Bed #8 66 and 68 22 36
Puri ed Water 69 None detected None detected

Note: LOD, 0.0003 mg/mL; LOQ, 0.00009 mg/mL.

TABLE 16.A.14 Workplace PFs for RNs and RTs during Ribavirin Administration, HCA 
Wesley Medical Center, Wichita, Kansas. Site Visit #1 (July 17–18, 1990). HETA 90–155

Job Location

(A) 8 h TWA

(B)

Approximate 8-h TWA

Ribavirin Probe 
Wash Number

Lapel Concentration 
(µg/m2)

In-mask Concentration 
(µg/m3)

Workplace PF 
(A/B)

July 17, 1990
RN/Room 512 160 87 — —
RT/Room 512 ND 87 3 29
RT/PICU (10)a 219 14 16

July 18, 1990
RN/Room 512 ND 323 21 15
RT/Room 512 ND 281 11 26
RT/PICU ND 125 8 16

Note: PICU, pediatric intensive care unit; ND, none detected; TWA, time-weighted average.
a Th e value in () r epresents a quantity of ribavirin between the LOD [6 µg/10 mL] and the LOQ 

[19 µg/10 mL], and should be considered a trace amount with limited con dence in its accuracy.
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be u nderestimates, si nce i n-mask c oncentrations c ould h ave re presented not o nly le akage o f t he 
challenge aerosol between the face-to-facepiece seal, but also an unknown amount of penetration of the 
aerosol through the  lter material.

Th e 40  t factors achieved with the high effi  ciency disposable respirator (3 M 9970 medium and large) 
range from 2 to 25, 000 and have a geometric mean of 142 with a geometric standard deviation of 17.9. 
Th e 34  t factors achieved w ith t he MSA half-mask w ith h igh effi  ciency cartridges range f rom 22 to 
13,000 and have a geometric mean of 1120 with a geometric standard deviation of 4.60. Th e high degree 
of variability associated with the  t factors achieved with the 3 M 9970 respirator serves to emphasize 
the importance of conducting quantitative  t tests prior to providing respirators to employees.

TABLE 16.A.16 Concentrations of Ribavirin Inside “Care Cube” Disposable Hoods. HCA Wesley Medical 
Center, Wichita, Kansas. Site Visit #2 (January 15–16, 1991). HETA 90–155

Sampling Location Sample Number Sampling Period
Ribavirin Concentration 

(mg/m3)
Mean (SD) 

Concentration (mg/m3)

January 15, 1991
Room 512, Bed #1 1 0945–0955 0.3 124 (65)

9 1025–1035 48.0
11 1110–1120 120
13 1235–1245 150
15 1325–1335 160
17 1420–1431 164
19 1525–1535 180
21 1650–1700 170

Room 512, Bed #3 2 0945–0955 0.4 91.0 (44)
8 1025–1035 87.0

10 1110–1120 110
12 1235–1245 110
14 1325–1335 110
16 1420–1431 118
18 1525–1535 140
20 1650–1700 53.0

January 16, 1991
Room 512, Bed #3 31 0910–0920 58.0 92.2 (19)

33 1007–1017 77.0
35 1105–1115 95.0
37 1205–1215 84.0
39 1305–1315 98.0
41 1407–1417 110
43 1507–1517 120
45 1542–1552 96.0

Room 511, Bed #8 32 0855–0905 110 109 (27)
(Intensive care) 34 0950–1000 110

36 1050–1100 99.0
38 1152–1202 110
40 1250–1300 110
42 1355–1405 130
44 1455–1505 150
46 1558–1608 55.0

Note: L OD, 0.8 µg/sample; LOQ, 2.0 µg/sample; SD: standard deviation.
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TABLE 16.A.17 Results of Area Air Sampling for Ribavirin. HCA Wesley Medical Center, Wichita, 
Kansas. Site Visit #2 (January 15–16, 1991). HETA 90–155

Sampling Location Sample Number Sampling Period
Ribavirin Concentration 

(µg/m3)
8 h TWA Ribavirin 

Concentration (µg/m3)

Room 512 (January 15, 1991)
Bed #1, beside SPAG 4 0919–1249 381 646

24 1257–1722 868
Bed #1, opposite SPAG 3 0919–1251 424 833

23 1257–1725 1157
Bed #3, beside SPAG 7 0920–1252 472 677

22 1257–1721 852
Bed #3, opposite SPAG 5 0920–1252 448 792

25 1257–1721 1080
on nurse’s desk 6 0919–1251 354 666

26 1257–1722 924

Rooms 512 and 511 (January 16, 1991)
Bed #3, beside SPAG 

(Room 512)
50 0848–1247 875 667
56 1247–1557 579

Bed #3, opposite SPAG 
(Room 512)

51 0847–1247 1062 760
57 1247–1557 579

On nurse’s desk 49 0847–1247 312 271
55 1247–1557 290

Bed #8, beside SPAG 
(Room 511)

47 0835–1235 292 313
53 1236–1610 374

Bed #8, opposite SPAG 
(Room 511)

48 0835–1235 542 584
54 1236–1611 698

Outside of Room 511 52 0853–1253 (4)a (3)a

58 1253–1613 (2)a

Note: TWA: time-weighted average.
a Values in () represent a quantity of ribavirin between the LOD [0.8 µg/sample], and should be considered trace 

concentrations with limited con dence in their accuracy.

TABLE 16.A.18 Screening Quantitative Fit Factors for Nurses and RTs. HCA Wesley Medical 
Center, Wichita, Kansas. Site Visit #2 (January 15–16, 1991). HETA 90–155

Employee 2300
Molde x 

3400 8710 9920 3M 9970 M 9970L Small
MSA 

Medium Large

Nurses
A 5 — — — 3700 10 — 9100 —
B — 72 — — —
C — 4 — — 2
D 6 — — — 480
E — — — 31 —
F — 6 — — —
G — — — 43 7
H — — 16 — 2400
I — 30 — —
J — 4 — —
K — — — 36
L — — 12 —
M 6 — — —
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As stated in Appendix 16.A.3, the majority of assigned PFs for the various classes of respirators have 
been based upon t he results of effi  ciency d isposable respirators, 1.2 for t he 3 M 9970 h igh effi  ciency 
disposable respirator, and 92 for the MSA half-mask respirator with high effi  ciency cartridges.

Overall  t factors ranked from highest to lo west according to job a nd work shift  are presented in 
Table 16.A.19 for the respirators with the highest screening  t factors achieved by the nurses and RTs 
who were tested. Assignment of a re spirator to e ach nurse and RT based upon the highest overall  t 
factor achieved during the  t tests resulted in 72% of the employees (23/32) being assigned a half-mask 
respirator with high effi  ciency c artridges ( MSA), a nd t he rem ainder o f t he em ployees (9/32) b eing 
assigned a high effi  ciency disposable respirator (3 M 9970) quantitative  t testing. While the  t factors 
presented in Table 16.A.18 represent the values achieved during only the normal breathing exercise, it 
is of interest that the assigned PFs achieved with these values are 3.2 for the low

Site Visit #3 (February 28 and March 1, 1991)

Testing during the administration of r ibavirin to a n infant pat ient occurred on the second and third 
days of a 3 day treatment period. Th e analysis of bulk samples of other preadministration ribavirin solu-
tions were reported as 21 mg/mL.

Th e results of sampling with cassettes placed inside the “Care Cube” hood with a scavenging system 
used f or r ibavirin ad ministration a re p resented i n Table 16.A.20. Th e re sults of  16 s hort-term s am-
ples (10–21 min in duration) range from 52.7 to 180 mg/m3. Th e two mean concentrations are 85.2 and 
148.6 mg/m3. Interestingly, the mean concentration for the treatment given on February 28 is less than 

TABLE 16.A.19 Overall Quantitative Fit Factors for Nurses and RTs. HCA Wesley Medical Center, 
Wichita, Kansas. Site Visit #2 (January 15–16, 1991). HETA 90–155

Nurses RTs

Employee Respirator/Size Overall Fit Factor Employee Respirator/Size Overall Fit Factor

First shift 
A MSA/Medium 5735 N 3M 9970/medium 7088
B MSA/medium 3106 O MSA/medium 6210
C MSA/medium 2226 P MSA/large 1948
D MSA/medium 1594 Q 3M 9970/medium 1282
E MSA/medium 1335 R MSA/medium 636
F MSA/large 226 S MSA/large 467
G MSA/small 88 T MSA/large 374

U MSA/medium 210
V 3M 9970 large 149
W MSA/medium 58
X MSA/medium 29

Second shift 
H MSA/medium 8070 Y 3M 9970/large 9339
I 3M 9970/large 739 Z MSA/medium 1476

Th ir d shift 
J MSA/medium 8393 AA MSA/medium 4298
K 3M 9970/medium 2244 BB 3M 9970/large 3881
L MSA/large 610 CC MSA/medium 3422
M MSA/medium 366 DD 3M 9970/large 1900

EE MSA/large 981
FF 3M 9970/medium 361
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the predicted concentration of 140 mg/m3. Two of the three short-term concentrations which exceeded 
140 mg/m3 occurred at the end of the study on March 1, 1991. Because the patient’s activity within the 
“Care Cube” had made it diffi  cult to keep the opening of the hood closed securely, a nurse used two of 
the “gator” clips from the NIOSH sampling equipment to eff ect a better seal. While the infant’s move-
ments were not restricted by this innovation, ribavirin concentrations inside the hood were apparently 
increased.

Th e re sults o f a rea a ir s ampling a re presented i n Table 16.A.21. Th e pat ient’s pa rents were u nable 
to visit their child on the days of testing, and therefore only area samples were collected on a w indow 
curtain near a c hair for v isitors in the pat ient’s room. Th e sampling locations identi ed as Room 511 
(Bed #8) and Room 512 were areas where respirators, and personal and in-mask sampling cassettes were 
donned and removed. As anticipated, there was essentially no ribavirin exposure at these locations, and 
it is unlikely that the trace concentrations present on February 28, 1991, in Room 511 (Bed #8) aff ected 
the overall results of this phase of the study.

Th e results of simultaneous lapel and in-mask sampling are presented in Table 16.A.22. Th e 8-h TWA 
lapel concentrations range from 40 to 120 µg/m3. Seven of the 8 in-mask sampling results were reported 
as nondetected and the remaining sampling result was reported at the limit of detection of the analytical 
method (0.7 µg/sample). As with the personal sampling data from the  rst visit, approximate workplace 
PFs were calculated and are presented in Table 16.A.23. Th ey range from 50 to 133.

Conclusions/Recommendations

Th e sampling results of this study demonstrate that notable concentrations of AR were present in the 
rooms where the drug was administered despite the addition of a scavenging system to the “Care Cube” 
disposable hood.

TABLE 16.A.20 Concentrations of Ribavirin Inside “Care Cube” Disposable Hood. HCA Wesley Medical 
Center, Wichita, Kansas. Site Visit #3 (February 28 and March 1, 1991). HETA 90–155

Sampling Location Sample Number Sampling Period
Ribavirin Concentration 

(mg/m3)
Mean (SD) 

Concentration (mg/m3)

February 28, 1991
Room 511, Bed #7 5 1110–1121 77.3 85.2 (21.8)

9 1150–1200 70.0 (9 samples)
10 1241–1252 52.7
11 1405–1220 62.7
13 1517–1530 107.7
16 1635–1646 100.0
19 1809–1821 108.3
21 2046–2104 77.8
23 2216–2226 110.0

March 1, 1991
Room 511, Bed #7 33 1032–1045 138.5 148.6 (22.0)

38 1136–1157 157.1 (7 samples)
39 1235–1245 130.0
41 1424–1434 130.0
42a 1434–1636 ND
50 1656–1706 130.0
51 2041–2051 180.0
53 2240–2252 175.0

Note: L OD, 2 µg/sample; LOQ, 5 µg/sample; SD; standard deviation.
a Air was not drawn through sample 42 in order to evaluate the potential for migration.



Ribavirin 16-53

Th erefore, the policy established in 1987 by the management of HCA Wesley Medical Center regard-
ing t he wearing of re spirators by HCWs i n rooms where r ibavirin i s ad ministered should remain i n 
force. However, t he use of respirators should involve a ll of t he components of a c omplete respiratory 
protection program and should be developed in accordance with the requirements for an acceptable 
program e stablished b y t he O SHA a s de scribed i n 29 C ode o f F ederal Re gulations Pa rt 1910.134. 
Th e respiratory protection program should be considered a n i nterim measure t hat should remain i n 
place until technically feasible devices and/or procedures for the administration of ribavirin aerosol are 
developed and implemented that will, by themselves, reduce exposures of health care providers at HCA 
Wesley Medical Center to AR.

Th e re spiratory p rotection p rogram s hould i nclude t he p erformance o f qu antitative  t te sts to 
assign the particular respirator that each individual should wear from a group of respirators that are 
approved jointly by the National Institute for Occupational Safety and Health and the Mine Safety and 
Health Administration, and that represent a variety of manufacturers and facepiece sizes. Additionally, 
a re quired m inimum o verall qu antitative  t factor should be selected before a speci c re spirator i s 
assigned to an individual. While no data have been reported to demonstrate a relationship between 
quantitative  t factors and the workplace performance of a respirator, safety factors have been used to 
establish minimum acceptable quantitative  t factors. A safety factor of 10 has been applied to half-mask 
respirators,13–15 but other factors (e.g., 2016 and 2511) have also been used. Th e minimum overall quanti-
tative  t factor selected for use at HCA Wesley Medical Center should be determined with caution and 
with recognition of the uncertainty of its eff ectiveness.7

A sampling surveillance program should be developed to routinely monitor the eff ectiveness of the 
respiratory protection program. Such a p rogram can consist of lapel sampling a lone by determining 
whether o r not 8 h T WA c oncentrations e xperienced b y n urses a nd R Ts p otentially e xposed to A R 
remain similar to those levels reported here. However, if it is feasible to conduct simultaneous lapel and 

TABLE 16.A.21 Results of Area Sampling for Ribavirin. HCA Wesley Medical Center, Wichita, Kansas. 
Site Visit #3 (February 28 and March 1, 1991). HETA 90–155

Sampling Location Sample Number Sampling Period
Ribavirin 

Concentration (µg/m3)
8 h TWA Ribavirin 

Concentration (µg/m3)

February 28, 1991
Room 511, Bed #7 (on 

window curtain)
8

12
0914–1317
1317–1717

181
229

170

20 1717–2049 170
22 2049–2255 218

Room 511, Bed #8 7 0916–1542 (1.3)a (1.6)
(on privacy curtain) 17 1542–2248 (2.4)
Room 512 6 0916–1542 ND ND

18 1542–2248 ND

March 1, 1991
Room 511, Bed #7 (on 

window curtain)
36
40

0855–1220
1220–1520

366
306

279

48 1522–1918 275
52 1918–2250 330

Room 511, Bed #8 35 0856–1514 (2.6) (3.7)
(on privacy curtain) 47 1514–2240 5.6
Room 512 34 0847–1525 ND ND

49 1525–2233 ND

Note: ND, none detected; TWA, time-weighted average.
a Values in () represent quantities of ribavirin between the LOD [0.7 µg/sample] and the LOQ [2 µg/sample], and should 

be considered trace concentrations with limited con dence in their accuracy.
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TABLE 16.A.22 Results of Lapel and In-Mask Sampling for Ribavirin. HCA Wesley Medical Center, 
Wichita, Kansas. Site Visit #3 (February 28 and March 1, 1991). HETA 90–155

Job/Emp./Mask
Lapel Sample 

Number
Sampling 

Duration (min)

Actual/8 h TWA 
Ribavirin 

Concentration 
(µg/m3)

In-Mask 
Sample 

Number
Sampling 

Duration (min)

Ribavirin 
Concentration 

(µg/m3)

February 28, 1991
RN/E/MSA M 

(7 AM–7 PM)
3 88 438/120 1 88 ND

RT/U/MSA M 
(7 AM–3 PM)

4 89 236/44 2 89 ND

RT/S/MSA L 
(3 PM–11 PM)

15 46 413/40 14 46 ND

March 1, 1991
RN/F/MSA L 

(7 AM–3 PM)
31 92 408/78 32a 92 (4)

RN/H/MSA M 
(3 PM–11 PM)

43 78 494/80 44 78 ND

RT/Q/3 M 9970 L 
(7 AM–3 PM)

29 102 279/59 30 15 ND

37 87 ND
RT/Y/3M 9970 L 

(3 PM–11 PM)
45 45 733/69 46 45 ND

Notes: Th e value in () represents a quantity of ribavirin between the limit of detection [0.7 µg/sample] and the limit 
of quantitation [2 µg/sample], and should be considered a trace concentration with limited con dence in its accuracy; 
Emp: employee identi cation letter; L: large; M: medium; ND: none detected; RN: Registered Nurse; RT: respiratory 
therapist; TWA: time-weighted average.

a Th e cassette of sample 32 was disconnected accidentally from the respirator facepiece for approximately 2 seconds 
during sampling.

TABLE 16.A.23 Workplace PFs for RNs and Respiratory Th erapists (RTs) during Ribavirin 
Administration. HCA Wesley Medical Center, Wichita, Kansas. Site Visit #3 (February 28 
and March 1, 1991). HETA 90–155

Job/Emp./
Mask Shift 

Ribavirin in Probe 
Wash (µg/10 mL)

(A) 8 h TWA Lapel 
Concentration 

(µg/m3)

(B) Approximate 8 h 
TWA In-Mask 

Concentration (µg/m3)
Workplace PF 

(A/B)

February 28, 1991
RN/E/MSA M 

(7 AM–7 PM)
ND 120 1.1 109

RT/U/MS M 
(7 AM–3 PM)

ND 44 0.7 63

RT/S/MSA L 
(3 PM–11 PM)

ND 40 0.8 50

March 1, 1991
RN/F/MSA L 

(7 AM–3 PM)
ND 78 0.8 98

RN/H/MSA M 
(3 PM–11 PM)

ND 80 0.6 133

RT/Q/3M 9970 L 
(7 AM–3 PM)

ND 59 0.6 98

RT/Y/3M 9970 L 
(3 PM–11 PM)

ND 69 0.8 86

Note: Emp, employee identi cation letter; L, large; M, medium; ND, none detected; TWA, time-weighted 
average.



Ribavirin 16-55

in-mask sampling for ribavirin, this approach is preferred for ensuring the continued eff ectiveness of 
the respiratory protection program.7

As mentioned previously, t he eng ineering s taff  of HCA Wesley Medical Center estimated t hat t he 
rooms used for r ibavirin ad ministration had 12 ACH. Th e 1991 Aerosol Consensus Statement of t he 
American A ssociation for Re spiratory C are c ontains g uidance t hat pat ient ro oms w here r ibavirin i s 
administered should have a minimum of 6 ACH.17 Th e ventilation system of each room where ribavirin 
is administered at HCA Wesley Medical Center should continue to be monitored routinely to ensure 
that optimal operation is maintained. Th e ventilation system of each room should also be maintained at 
a slight negative pressure to prevent AR from entering other occupied areas of the PICU.

Addendum A

Protection Factors for Respirators

Because diff erences exist among the various classes of respirators with regard to their protective capa-
bilities, respirators are assigned PFs as guidance for their selection. A PF is the ratio of the concentration 
of a contaminant in the environment surrounding a respirator wearer to the concentration of the con-
taminant inside the respirator wearer’s facepiece. Th e majority of assigned PFs are based on quantitative 
 t factors rather than workplace PFs. Quantitative  t factors are determined from tests in which a group 
of respirator wearers perform a speci c regimen of head and body movements for a short period of time 
while in a l aboratory test chamber containing a challenge aerosol. A workplace PF is a me asure of the 
protection provided in a workplace under the actual conditions of that workplace by a properly func-
tioning respirator which is correctly worn and used.18 An assigned PF is the minimum expected work-
place level of respiratory protection that would be provided by a properly functioning respirator, or class 
of respirators, to a stated percentage of properly  tted and trained users.18,19 Th is proportion has usually 
been speci ed as 95% for test data derived from both quantitative  t factors20 and workplace PFs.11,12

Th e maximum use concentration for a respirator is generally determined by multiplying the assigned 
PF of the respirator by a contaminant’s lowest occupational exposure limit (i.e., the lowest value among a 
contaminant’s PEL of the OSHA, REL of NIOSH, and threshold limit value of the American Conference 
of Governmental Industrial Hygienists). Alternatively, the minimum level of protection necessary for a 
speci c occupational application can be calculated aft er exposure estimates have been determined for 
environmental contaminants. Th is is usually done by dividing the highest 8 h TWA exposure estimate 
of an airborne contaminant by the contaminant’s lowest occupational exposure limit. Th en, a c lass of 
respiratory protection is selected with an assigned PF equal to or exceeding the needed level of protec-
tion. For example, if a set of industrial hygiene samples collected during a particular operation produced 
8 h TWA exposure estimates ranging from 8 to 50 mg/m3 for a contaminant with an occupational expo-
sure limit of 10 mg/m3, then a respirator with an assigned PF of at least 5 (50/10 = 5) should be selected. 
Such a respirator would reduce the highest exposure concentration to an in-mask concentration equal 
to, or less than, the contaminant’s exposure limit for the majority of respirator wearers.

Aft er implementation of a respiratory protection program, simultaneous lapel and in-mask sampling 
should be performed on a sample set of respirator wearers to ensure that the respirator selected is indeed 
suffi  cient to protect its user during all conditions of use. Such sampling should be conducted periodi-
cally to further ensure that there have been no signi cant changes in the conditions of respirator usage 
that might reduce the eff ectiveness of the particular respirator in service.
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Inhalation Anesthesia Agents

Edward W. Finucane

Introduction and Background

Considerable valid concern exists for the potential harm—particularly to certain categories of exposed 
individuals—that could occur as a result of an exposure to volatile inhalation anesthesia agents. Included 
in this general broad category of chemicals are the following seven, tabulated below, along with some of 
their more important physical properties.

Nitrous Oxide

Synonyms: Laughing gas, hyponitrous acid anhydride, factitious air, and/or hippie crack
Name and formula: Dinitrogen monoxide or nitrous oxide: N2O
Structure: N ∫ O = N
Physical properties: Boiling point = −88.5°C (gas at room temperature)
 Molecular weight = 44.01 amu
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 Gaseous nitrous oxide speci c gravity = 1.53 (the speci c gravity of air = 1.00);
 Colorless gas with a slightly sweetish odor and taste

Normally supplied in metal cylinders containing a v apor phase above a l iquid 
phase, at an approximate internal pressure of 800 psig.

Halothane

Synonyms: Fluothane and/or rhodialothan
Name and formula: 2-Bromo-2-chloro-1,1,1-tri uoroethane:
 C2HBrClF3

Structure:
 

F Br
| |

F–C–C –F
| |
F Cl

Physical properties: Boiling point = 50.2°C (liquid at room temperature)
 Molecular weight = 197.39 amu
 Liquid density = 1.871 g/cm3

Non ammable a nd h ighly vol atile l iquid, w ith a s weetish b ut not w holly 
unpleasant odor

 Normally supplied in specially keyed glass bottles.

Enfl urane

Synonyms: Ethrane, efrane, alyrane, NSC-115944, compound 347, and/or methyl urether
Name and formula: 2-Chloro-l-(di uoromethoxy)-1,1,2-tri uoroethane
 2- chloro-1,1,2-tri uoroethyl di uoromethyl ether
 C3H2ClF5O

Structure:
 

F F F
| | |

H–C–O–C–C–H
| | |
F F Cl

Physical properties: Boiling point = 56.5°C (liquid at room temperature)
 Molecular weight = 184.50 amu
 Liquid density = 1.517 g/cm3

Stable, volatile, and non ammable colorless liquid, with a f aint but character-
istic ethereal odor

 Normally supplied in specially keyed glass bottles.

Isofl urane

Synonyms: Forane, forene, aerrane, and/or compound 469
Name and formula: 2-Chloro-2-(di uoromethoxy)-1,1,1-tri uoroethane
 or
 1 -chloro-2,2,2-tri uoroethyl di uoromethyl ether
 C3H2ClF5O

Structure:

 

F H F
| | |

F–C–C–O–C–H
| | |
F Cl F

Physical properties: Boiling point = 48.5°C (liquid at room temperature)
 Molecular weight = 184.50 amu
 Liquid density = 1.450 g/cm3

Stable, h ighly vol atile, a nd no n ammable c olorless l iquid, w ith a m ild b ut 
characteristic ethereal odor

 Normally supplied in specially keyed glass bottles.
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Methoxyfl urane

Synonyms: Metofane, penthrane, pentrane, and/or DA 759
Name and formula: 2,2-Dichloro-1,1-di uoro-l-methoxyethane
 or
 2,2 -dichloro-1,1-di uoroethyl methyl ether
 C3H4Cl2F2O

Structure:

 

H F Cl
| | |

H–C–O–C–C–H
| | |
H F Cl

Physical properties: Boiling point = 105°C (liquid at room temperature)
 Molecular weight = 164.97 amu
 Liquid density = 1.425 g/cm3

Stable, moderately volatile and non ammable liquid with a moderately strong 
and pungent ethereal odor

 Normally supplied unkeyed glass bottles.
Comments: Limited to veterinary anesthesia.

Suprane

Synonym: D es urane
Name and formula: 1-(Di uoromethoxy)-1,2,2,2-tetra uoroethane
 or
 1 ,2,2,2-tetra uoroethyl di uoromethyl ether
 C3H2F6O

Structure:

 

F F F
| | |

H–C–O–C–C–F
| | |
F H F

Physical properties:  Boiling p oint = 2 2.8°C ( liquid, w hen i n a c heck v alve s ealed b ottle at ro om  
temperature)

 Molecular weight = 168.04 amu
 Liquid density = 1.467 g/cm3

Stable, extremely volatile and non ammable colorless liquid with a moderately 
strong and pungent ethereal odor
Normally supplied in unkeyed glass bottles equipped with a pressure check valve

Comments:  Approved by t he U.S. Food a nd Drug Administration for human inhalation 
anesthesia use in the United States in mid-1993.

Sevofl urane

Synonyms: S evofrane
Name and formula: 2-Fluoromethoxy-l,1,1,3,3,3-hexa uoropropane
 or
 1, 1,1,3,3,3-hexa uoro-2-propyl  uoromethyl ether
 C4H3F7O

Structure:

 

F
|

FF–C–F H
| | |

F–C–C–O–C–F
| | |
F H H

Physical properties: Boiling point = 58.6°C (liquid at room temperature)
 Molecular weight = 200.06 amu
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 Liquid density = 1.525 g/cm3

Stable, volatile, and non ammable colorless liquid, with a fairly pungent ethe-
real odor

 Normally supplied in unkeyed glass bottles
Comments:  Not yet approved by the U.S. Food and Drug Administration for human inha-

lation anesthesia use in the United States.

Existing Exposure Standards1

Th e c urrently e stablished G overnment a nd P rofessional S ociety E xposure L imits a nd St andards f or 
these seven volatile agents are tabulated below; these listings will use appropriate portions of the follow-
ing sets of abbreviations:

Applications applicable to all areas, organizations, and agencies:

TWA: Time-weighted average (usually evaluated over 8 h).
STEL:  Short-term e xposure l imit ( usually e valuated o ver a 1 5 min p eriod, a s a t ime-weighted 

average).
C: Ceiling value (a “never-to-be-exceeded” concentration).

Abbreviations applicable to the American Conference of Government Industrial Hygienists (ACGIH):

TLV:  Th reshold limit value (the concentration level above which an exposed individual might rea-
sonably anticipate the onset of adverse eff ects—as determined by the ACGIH in speci c evalu-
ation eff orts covering these eff ects).

Abbreviations applicable to the U.S. Department of Labor, Occupational Safety and Health 
Administration (OSHA):

PEL:  Permissible exposure limit (the concentration level above which an employer can be cited for 
failure to maintain a “safe” workplace).

Abbreviations applicable to the National Institute for Occupational Safety and Health (NIOSH):

REL:  Recommended exposure limit (the concentration level above which NIOSH data and experi-
ence have indicated the possible onset of adverse eff ects in exposed individuals).

Abbreviations applicable to the Deutsche Forschungsgemeinschaft  Agency of Germany:

MAK:  Maximum a rbeitsplatz ko nzentration ( Maximum C oncentration Value f or t he Workplace) 
(the concentration level above which German employers may be cited for failure to maintain a 
“safe” workplace).

Currently Established Limits and Standards

Nitrous oxide: ACGIH 8 h TLV-TWA = 50 ppm
 NIOSH 8 h REL-TWA = 25 ppm

Halothane: ACGIH 8 h TLV-TVA = 50 ppm
 NIOSH 60 min REL-C = 2 ppm
 DFG 8 h MAK-TWA = 5 ppm
En urane: ACGIH 8 h TLV-TWA = 75 ppm
 NIOSH 60 min REL-C = 2 ppm
Iso urane:  No e stablished e xposure l imits or  s tandards of  a ny t ype f rom a ny a gency or  

organization
Methoxy urane: NIOSH 15 min REL-C = 2 ppm
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Suprane:  No e stablished e xposure l imits or  s tandards of  a ny t ype f rom a ny a gency or  
organization

Sevo urane:  No e stablished e xposure l imits or  s tandards of  a ny t ype f rom a ny a gency or  
organization

Anesthesia Agent Toxicology

Much of the data on the toxicology of the seven agents have been developed as a result of observing and 
cataloging the complaints, illnesses, and various other complications that have been reported by indi-
viduals who have worked in locations, where there are nonzero ambient concentration levels of these 
same a gents. I n suc h c ases, i t i s i nvariably d iffi  cult to e stablish d irect, i rrefutable “cause-and-eff ect” 
relationships between the reported a ilment and the suspect causal exposure to t he particular volatile 
anesthesia vapor. Comparative statistical studies on exposed versus unexposed populations have tended 
to con rm several of t hese hypothetical “cause-and-eff ect” re lationships; however, s everal i mportant 
unanswered questions still remain.

Much o f t he ac tual s ystematic w ork o n t he toxicology o f t hese c hemicals h as i nvolved t he u se o f 
laboratory animals; and much of this work has involved exposing these animals to concentration levels 
that “are far h igher” t han currently recognized exposure standards—as tabulated above. Th e evident 
primary goal of most of these laboratory investigations has been to identify and document the actual 
health r isks of relatively large scale exposures to t hese agents. Th is fact notwithstanding, it is largely 
these d ata—and pa rticularly, t he e xtrapolation o f t hese d ata bac k to lo wer a nd lo wer c oncentration 
ranges—that have provided the most rel iable basis for identifying the health hazards associated with 
volatile anesthesia agents.

Th e data in this area, thus far as it is currently known and recognized, will next be listed (1) by each 
speci c vol atile a gent a nd (2) by t he v arious health d iffi  culties for w hich t hat a gent i s t hought to b e 
responsible.

Nitrous Oxide

Th ere is a steadily growing body of data that supports the contention that exposures to nitrous oxide (at 
8 h TWA concentration levels in excess of 25 ppm), by second and third trimester pregnant women can 
produce signi cant increases in their rates of (1) spontaneous abortion, (2) stillbirth, and (3) congenital 
abnormalities among their children.2–7 Although there is not yet total agreement on these “cause-and-
eff ect” relationships, it is safe to say that the general attitude of health professionals is that nitrous oxide 
exposures—particularly to second and third trimester pregnant women—must be carefully monitored 
and controlled.

In addition to the foregoing, there have been several epidemiological studies and a lesser number of 
laboratory investigations, the results of which have suggested that exposures to t race levels of nitrous 
oxide might also be responsible for increases in hepatic as well as renal disease (excluding renal pyelone-
phritis and cystitis).2–4,7 Th ese studies have indicated greater adverse impacts on exposed women than 
on men. Considerably more investigative work needs to be done in these areas before speci c toxicologi-
cal conclusions can be de nitively reached.

Th ere have a lso been scattered reports of a mbient n itrous oxide exposures causing certain genetic 
abnormalities—as measured by Sister-Chromatid Exchange Analyses.8 As it is true in the case of the pre-
viously mentioned situation involving hepatic and renal disease, considerably more investigative work 
needs to be done in these areas before speci c genetic toxicological conclusions can be con rmed.

Halogenated Anesthesia Agents—Generalized

Exposures to the halogenated inhalation anesthesia agents will be treated,  rst, by identifying any of the 
similar broadly based negative eff ects that can be or have been caused by “any” of these six compounds 
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(not an unreasonable approach, since these six are relatively similar, chemically), and second, by iden-
tifying health problems that appear to be uniquely caused by any single member of this group—to the 
extent that data speci c to any of these individual agents have been developed.

Th e most commonly reported health risk associated with the halogenated anesthesia agents is 
similar to t hose reported and documented for many of the other halogenated organic compounds 
(i.e., refrigerant, vapor degreasing solvents, etc.). Th ese i nclude v arious c hronic d iffi  culties in the 
areas of psychomotor, hematopoietic, central nervous, hepatic and renal system diseases, and dys-
functions.3,4,7 Clearly, a ll six of these agents function as acute central ner vous system depressants. 
Th e chronic ailment category most commonly reported among individuals exposed to these volatile 
agents involves the liver, and includes a number of actual cases of chemical hepatitis hypothetically 
projected to have been caused by exposures to these vapors. Considerable experimental eff ort has 
been devoted to evaluating the relative liver toxicity of four of these anesthesia agents, as determined 
by monitoring the intracellular K+ content (this, as an indicator of the time, concentration and oxy-
gen-dependent c ytotoxicity o f t he b iotransformation p rocessing o f t hese a gents i n t he l iver). Th e 
result of these undertakings has been a ranking—from the most to t he least harmful—as potential 
hepatotoxins—this ranking is: halothane, iso urane, en urane, and sevo urane.9

A small number of re ports i ndicate t hat re peated low le vel e xposures to t hese a gents may a lso b e 
responsible for increased susceptibility to infections and neoplastic disease.4

Finally, t here h ave b een a f ew re ports of a mbient-halogenated a nesthesia a gent e xposures c ausing 
certain genetic abnormalities—again, as measured by Sister Chromatid Exchanges—however, the clear 
determination that one, or even any, of these agents was the principal causal factor in these cases, as 
contrasted to nitrous oxide being the causal agent, has not been conclusively made.8

Halothane

Halothane is t he member of t his g roup t hat (1) i s not a n ether a nd (2) contains bromine. As such, it 
would not be surprising if there were at least some diff erences between it a nd t he ot her halogenated 
agents, from the perspective of their eff ects on exposed individuals, and indeed there are some diff er-
ences. Chemical (or clinical) hepatitis is far more closely associated with halothane exposures than is the 
case with any other of these agents.10–13 Th e most likely mechanism for this chemical induced hepatitis 
is t he hypersensitivity re action to l iver ne o-antigens t hat a re produced by t he h alothane me tabolite, 
2-chloro-1,1,1-tri uoroethane.10

Various other studies have implied that halothane may be teratogenic and/or embryotoxic. Th ese  con-
clusions have been developed through studies of the resultant ultrastructural eff ects in rats exposed to 
halothane at 10 ppm (vol.) or more versus the same eff ects observed in unexposed rats.13 Finally, ambient 
occupational halothane exposures have been linked to increased and potentially unhealthy plasma bro-
mide concentrations.14 In contrast, when en urane is the inhalation anesthesia agent being used in surgi-
cal procedure, this plasma bromide concentration buildup in exposed individuals is completely absent.15

Methoxyfl urane

Methoxy urane—administered to male Fisher rats, at a concentration of 50 ppm (vol.), over a 14 weeks 
period—has b een f ound to b e b oth g rowth de pressing a nd h epatotoxic. A t t he en d o f t he e xposure 
period, the livers of all of the exposed rats were examined, and all showed focal hepatocellular degenera-
tion and necrosis, as well as evidence of liver cell regeneration.16

Sources of Waste or Fugitive Anesthesia Agents

In the overall consideration of the important and/or signi cant sources of potentially harmful ambient 
occupational concentration levels of these anesthetic agents, we must consider two principal sources; 
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namely: (1) waste and/or (2) fugitive sources. A “waste anesthetic gas” is any gas or vapor that has been, 
or is being, exhaled by an anesthetized person, either during or aft er a procedure that has involved the 
use of inhalation anesthesia agents. A “fugitive anesthetic gas” is any gas or vapor that has escaped from 
any system that is functionally upstream of the patient (i.e., the anesthetic gas vaporizer/ventilator, the 
high pressure nitrous oxide supply system outlets, etc.). By de nition, fugitive anesthetic gases exist only 
in surgical suites, operating rooms, and/or the piping systems that extend between the master gas supply 
manifold and the outlet  ttings wherever they may be located. Th ese shall each be considered in order.

Waste Anesthetic Gases

Typically, in the modern hospital operating room, there will be two separate and distinct systems that 
have been engineered, in whole or in part, to mitigate problems associated with the potential buildup of 
waste anesthetic gases. Th e  rst of these, a vacuum scavenging system, is designed to function solely as 
a local exhaust hood, situated directly at t he anesthesiologist’s (or anesthetist’s) station. Its purpose is 
simply to capture and remove the patient’s exhaled breath during the surgical procedure. Th e second of 
these systems is the overall ventilation system, the main function of which is to circulate and replenish 
the room’s air.

Vacuum scavenging systems should be (and are) used as the principal mechanism for removing waste 
anesthetic gases, whether the anesthesia mixture is administered to t he patient by open mask or endo-
tracheal tube induction. When such a system is of suffi  cient design capacity (exhaust  ow rate volume 
≥25 L/min, typically), and is utilized properly, it will be eff ective—or even very eff ective—in removing the 
waste anesthetic gases from the surgical suite, thereby minimizing the exposure of the surgical team.17 
Alternatively, for a scavenging system that has less than this level of exhaust capacity, or—even worse—
for an operating room that is not equipped with any type of waste gas scavenging system, the buildup of 
potentially unsatisfactorily high concentration levels of waste anesthetic gases will be almost a certainty.

In the most general sense, the scavenging of waste anesthetic gases will always be more diffi  cult in the 
cases of either open-circuit or mask induction—either in marked contrast to induction via endotracheal 
tube. I n t hese d iffi  cult t ypes of si tuations, t he e xhaust c onnection b etween t he a nesthesia i nduction 
circuit and the waste gas scavenging system will be both more tenuous and much more diffi  cult to main-
tain; thus the potential for unscavenged anesthetic gases collecting in unsatisfactorily high concentra-
tion levels will be much greater.

As a fairly typical example, in 1990, ambient air measurements were made in seven diff erent hospitals 
in Vienna, Austria. In one of these measurement situations, during an otolaryngological surgical pro-
cedure that necessitated anesthesia induction by open-circuit, and in a facility without a waste gas scav-
enging system (a textbook worst possible case scenario), peak concentration levels of nitrous oxide and 
halothane were found to be 2600+ ppm and 150+ ppm, respectively. Th ese astonishingly high concen-
tration levels contrasted markedly to their counterparts in operating rooms at other Viennese hospitals, 
all of which had properly designed and operating waste gas scavenging systems. For this second group 
of operating rooms, and in situations where the anesthetic gases were administered to t he patient via 
endotracheal tube, the concentrations, expressed as 8 h TWAs, were found to be in the range 8–15 ppm 
(mean = 11 ± 3 ppm) for nitrous oxide; and 0.1–0.6 ppm (mean = 0.3 ± 0.2 ppm) for Halothane. For the 
same or similar operating rooms, when the anesthetic gases were mask induced, these concentrations, 
also expressed as 8 h TWAs, were found to be in the range 24–211 ppm (mean = 83 ± 49 ppm) for nitrous 
oxide, and 0.3–1.3 ppm (mean = 0.8 ± 0.3 ppm) for halothane.17

Clearly, in the operating room, the occupational waste anesthetic gas exposure of every individual 
involved can be signi cantly mitigated through the correct use of an adequately designed and properly 
functioning exhaust scavenging system.18–25

General operating room ventilation systems, too, contribute to the removal of waste anesthetic gases; 
however, the primary function of these systems is to c irculate and replenish the air in the room. Th is  
replenishment f unction m ust a lways b e em phasized, si nce t his a spect o f t he op eration o f a gener al 
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ventilation s ystem i s a lways i ts p rime f unction. I n ac complishing t his, h owever, t he v entilation s ys-
tem w ill c learly supplement t he vacuum scavenging system in t he removal of waste a nesthetic gases. 
Replenishment here should be understood to imply that “all” of the air that is removed from the operat-
ing room should ultimately be exhausted from the building by that operating room’s ventilation system. 
None of the air should ever be recirculated.

In addition, for any operating room, the ventilation system’s capacity expressed in terms of its overall 
room air exchange rate should be at least 15 room volumes/h, and preferably 18–20 room volumes/h.18,19,26 
An operating room with a ventilation system having this sort of overall air handling capacity (assum-
ing also that the overall ventilation  ow patterns in the room include no short circuits) will generally be 
an occupationally safe place in which to work. Such a ventilation system can be regarded as suffi  cient, 
both in and of itself, and as a functional backup to the room’s waste anesthetic gas-scavenging system. 
For reference, a short-circuiting air  ow pattern is one in which inlet air will  ow directly to an exhaust 
register, without having swept out every volume or space within the room itself—such upswept spaces 
are called “dead volumes.” For an operating room that has “dead volumes,” the potential for harmful 
ambient occupational anesthetic gas buildups may be very great, and this is true even if the overall room 
air exchange rate was high enough to appear to guarantee against such situations.

General surgical recovery areas, too, are potential sources for dangerously high concentration levels 
of waste anesthetic gases. Recovering surgery patients will tend to exhale exponentially decreasing 
concentrations of those gases they have inhaled during their surgery. For any patient whose surgical 
procedure h as re quired a n e xtended p eriod ( i.e., mo re t han 4 h), t he i nitial c oncentration o f w aste 
anesthetic gases in their exhaled breath can be very high—nitrous oxide concentrations in excess of 
2000 ppm have been measured in the breathing zone of patients immediately aft er their arrival in the 
recovery area. Additionally, the time period during which these patients must be monitored—in order 
to fully complete their “off gasing” process—can be qu ite prolonged. Nurses, a nd a ny ot her medical 
practitioner, who must tend to t hese pat ients or who must work i n a reas where t hey a re recovering 
are, themselves, very good candidates for receiving an unsatisfactorily high level exposure to waste 
anesthetic gases.

In general, the ventilation requirements for a surgical recovery area will be the same in terms of the 
necessary minimum air exchange rate as was the case for an operating room; and the same comments 
with respect to short circuiting and “dead volumes” also apply. An even more eff ective way to en sure 
against the “dead volume,” that may, or actually does, contains high concentration levels of waste anes-
thetic gases, involves the use of individual slot exhaust hoods at each patient location. Such an approach 
will always provide the best possible engineering solution, insofar as worker exposures to waste anes-
thetic gases are concerned.27

A brief comment with respect to veterinary surgical suites is in order at this point. Th e risks of waste 
anesthetic gas exposures in these operatories are probably considerably greater than those that would 
be expected to occur in their human operating room counterparts. Th e reasons for this are several and 
include all of the following: (1) veterinary clinics frequently employ portable gas delivery carts that are 
not designed to capture waste anesthetic gases; (2) the costs of speci c waste gas scavenging systems may 
be prohibitively high, and therefore beyond the reach of the relatively smaller veterinary clinic; and (3) 
the overall eff ectiveness of such scavenging systems has yet to be fully veri ed in the veterinary area, and 
there are, therefore, neither current OSHA recommendations nor standards for veterinary scavenging 
systems (to say nothing of the fact that there are no OSHA PELs for any of the anesthetic agents).28

In a t ypical survey of 14 diff erent veterinary operatories, each performing surgeries in which anes-
thetic m ixtures of n itrous oxide a nd halothane were u sed, t he following geometric mean T WA con-
centrations (as w ell a s t he o verall c oncentration r anges me asured) w ere a s f ollows: 1 00 ppm ( range 
14–1700 ppm) and 2.6 ppm (range 0.5–119 ppm), respectively, for nitrous oxide and halothane. Since a 
typical veterinary surgery rarely lasts more than 4 h, the same geometric mean, TWA concentrations, 
now extrapolated out to cover an 8 h period, and again for nitrous oxide and halothane were as follows: 
34 ppm (range 5–530 ppm) and 1.3 ppm (range 0.5–34 ppm), respectively.29
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Fugitive Anesthetic Gases

Anesthetic gas leaks, as implied earlier, will typically originate from one of the following three sources: 
(1) from the high pressure piping systems that deliver nitrous oxide to t he operating suites (including 
the low-pressure connections to the anesthesia circuit); (2) from leakage on or around the anesthetic gas 
vaporizer/ventilator machine—in particular, from any and a ll of the low-pressure connections whose 
many seals and joints should always be suspect (these machines must have components of this type in 
order to f acilitate the required frequent cleanings and replacements); or (3) from the poor work prac-
tices and/or habits of the anesthesiologist/anesthetist who utilizes this equipment. In the event that the 
source of t he unsatisfactorily high ambient concentration levels of anesthetic gases turns out to h ave 
been attributable to the poor work practices of the anesthesiologist/anesthetist, then the ambient anes-
thetic gas vapors present can be in either the waste or the fugitive category. Again, as stipulated earlier, 
an overall air exchange ventilation rate of 18–20 room volumes/h can help mitigate these types of prob-
lems; however, elimination of the speci c leaks would be the preferred solution.30

Monitoring Anesthesia Agents

Monitoring ambient and occupationally signi cant concentration levels of the various anesthesia agents 
can be accomplished in several ways; the choice of the method or approach involved will usually be dic-
tated by the type of information required (i.e., real-time concentrations, individual exposure dosimetry, 
etc.); and/or the nature, type, and number of potential interferants that might be present.

Basic Analytical Parameters

Th ese functional requirements of “any” gas analysis can be understood, most bene cially, in terms of 
the four characteristic factors that apply to “every” ambient analytical application, namely: (1) the sensi-
tivity, (2) the selectivity, (3) the reproducibility, and (4) the timeliness of the method. Th e following four 
descriptions will hopefully adequately de ne and describe these functionality parameters:

 1. A me thod’s “ sensitivity” i s u sually e xpressed i n ter ms o f i ts m inimum de tection l imit—or 
MDL—to the material being analyzed. Ideally, a method’s MDL should be equal to, or less than, 
10% of some “signi cant concentration” (usually, the PEL-TLV) of the material to be monitored.

 2. A method’s “selectivity” is the measure of its ability to distinguish the material to be monitored 
from “everything else” that might be in the matrix to be monitored (i.e., interfering chemicals). 
Interferences can be either positive or negative. Positive ones increase the analytical reading; neg-
ative ones, on the other hand, decrease or “quench” it.

 3. A method’s “reproducibility” is a measure of its ability to provide consistent readings for the same 
concentration of the material to b e measured: (a) at d iff erent times, (b) under diff erent ambient 
conditions, or (c) by diff erent analysis. It is a lso a me asure of the method’s ability to rem ain in 
calibration for extended period.

 4. A method’s “timeliness” is a measure of the time interval required for it to provide its assessment 
of the unknown concentration answer for the material being analyzed. Th is time interval can be 
quite broad, ranging from instantaneous (real-time) to very extended periods—as, for example, 
when a passive dosimeter must be sent to some distant external location for evaluation.

Analytical Methods

Th ere are a number of viable analytical methods that purport to monitor ambient concentration levels 
of the anesthetic gases. In general, analyzers in each of the method categories listed below—in Tables 
17.1 and 17.2—have been advertised as being both well suited to a nd available for these tasks. Certain 
units employing these analytical methods can be provided as portables, others are available in  xed or 
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installed arrangements. In addition, some of the  xed units can be provided in single or multiple point 
monitors. In a few, systems are available in both of these con gurations.

Th e following two listings cover those analytical methods that appear to the author to off er the great-
est potential for successfully analyzing the anesthetic gases. Table 17.1 focuses on the analysis of nitrous 
oxide, while Table 17.2 addresses the six halogenated anesthesia agents.

Th is following Functional Score Sheet represents the structure within which the author’s assessment 
of t he relative merits a nd/or capabilities of  each of  t he several d iff erent analytical methods (analyzer 
types) listed above will be presented, with separate and distinct assessments for each of the two diff erent 
analyses—namely, the one for nitrous oxide and the one for the halogenated anesthetic gases.

Functional Score Sheet
(1) (2) (3) (4)

Rating No. Sensitivity Selectivity Reproducibility Timeliness
5 <0.2 ppm Excellent Excellent Real time
4 <0.5 ppm Very good Very good <2 min delay
3 <1.0 ppm Good Good ≤10 min delay
2 ≤5.0 ppm Fair Fair >10 min delay
1 >5.0 ppm Poor Poor >1 day delay

From Table 17.1, it can be seen that there are  ve potentially viable analytical methods available for this 
task. Th at there will be additional methods available in the future is a virtual certainty. Th at there may 
be even additional ones available today cannot be denied; however, the author is unaware of any other 
current candidates. Th ere are, to be sure, well-established methods that analyze nitrous oxide at concen-
trations in the percent range; however, for ambient analyses focused on occupational health risks, the 
 ve-member listing is quite complete.

Th e f ollowing t wo t abulations l ist t he a uthor’s e valuation o f t he rel ative mer its o f e ach a nalytical 
method in successfully completing ambient, occupationally signi cant nitrous oxide analyses. Table 17.3 
focuses on “portable” systems, while Table 17.4 provides the same assessment for their installed or  xed 
counterparts.

Clearly, i f t he real-time or near real-time concentration d ata must be obtained, t he best c urrently 
available methods are either (1) long pathlength infrared spectrophotometry (IR-n) or (2) photoacoustic 
infrared spectrophotometry (PAS-n).

TABLE 17.1 Nitrous Oxide

IR-n Infrared spectrophotometric absorbance analyzers
PAS-n Photoacoustic infrared spectrophotometric analyzers
GC-n Gas chromatographic analyzers
PD-n Passive dosimetric systems
AD-n Active dosimetric systems

TABLE 17.2 Halogenated Anesthesia Agents

IR-n Infrared spectrophotometric absorbance analyzers
PAS-h Photoacoustic infrared spectrophotometric analyzers
AEC/SS-h Pumped or active electrochemical/solid state analyzers
PEC/SS-h Passive electrochemical/solid state analyzers
GC-h Gas chromatographic analyzers
PD-h Passive dosimetric systems
AD-h Active dosimetric systems
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If it is necessary to actually monitor real-time for ambient levels of nitrous oxide, it should be noted 
that there is an existing NIOSH Standard (Method No. 6600) that speci es the use of long pathlength 
infrared for this task. Th is approach, which accomplishes N2O analyses extremely well, calls for making 
absorbance measurements at a mid-infrared wavelength of 4.48 µm (a wave number of 2232 cm−1), and 
an appropriately long pathlength, usually—for ambient situations in which the N2O concentrations are 
less than 200 ppm—at a pathlength of 20.25 m.31

Th ere are both portable and  xed long pathlength infrared analyzers that are very well suited to ana-
lyzing ambient levels of nitrous oxide. Fixed systems have the capability of being multiplexed so that a 
single analyzer can be used to monitor as many as 24 separate locations, simultaneously data logging 
and su mmarizing t he a nalysis at e ach lo cation on a ny t ime or s equence ba sis t hat m ay b e re quired. 
Multiplexing a single unit to analyze at many separate points will off er both advantages and disadvan-
tages. Among the former are the following two: (1) lower purchase costs, since only a si ngle analyzer 
must be obtained and (2) lower operating costs that arise from having to c alibrate and service only a 
single analyzer. On the negative side, this approach will always extend the time interval between sub-
sequent a nalyses at e ach p oint. F inally,  xed s ystems c an a lso b e s et up to c ompensate for p otential 
interferants, thereby improving the selectivity of the system.

Near real-time measurements (i.e., delays of less than 2 min for each discrete N2O c oncentration 
readout) can be very adequately accomplished by photoacoustic infrared spectrophotometric analyzers. 
Although NIOSH Method No. 6600 neither speci es nor identi es photoacoustic infrared methods as 
suitable for nitrous oxide analyses, the author feels that the methods are suffi  ciently similar that this 
technology could be regarded as having been included in this method. A photoacoustic infrared spec-
trophotometric analyzer will employ the same mid-infrared wavelength in its analytical setup as does 
its long pathlength infrared cousin, namely, 4.48 µm (or a wave number of 2232 cm−1).

As was the case with the long pathlength infrared systems, there are both portable and  xed photoa-
coustic infrared analyzers that are very well suited to a nalyzing ambient levels of nitrous oxide. Fixed 
systems of this type also have the capability of being multiplexed, with the same simultaneous data log-
ging and summarizing capability as was the case for the long pathlength infrared systems. In addition, 
multiplexing a single photoacoustic infrared analyzer to work at many points will off er the same generic 
advantages as was the case for its long pathlength infrared system cousin.

An active dosimetric system (AD-n) is one that utilizes a battery-powered personal air sampling 
pump—which the pumping rate can be very accurately set and maintained for a s peci c time period. 
Connected in series with this pump will be a sorbent  lled tube. Th is combination system will then be 

TABLE 17.3 Ratings of the Various Portable Nitrous Oxide Analyzers 
and/or Systems

Analytical Method
1

Sensitivity
2

Selectivity
3

Reproducibility
4

Timeliness

IR-n 5 4 4 5
Pas-n 5 5 5 4
PD-n 3 4 4 1–2
AD-n 4 3 3 1–2

TABLE 17.4 Ratings of Various Fixed Nitrous Oxide Analyzers and/or Systems

Analytical Method
1

Sensitivity
2

Selectivity
3

Reproducibility
4

Timeliness

IR-n 5 5 5 4
PAS-n 5 5 5 4
GC-n 5 5 4 2
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clipped to an individual for whom nitrous oxide exposure data are being sought. Th is active dosimeter, 
with its pump operating, will be worn by this person for a prescribed time period, at the end of which, 
it will be retrieved and forwarded to an analytical laboratory. In this laboratory, the sorbent material in 
the tube will be desorbed and its contents analyzed chromatographically.

A passive dosimeter (PD-n) is simply a card or tag, on which will be mounted a porous pad impreg-
nated with some material that will react chemically with nitrous oxide. An initially unexposed card or 
tag will be clipped to t he collar or the shirt pocket of the individual for whom nitrous oxide exposure 
data are being sought. During the time period when this tag is being worn, nitrous oxide will diff use 
into the pad and undergo the desired chemical reaction. Th is chemical reaction will cause a change of 
some type (color, re ectivity, etc.) that can be measured accurately so as to quantify the nitrous oxide 
exposure.

Finally, b oth ac tive a nd pa ssive do simetry s ystems a re a vailable f or n itrous o xide me asurements. 
In general, these two approaches are clearly the very best methods for documenting a si ngle individ-
ual’s e xposure to n itrous oxide, over ei ther a f ull 8 h workday, or a ny s horter, but s peci c a nd well-
documented time interval. Dosimetry systems that will permit the user to obtain an individual’s dose 
directly on site and at t he conclusion of any identi ed time interval are currently under development. 
Such systems will eliminate the requirement for sending exposed dosimeters to s ome remote location 
or laboratory for evaluation.

Fixed gas chromatographic systems (GC-n) are a lso capable of completing t he analysis for nitrous 
oxide. Th e simplest and least expensive of these systems—one that would employ a thermal conductiv-
ity detector (TCD)—will be l imited to a mbient concentrations equal to o r greater than 20 ppm. More 
sophisticated systems that use a d ischarge ionization detector (DID) can be set up to w ork at a mbient 
concentrations down to le ss than 1.0 ppm. For this application, one would choose a c hromatographic 
column packed with one of the readily available, common, rigid structured, uniform pore-sized, porous 
polymers such as Poropak or Chromosorb. Capillary columns coated with dimethyl polysiloxane will 
likely also be eff ective for t his s eparation. Suc cessful a nalytical re sults c ould b e obtained by op erat-
ing t he c hromatograph’s oven ei ther i sothermally or u nder temperature programming. I n a ll o f t he 
cases l isted above, one would probably choose a h elium c arrier ga s for a mbient n itrous oxide a naly-
ses. A lthough t his a nalytical me thod w ill provide e xcellent s electivity, ga s c hromatographic s ystems 
will provide excellent selectivity, gas chromatographic systems will almost always be more diffi  cult and 
expensive to calibrate, maintain, and operate.

Halogenated Anesthetic Gas Analyses

From Table 17.2, it can be seen that there are seven potentially viable analytical methods available for 
this task. Again, it is certain that there will be additional methods available in the future, and there may 
even be other current ones available to perform these analyses. For the ambient analysis of the haloge-
nated anesthetic gases, however, and with a focus on occupational health risk signi cant concentration 
levels, the seven-member listing of Table 17.2 will be both very satisfactory and relatively complete. Th e 
following two tabulations list the author’s evaluation of the relative merits of each of these halogenated 
anesthetic gas analytical methods. Table 17.5 focuses on portable analyzers, while Table 17.6 provides 
the same assessment for installed or  xed systems.

Although there are no current NIOSH (or other) Standard Methods for measuring any of the haloge-
nated anesthesia agents, clearly both the long pathlength infrared (IR-h) and the photoacoustic infrared 
(PAS-h) approaches off er  ne solutions to ob taining t hese t ypes of data. For reference, t he following 
tabulation, Table 17.7, identi es both the “preferred” and a “second choice” wavelength (wave number) 
applicable to ei ther of t he i nfrared a nalytical approaches l isted above, for a ny of t he si x halogenated 
anesthesia agents. For the long pathlength system, assuming occupationally important ambient concen-
tration levels of any of these six chemicals (i.e., in the range of 0–25 ppm), the pathlength should be set at 
20.25 m. Th ere is no pathlength consideration for the photoacoustic infrared system.
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Th ere are portable and  xed long pathlength infrared spectrophotometric analyzers (IR-h) that are 
very well suited to a nalyzing ambient levels of the six halogenated anesthetic gases. Th e  xed systems 
all have the capability of being multiplexed so that a single analyzer can be used to monitor many loca-
tions, and these systems can even do this for up to four of the six diff erent halogenated anesthetic gases, 
simultaneously. Th ese systems will also simultaneously datalog as well as generate periodic data reports 
that su mmarize t he me asurements at e ach location. A s was t he c ase for t he n itrous oxide a nalytical 
situation, multiplexing a single unit to analyze at many separate points will off er both advantages and 
disadvantages. Th ere appear to be two advantages, namely: (1) lower purchase costs, since only a single 
analyzer must be obtained and (2) lower operating costs that arise from having to calibrate and service 
only a single analyzer. Since  xed systems can be set up to c ompensate for potential interferants, they 
can monitor for up to four of these halogenated anesthetic gases simultaneously. Th ey accomplish this 
by adjusting their response to each of these six diff erent gases by the eff ect that each of the others has on it. 

TABLE 17.5 Ratings of the Various Portable Halogenated Anesthetic Gas Analyzers 
and/or Systems

Analytical Method
1

Sensitivity
2

Selectivity
3

Reproducibility
4

Timeliness
IR-h 5 3 4 5
PAS-h 5 4 5 4
AEC/SS-h 2 2 3 4
PEC/SS-h 2 2 3 3
PD-h 3 2 3 1–2
AD-h 3 5 3 1–2

TABLE 17.6 Ratings of the Various Fixed Halogenated Anesthetic Gas Analyzers 
and/or Systems

Analytical Method
1

Sensitivity
2

Selectivity
3

Reproducibility
4

Timeliness

IR-n 5 4 5 2–4
PAS-n 5 5 5 2–4
AEC/SS-n 2 2 3 3–4
PEC/SS-n 1 2 3 4
GC-n 5 5 4 1–3

TABLE 17.7 Analytical Wavelength Choices for the Halogenated Anesthetic Gases

Preferred Second Choice
Anesthesia Agent Wavelength (µm) Wave Number (cm−1) Wavelength (µm) Wave Number (cm−1)

Halothane 7.85 1274 8.83 1132
En urane 8.67 1153 12.05 830
Iso urane 8.57 1167 8.17 1224
Methoxy urane 9.20 1087 7.61 1314
Suprane 8.19 1222 8.46 1182
Sevo urane 8.09 1236 9.73 1027
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Because of this, the signi cantly improved however, the broad similarity in the infrared absorptive  n-
gerprints of these six halogenated anesthetic agents means that the analytical selectivity will never be 
perfect. On the negative side, this multipoint and/or multicomponent analytical approach will always 
extend the time interval between subsequent analyses at each point.

Near real-time measurements (i.e., delays of less than 2 min for each discrete halogenated anesthetic 
gas concentration readout) can be very adequately accomplished by photoacoustic infrared spectropho-
tometric analyzers (PAS-h). Th is type of analyzer will employ the same preferred and second choice 
mid-infrared wavelengths (wave numbers), as l isted in Table 17.7, as will its long pathlength infrared 
spectrophotometric cousin.

As was the case with the long pathlength infrared systems, there are both portable and  xed photoa-
coustic infrared analyzers that are very well suited to a nalyzing ambient levels of the six halogenated 
anesthetic gases. Fixed systems of this type, also, can be multiplexed to many diff erent points, while pro-
viding highly useful and functional datalogging and summarizing capabilities. Th ese analyzers can also 
simultaneously analyze for up to four diff erent halogenated anesthetic gases, and in doing so, achieve 
the same general bene ts (and disadvantages) as do their long pathlength infrared cousins.

Th e pumped or active electrochemical/solid state analyzer (AEC/SS-h) is a unit that uses either fairly 
analyte-speci c electrochemical cells or solid state detectors to p rovide t heir concentration readouts. 
Th ese units also employ internal sampling pumps to aspirate air through their respective detector sec-
tions. Th eir passive electrochemical/solid state analyzer counterparts (PEC/SS-h) are identical in every 
respect “except” that they do not have internal sampling pumps—rather, they rely on the ambient dif-
fusion of the target analyte to, a nd u ltimately into, their detectors. Th is type of analyzer will usually 
also be equipped with some sort of a selective membrane that is positioned in front of its detector. Th is  
membrane will have been selected, because it is permeable to only a limited number of chemicals, and 
its placement in the analytical path will have the eff ect of improving the analyzer’s selectivity.

Active and passive electrochemical/solid state analyzers are both available in v irtually any desired 
con guration—portable or  xed, single or multipoint. Th ese units will not, however, be able to analyze 
simultaneously for diff erent halogenated anesthetic gases. Th e two principal advantages of these types 
of analyzers over any of their alternatives are their very low original cost and their previously mentioned 
wide con gurational  exibility. Th ey are particularly well suited to de termining the existence and/or 
the location of any signi cant leak of any of the halogenated anesthetic gases; however, their relatively 
poor selectivity and, particularly, their very poor sensitivity usually disqualify them from active consid-
eration for any monitor task at ambient and occupationally important concentration levels.

Both active (AD-h) and passive dosimetry systems (PD-h) are available for the measurement of the 
halogenated anesthetic gases. As was the case with nitrous oxide dosimetry, a dosimeter of either type 
will clearly be the very best method available for documenting a si ngle individual’s exposure to t hese 
materials. Dosimetry systems that will permit the use to obtain an individual’s dose directly on site and 
at t he conclusion of a ny identi ed t ime i nterval a re currently u nder development. Such systems w ill 
eliminate t he requirement for sending exposed dosimeters to s ome remote lo cation or laboratory for 
evaluation.

Fixed gas chromatographic systems (GC-h) are also very capable of completing the analysis for any, 
or all, of these halogenated anesthesia agents. Gas chromatographs designed to analyze for these materi-
als could do so successfully using either a  ame ionization detector (FID) or a photoionization detector 
(PID). MDLs for any of these gases would be well below 1.0 ppm. For this application, one would choose 
a chromatographic column packed with a lo w polarity, porous polymer such as Graphitized Carbon, 
Gas C hrom 2 20, Poropak Q , or C hromosorb 102. Suc cessful a nalytical re sults c ould b e obtained by 
operating the chromatograph’s oven either isothermally or under temperature programming. Although 
this analytical method will almost certainly provide the very highest levels of analytical sensitivity and 
selectivity, gas chromatographic systems will always be more diffi  cult and expensive to calibrate, main-
tain, and operate.
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Anesthesia Mask Gas-Scavenging System

Anthony Schapera and William Charney

Introduction

Th e signi cance of contamination of the operating room by anesthesia gas is controversial. Several stud-
ies and reviews have described an increased risk to the health of operating room staff  in association with 
exposure to waste anesthetic gases.1–4 It is reasonable to assume that reducing environmental contami-
nation will lessen the health risk to operating room staff . Th e National Institute of Occupational Safety 
and Health (NIOSH)5 recommends that levels of N2O in the operating room do not exceed 25 ppm over 
the course of a gener al anesthetic. In our operating rooms, levels of N2O measured in the immediate 
area or “breathing zone” of anesthesiologists oft en ranged from 80 ppm to greater than 200 ppm during 
delivery of inhalation anesthesia by an anesthesia mask. We therefore sought a way in which to reduce 
this level of contamination.

Leaks f rom a s emi-closed breathing c ircuit w ill re duce t he e ff ectiveness of any anesthesia gas-
scavenging system. Common sources of leaks are at the CO2 absorber gaskets, in the anesthesia ventila-
tor bellows, at the pressure release valve (“pop-off  valve”), at the reservoir bag or at the high pressure gas 
connections at the central gas manifold. Th ese leaks can be eliminated by routine maintenance checks 
and preanesthesia equipment checks. An additional major leak, however, occurs from beneath the edge 
of an anesthesia mask during administration of inhalation anesthesia. Both the contour of the patient’s 
face and the design of the mask may contribute to an imperfect seal between the mask and face, allowing 
leakage of gas from beneath the edge of the anesthesia mask. Anesthesia masks have a soft  in atable rim 
which improves the seal but the  t is oft en imperfect, especially in patients with thick beards or those 
with loss of subcutaneous tissue around the cheek area.

Th e purpose of this study was to test the eff ectiveness of a device designed in order to prevent anes-
thesia gases t hat had escaped f rom beneath t he edge of t he a nesthesia mask f rom contaminating t he 
operating room environment.

Methods

Th e s cavenging de vice (Figures 17.1 a nd 17.2) consists of a c onventional a nesthesia mask w ith a s oft  
in atable r im ( King S ystems, M odel #1065, si ze 6 , l arge ad ult m ask). A 5 mm i nternal d iameter 6 ft  
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length of suction tubing is attached with one open end 
adherent to t he r ight side o f t he a nesthesia mask. A 
distal inch of the suction tubing has several side-holes 
in order to allow continued suction  ow if the tip were 
to be occluded. A c lear polyethylene plastic drape of 
approximately 12 in. diameter and 8 in. tall is attached 
to t he a nesthetic m ask o ver t he suc tion t ubing. Th e 
free rim of this drape is tailored to conform to the con-
tours of a normal adult face, and the edges are elasti-
cized to provide a more eff ective seal where it contacts 
the skin. Th e suc tion tube exits t hrough a n opening 
in t he plastic drape a nd is connected to a s ource for 
vacuum (300–500 mmHg). Th e anesthesia face mask 
is applied in t he usual fashion during induction and 
maintenance of anesthesia. Th e suction tubing is con-
nected to t he s ource of suc tion, a nd a s a nesthesia i s 
induced, t he c lean p lastic d rape i s b rought o ver t he 
patient’s f ace a nd ad justed s o a s to p rovide t he b est 
negative pressure beneath t he edge of t he face mask 
will be scavenged. In the event that the anesthesiolo-
gist needs to gain rapid access to the patient’s face, the 
drape may be easily removed.

We s tudied t he e ff ectiveness of the mask gas-
scavenging s ystem i n  ve he althy p atients u nder-
going ele ctive su rgery w ith i nhalation a nesthesia 
that i ncluded N 2O. Th e s tudy w as app roved b y t he 
University of California San Francisco Committee on 
Human Research and informed consent was obtained 
from all study subjects.

Th e op erating ro oms u sed r anged i n si ze f rom 
8,000 to 10,000 ft 3 and all rooms underwent 10 com-
plete air changes per hour.

A Miran 1A infrared spectrophotometer (calibrated 
to manufacturer’s speci cations) was used to measure 
N2O le vels. Th is h as a de tection l imit o f 1 ppm. We 
 rst sampled the operating room air for background 
levels of N 2O a nd ne xt te sted t he b reathing c ircuit 
for leaks by pressurizing the anesthesia circle system 
with N2O. We sampled for N2O at various locations in 
the breathing circuit and at scavenger reservoir bag. If 

obvious leaks were found, we corrected the leak or, if not correctable, we did not conduct the study in 
that operating room.

Anesthesia was then induced in the test patients with a combination of intravenous agents and vola-
tile inhaled agents (halothane or i so urane as determined by the anesthesiologist) in oxygen. Th e test 
period began when a steady state of anesthesia had been achieved and the anesthesiologist was satis ed 
that the airway was secured. An oral or nasal airway was used at the discretion of the anesthesiologist, 
but if used was left  in place throughout the study period.

For the study period, patients breathed spontaneously while anesthesia was maintained with either 
halothane or i so urane and an N2O (3 L/min)/O2 (2 L/min) gas mixture. For the  rst half hour of the 
study, the anesthesia mask gas-scavenging system was used to administer anesthesia.

Suction tube

Anesthesia mask

Drape

FIGURE 17.1 Anesthesia m ask w ith sc aveng-
ing attachment.

FIGURE 1 7.2 Method o f app lying s cavenging 
drape over patient’s face.

Drape Suction tube

Anesthesia mask
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Th e anesthesiologist held the anesthesia mask with the left  hand and applied the mask to the patient’s 
face i n t he m anner p referred b y t he a nesthesiologist. We d id not adv ise t he a nesthesiologist i n t he 
method of application of t he mask i tself, but d id ensure t hat t he plastic shroud was d raped over t he 
patient’s face in the most eff ective way to collect escaping anesthetic gasses. Head straps were not used. 
In no cases were oral or nasal esophageal stethoscopes or temperature probes used. Th e breathing cir-
cuit s afety-release ( “pop-off ”) v alve w as ad justed s o t hat t he re servoir ba g on t he c ircuit c ompletely 
re lled during exhalation and partially emptied during inhalation.

Samples of air were obtained continuously from the environment adjacent to the anesthesia mask 
(~2 ft  f rom t he a nesthesia mask), a nd t he h ighest N2O-speci c l ight absorbance i n each m inute t ime 
frame was recorded for 30 min. Th e anesthesiologist was unaware of the level of N2O being measured. 
Aft er 30 min, we disconnected the scavenging device and carefully removed it from the anesthesia mask 
while the anesthesiologist continued to apply the mask to the patient’s face as before. We continued to 
sample room air for N2O over the next 30 min.

Data were described as the mean values ±1 SD for N2O concentration over each study period.

Results

Patient characteristics are shown in Table 17.8. Th e scavenging system markedly reduced the average 
N2O concentration over the course of 30 min of inhalation anesthesia in each case (Figure 17.3). Th e N2O 
concentration was maintained at consistently low levels throughout the test period as illustrated in the 
data from patient number 5 (Figure 17.4).

TABLE 17.8 Patient Characteristics

Patient Age Sex Bearded Dentition

1 33 Male No Full
2 63 Female No Full
3 49 Male No Full
4 38 Female No Edentulous
5 48 Male No Edentulous
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100
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0
1 2 3

Patients

N
2O

 (p
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)

4 5

With scavenger
Without scavenger

FIGURE 17.3 N2O concentrations (mean ± SD) in breathing zone of anesthesiologist while delivering inhalation 
anesthesia by mask to  ve patients.
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Discussion

Th e most signi cant result of this study is the demonstration that the newly designed anesthesia mask-
scavenging attachment reduces contamination with N2O with the anesthesiologist’s breathing zone to a 
concentration well below the 25 ppm level recommended by NIOSH. Without the attachment, levels of 
N2O greatly exceeded the recommended limit. Using a double mask scavenging device (essentially an 
inner mask surrounded by an outer rigid shell into which escaping gas is evacuated), N2O levels were 
reduced from 145 to 15 ppm in one study.6 Use of this device results in a further sevenfold reduction of 
N2O in the anesthesiologist’s breathing zone.

Th e scavenging attachment has several design points that deserve emphasis. We used the main-line 
hospital vacuum system as a source of suction for the evacuation of escaping gases. Th e static suction 
pressure in this system is not constant, but varies between 300 and 500 mmHg and results in an air  ow 
through 5 mm ID tubing of about 60 L/min. Th is rate of  ow should be more than adequate to evacu-
ate gas escaping f rom beneath an anesthesia mask (fresh gas  ow in most anesthesia systems seldom 
exceeds 10 L/min).

Because most anesthetists hold the anesthesia mask with the left  hand, the right side of the mask is 
usually less eff ectively sealed against the patient’s face. We attached the suction tubing to the right hand 
side of the anesthesia mask in order to more eff ectively contain and evacuate gas escaping from the right 
edge of the mask. Th e distal inch of the suction tubing has several side-holes in place in order to mini-
mize occlusion of the suction by the plastic drape being sucked up against a single ori ce.

Th e plastic drape itself is of clear polyethylene plastic. Th e contour is designed so that the edges  t well 
over the occiput and chin reducing the chance of slippage of the edges during use. A loose elasticized 
edge assists the  t of the drape. Although the drape  ts well during use, its overall  t i s fairly loose so 
that it can be instantly removed if necessary. Th e clear plastic enables the anesthetist to see the patients 
face clearly during the procedure. Th e pat ient’s eyes should be taped shut during use of the device in 
order to prevent corneal abrasion by the plastic. In contrast to the double mask device,6 the attachment 
of the drape does not add to the bulk of the anesthesia mask, an important factor in minimizing hand 
fatigue when delivering inhalation anesthesia by mask.

FIGURE 17.4 Plot of N2O concentration vs. time in the breathing zone of anesthesiologist delivering inhalation 
anesthesia by mask to patient number  ve. Values shown are the highest value sampled during each minute of the 
test period.
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Conclusions

We have demonstrated a new scavenging device that eff ectively reduces environmental contamination 
with anesthetic gases during inhalation anesthesia delivered by a standard anesthesia mask.
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Personal Exposure to Blood Aerosols among 
Operating Room Personnel

Patricia A. Heinsohn and D. L. Jewett

Introduction

An exposure assessment was performed based on the same underlying assumption as that of universal 
precautions, a c linical i nfection c ontrol te chnique. Universal p recautions i nvolve u sing a p rescribed 
set of operating procedures in patient care based on the assumption that all blood and body  uids are 
potentially bloodborne pathogen infective.1 Since a ll blood and body  uids are presumed to be infec-
tious, the presence of the pathogen does not have to be demonstrated. Exposure to blood constitutes 
exposure to any bloodborne pathogen present. Exposure to hemoglobin, present in the red blood cells 
suspended in whole blood, constitutes exposure to blood.

Universal precautions are intended to prevent exposure via skin splash, parenteral inoculation, and 
exposure to the mucous membranes of the eye, nose, and mouth. Th e barrier precautions and techniques 
used in universal precautions are intended to control these exposures, because they involve known or 
suspected routes of transmission of human immunode ciency virus (HIV) or other bloodborne patho-
gens; needlestick is a common example. Even so, the adequacy of universal precautions has been ques-
tioned. For example, the use of gloves and other protective devices does not appear to off er substantial 
protection against hepatitis B virus (HBV) exposure in oral surgeons.2

Th e use of personal protective equipment prescribed under universal precautions does not, and was 
never intended to, eliminate blood aerosol exposure. Surgical masks3 are generally ineff ective at  ltering 
particles below 5 µm diameter, and do not s eal to t he face. Unfortunately, they are perceived by many 
health care workers as respiratory protective devices.

Th e inhalation route of exposure to bloodborne pathogens via blood-containing aerosol has not been 
extensively studied. Of the 10 bloodborne pathogens l isted in the Federal Register,4 the three of most 
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signi cance to h ealth care workers include Mycobacterium tuberculosis, HBV, and HIV. Of these, M. 
tuberculosis is the only pathogen shown unequivocally to be transmitted by inhalation. It is quite infec-
tious; one t ubercle bac illus i s c apable of i nitiating i nfection i n a su sceptible host. Re spiratory t rans-
mission of HBV has been suspected and investigated by Petersen, who sampled for hepatitis B surface 
antigen and hemoglobin in renal dialysis centers. Failure to detect either one in the air samples5 indi-
cates a failure to collect a blood aerosol. Failure to collect any blood aerosol does not necessarily mean 
that none was generated or that personnel were not exposed to blood aerosol. Th e data may be explained 
by an inability to meet the air sampling limit of quantitation given the sampling and analytical methods 
described.

It remains troubling that HBV oropharyngeal transmission was reported in personnel wearing surgi-
cal mask protection in the preparation of human blood products.6 More recently, Reingold demonstrated 
a strong correlation between years in practice and seropositivity among oral surgeons; this correlation 
was unaff ected by the use of gloves, face masks, or eye protection. Oral surgeons, like other surgeons, 
use powered instruments capable of aerosol generation. Th e signi cant association with the number of 
years in practice could be explained by a continuous low dose aerosol exposure.

Th ere are no epidemiologic data suggesting that aerosol transmission of HIV occurs. Further, it may 
be impossible to demonstrate aerosol exposure as a risk factor by present epidemiological study design, 
given t hat e xposed p ersonnel a re a lso e xposed to k nown r isk f actors. Th e h ousehold c ontact s tudy7 
suggests that transmission involving naturally produced aerosols (coughs and sneezes) does not result 
in disease transmission of HIV. However, such aerosols do not generally contain blood. Coughs and 
sneezes by nature are random events, unlike the intentional mechanical aerosol generation performed 
in the operating room, which involves exposure on a routine basis.

A theoretical basis of respiratory infection with HIV exists. Th e alveolar macrophages carry the gly-
coprotein CD4 receptor site, by which HIV glycoprotein 120 is known to i nfect cells. HIV can infect 
alveolar macrophages in v itro.8 HIV is k nown to re plicate in a lveolar macrophages, which serve as a 
reservoir of infection in that they do not succumb to the cytotoxic eff ect of HIV infection.8 In addition, 
a laboratory strain of HIV-1 was shown to su rvive aerosolization and remain T-cell culture infective.9 
Th erefore, t heoretically, a n occupational exposure to blo od aerosol small enough to p enetrate to t he 
alveoli could result in binding of the HIV glycoprotein 120 of viable HIV to the CD4 receptor sites on 
the surface of alveolar macrophages, with subsequent macrophage infection.

Th e mucous membrane l ining of t he upper respiratory t ract may a lso be a t arget site of i nfection. 
CDC/NIH cautions that, at le ast in the laboratory setting, “the skin…and mucous membranes of the 
eye, nose, mouth, and possibly the respiratory tract should be considered as potential pathways for entry 
of the virus.”10 Although the existence of a pathway certainly does not guarantee infection, it would also 
be prudent to prevent aerosol exposure to the upper respiratory tract.

An obvious and fundamental epidemiologic principle requires that exposure data be collected before 
any association between exposure a nd d isease can be made. W here blood splash a nd needlestick are 
readily recognized, personal blood aerosol exposure must be determined by sampling from the breath-
ing zone. Th us, t here i s a n obv ious need to iden tify personnel at r isk of exposure a nd quantify t heir 
exposure.

Methods

Th e sampling method used was chosen to yield size-selective hemoglobin results. It was undesirable to 
characterize only the respirable mass fraction, since deposition in the upper respiratory tract may be 
hazardous. Breathing zone samples were taken during surgery with Marple personal cascade impactors 
(Andersen Instruments, Inc., Atlanta, GA) and analyzed with Hemastix (Miles, Elkhart, IN). Both the 
sampling and analytical methods are discussed in detail elsewhere.11 Th e surgeries monitored included 
orthopaedic, u rologic, vascular, a nd cardiac su rgery. Personnel monitored consisted of su rgeons a nd 
primarily  rst assistants.
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Results

Th e breathing zone blood aerosol exposures ranged from 0.17 to 7.32 µg hemoglobin/m3, with an arith-
metic mean a nd SD of 1.39 a nd 2 .09 µg/m3, respectively, a mong a ll surgeons (n  = 11) monitored. Th e 
exposure concentrations among all assistants ranged from 0.26 to 4.90 µg/m3, with an arithmetic mean 
and SD of 1.78 and 1.54 µg/m3, respectively, among all assistants (n  = 12) monitored.

Table 17.9 shows the summary statistics among orthopedic personnel and urology personnel. With 
respect to the size fraction and hemoglobin relationship, stage 2 (eff ective cut-off  aerodynamic diameter 
or ECAD = 15 µm) of every sample was positive at some hemoglobin concentration.

Seventy- ve percent of all samples for stage 5 (ECAD = 3.5 µm) were positive and 40% of all samples 
for stage 8 (ECAD = 0.8 µm) were positive. Breathing zone samples from all personnel monitored con-
tained inhalable blood aerosols.

Discussion

Th e overall me an e xposure i s ac tually h igher for t he a ssistant t han t he su rgeon, but t he r ange i ndi-
cates that the surgeon experienced a higher individual exposure within this data set. When the results 
are b roken do wn ac cording to t he t wo mo st f requently mo nitored s pecialties, t he su rgical a ssistant 
in orthopedic surgery has a h igher mean exposure t han t he surgeon, but t he range is g reater for t he 
surgeon. It cannot be concluded, however, that higher exposures occur in orthopedic surgery than in 
urology, because of the small sample size.

Other operating room employees not sampled may be at risk of exposure, e.g., the sterile nurse, circu-
lating nurse, and anesthesiologist. Th e surgeon and  rst assistant were chosen as the most likely to be at 
greatest risk, because they are closest to the site of aerosol generated as a result of their job duties.

Sampling times ranged from 105 to 390 min. As such, they re ect only the total exposure concentra-
tion incurred over the length of the one operation. Th us, these results do not re ect the total exposure 
for personnel who participate in more than one operation per shift .

Th e data document an exposure to blood aerosol of a size distribution capable of being inhaled and 
deposited throughout the respiratory tract, including the gas exchange region. Control methods must 
be implemented if the exposure is unacceptable. Although engineering controls are preferable, it is not 
readily apparent that an eff ective local exhaust system could be designed that could be used in all opera-
tive situations. It has also been shown that drawing in and away from the operative site (as local exhaust 
ventilation would do) increases the r isk of nosocomial infection. Research involving speci c surgical 
tools needs to be done to determine eff ective means of aerosol reduction without compromising perfor-
mance. Administrative controls, such as rotating personnel, are not practical or may be impossible. Th e 
remaining control, use of respiratory protective equipment (RPE), a lthough the least desirable, is the 
most feasible until the aforementioned research is done.

TABLE 17.9 Breathing Zone Hemoglobin Concentrations 
by Specialty (µg/m3)

Specialty/Task Mean SD Range N

Orthopedic
 Surgeon 2.15 2.69      0.17–7.32 6
 Assistant 2.30 1.63      0.51–4.90 8

Urologic
 Surgeon     0.26–0.51 3
 A ssistant 0.276–0.35 2
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Unfortunately, the selection of the appropriate RPE is not as simple as it may seem. Th e use of most 
RPE in the sterile  eld of the operating room necessarily requires that it be sterile for each use to protect 
against any particles that might be shed into the sterile  eld. Steam sterilization and/or ethylene oxide 
sterilization may bring about the deterioration of the elastomeric parts of nondisposable industrial RPE. 
Th e hospital infection control committee may not ac cept common decontamination procedures (e.g., 
surface d econtamination w ith h ypochlorite, io dophor, or  qu aternary a mmonium s olutions) u sed by  
industrial hygienists to clean respirators.

Sterilization of non-disposable RPE is also impractical. Th e ideal product would include a d ispos-
able sterile mask, helmet, or hood. A sterilizable mask, helmet, or hood would also be satisfactory but 
could result in higher costs; the industrial hygienist administering the respiratory protection program 
must have adequate time and resources for inspection of equipment aft er each sterilization and before 
each use.

Th e two air-purifying devices pictured in Figures 17.5 and 17.6 are manufactured in the United States. 
Th ey a re m arketed a s i nfection c ontrol de vices r ather t han R PE. Suc h de vices were originally m ade 
for the operating room to off er m aximum protection for the particularly compromised or susceptible 
patient from the  ora exhaled by the wearers, and ambient microorganisms. Th ey accomplish that pro-
tection by high effi  ciency particulate air (HEPA)  ltering of the air exhaled by the wearer and the excess 
air supplied by the blower. Th e manufacturers have added a HEPA  lter to the supply air to provide some 
measure of protection for the wearer.

Unfortunately, neither of these devices is a NIOSH/MSHA-approved respirator. Such approval would 
demonstrate that the device met a m inimum level of performance as a re spiratory protection device. 
Although no NIOSH/MSHA approvals exist for respirators used speci cally to control infectious aero-
sol exposures, there are approvals given for RPE used to control other particulate hazards.

One such  approved respirator i s a  d isposable negative pressure a ir-purifying ha lf ma sk respirator 
capable of HEPA  ltration. It is not sterile but need not be in that it covers approximately the same area 
as the surgical mask. Th is half mask would have to be worn with a surgical mask over it, thus cover-
ing the exhalation valve, to off er the standard level of protection to the patient. Filtering exhausted air 
would be required of any RPE used in the operating room. Th is is obviously a limitation of all industrial 
RPE presently available.

FIGURE 17.5 DePuy SterileÔ View System: (a) rear view of the device as worn prior to donning sterile hood and 
(b) the device in use as worn with sterile hood covering. (From DePuy Sterile™ View System, Warsaw, IN.)

(a) (b)
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Infectious or potentially infectious aerosols are also particulate by de nition. It is believed that the 
present testing and certi cation procedures for other particulate approvals are applicable to infectious 
aerosols. Th is is one of the issues being examined by a new subcommittee of the ANSI Z88.2 respiratory 
protection committee. Another issue is the apparent failure of HEPA  lters when wet.12

Another dilemma in proper RPE selection is deciding what level of protection the present data war-
rant. Fu rther, d irect application of t he a ssigned protection factors may not b e appropr iate. A ssigned 
protection factors are based on mass penetration data as opposed to the number of particles penetrating. 
Yet, it is the number of viable organisms inhaled and deposited, which is critical.

In the absence of a p rescribed decision logic for RPE selection, consistent approvals, and a de  ned 
safe level of exposure, user compliance issues and costs may dominate the decision. Generally speaking, 
wearers tend to dislike the increased resistance to breathing when using negative pressure air-purifying 
RPE. Th e sterility requirement is a limitation of industrial RPE presently available.

Use of RPE must be done as part of a re spiratory protection program13 and requires oversight by a 
respiratory protection offi  cer.

Conclusion

Although the data reported here do not constitute a complete exposure assessment, they do demonstrate 
that surgeons and assistants are at r isk of exposure to blo od aerosols, which may contain bloodborne 
pathogens for which surgical masks off er inadequate protection. Additional sampling should be done 
across all specialties and employees. Interpretation of these data beyond documenting exposure is dif-
 cult due to the lack of information on the infectivity of HIV, HBV, and other bloodborne pathogens via 
the inhalation route. Whether or not blood aerosol exposure could constitute a deposited and absorbed 
dose suffi  cient to initiate infection is open to speculation. Yet professional judgment oft en dictates that 
industrial hygienists assess occupational exposure to suspected airborne hazards and/or recommend 
control measures to minimize or prevent exposures before any hazard is proven.

FIGURE 17.6 Stackhouse Freedom Mark III Surgical Helmet System: (a) rear view of the device as worn prior to 
donning sterile hood or gown, (b) the device with sterile hood donned, and (c) the device as worn with gown. (From 
Stackhouse Freedom Mark III Surgical Helmet System, Riverside, CA.)

(a) (b) (c)
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Th e personal protective equipment and techniques used as part of universal precautions are inade-
quate as control measures for blood aerosol exposure. Engineering and administrative controls are not 
feasible control methods at the present time. Th e only viable control remaining is the use of RPE, which 
is an entirely acceptable practice prior to implementation of eff ective engineering controls. Careful con-
sideration must be given to the proper selection of appropriate RPE.
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Cost–Benefi t Analysis in Health Care

William Charney

Introduction

Workers on the job injury protection in health care are seldom discussed as an ethical issue. Rather the 
real discussions are about money, return on investment, making a pro t, etc. If a prevention program 
is expensive and budgets for the program are not easily achievable, the program is seldom implemented 
and workers’ health a nd s afety a re s acri ced. Another denial apparatus used by health care systems 
to refuse to adequately fund health and safety for its employees is that it will take needed dollars away 
from patient safety programs. Th is attitude in itself is a self-defeating formula as published science now 
concludes employee safety is critical to controlling negative patient outcomes.1

Th ere a re many c itations i n t he l iterature t hat prove health a nd safety programs a re cost–bene t 
positive.2–5 Despite this, many health care del ivery systems claim that they have no mo ney to i nvest 
in protecting t heir employees. Prevention i s a lways cheaper t han paying for t he i njury. Th is  truism 
becomes lost in an administrative inability to understand and incorporate the real cost of the injury 
into a cost–bene t analysis. Th is is happening for several reasons:

Lack of study and understanding of the science of cost–bene t by industry CEOs and CFOs• 
Lack of study and an inability to translate the dollar costs due to decrease in productivity because • 
of an injury
A lack of understanding of the monetary impact of indirect costs for an injury, which can oft en • 
be considered 4× the direct costs
A lack of understanding of the impact on patient care when health care workers are injured• 

It is striking that despite the hundreds of millions of dollars of incurred costs in the hospital industry 
due to occupational injury, hospital offi  cials are not reacting boldly. Hospitals and nursing homes con-
tinue to i ncur high rates of injury, higher rates in most states, according to Bu reau of Labor Statistics 
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(BLS) t han m ining, a griculture, m anufacturing, c onstruction. A lmost 1 i n 1 0 h ealth c are w orkers 
reports a lost day injury per year (10%) if the two NAIC codes are added (e.g., hospital rates in 2003 8.5 
per 100FTE + Nursing Homes 13.7 per 100FTE yields 23.2 per 200FTE or 10%).

The re al lo ss i n dol lars i s i n b illions w hen a ll t he h ard a nd s oft c osts a re adde d. T he lo ss o f 
productivity, mo rale, a nd re placement c osts i s e xtremely h igh. T he u ninsured c osts c ommonly 
referred to as “indirect costs” amount to a loss for each specific facility to 4× the direct costs. These 
include

Productivity losses due to an injured workers absence and reduction in coworkers productivity• 
Lost workdays: (wages × hours lost)• 
Lost time for managers  lling out paperwork• 
21% lost productivity for back injured worker following injury• 
Overtime paid to others during lost workdays• 
Personnel and training time to hire replacements• 
Cost of emergency equipment• 
Cost for light duty program management• 
Claims processing costs• 
Recruitment cost• 

A n umber o f re searchers h ave at tempted to e stimate t he m agnitude o f i ndirect c osts to em ployers. 
Estimates of the size of indirect costs are in a wide range from 10% to 2000% of direct costs.

Politics of Cost–Benefi t

Th e United States is 27th on the list for providing per capita occupational safety for its workers at $3.97 
per w orker. I n t his a ge o f t he nursing s hortage w ith t housands o f u n lled positions, it is of utmost 
importance to i ntegrate t he concept of a s afe working environment i nto t he equation of t he nursing 
shortage. In an OSHA testimony hearing on the Federal Ergonomics Bill, it was stated that the United 
States loses 5% of its nurses annually because of disabling ergonomic injury. In a survey conducted by 
the American Federation of Teachers, 56% of nurses surveyed said that they would leave the profession 
due to the excess of stress and physical demands. Turnover rates in some nursing homes are at 100% and 
the national turnover rate of RNs in acute care is 14%. Vacancy rates, absenteeism due to job dissatisfac-
tion, inability to recruit new employees are all testimonies that the status quo ante needs to change. 
To accomplish this, a scienti c cost–bene t approach must be taken.

Formulas for Calculating Cost–Benefi t Ratios

Some formulas in use give compelling arguments as to what a competent safety program can save.

Pro t ratio formula: Estimated cost saving of the program divided by the pro t ratio = dollars not hav-
ing to b e billed. Hospital A s pends $170,000 on a bac k prevention program and calculates the 1 ye ar 
saving of workers compensation costs to be $54,000. Th e $54,000 is divided by the pro t ratio of 2.8% 
(mean of pro t ratio in health care) equals 2 million dollars the system does not have to bill out to cover 
the cost of the injuries.

Turnover rate formula: Since turnovers are extremely expensive, it is important to have a calculation for 
determining the success at lowering turnover aft er implementation of a program:

Formula: Number of terminations or loss of employees divided by average # of FTEs × 100

Vacancy rate formula: Open FTEs/current FTEs + Open FTEs

Calculating for absence rate:  # of days absent in a month/# of average employees during the month 
× # of workdays
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Workers compensation cost per employee: Total WC costs for year/average # of employees

Cost rate formula: Cost rate = dol lars actually spent/100FTE. To calculate cost rate numbers, use 
cost rate = ($$ spent in an area per year) × 2 00,000 h worked/100FTE then divided by number of 
hours worked in an area per year

Th is formula actually lets you compare dollars saved aft er implementation of a program.
Th ese above formulas w ill assist in calculating t he progress and success of any g iven occupational 

health p rogram i mplemented. D espite t he c opious n umber o f p eer re view s cience ( refer to N elson, 
Fragala, Collins, Charney, et al.) on the positive cost–bene t of i mplementing prevention programs, 
the diffi  culty in convincing systems to invest is high. Nelson cites that purchasing equipment to prevent 
back i njury w ill pa y f or i tself w ithin 1 2–18 mo nths. A t ypical s avings i n w orkers c ompensation a re 
between $300 and $1000 per year per bed with a pay back period of about 2 years. Savings will depend 
on injury experience (SEIU data 1199, New Jersey).

Culture of Safety

Building a true culture of safety means investing on both sides of the health care equation equally, staff  
and patients. In an anecdotal survey done in the state of Washington safety budgets amounted to one-
tenth of 1% of the total operational budget (0.0001%). If we accept the philosophy that “you get what you 
pay for” this amount buys very little safety. By not protecting staff , an increase and direct relationship 
exists for do wnstream ne gative p atient out come. S o t he lo op i s c omplete, not i nvesting i n e mployee 
protection programs yields a higher rate of patient dissatisfactions. By not understanding the science of 
cost–bene t, by not be able to mathematically evaluate safety programs, health care is left  in a fog.
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Making the Business Case for Injury Prevention 
in Health Care—In Control?

Donald Maynes

Making the business case for safe patient handling and injury prevention eff orts has long been the chal-
lenge for those who are intimately familiar with the results when such an eff ort is left  to happenstance. 
Unfortunately, that represents the majority of acute health care settings in the United States today.

Management or happenstance? When it comes to s afe patient handling and injury prevention tech-
niques, those are your only two choices. It is highly interesting, at least to me, that those who choose man-
agement actually get something accomplished.1 But of course, that’s everybody in health care, isn’t it?

Th is is not to say that such eff orts are not underway—they are. Nonetheless, the odds still favor the 
fact that you will one day walk into a hospital that is less prepared to deal with these issues, than one 
that is totally capable. Th e injury rates of caregivers1 continue to re ect the factual actions of those who 
participate in and manage this sector of the economy.
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Over the course of the past 15 years, we have experienced a series of changes in the way that health 
care is delivered in this country. Reimbursement models are changed, and then changed again; managed 
care programs continue to go through metamorphoses; forms of treatment have advanced signi cantly 
in some areas; but the techniques used to actually move, pick up, slide over, and transport patients still 
(in the majority) dates back decades.

Th ese all seem so elementary. Th e majority of hospitals are currently dependent upon outdated technol-
ogy to provide safe patient handling services (Figure 18.1), caregivers are being injured at high rates, risk-
related charges continue to grow overall, patients and their families are becoming increasing disgruntled, 

For Anytown Hospital
Valued as of 10/01/07
Actual Historical
Losses by Period

Period: 06/01/2004–5/31/2005
Patient handling
Repositioning
Cumulative trauma
Slip and falls
Not otherwise classified

33
14

6
46

172

271 595,448 758,005

34,627
139,624
143,994

94,327
182,876

44,0801,273
177,741
183,304
120,079
232,802

6
23
24
16
31

100Total by period

Period: 06/01/2005–5/31/2006
Patient handling
Repositioning
Cumulative trauma
Slip and falls
Not otherwise classified

20
19

8
39

134

220 590,500 894,018

13,465
60,940
64,174

170,963
280,959

20,3861,514
92,262
97,159

258,839
425,372

2
10
11
29
48

100Total by period

Period: 06/01/2006–5/31/2007
Patient handling
Repositioning
Cumulative trauma
Slip and falls
Not otherwise classified

A
B
C
D
E

A
B
C
D
E

A
B
C
D
E

32
20

3
46

209

310 953,789 2,048,739

140,941
171,243
199,726
205,917
235,962

302,7422,148
367,830
429,011
442,310
506,846

15
18
21
22
25

100Total by period

Grand totals: 801

Developed historic values

Not otherwise classified
Slip and falls
Combative behavior
Repositioning
Patient handling

2,500,000

2,000,000

1,500,000

1,000,000

500,000

0

Causative
Agent

Claim
Code

Claim
Count

Incurred
Values

Development
Factors

Developed
Incurred

Percentage
Total (%)

Loss Analysis Report

$2,139,737

FIGURE 18.1 Caregiver injuries related to patient handling have increased over time.
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and there is a nursing shortage. Hmmm! Imagine that. Seems the old cliché, “An ounce of prevention is 
worth a pound of cure” no longer applies. Or has it simply been forgotten or ignored for so long that we 
have accepted the “lack of prevention” as practice. May happenstance abound!

Nursing injury rates have been directly connected to

Th e national nursing shortage• 
Th e reduction of nursing hours at bedside• 
Th e vast majority of reasoning behind nurses leaving the occupation• 
In combination, increased negative patient outcomes.• 2

Happenstance should not be confused with “risk.” Th e concept of risk is simple enough to understand; at 
least on the surface. Arguably, the word risk is generally understood to mean that there is an element of 
uncertainty about the outcome of any given situation. More succinctly put “Risk is a condition in which 
there is a possibility of an adverse deviation from a desired outcome that is expected or hoped for.”3 Too 
oft en, management thinks of the two terms as nearly synonymous in nature; they are not.

Happenstance is created by a state of uncertainty. Uncertainty can only exists in someone’s mind; not 
as a physical attribute of a building, process, or required task. Hence, it is only logical that uncertainty 
leads to happenstance, which (in turn) acquiesces to resident risk, and can only have one outcome…and 
that one’s not so good.

Management, on the other hand, can use the de nition of risk to confront the “certainties” that are 
easily and readily identi able. Th ose certainties include the requirements of care for any patient or resi-
dent of a health care facility anywhere in the world. People are in those places because they

Are under care• 
Require assistance in getting into and out of bed• 
Need help to get to a chair or a bathroom• 
Must gain access to specialized equipment to assist in their diagnosis or treatment• 

Th e basic tenet of nursing is centered on “care,” but that has become i ll-de ned to i nclude serving as 
the pack mule to accomplish the latter of the three above shown points; and the statistics proves it. Add 
“timeliness” to each of the above re ected needs, and without management, the place could deteriorate 
completely into chaos.

Developing a m anageable a lternative b ecomes a m atter of e conomics. “ To a n e conomist, c ost re fers 
to foregone opportunities or a lternatives—sacri cing something to ge t something el se.”4 In t he case of 
safety programming in general, those making the sacri ces initially, however, are those who are trying 
to perform the very services required. In the longer term, “implicit costs”5 of the nursing shortage, cost of 
recruitment, and time spent in managing coworkers’ injuries reduces the income that could be generated.

In a n add itional economic s ense, a nd when a rbitrary management practices l ag behind obv iously 
prudent actions, “industrial justice” steps in on behalf of groups who are being challenged in this case 
caregivers. Currently, there are seven states that have enacted safe patient handling laws, and at least 10 
more are considering them. At the Federal Level, Representative John Conyers has presented legislation 
that would establish a Federal Safe Patient Handling Standard to prevent musculoskeletal disorders for 
direct-care registered nurses a nd ot her health care providers. On September 26, 2006, Congressman 
Conyers introduced the “Nurse and Patient Safety & P rotection Act” (H.R. 6182). Th is would require 
OSHA to develop and implement a standard that will eliminate manual lift ing of patients by direct-care 
registered nurses through the use of mechanical devices, except during a declared state of emergency. 
Th e legislation also requires hospitals to develop a plan to comply with the standard (with input from 
RNs), provides protection for R Ns t hrough re fusal o f a ssignment a nd w histleblower provisions, a nd 
requires the Secretary to perform audits.

Th ese actions follow the enactment of “PL 109-41,” July 29, 2005, 119 Stat 424, which is simply entitled, 
“Patient Safety and Quality Act of 2005.” Th at law, in part, is what has empowered Medicare to change 
its position of the reimbursement for care for injuries that can be at tributed to “ in-house”-developed 
injuries.
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Th ere i s a n obv iously d irect relationship between employee i njury a nd t he i ncreased costs of workers’ 
compensation c laims. Th e s tory does not s top t here, however, because where t here a re h igh workers’ 
compensation claims costs, typically professional liability exposure and its costs are also high. If that is 
not enough, there is a further relationship between professional liability costs and the overall image of the 
facility. Th at image drives Net Patient Satisfaction Scores and that, in turn, drive revenues and pro ts.6

Th e American Nurses Association has also studied the etymology of nurse injury, and has come to 
several conclusions. Injuries are being driven by

Changing United States demographics• 

(Population growth, aging of the population, and the prevalence of obesity)

Increased demands on the health care system• 

(Advances i n te chnology, g rowing ne ed f or d isease m anagement, a nd d isease i ssues a ssociated w ith 
elderly/Bariatric patients).7

At the risk of sounding overly negative, the climate today has been de ned as one that is fraught with 
problems that continue to weaken the staff  of caregivers, which then creates an environment prone to 
needless costs, weakens the health care system generally, and simply wastes huge sums of money. It 
sounds like happenstance is winning.

Modeling Control

Th e ultimate goal of any injury prevention program consists of two objectives:

 1. To enhance safety
 2. To create a more effi  cient working environment

Th is combined focus leads to a more pro table operation. Safety is enhanced through the identi cation 
and mitigation of the risks resident in any given location. Th e work ow design is an outgrowth of the 
retooling of the environment required to m itigate the initial risks that cause caregiver injury. “Across 
the board, “integration” of programs—with core goals, with the organization’s culture, and with each 
other—is found to be the key to success.”8

Developing the pro ciencies required to successfully operate an injury prevention program starts with 
a basic understanding of the u ltimate desired outcome. As Yogi Berra puts it, “If you don’t know where 
you’re going, you might end up someplace else.” In order to avoid that happenstance, and to better de ne 
the safe patient handling “destination,” then it is imperative that we  rst u nderstand t he nature of t he 
conundrum.

Over the course of the last 14 years, we have studied hospitals throughout Canada, the United Kingdom, 
and the United States. While the economic system that supports health care is dramatically diff erent, the 
risks associated w ith lift ing, t ransporting, a nd re positioning pat ients a re identical. Much l ike t hose l aws 
recently passed or currently under consideration in the United States, the United Kingdom (through their 
Safety Executive) has had safe pat ient systems mandated for nearly t he past 10 years, a nd started 5 ye ars 
before that.

“Th e 1992 regulations call for r isky “manual” handling to b e avoided “so far as i s reasonably prac-
ticable”. Th is means weighing up t he risk of injury against the cost or eff ort required to i ntroduce new 
measures. Doing nothing can only be justi ed if the cost of measures greatly outweighs the risk. Given 
the high risk of injury associated with lift ing patients, the absence of a s afer handling policy is a lmost 
certain to amount to a breach of the regulations. Th e cost of handling equipment is not only “reasonable” 
in legal terms (cost versus risk), but also in real terms too.

A large health employer implementing a safer handling policy might initially expect to spend 0.3% 
of the annual budget on new equipment. Aft er t hat, t he a nnual m aintenance a nd re placement b ill 
should be no more than between 0.03% and 0.04% of the budget (RCN 1999). One large civil claim from 
an injured nurse would amount to several times the cost of the equipment needed. Th ere are also huge 
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indirect costs in both  nancial and human terms that must also be taken into account. Good employers 
have little option but to work toward implementing a safer handling policy as soon as possible.9

While the law in the United Kingdom preceded those in the United States, that is not to say that 
efforts w ere not u nderway to de velop s trategic c ontrols f or s afe pat ient h andling, a nd c aregiver 
safety. As early as 1992, and again in 1993, Doctors Arun Garg and Berniece Owens were conduct-
ing ergonomic studies on long-term care facilities. These studies looked at the requirements of not 
only having equipment present to m itigate the risk, but a lso actually putting that equipment into 
practice.

One o f t he e arliest ac ute c are s ettings to adopt s afe pat ient h andling e ff orts w as t he J im Th or pe 
Rehabilitation Hospital, a pa rt of Integris Health, located i n Ok lahoma City. “ To get a b etter handle 
on preventing these common injuries, Integris launched its No-Lift  policy in 1997 to shift  the culture 
from just moving patients to moving the patients safely by using new lift ing equipment.”10 In 2006, Bill 
Wandel, Vice President of Risk and Finance for Integris, was presented the Th eodore Roosevelt Award 
for workplace safety; an annual award made by Risk & Insurance Magazine. In previous years, Integris 
also received the Award for Excellence from the Oklahoma Safety Council (2003), and the Crest Award 
from the Department of Labor (2004).

At the time, Integris implemented their safe patient handling program, workers’ compensation losses 
alone were running $4.8 million annually. By 2000, those costs had been reduced to less than 50%, and 
today they are only a fraction of what once was a huge problem. In total, this approach has saved Integris 
Health over $15.0 million in the past 5 years alone.

Integris Health represents excellence in melding together the two objectives associated with safe 
patient handling. First, t hey went about equipping t he hospitals w ith some equipment (subsequently 
adding to that mix) to enhance the safety of their caregivers, and then created work processes that are 
much more effi  cient than those in place prior to program implementation.

Unfortunately, Integris Health remains the exception and not the rule. Most of the hospitals we have 
analyzed to date (over 350) in the United States continue to experience the majority of workers’ compen-
sation claims from causes directly attributable to patient lift , transfer, and transport.

We h ave i denti ed several examples of hospitals t hat commenced s afe pat ient handling programs 
(some only in part, others comprehensive), and then later abandoned those eff orts. Typically that man-
agement decision is made when the business case is not clear to new leadership. One such case recently 
resurfaced in our offi  ces, and the results are really quite telling.

Th is particular hospital must remain nameless for obvious reasons. Aft er all, nobody would want 
to lay claim to t he increased costs that have been borne both by the employer and the caregivers who 
experienced traumatic injuries. Th is particular operation had claims numbers that were proximate to 
those at I ntegris, a nd h ad si milar demog raphics. U pon t he i nvestment o f o ver $ 800,000 i nto a s afe 
patient handling program, they experienced claims savings of over $3.3 million in their  rst 3 years of 
operations. Following that, it appears that the claims savings began to level somewhat, but still remained 
at only a f raction o f t he c omparative pre-programmed v alues. Th en t he op eration w as a bandoned 
altogether when new management took control of the operation, and was seeking methods to cut FTE’s. 
It should be only too logical to k now where their claim values stand today. Yet, right back up to t he 
pre-programmed levels. Worse yet, that particular organization experienced huge turnover rates, and 
had to cover those additional costs as well.

Over t he c ourse of t ime, programs h ave e xpanded i nto more lo cations, a nd t he re sults a re a ston-
ishingly similar. Earlier this year, St Mary’s Hospital, Amsterdam, New York (and part of Ascension 
Health) was awarded the Best Practice Award for the Northeast Region of NYONE. Because of similar 
eff orts t hroughout t heir system, Ascension Health is scheduled to b e t he w inner of t he Best Practice 
Award s ystem-wide at t he up coming S afe Pat ient Ha ndling C onference s ponsored b y t he Veteran’s 
Administration VISN 8 Program.

Still, there is work to be done. In a recent analysis of over 100 hospitals, we determined that nearly 
one-third of all workers’ compensation claims can be attributed to patient handling tasks. So how much 
could be saved by that group alone? Conservatively over $30 million.
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Taking Control

To exercise management of safe patient handling and its bene ts, you must start by  rst understand-
ing what the current situation is at your facility. Th at is a relatively simple task, but can take some time 
depending on the record keeping methods that you have in place.

Safe patient handling programs consist of

Investigative phase• 
Implementation phase• 
Operations phase• 

Th e investigative phase is f urther broken down into two separate and distinct analyses. Th e  rst one 
centers on the historical workers’ compensation experience, and the latter concentrates on the risks and 
exposures that drive those costs. We use your own experience to tip us off  as to where to look for those 
hidden tasks and eff orts that ultimately injure your most valued clinical staff .

Process

 1. Hospital “L oss Ru ns” a re obtained for t he proceeding 3 ye ars. A lo ss r un i s a de tail of worker 
injury claims that includes date, description of the injury, what caused the injury, and the current 
value of the claim.

 2. Each claim listed on the Loss Run is grouped into one of  ve categories:
 A . Patient lift ing claims
 B. Patient repositioning claims
 C. Cumulative trauma claims
 D. Slip and fall claims
 E. Not otherwise classi ed

Experience has proven that Categories A and B generally represent the largest cost of claims. Th e se are 
also the categories that can achieve the greatest reduction through the introduction of patient handling 
equipment and policies that support their use.

 3. Once the classi cation of claims is complete, the expected reductions from the prevention pro-
gram are then factored for each classi cation.

Classi cation Expected Reduction (%)

Patient lift ing claims 64.0
Patient repositioning claims 64.0
Cumulative trauma claims  8.0
Slip and fall claims  5.4
Not otherwise classi ed  2.7

Th e Expected Reduction percentages are based on experience as de ned and approved by London 
Market underwriters.

 4. Insurance companies use 3 years of historic data to project what the most likely outcome will be in 
the future. We use the same methods by determining what the average amount of claims in each 
category has been over the past 3 years. In other words, this value is what has happened histori-
cally, and is likely to be the case again if an injury prevention program is not put into place.

 5. Since c laim v alues c hange o ver t ime, w e m ultiply t he n umber s hown o n t he lo ss r un i n e ach 
category by a factor that re ects the expected future change in these values. Th is factor, known 
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as a Development Factor, is supplied by either the facilities insurer, actuaries, or through various 
resources organizations that accumulate such information.

 6. Once we h ave de termined t he “ developed average,” we t hen de termine t he c ost a ll e quipment 
and services needed to operate an eff ective injury prevention program through the site and task 
analyses conducted on site at the facility.

 7. Next, we subtract the cost of the program from the average value of projected claims.
 8.  Th e result is what claims are most likely to be in the future, even with an eff ective injury preven-

tion program (Figure 18.2).

Th e concepts we use to help clients attain a viable  nancial plan are really quite simple. If the facility 
does not hing, as t hey have in t he past, t hen claims costs w ill continue at t he historic rate. By i mple-
menting and operating an injury prevention program, these claims will go away. In most facilities, the 
amounts of money that they have spent on claims historically are more than suffi  cient to cover the cost 
of prevention.

It is important to remember that the key to any injury prevention program is found within its opera-
tion; not through simply the purchase of equipment. To attain the results expected in our Loss Analytics, 
it is assumed that the facility will enact policies and procedures that we recommend.

Once p olicies a re p ut i nto p lace, o ngoing me asurement o f t he suc cess o f t he p rogram m ust b e 
maintained, mo nitored, a nd re ported. I t i s e ssential t hat t his b e do ne b y o ne p erson, a nd I nternal 
Coordinator, to a ssure that the measurements are being consistently reviewed, and remedial actions 
taken at the earliest of opportunities should they become necessary.

FIGURE 18.2 Analysis of losses and projected savings over a three year period.

Future Trend

Projected Losses without Intervention

Average Values
Causative 

Agent
Claim 
Code

Number of 
Claims

Average 
Value

Developed 
Claim Values

Percent Of 
Total (%)

Projected 
3 Years Total

Percent of 
Projected (%)

Patient 
Handling

A 28 63,011 122,402 10 367,207 10

Repositioning B 18 123,936 212,611 17 637,834 17
Cumulative 

Trauma
C 6 135,964 236,491 19 709,474 19

Slip & Falls D 44 157,069 273,743 22 821,228 22
Not Otherwise 

Classifi ed
E 172 233,266 388,340 31 1,165,019 31

Total By Period 267 $ 713,246 $ 1,233,587 100 $ 3,700,762 100

Additional Projected Savings

Expected 3 
Years Savings

Causative 
Agent

Claim 
Code

Reduction 
Percentage (%)

Annual 
$ Reduction

Total 3 Years 
Savings

Percent of 
Projected 

(%)
Patient 

Handling
A 64 78,338 235,013 6

Repositioning B 64 136,071 408,214 11
Cumulative 

Trauma
C 8 18,919 56,758 2

Slip & Falls D 5 14,782 44,346 1
Not Otherwise 

Classifi ed
E 3 10,485 31,456 1

Total By Period N/A $ 258,595 $ 775,786 21
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It is an established fact that health care facilities today are challenged to  nd the capital that is needed 
to venture into anything that will ultimately assist them in more pro table operations. By u sing loss 
analytics as the guideline, proof can be shown as to the eff ectiveness of the application of these valuable 
resources.
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Introduction

Prevention of occupationally transmitted infectious diseases is of major concern to health care workers. 
In this context, increasing emphasis upon the so-called universal precautions translates into increased 
use of protective g loves. With t he i ncreased u se of g loves has come a n en hanced recognition of t wo 
general entities: glove dermatitis and latex allergy. Th ese two diagnostic categories are overlapping, but 
not synonymous. Glove dermatitis is a subcategory of hand dermatitis, in this case resulting from glove-
wearing. Latex allergy, on the other hand, is generally an immediate (Type I) a llergic reaction to anti-
gens from the rubber tree, Hevea brasiliensis.* A variety of preexisting skin diseases (and susceptibility 
states) may underlie a clinical state of glove dermatitis, and, at times, must be distinguished from allergy 
as a causal factor. Further, although skin symptoms are the most frequently recognized manifestation 
of latex a llergy, the respiratory tract (and cardiovascular system) can a lso be aff ected, at t imes in the 
absence of skin lesions. Th ese complex relationships are schematized in Figure 19.1, and alluded to i n 
the following case study and ensuing discussion.

* Less commonly, allergic contact dermatitis (Type IV hypersensitivity) typically manifests itself as a reaction to antioxi-
dants and accelerators added during the processing of gloves.
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Illustrative Case

A 35-year-old registered nurse was seen at the employee health clinic of a university hospital for evalua-
tion of hand dermatitis. She had a history of atopic dermatitis since adolescence but her hand symptoms 
(itching, p eeling, c racking, a nd re dness) h ad only b een sig ni cant for t he prior 4 ye ars. D uring her 
8 years in nursing, the  rst 4 ye ars were spent in inpatient ward duties, and the most recent four in an 
outpatient endoscopy service. At the time of initial evaluation, she wore unpowdered latex examination 
gloves approximately 6 h a day, and washed her hands as many as 20 times a day. When using disinfectants 
(glutaraldehyde a nd pa racetic ac id), she normally wore g loves. She had t ried to u se g love l iners, but 
found that with double-gloving, the liners interfere excessively with her manual dexterity. She had not 
tried wearing nonlatex gloves for any extended period, but generally noted improvement of her hands 
when away from work for extended periods. She had used a v ariety of over-the-counter hand creams 
(e.g., Neutragena®), but without signi cant improvement.

Th e patient gave an additional history of acute itching and burning of her hands when she handled 
selected foods, including tomatoes, pineapple, strawberries, spinach, and raw chicken. During the course 
of her evaluation, she reported onset of similar acute symptoms when donning latex gloves. Th e patient 
reported hay fever symptoms for the  rst t ime the previous spring; however, she denied work-related 
respiratory symptoms, including rhinorrhea, nasal congestion, sneezing, cough, sputum production, or 
wheeze. She had no history of childhood asthma and was a lifelong nonsmoker.

On examination, t he pat ient had d iff use er ythema of t he pa lms a nd pa lmar aspects of t he  ngers 
bilaterally; the dorsa of several  ngers were a lso involved. In addition to er ythema, the aff ected areas 
were licheni ed, with scattered  ssuring (Figures 19.2 through 19.4).

Diagnostic Considerations

Skin conditions rendering individuals susceptible to nonspeci c occlusive eff ects from gloves include 
atopic dermatitis, dyshidrotic eczema, psoriasis, and other, less common disorders. Although in indi-
viduals w ith i ntact s kin, a llergic c ontact u rticaria i s t he sine qu a non  of  l atex-speci c s kin d iseases, 

FIGURE 19.1 Schematized relationship between hand dermatitis, glove dermatitis, and latex allergy.
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FIGURE 19.2 Volar aspect of the left  hand (note areas of  ssuring in palm).

FIGURE 19. 3 Volar aspect of the right hand.

FIGURE 19.4 Close-up of the volar aspect of the right thumb showing hyperkeratosis and  ssuring.



19-4 Handbook of Modern Hospital Safety

patients w ho a lready h ave t hickened a nd  ssured s kin m ay e xperience c ontact u rticaria a s b urning 
and/or itching (acutely), or as worsening of their skin condition (chronically). Th us, the classic appear-
ance of this condition as an isolated (and rapidly reversing) wheal- and- are reaction (Figure 19.5) is one 
that is frequently masked by preexisting skin conditions.

In this case, the patient’s history of preexisting atopic dermatitis gave the author an initial impression 
that her skin changes were a nonspeci c eff ect of glove occlusion. However, the patient failed to respond 
to topical steroids alone (triamcinolone acetonide, 0.1% cream), and was unable to tolerate cloth glove 
liners. More importantly, she began to re port acute burning and itching aft er skin contact with latex 
gloves, si milar to t he re action s he h ad w ith s elected foods. Th is h istory wa s consistent w ith contact 
urticaria, initially to foods and later to latex exposure. Because of her chronic skin changes, the patient 
would not ne cessarily exhibit t he characteristic appearance of contact urticaria a nd a ncillary testing 
was necessary to establish the diagnosis.

Resolution

Th e pat ient was referred for (48 h) patch testing. Th is was conducted using latex g love material on 
intact skin, a nd was re ad a s negative. C oncurrently, a n in v itro (ELISA) te st for l atex-speci c IgE 
(ALA-Stat, Diagnostic Products Corporation, Los Angeles, California) was reported as 0.38 IU/mL, 
a weakly positive reaction. Th is pattern was interpreted as being consistent with early latex allergy. 
Th e patient was advised that skin contact with latex-containing products (and other known contact 
urticants) should be avoided in both the workplace and home. A p otent topical steroid (clobetasol 
propionate, 0. 05% o intment) w as p rescribed f or 4 w eeks, f ollowed b y a me dium-potency s teroid 
(triamcinolone ac etonide, 0. 1% c ream). Wi th t he a bove re gimen, t he pat ient re ported sig ni cant 
improvement of symptoms, including reduced redness, itching, and  ssuring; physical examination 
con rmed the improvement.

FIGURE 19.5 Contact urticaria in a glove distribution. (Photo courtesy of Kristiina Turjanmaa.)
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Summary

A 35-year-old nurse w ith p reexisting atop ic der matitis de veloped w orsening s kin i nvolvement a sso-
ciated w ith f requent hand-washing a nd extensive u se of u npowdered latex examination g loves i n a n 
endoscopy unit. Over-the-counter emollient creams were not helpful and the patient began to experi-
ence ac ute-onset h and i tching a nd s tinging a ft er donning g loves, a s s he h ad previously e xperienced 
when her hands contacted certain foodstuff s. She denied having respiratory symptoms. Although patch 
testing with latex glove material was negative on intact skin, an in vitro test for latex-speci c IgE was 
weakly positive. Th e patient was diagnosed with early latex allergy (contact urticaria) superimposed on 
preexisting atopic der matitis, was t reated w ith topical s teroids a nd latex avoidance, a nd experienced 
signi cant improvement. She continued w ith her usual a nd customary employment w ithout a ny lost 
work time.

Epidemiology of Latex Allergy

Although isolated observations of urticarial reactions to latex products date back to the 1920s, 
current awareness of i mmediate-onset latex-associated skin reactions der ives f rom t wo publications. 
In 1979 Nutter in the United Kingdom1 and in 1980 Forstrom in Finland2 described wheal-and- are 
reactions a mong l atex g love-wearers, a re action t hey e ach l abeled a s l atex-induced c ontact u rticaria. 
Since t hen, numerous c ases o f rh inoconjunctivitis, a sthma, a ngioedema, a nd e ven a naphylaxis h ave 
also been ascribed to latex allergy.3 Th e Food a nd Drug Administration (FDA) d id much to i ncrease 
awareness of this issue when, in 1991, it issued a bulletin describing anaphylactic reactions to r ubber-
tipped barium enema catheters.4 Th is information encouraged anesthesiologists to investigate hitherto 
unexplained intraoperative hypotensive events and to conclude that, in some cases, anaphylactic reac-
tions to surgeon’s gloves may have been responsible.5–8

As awareness of the diagnosis has spread, several at-risk groups were identi ed. Health care work-
ers, because of t heir daily potential for exposure to l atex in g loves and ot her medical devices, a re an 
obvious group (see below). Children with spina bi da have also emerged as being at r isk, as are other 
patients who require indwelling urinary catheters and/or who have undergone multiple operative proce-
dures.8–12 Since the use of latex gloves is also common among housekeeping personnel and food service 
and greenhouse workers, increasing attention has been paid to allergic sensitization among these groups 
as well.13,14

Several surveys have examined either skin test reactivity or latex-speci c Ig E a mong u nselected 
patients in a llergy practices, at times excluding patients referred speci cally to r ule out latex a llergy. 
Fuchs added latex-glove extract to the skin-prick testing panel for unselected patients referred for allergy 
testing. Among 1288 patients tested, 4.2% reacted to latex, 30% of whom had no clinical history sugges-
tive of latex allergy.15 Hadjiliadis and coworkers16 likewise included latex extract in the skin test panel of 
a hospital-based allergy and asthma referral clinic. In that study, 4.5% of 224 subjects tested exhibited 
an unambiguous positive response to latex, a history of current or prior latex glove use was elicited from 
all 10 re sponders. Moneret-Vautrin a nd c olleagues17 p erformed a si milar s tudy on 5 69 a llergy-clinic 
patients referred for various indications, and found that 6.9% reacted to latex extract. Of those reacting, 
85% had other documented allergies, one-half had a history of latex exposure, and about 40% gave a his-
tory of reacting to latex-containing products.

Finally, two studies looked for latex-speci c IgE in blood, one among allergy patients and the other 
among volunteer blood donors. Reinheimer and Ownby18 performed a latex-speci c ELISA test on 200 
consecutive serum samples submitted for a total IgE determination. (Samples were excluded from this 
study i f a l atex a ntibody t iter had a lso been requested.) Of t his sample, 12% were positive for latex-
speci c Ig E. A d isproportionate n umber o f t he p ositives w ere a mong c hildren (none o f w hom h ad 
meningomyelocele), and only t wo positive pat ients had a h istory of recurrent latex exposure. Ownby 
et al.19 applied the same ELISA assay to sera from volunteer blood donors and found that 6.4% exhibited 
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latex-speci c IgE, w ith 2 .3% being strongly positive. Th is study is important in terms of population-
wide prevalence estimates because, unlike the others cited, it did not select for the presence of allergies 
among study subjects.

A range of prevalence estimates have been off ered for latex sensitization among health care workers 
(Table 19.1). Arellano and coworkers20 reported positive skin-prick test results to latex extract in 10% of 
101 hospital-based anesthesiologists, radiologists, and surgeons compared to 3% in a non-glove-exposed 
control g roup. Physicians w ith a p rior h istory o f atopy w ere at h igher r isk t han nonatopics. S alkie21 
reported that 53% of medical laboratory technologists responding to a survey reported symptoms related 
to use of latex g loves; however, only 3/123 (2% of subjects) were positive for antilatex IgE on R AST 
testing.21 Vandenplas et al.22 found t hat 5% of a s ample o f 273 nurses, l aboratory te chnologists, a nd 
cleaning staff  at one hospital were skin-prick test positive to latex extract. All positive workers reported 
glove-related urticaria; 12 of 13 reported rhinoconjunctivitis symptoms, and 5 o f 13 reported asthma 
symptoms. Berky and associates23 reported that 13.7% of army dentists responding to a questionnaire 
survey gave clinical histories compatible with latex glove allergy. Lagier et al.24 f ound a 4 1% p reva-
lence of self-reported glove-related health problems among 268 operating room nurses surveyed; of 197 
receiving skin-prick testing with latex extract, on the other hand, 10.7% were reactive. By comparison, 
Kujala a nd Reijula25 surveyed 534 physicians, nurses, a nd housekeeping personnel in a l arge Finnish 
hospital and found that 44% reported at least one dermal symptom associated with wearing latex gloves. 
Yassin and coworkers26 performed latex skin-prick testing on 224 nurses, laboratory technicians, dental 
staff , physicians, and respiratory therapists, and found that 17% had positive results. Grzybowski and 
colleagues27 found latex-speci c IgE in sera from 8.9% of 741 registered nurses tested at a large metro-
politan hospital. Together with other similar surveys,28–35 these studies suggest that approximately 10% 
of potentially exposed health care workers will manifest laboratory or skin test results consistent with 
some degree of latex sensitization.

TABLE 19.1 Surveys of Latex Allergy/Glove Dermatitis among Health Care Workers

Target Group Number
Symptoms 

(%)a
Positive 

RAST (%)
Positive 

ELISA (%)
Positive Skin 

Test (%) Author/Year

Physicians 101 10 Arellano et al. (1992)
Dentists 1628 13.7b Berky et al. (1992)

131 17b 10 Tarlo et al. (1997)
Nurses 140 76 22 Douglas et al. (1997)

741 8.9 Grzybowski et al. (1996)
Nurses (O.R.) 268 41 10.7 Lagier et al. (1992)
Anesthesiologists and 

nurse anesthetists
101 3 15.8 Konrad et al. (1997)

Lab technicians 230 53 2 Salkie (1993)
Various 534 44 Kujala and Reijula (1995)

134 23b 6.7 8.2 Kibby and Akl (1997)
1472 30.9 6.8 (of 139) Leung et al. (1997)
1351 c 12.1 Liss et al. (1997)

512 4.5 Turjanmaa (1987)
273 5 Vandenplas et al. (1995)
202 2 2 Wrangsjo et al. (1994)
224 17 Yassin et al. (1994)

a Any glove-related dermal or respiratory symptoms, unless otherwise indicated.
b Studies in which subjects were screened for symptoms consistent with latex allergy (i.e., self-reported pruritis, uritcaria, 

rhinoconjunctivitis, or wheezing within minutes of latex exposure).
c Prevalence estimates generated for individual symptoms only.
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Although t here a re no de pendable estimates of t rends i n t he prevalence of latex a llergy, t here i s a 
widespread perception that latex allergy is becoming more common over time. Th is may be a real phe-
nomenon or may constitute a d iagnostic bias (i.e., the increasing attention paid to l atex a llergy in the 
medical l iterature may make it more l ikely that the condition will be correctly diagnosed when pres-
ent). Th e institution of universal precautions has required glove-wearing by a greater number of health 
care personnel, and for a larger portion of their work day. At the same time, the demand for more low-
cost g loves has led to c hanges in t he manufacturing processes (e.g., shortened wash t imes), resulting 
in higher levels of residual antigen in some glove types. As noted in the above epidemiologic reviews, 
preexisting atopy app ears to p redispose i ndividuals to l atex s ensitization. Th us, p otential d iagnostic 
bias notwithstanding, a c ombination of more widespread and intense exposure of medical workers to 
latex antigens, along with a subpopulation of health care workers at increased risk for developing atopic 
disorders, make the possibility of increasing rates of latex sensitization a plausible one.

Diagnostic Approach to Glove Dermatitis and Latex Allergy

Background: Pathophysiology

From the standpoint of disease causation, gloves can be as important for what they keep “in” as for what 
they keep “out.” In the health care setting, gloves are employed as an impermeable and pliable barrier to 
prevent microorganisms (and caustic cleaning agents) from contacting the worker’s skin. Th e worker’s 
hands, in turn, are a source of heat and moisture, the dissipation of which is inhibited by glove-wearing. 
For the average worker with intact skin, the accumulation of perspiration and heat within gloves con-
stitutes a m inor n uisance. F or t he pat ient w ith p reexisting atop ic der matitis o r dy shidrotic e czema, 
however, any occlusive glove, regardless of its chemical constituents, may produce an exacerbation of 
the underlying condition. Th us, an early task in evaluating patients with glove dermatitis is to deter-
mine the relative likelihood of speci c allergy vs. nonspeci c irritation or exacerbation of preexisting 
skin d isease. Th at i s to s ay, t he c linician must e stimate t he rel ative c ontributions o f a llergic c ontact 
urticaria, allergic contact dermatitis, irritant contact dermatitis, and/or other processes to the present-
ing symptoms.

Beyond diagnosis, the clinician must evaluate the importance of what are usually multiple occupa-
tional exposures in the genesis of the disease process. Th ese exposures may be as exotic as anthraquinone 
antioxidants in gloves, and as mundane as frequent hand-washing with soap and water (Table 19.2). Th us,  
a hand dermatitis may represent an irritant process from frequent hand-washing, a c ontact urticarial 

TABLE 19.2 Etiologic Agents in Hand Dermatitis

Irritant Contact Dermatitis
Nonspeci c occlusive eff ect (gloves)
Frequent hand-washing
Disinfectants and cleaning agents

Contact Urticaria (Type I)
Latex rubber (gloves)
Food antigens
Disinfectants (e.g., chlorhexidine)

Allergic Contact Dermatitis (Type IV)
Antioxidants and accelerators in gloves
Disinfectants (e.g., glutaraldehyde, chlorhexidine, etc.)
Adhesives (e.g., cyanoacrylate—may penetrate gloves)
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reaction to latex, an allergic contact dermatitis in response to cyanoacrylate glues used in orthopedic 
procedures, or a combination of the above irritants. Th e process of obtaining a complete description of 
potential exposures is a step in which cooperation between clinicians and health and safety personnel 
is invaluable.

History and Physical Examination

As noted above, a complete history includes prior allergic and/or skin conditions, a description of work 
activities and processes, and any temporal relationship between changes in work practices and changes in 
symptoms. An additional element of the history is t he timing of symptoms during acute exacerbations. 
Although many or most patients will present with chronic skin changes, some will relate acute episodes 
in which workplace (or other) exposures worsen skin sym ptoms. In such cases, one would expect con-
tact urticaria to  are within minutes of exposure (typically, 15–30 min maximum), and allergic contact 
dermatitis to  are 1–3 da ys aft er exp osure to a n agent to w hich the w orker was p reviously s ensitized. 
Exacerbations of  atopic dermatitis or dyshidrotic eczema, on the other hand, show variable t iming, but 
may occur as early as hours and as late as days aft er exposure.

Th e clinician should carefully document the morphology of skin lesions, if possible take photographs. 
If symptoms occur on an intermittent basis and the clinician is unable to observe them directly, it may 
be useful to show standard textbook illustrations of relevant skin conditions for the patient to identify. 
Morphologically, contact urticaria typically shows a localized wheal-and- are reaction (hives) in a con-
tact pattern (Figure 19.5), allergic contact dermatitis is manifest early on by erythema and vesiculation 
in a c ontact pattern (Figure 19.6), dyshidrotic eczema shows small vesicles and/or tapioca-like lesions 
on lateral aspects of digits, and irritant contact dermatitis (including exacerbation of atopic dermatitis) 
typically includes hyperkeratosis,  ssuring, and erythema of the palms and digits. Th e above diagnostic 
features are summarized in Table 19.3.

FIGURE 19.6 Allergic contact dermatitis in a glove distribution. (Photo courtesy of Jere Guin.)



Clinical Approach to Glove Dermatitis and Latex Allergy 19-9

Allergy Testing

One p otential a lgorithm for t he workup of su spected l atex a llergy app ears i n Figure 19.7, b eginning 
with a t horough history and physical examination.36 Once a reasonable degree of clinical suspicion is 
established, con rmatory testing is usually indicated. In vitro tests off er the advantage of convenience. 
However, i nvestigators h ave id enti ed s everal c linically i mportant a ntigens o f v arying mole cular 
weights, such t hat no in v itro (RAST or ELISA) test using a si ngle a ntigen source has been found to 
be 100% sensitive among a wide range of clinically sensitized individuals.37,38 Currently, there are only 
two laboratory suppliers of FDA-approved reagents for in vitro latex allergy testing; one manufacturer 
claims 87% sensitivity and 85% speci city for their ELISA test relative to skin-prick testing.* It should 
be noted that numerous other laboratories and academic centers also off er in vitro testing services for 
latex-speci c IgE.

* Diagnostic P roducts C orporation. A laSTAT® latex-speci c Ig E a llergen: Technical bu lletin, D iagnostic C orporation, 
Los Angeles, CA, February 22, 1995.

FIGURE 19.7 Diagnostic algorithm in suspected dermal latex allergy. (From Douglas, R., Morton, J., Czarny, D., 
and O’Hehir, R.E., Aust. N.Z. J. Med., 27, 165, 1997.)

TABLE 19.3 Glove Dermatitis: Features of Diff erential Diagnosis

Diagnostic Entity Symptoms/Morphology Timing of Symptoms

Contact urticaria Itching, wheal-and- are Minutes
Exacerbation of dyshidrotic eczema Vessicles on interdigital surfaces Hours and days
Allergic contact dermatitis Vessicles, erythema 1–3 days
Irritant contact dermatitis Licheni cation,  ssuring, erythema Days and weeks
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Th ree d istinct t ypes o f s kin te sting m ay b e i ndicated i n t he workup of g love der matitis a nd l atex 
allergy.39 Skin testing for contact urticaria is performed as a so-called use test. In the use test, the patient 
dons a g love  nger (or full glove, if there is no i nitial reaction), and the clinician observes for contact 
urticaria a ft er 15 min. A no nlatex g love i s t ypically w orn o n t he opp osite h and to r ule o ut ph ysical 
urticaria as a cause for reaction. Also, some clinicians apply the glove to a wetted hand. Skin-prick test-
ing (for a wheal-and- are reaction), although considered the gold standard for latex allergy diagnosis, 
does have its limitations. Speci cally, standardized commercial skin-test antigens are currently pending 
approval by t he FDA and practitioners generally  nd it necessary to elute antigens from commercial 
gloves prior to testing. Th is creates an obvious potential for variability of results.40

Conventional (48 h) patch testing involves either cutting patches from commercial gloves (including 
both the customary glove worn by the aff ected patient and a nonlatex control) or applying patches with 
known c oncentrations o f g love a llergens k nown to p roduce del ayed-type hypersensitivity. Th is  type 
of testing is most appropriate when t he history and dermatologic  ndings suggest a Type IV a llergic 
contact dermatitis (as may be seen with sensitization to rubber accelerators and antioxidants). Although 
patch testing with a glove sample also raises the possibility of provoking a Type I reaction to latex (con-
tact urticaria), the patch test may be negative when the use test is positive. Th is apparent paradox occurs 
because the patch test is normally applied to the back of the torso (normally intact skin) and the use test 
involves the hands (i.e., oft en nonintact skin).

Workup of Respiratory Symptoms

If respiratory symptoms are present, additional diagnostic eff orts a re w arranted ( see a lgorithm i n 
Figure 19.8). Rhinitis/conjunctivitis symptoms typically include itchy eyes and nose, sneezing, rhinor-
rhea, and nasal congestion. Asthma may present as wheezing, chest tightness, cough, or some combi-
nation thereof. Patients with suspected latex-induced respiratory symptoms may bene t f rom keeping 
symptom logs. If bronchospasm is suspected, serial peak  ow measurements are useful, but keep the 
following guidelines in mind:

FIGURE 19.8 Diagnostic algorithm in suspected respiratory tract latex allergy.
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Obtain the readings over 1–2 weeks period.• 
Include the early morning, midday, aft ernoon, and evening readings.• 
Include the weekend data.• 

Early- and/or late-phase asthmatic reactions, as well as the so-called ratcheting of symptoms (and of 
peak  ow) over the work week, may be apparent.41,42 Of note, nasal peak (inspiratory)  ow can also be 
documented on a cross-shift  basis using a specially modi ed peak- ow meter and may provide ancillary 
documentation of latex-induced rhinitis.43

Prevention and Treatment

Primary Prevention

Primary prevention is intervention aimed at preventing the initial development of a disease state. In the 
case of latex allergy, such intervention takes the form of employee screening and counseling, exposure 
control, or both. An employee screening and counseling program identi es individuals with preexisting 
skin conditions and/or an allergy history, and counsels them in both their personal work practices and 
medical utilization patterns. For such workers (indeed, for all workers), it is important to view employee 
health services as an accessible place in which a priority is placed on developing solutions to workplace 
problems. Exposure control (reduction and avoidance of latex-antigen exposure) can target sensitized 
individuals (see s econdary a nd ter tiary p revention), i ndividuals w ith p reexisting c onditions p utting 
them at risk, or all workers in a given facility. As noted below, the approach to exposure control is oft en 
governed, at least in part, by economics.

Latex g loves v ary c onsiderably i n t heir e xtractable p rotein a ntigen c ontent, a nd s ome s o-called 
hypoallergenic g loves m ay h ave a de creased s ensitization p otential.44 (I t i s i mportant to d istinguish 
between s ensitization a nd e xacerbation, si nce t here a re no c urrent d ata to su ggest t hat lo w-antigen 
gloves are safe for individuals with preexisting latex a llergy.) In addition, several studies have shown 
that cornstarch from powdered gloves is the most important carrier for airborne latex allergen in medi-
cal facilities.45–47 Th us, health care workers with respiratory allergies may have their symptoms triggered 
via passive exposure to antigen from others’ powdered gloves, regardless of the type of glove that they, 
themselves, are wearing. To minimize this problem, synthetic, nonlatex gloves—or nonpowdered latex 
gloves—can be substituted for powdered latex gloves for routine use. In the case of nonsterile (examina-
tion) gloves, this substitution carries little in the way of cost diff erential. However, the situation is quite 
diff erent for sterile (surgeon’s) g loves, w ith a  ve- to si xfold cost d iff erential between powdered latex 
and its alternatives at the time of writing. Th us, although considerable potential exists for reducing latex 
antigen exposure within health care facilities, cost remains a major perceived barrier (from the stand-
point of hospital administration). Th e overall cost-bene t analysis, however, should factor in the cost 
of potential adverse health events (among both health care workers and patients), as well as the cost of 
disability and of retraining of skilled health care personnel. Th ese factors, as well as potential product 
liability i ssues, m ay d ramatically re align t he e conomics o f g love m anufacturing, d istribution, a nd 
purchasing in the not-too-distant future.

Secondary Prevention (Screening)

Secondary p revention o f l atex a llergy c onsists o f e arly re cognition o f c linical a nd sub clinical s tates 
of s ensitization a nd i ntervention b efore f ull-blown s ensitization o ccurs. O ne app roach to s econdary 
prevention is an extension of the initial (pre-placement) screening and involves periodically asking a 
series of focused questions regarding any symptoms experienced while wearing gloves (or when near 
coworkers wearing gloves). Individuals can then be identi ed with early or impending latex sensitiza-
tion. Another possibility for secondary prevention would involve routine screening (with consent) of 
exposed w orkers f or sub clinical l atex s ensitization, f or e xample, u sing a n in v itro ( RAST o r E LISA) 
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test f or la tex-speci c Ig E. F ollow-up w ould c onsist o f c ounseling a nd i ntervention ( latex a voidance) 
among those showing evidence of early sensitization, even in the absence of symptoms. Potential draw-
backs of such an approach, however, include cost, the invasiveness of obtaining venous blood, and an 
inevitable yield of false-positive results. For example, assuming a baseline prevalence of latex sensitiza-
tion of 10%—and a test sensitivity and speci city of 87% and 85%, respectively—the positive predictive 
value of this screening exercise would only be 39% (i.e., only two out of  ve individuals with a positive 
test w ould ac tually h ave e arly l atex s ensitization). Perhaps t he mo st c ost-eff ective approach to early 
diagnosis is maintaining an atmosphere of open communication between health care and occupational 
health workers about glove health issues. Helpful in this regard is a policy of open access to employee 
health services, and a willingness of supervisors to attempt to provide work practice and environmental 
accommodations.48 Without such an atmosphere, it is not unusual for health care personnel to conceal 
or deny that a condition exists, at least in part out of concern for job security.

Tertiary Prevention (Treatment)

Tertiary prevention consists of intervention to arrest the progression of disease and to limit associated 
disability. For patients with  xed skin lesions (i.e., skin changes beyond the reversible wheal-and- are 
of c ontact u rticaria), top ical s teroid p reparations a re gener ally i ndicated. I n add ition, a b rief re spite 
from any glove wearing may occasionally be useful. Once diagnosed with glove dermatitis and/or latex 
allergy, the aff ected individual must also be supplied with appropriate gloves. For the individual with 
atopic dermatitis and/or dyshidrotic eczema alone, the use of cloth glove liners is far more important 
that substituting glove materials. For the individual with true latex skin allergy, substitute gloves are 
available fabricated from a variety of materials, including vinyl (polyvinyl chloride), nitrile (polynitrile), 
polychloroprene, and substituted polystyrene polymers.49,50 Allergic reactions to synthetic glove mate-
rials a re u nusual, but not u nheard-of.51 Th e mo st c hallenging si tuation i s p osed by i ndividuals w ith 
signi cant respiratory symptoms. Cornstarch on powdered latex gloves acts as an airborne antigen car-
rier, and can therefore passively trigger respiratory symptoms in individuals not wearing such gloves. 
Th us, in order to allow an individual with respiratory manifestations of latex allergy to safely return to 
work, it may be necessary to replace all powdered latex gloves with unpowdered gloves in part or all of 
a facility. As noted above, such a me asure may have profound economic consequences. On t he ot her 
hand, excluding a health professional from their customary employment may also be a costly proposi-
tion. In the words of the Americans with Disabilities Act of 1990, a quali ed individual with a disability 
has a r ight to re asonable accommodation with respect to working conditions, while at t he same time, 
essential functions of the job cannot pose an imminent risk of harm. Th us, prudent occupational health 
practitioners c arefully do cument a ny de cision-making processes t hat a ff ect t he i nitial or c ontinuing 
employment status of latex-sensitized workers.

Related Issues

In household settings, latex can be encountered in a variety of products, including chewing gum, con-
doms, balloons, clothing, and recreational equipment.52 Problems may a lso occur with the consump-
tion of fruits known to cross-react with latex, including avocado, banana, chestnut, kiwi fruit, papaya, 
and possibly others.53,54 Th ese (potentially hidden) hazards should be discussed during counseling of 
employees with latex allergy.

Conclusions

Latex allergy and glove dermatitis are two overlapping sets of conditions with serious implications for 
patients, health care workers, and hospital policy makers. Successful environmental control strategies 
dealing with both skin and respiratory manifestations of latex allergy may require looking beyond the 
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issue of individual glove-wearing practices, and taking into account airborne allergen from the gloves 
of non aff ected i ndividuals. I ntervention, pa rticularly p rimary p revention, m ay r aise s erious c ost-
bene t issues for those in charge of allocating scarce resources. Th ese competing priorities, in turn, can 
only be appreciated in their full complexity by informed health and safety professionals and hospital 
administrators.
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Introduction

Hands have long been recognized as one of the major vectors for the spread of disease. In the mid-1800s, 
Ignaz Semmelweis was able to re duce t he death rate f rom puerperal fever f rom <18% to 2 .5% by t he 
simple act of having attendants wash their hands in chlorine water.1 Gloves were  rst used to protect the 
wearer during postmortem examinations in 1847, but they were not u sed in surgery until 1879, when 
they were donned to protect the hands of the scrub nurse from the harsh eff ects of disinfectants.

Th e importance of the glove as a primary protective barrier against the spread of disease was again 
emphasized w ith t he publication of t he series, universal precautions, promulgated by t he Centers for 
Disease C ontrol a nd P revention (CDC) i n 1 987.2 Th ese ad monitions w ere f ollowed b y m andatory 
regulations, issued by the Occupational Safety Hazards Act (OSHA) in 1991.3

Th e subsequent increase in glove usage and potential risks associated with their failure have focused 
attention on, and research into, numerous glove-related issues. Th ese include the performance and pres-
ervation of barrier protection, glove-associated reactions, infection control practices, critical powder 
issues, and glove selection criteria.
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Barrier Protection

Since the advent of the human immunode ciency virus (HIV) and increased concerns over the rising 
number of hepatitis B v irus (HBV)-infected individuals, gloves have been offi  cially identi ed in CDC 
Universal Precautions as personal protective equipment (PPE) worn to provide protection from occupa-
tional exposure. It is estimated that 1% of all hospital patients are carriers of HBV and that many of them 
are asymptomatic.4 New hepatitis strains continue to emerge, including virulent hepatitis C virus. Add 
to this exposure, the fact that 1 in every 250 patients hospitalized in America is reported to be infected 
with HIV (many of whom are a lso asymptomatic) and the importance of barrier protection becomes 
paramount.5

Studies have shown that the use of gloves is associated with decreased rates of HBV infection, as shown 
in a s tudy performed by Gonzales and Naleway6 (Table 20.1), where health care workers performing the 
same procedures with three diff erent gloving practices were tested for HBV.

Th is table illustrates the importance of gloves in reducing the risk of occupational exposure to the 
bloodborne pathogens. Gloved hands are our primary contact with patients and, as such, are frequently 
exposed to pat hogenic organisms. Hands are prone to surface injury, oft en marred with cuts, scrapes, 
abrasions, cracks, hangnails, and splinters, providing easy access for microorganisms when hands are 
unprotected. Gloves provide a barrier to prevent direct exposure.

Another o ccupational hazard i s t he r isk of ne edlestick i njury. A lthough g loves c annot c ompletely 
prevent these incidents, they have been shown to provide some protection. One study demonstrated up 
to a 50% reduction in the amount of blood on a needle as it passed through the glove, due to a wipe-off  
eff ect of the material.7 Natural rubber latex tends to c lose around penetrating instruments, providing 
greater wiping action than most synthetic materials, which rupture without recoil.

Several studies have shown that the use of double latex surgical gloves more than doubles the pro-
tection for the wearers by reducing the actual penetration of sharps through the inner glove from 60% 
to 80%.8 Th e number of organisms remaining on the needles that do breach the inner glove should be 
further reduced by the wipe-off  from the second glove. Th e give and elastic properties of latex are also 
thought, to some degree, to de ect the penetration angle of invading sharps. Two layers would increase 
the de ection.

Bloodborne Pathogens Final Ruling

Recognizing the importance of gloves in reducing the risk of infection when employees are exposed to 
bloodborne pathogens, OSHA mandated the use of gloves where potential contact with these infectious 
agents was increased. Utilizing t he Blood Borne Pat hogens Final Ru ling, OSHA enforces regulations 
with re gard to g loving re quirements w henever t here i s a n a nticipated h and c ontact w ith p otentially 
infectious materials, including patient mucous membranes, non-intact skin, invasive procedures, or 
contact with potentially infectious materials such as

TABLE 20.1 Hospital Study: Glove Use vs. HBV

Health Care Workers Gloving Frequency HBV Infected (%)

Never 15.3
Intermittently 9.5
Routinely 6.3

Note: In this 1988 st udy, heal th ca re w orkers w ere di vided in to 
three groups, those who never wore  g loves; wore  them intermittently; 
and wore gloves routinely. Each of the three groups were tested for HBV 
infection. It was determined that individuals who elected to wear gloves 
routinely had a lower risk of acquiring HBV.
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Amniotic  uid• 
Blood• 
Cerebral spinal  uid• 
Pericardial  uid• 
Peritoneal  uid• 
Pleural  uid• 
Saliva (during dental procedures)• 
Semen• 
Serum• 
Synovial  uid• 
Any un xed tissue or organ• 
Any body  uid visibly contaminated with blood• 
Any body  uid where it is diffi  cult or impossible to determine whether or not blood is present• 
Any HIV cell or tissue culture• 
Tissue from an animal infected with HIV or HBV• 

Th e wearing of gloves, however, is not limited by the regulation. Th ey should be worn whenever a biolog-
ical or chemical hazard exposure is possible. Although perhaps obvious to all, it never hurts to empha-
size the fact that non-bloodborne pathogens, such as infectious diarrhea or tuberculosis, can be just as 
deadly and require similar isolation precautions.9

Th e selection of gloves includes disposable surgical and examination gloves in addition to reusable 
utility gloves. For individuals allergic to latex, alternatives must be made available. Th e regulations iden-
tify hypoallergenic gloves, glove liners, and powderfree gloves that must be made readily accessible to 
employees who cannot use the standard equipment.10,* Gloves must be changed as soon as is reasonably 
possible when they become torn or punctured, and hands must be washed aft er glove removal. Although 
not speci ed in the OSHA standard, gloves should be changed between patients in accordance with 
standard infection control practices.

Barrier Protection Profi le of a Glove

It is an FDA requirement that all gloves meet speci c manufacturing speci cations. Limits for pinholes 
and major defects (e.g., tears or foreign objects) are set at 1 .5% for surgeons and 4.0% for examination 
gloves. Th is is known as the acceptable quality assurance level for unused gloves. Th e evaluation is con-
ducted by  lling a speci ed number of gloves with 1000 mL of water and observing for leaks over a 2 min 
period. Although this method is adequate for detecting gross manufacturing defects, it does not indicate 
if protection will be maintained during use, creating a potentially inappropriate assumption of security.

Gloves vary in performance characteristics under diff erent circumstances. Th e material of construc-
tion,  t, physical characteristics, storage conditions, and work practices all in uence in-use glove barrier 
protection.

Glove Composition

Th e molecular structure of the material from which a glove is made is one of the primary determinants 
of barrier performance. For example, there is a great deal of diff erence in material performance between 
natural rubber latex and vinyl.

Natural rubber latex still maintains its reputation for superior performance, due primarily to a com-
bination of structural attributes. Th ese include molecular coiling t hat provides t he stretch and recoil 

* Since t he blo odborne p athogens r uling w as w ritten, we h ave g ained a c learer u nderstanding of t he v arious t ypes of 
reactions associated with g loves and can recommend more a ppropriate a lternatives to use when necessary. Th e se are 
discussed in the section “Glove-Associated Reactions”.



20-4 Handbook of Modern Hospital Safety

(elasticity) characteristics for which latex is well known. Th e elastic coils are held together with suffi  cient 
double-bonded side chains to provide strength. Sulfur vulcanization provides natural rubber latex with 
thermal stability, the ability to maintain  exibility and strength over a wide range of temperatures, and 
extend shelf life.

Vinyl, oft en s elected a s a n a lternative for l atex s ensitive i ndividuals, i s very r igid at t he mole cular 
structure level. Molecules of this polyvinyl chloride material are linked extensively with a dense network 
of in exible branches. B ecause v inyl i s a n i nherently weaker m aterial t han l atex, i t w as ne cessary to 
develop separate, less stringent requirements for vinyl glove performance. Inequities in physical require-
ments are speci ed by the American Standards and Test Materials (ASTM) as shown in Table 20.2.

Th e  diff erences in these ASTM requirements are quite signi cant when one realizes that in-use bar-
rier performance or durability i s a re sult of t he combined i nteraction of t hese characteristics. W hen 
vinyl is snagged by instruments, repeatedly jabbed by  ngernail tips, or is pulled apart where stretch is 
required, molecular branch attachments are disrupted, creating structural breaks. Th is type of break-
down is oft en not v isually apparent, but can be demonstrated in performance studies. A su mmary of 
some of the more recent research is provided in Table 20.3. Th ere a re, however, many circumstances 
where vinyl gloves are appropriate. Th ese include situations where gloves are only minimally stressed 
for short periods of time, and where biohazard risks are minimal.

Nitrile gloves, another synthetic alternative for latex-sensitive individuals, utilize acrylonitrile buta-
diene as a replacement for the natural rubber latex. Th e chemical constituents and molecular structure 
are basic to latex formulations, which is why the material has more structural strength and stretch than 
vinyl (Figure 20.1).

One w ill, h owever, s till ne ed to s elect n itrile g loves note d to h ave lo w c hemical re siduals to p re-
vent irritant and contact dermatitis. A re cent study by Rego and Dufresne11 demonstrates that nitrile 

TABLE 20.2 ASTM Requirement Inequities

Vinyl Latex

ASTM number D5250-92 D3578-95
Tensile strengtha 9 MPa 14 MPa
Elongationb 300% 700%
Finger thickness 0.05 mm 0.08 mm

a Tensile str ength, measur ed in mega pascals is a demo nstration o f 
material strength.

b Elongation represents the capacity of the glove to stretch, rather than 
break.

TABLE 20.3 Vinyl vs. Latex Barrier Performance Studies

Date

Percent Failure

Method of Detection AuthorVinyl Latex

1989 53  3 Dye Korniewicz
1990 63  7 Virus: ØX174 Korniewicz

22 <1 Virus: Lambda Klein
56a <1a Lambda

1993 43  9 Bacteria gram (−) Olsen

Note: Several studies have evaluated the in-use barrier durability of gloves by conducting 
diff erent c linical- a nd/or sim ulated-use st udies. B arrier in tegrity o f the us ed g loves w ere 
assessed using dyes, diff erent virus strains, or bacteria.

a Gloves were  rst exposed to disinfectant (70% ethanol).
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maintained its barrier protection comparable to latex during rigorous simulated use studies (1% and 2% 
failures, respectively), while vinyl had signi cantly more failures (30%).

Other synthetic gloves currently available for latex-sensitive individuals are frequently more expen-
sive and used primarily as surgical rather than examination gloves. Barrier performance characteristics 
of these products should be requested from the manufacturer or evaluated by the hospital (Figure 20.2). 
Glove manufacturers continue to search for new synthetic materials that will provide excellent barrier 
protection and comfort without being cost prohibitive.

FIGURE 20.1 Th e stretchability of a glove is dramatically dependent on the material of manufacture. Shown here 
from top to bottom are natural rubber latex, nitrile, and vinyl.

FIGURE 20.2 Following clinical- or simulated-use studies,  ll the glove with water and observe for leaks.
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General Chemicals

Gloved-hand contact with potentially sensitizing, toxic, carcinogenic, or teratogenic chemicals occurs 
daily in almost every area of the hospital, including patient care, diagnostic and research laboratories, 
and even housekeeping. In each of these situations, whether or not c hemicals will permeate or physi-
cally degrade a g love is critical information for the wearer. Generally, chemical compatibility depends 
upon the type of material from which the glove is made (e.g., natural rubber, neoprene, vinyl, butyl rub-
ber, nitrile, etc.) and the speci c chemical to which it is exposed (e.g., organic solvent, acid, base, etc.). 
However, the g love formulation, its thickness, and the presence and composition of any coatings can 
make a major diff erence in a glove’s potential to maintain its barrier protection. Other important factors 
in barrier maintenance would be concentration, temperature, duration, and extent of chemical contact 
(splash or submersion).

Questions regarding speci c chemical compatibility should be addressed with the glove manufacturer. 
Even if the chemical is relatively innocuous (e.g., ethanol or isopropanol), if it breaks down the barrier 
integrity of a glove, subsequent contact with infectious substances can result in employee exposure.

Th ere a re c hemical g loves m ade f or u se w hen h andling s peci c chemical ty pes. Th ey a re u sually 
thick, coated, reusable gloves. If the instructions for use of substances with which employees are work-
ing or if in-house procedures specify the use of a chemical glove, examination or surgical gloves are not 
acceptable substitutes.

Chemotherapeutic and Cytotoxic Drugs

Another area in which the compatibility and proper use of gloves is a c ritical safety concern is in the 
preparation and administration of chemotherapeutic and cytotoxic drugs. Whether handling drugs in 
the laboratory or pharmacy, during patient care in the hospital or at alternate care sites, the selection of 
appropriate gloves and adherence to re commended practices is critical. Because many of these agents 
can aff ect the body in very low doses over extended periods of time, even seemingly minor breaches in 
protocol that happen repeatedly over the employee’s career, mean unnecessary r isk exposure. A b rief 
outline of recommended practices is presented in Table 20.4.

Fit, Comfort, and Grip

Additionally, there are partially material-related factors that can put employees and procedures at risk.

Fit. I f a g love is too t ight or stiff  (high modulus), fatigue can develop, a ff ecting  ne motor skills a nd 
potentially a ggravating c arpel t unnel s yndrome. I f t he g love i s to o lo ose, t actile s ensitivity m ay b e 
reduced and the baggy material may interfere with procedures, or snag in equipment.

Grip. Gloves should be appropriate to the task. For example, in handling of moist glass specimen contain-
ers, a glove should have excellent wet grip. For surgical procedures, gloves should have excellent wet grip 
on metal to minimize instrument slippage. Because of their use in multiple work situations, examination 
gloves are usually challenged with the need for excellent wet and dry grip on a multitude of surfaces.

TABLE 20.4 Recommendations for Handling of Cytotoxic Drugs and Chemotherapy

Physical Procedural

Latex Double glove
Powderfree Change every 30–60 mina

Th ick ness = ≥0.009 in. at the 
 ngertips (9 mL)

Remove outer glove immediately if it is contaminated, torn, 
or punctured

Disposable Always wash and rinse hands immediately upon glove removal
Foam disinfectants do not remove cytotoxic chemicals

a OSHA a nd American S ociety o f H ospital P harmacists sp ecify 60 min, a nd Onco logy N ursing S ociety 
(ONS) states 30–60 min.
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Gloves with antislip characteristics may be textured or formulated with an added tack surface, free 
of slippery lubricants such as silicone. In some departments, such as phlebotomy, individual preference 
may call for a smooth, non-tack glove for procedures such as palpation.

In-Use Practices

Lotions and barrier creams containing high concentrations of oils (including mineral, lanolin, coconut, 
palm, or jojoba), VaselineÒ, and other petroleum-based products should not be worn under gloves. Th ese 
break down chemical bonds in latex and many synthetic materials, weakening the g loves. Water and 
glycerin-based lotions are acceptable. Ask the manufacturer for test data demonstrating that their lotion is 
compatible with the glove material.

Long  ngernails and jewelry can tear and rip gloves. Moderation in  ngernail length and the removal 
of jewelry should be standard practice while wearing gloves in order to avoid related punctures and to 
facilitate adequate hand washing and rinsing procedures.

Poor donning techniques of sterile surgical gloves can result in rips and tears. Perioperative person-
nel should position the glove correctly and avoid excessive stretching of the cuff  (Figure 20.3). Surgeons 
must thoroughly dry hands to allow them to slide into the gloves. Th is is particularly true for powder-
free gloves.

Tapes, labels, Tegaderm, and electrocardiogram leads can cause ruptures, tears, and pinholes, com-
promising barrier integrity and decreasing performance effi  ciency. Th is may necessitate glove removal, 
increasing exposure risks and glove replacement waste. Some gloves resist tape adhesion better than 
others. If this is an issue in speci c departments, this characteristic should be evaluated.

Storage conditions aff ect gloves. Heat, light, moisture, and ozone can all degrade latex and synthetic 
gloves. Ozone is created by electrical equipment such as generators, UV or  uorescent light, and x-ray 
equipment. Signs of ozone degradation include white creases that have small holes reminiscent of a per-
foration line, especially where a glove is folded on itself. Stored in the original packaging, they should be 
in a cool, dry place (optimally <90°F and 40% humidity) away from direct light and electrical generat-
ing equipment. Once boxes are opened, they are especially vulnerable to at tack. Gloves should not b e 
dumped into large bins as this increases their oxygen exposure, and thus oxidative degradation. Reuse 
of disposable gloves is not an acceptable practice. Washing does not adequately remove microbial 
contamination nor is the glove constructed to withstand resterilization.

Reusable gloves, oft en used in central processing, x-ray laboratories, and housekeeping, may be disin-
fected and reused if barrier integrity is still intact and there are no signs of deterioration (e.g., brittleness, 
tackiness, elongation, or growth at the  ngertips). Obtain information from the manufacturer regarding 
resterilization if such practices are anticipated.

Glove-Associated Reactions

Glove-associated re actions c an r ange i n s everity f rom a si mple a nnoyance to a naphylactic s hock. 
Although referenced by several terms, there are three basic types of reactions associated with the use 
of g loves: i rritation, a llergic c ontact der matitis, a nd i mmediate-type h ypersensitivity ( Figure 2 0.4). 
Th ese three reactions are oft en referred to by other terms, confusing those unfamiliar with these aliases. 
Several of these cross references are delineated in Table 20.5.

It is important to be able to identify symptoms, isolate causative agents, manage recovery, and insti-
tute preventative programs for glove-related reactions. You, or your employees, may unnecessarily 
increase t he r isk of infection due to m icrobial t ransmission t hrough  ssures a nd lesions of damaged 
epidermis, or of sensitization to latex proteins or chemicals found in many gloves. It is critical that staff  
members u nderstand t he d iff erences b etween t hese c onditions ena bling t hem to re adily a id i n t heir 
management. Each reaction will be discussed separately. Clinical examples and additional information 
are provided in Chapter 19.
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 Proper glove donning technique: A surgical perspective

In compliance with AORN recommended standards

Scrub hands according to
your facility’s policy.

Dry hands thoroughly
prior to gloving.

 Donning right-hand
 glove: With left hand
 inside white cuff of 
gown, pick up the right-
hand glove.

 Place palm of
 right-hand
 glove on palm
of right hand
overlapping white
cuff. Position fingers
of the glove toward
the body.

 Through
 the white
 cuff of the
gown, hold the
inner cuff of 
the glove with
the right hand.

 With the
 left hand
 (through the
white cuff), grasp
the inner cuff of
the glove.

 Pull the glove over the
 right hand encasing the
 white cuff of the surgical
gown. Avoid snapping or
other motions that may cause
contamination.

 Stretch the glove high
 up onto the forearm
and adjust the fit of the fingers.

 Donning left-hand
 glove: Using gloved
 right hand (instead
of through white cuff),
repeat steps 3 through 7.

Circulating nurse grasps
glove about an inch
below cuff.

Pull glove off in a
downward motion.

Changing contaminated glove
during surgical procedure

Because the Best Reaction is No  Reaction
For an introduction to Safeskin’s

Gloving Management Program call 1-800-462-9989.

©1995 Safeskin Corporation. All rights reserved. SGC 1/95Technical Advisors: Joanne Selva, BS, CIC; Maria Ninivaggi, RN, MSN, CIC; from Infection
Control Consultants, Inc.

FIGURE 20.3 Proper donning techniques.
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Irritation

Everyone is susceptible to irritation, a nonallergenic condition. Irritation occurs as a result of either 
direct or indirect cell injury. Th e  rst symptom is usually redness with associated burning or itching. 
Repeated or continued contact with the irritant results in chronic in ammation, characterized by dry 
thickened skin,  ssures, and papules (hard bumps). Th is state of an irritation is generally referred to as 
irritant contact dermatitis. More intense symptoms oft en appear where gloves may be especially tight, 
such as on knuckles, on the back of the hand, or on the wrist. Irritant reactions are limited to the area 
covered by the glove and do not extend beyond the cuff , even aft er long-term exposure.

While investigating the cause of an irritation, non-glove-related irritants should not be overlooked. 
Non-glove-related agents of irritant dermatitis include placing the hands (even occasionally) into disin-
fectants, surface-cleaning agents, anesthetics, or compounding agents. Insuffi  cient rinsing aft er washing 
hands may lead to irritation due to soap residuals. Th is can be most apparent when jewelry is worn, as 
it may interfere with eff ective rinsing. Soap residue can cause pH alterations and can remove protective 
lipids between epidermal cells, thereby eliminating the epidermal buff ering capacity and damaging the 
protective mantle.

Epidermal breakdown can also occur when gloves are worn for prolonged periods of time. Trapped 
perspiration i s a bsorbed i nto t he c ells, w hich b ecome hyperhydrated a nd f ragile, i ncreasing v ulner-
ability to m aceration. Th e problem is augmented when protective l ipids, su rrounding a nd i nsulating 

TABLE 20.5 Glove-Associated Reactions

Reaction Other Terms

Irritation Irritant contact dermatitis
Allergic contact dermatitis Delayed-type hypersensitivity

Type IV hypersensitivity
Chemical allergy

Immediate-type hypersensitivity Type I hypersensitivity
Protein allergy

Note: Glove-associated reactions are oft en referred to by a variety of terms.

Irritation Type IV Type I

FIGURE 20.4 Th ere are three types of glove-associated reactions.
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the epidermal cells, a re removed by g loving powder, exposing t he cells to i ncreased injury. Abrasion 
caused by the powder particles further aggravates irritant reactions. Endotoxin that accumulates in the 
powder during the manufacture of powdered gloves can also cause irritant dermatitis.12 Endotoxins are 
the pyrogenic lipopolysaccharide cell walls of dead gram-negative bacteria. Excessive moisture on warm 
occluded skin increases the multiplication rate of normal  ora, whose metabolic by-products can cause 
further irritation.

Chemicals ut ilized i n t he manufacture of b oth s ynthetic a nd nat ural r ubber l atex g loves c an a lso 
cause irritation. Excessive use of processing chemicals, biocides, and preservatives, as well as inadequate 
leaching or washing can produce gloves with high irritant potential. Because they are formulated and 
processed to remo ve excess chemical additives, hypoallergenic g loves are very appropriate for indivi-
duals prone to irritation.

To reduce the incidence of irritant contact dermatitis and the risk of microbial transmission through 
the disrupted integument,

Remove the jewelry.• 
Wash the hands with a mild soap each time gloves are removed.• 
Avoid the use of hot water whenever possible.• 
Rinse thoroughly.• 
Dry thoroughly.• 
Select the gloves processed with minimal chemicals.• 
Wear the powderfree gloves.• 
Choose the gloves low in overall chemical content.• 
Change the gloves frequently.• 

A larger glove may help increase air circulation and minimize pressure aggravation, but caution must be 
taken to avoid excessive bagginess that may interfere with job performance.

Delayed-Type Hypersensitivity (Type IV)

Delayed-type hypersensitivity or a llergic c ontact der matitis i s a c ell-mediated a llergic re action i niti-
ated by sensitizing chemicals c alled contact sensitizers. Only i ndividuals genetically programmed to 
be able to d evelop an immunological response to t hose speci c chemicals used in manufacturing the 
glove will ever be capable of experiencing this type of glove-associated reaction. Repeated contact with 
these chemicals increases the number of sensitized T cells speci cally recognizing that antigen (contact 
sensitizer). Th e sensitization period, which may take years to develop, is asymptomatic.

When an individual’s sensitization threshold level is reached, the clinical symptoms that follow sub-
sequent ex posures oft en begin w ith redness a nd i tching, progressing to sm all, c lustered vesicles t hat 
elicit pain when scratched. Aft er prolonged, repeated exposure to the chemical, a chronic condition may 
develop with dry thickened skin, cracking, crusting, peeling, scaling, lesions, and papules. Th e appear-
ance of allergic contact dermatitis may easily be confused with that of irritant dermatitis. However, 
it diff ers i n t hat t he most i ntense level of symptoms appear f rom 6 to 4 8 h a ft er exposure (hence t he 
term “delayed-type hypersensitivity”). In chronic cases, symptoms may eventually extend up the arm, 
beyond the glove cuff .13

Contact sensitizers are found in both synthetic and natural rubber latex gloves. Th e additives most 
frequently associated with reactions are the chemicals known as accelerators that function as catalysts. 
Fortunately, t here are only four basic categories of accelerators: t hiurams, t hiazoles, carbamates, and 
thioureas. Th ey are, however, used in varying amounts and combinations by diff erent manufacturers. 
Approximately 15%–25% of g love-related cases of a llergic contact dermatitis are caused by chemicals 
other t han accelerators. Th ese potential contact sensitizers i nclude a ntioxidants, colorants, preserva-
tives, resins, plasticizers, biocides, and soaps.14 Contact sensitizers utilized in the manufacture of natu-
ral rubber latex and synthetic gloves are listed in Table 20.6.
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Determination of t he s peci c c hemicals re sponsible for a n i ndividual’s a llergic c ontact der matitis 
may be made by a der matologist through patch testing. Th e North American patch test kit, for exam-
ple, has a selection (#16—Rubber Chemicals) that contains the major sensitizers in latex and synthetic 
gloves. Alternatively, information supplied by the glove manufacturer may be suffi  cient to identify the 
causative agent. Once the responsible contact sensitizer has been identi ed, the employee can be pro-
vided with gloves containing a d iff erent accelerator mix or those having lower overall chemical levels 
(hypoallergenic). A gener al misconception is that switching to a s ynthetic g love will a lleviate dermal 
reactions. Because many of the same chemical sensitizers utilized in the manufacture of latex are used 
in the manufacture of synthetic gloves, switching to a synthetic glove may not be helpful.

Gloves labeled “hypoallergenic” were developed to address the needs of individuals who experience 
either irritant reactions or allergic contact dermatitis. Th ese gloves are speci cally formulated and pro-
cessed in order to minimize the level of residual chemicals in general and contact sensitizers in particu-
lar. For a company to use the “hypoallergenic” label, their gloves must undergo repeated challenges with 
a modi ed Draize test on 200 individuals, under the supervision of a dermatologist.15 Th e results of the 
study, along with a description of the manufacturing processes used to obtain the hypoallergenic qual-
ity, must be submitted to the FDA in order to obtain clearance for market distribution. Complications 
with continued u se of t he ter m “ hypoallergenic” have a risen due to t he recent emergence of a llergic 
reactions to protein allergens in natural rubber latex. Th e label designation “hypoallergenic” has been 
misinterpreted to mean low in proteins as well as chemicals. Consequently, this term will be changed 
by the FDA in the near future to more clearly identify gloves with minimal chemical content for those 
individuals prone to i rritant or a llergic contact dermatitis, w ithout g iving a f alse sense of security to 
those individuals allergic to latex protein.

Th e development of allergic contact dermatitis is dose and rate dependent. Individuals who are pre-
disposed to react to speci c sensitizers found in gloves, but always wear gloves with minimal extract-
able chemicals, may never have enough exposure to reach their symptom expression threshold and may 
remain symptom-free throughout their careers. Many of those already sensitized to one or more of the 
chemicals have found that wearing hypoallergenic gloves allows them to work symptom-free. One such 
study showed a reduction of irritation and allergic contact dermatitis in 80%–85% of the participants.16

Some individuals have found relief from irritant and allergic contact dermatitis by using glove liners. 
Liners provide a buff er between the skin and the glove. Th ey also absorb sweat, thereby decreasing the 
incidence of maceration resulting from the combined conditions of hyperhydration and friction. Liners 
must, however, be changed each time the gloves are changed or they can readily become fomites for the 
spread of infection. Most liners can be washed for reuse.

TABLE 20.6 Latex and Synthetic Glove-Associated Contact Sensitizers and Irritants

Accelerators/Curing Agents Antioxidants/Antiozonates Processing Agents

Aldehyde–amine reaction products Amines Surfactants
Benzothiazoles Phenols Retarders
Dithiocarbamates Sul des N-nitrosodiphenylamine
Dithiophosphates Donning agents Phthalic anhydride
Guanidines Powders Sulfonamide derivatives
Th ir ourea Plasticizers Stabilizers
Th iurams Paratoluene sulfonamide Dibutyl tin dilaurate
Th iocabamyl sulfonamides Phthalates Dibutyl tin maleate
Alkylphenol disul des Naphthylamines Epoxy resins
Paraphenylenediamine derivatives

Note: Th e manufacture of synthetic and natural r ubber latex g loves utilizes a n umber of similar chemicals. 
Th eir selection and the amount used together with the thoroughness of their c leansing process dictates a g love’s 
potential for eliciting irritant or allergic contact dermatitis.
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Although the term “barrier” is not appropriate for the lotions and creams currently being marketed, 
many provide a degree of buff ering or resistance to chemical penetration that some individuals  nd help-
ful. Care must be taken to en sure compatibility of the lot ion with the type of glove worn (latex, v inyl, 
nitrile, neoprene, etc.). To prevent barrier degradation, care should be taken to follow the manufacturers’ 
instructions for use. For example, excessive amounts of special lotions, salves, or creams may occlude the 
skin suffi  ciently to prevent air exchange and produce another form of adverse skin condition.

Caution: Th ough a potential aid for individuals with irritant and allergic contact dermatitis, neither 
glove liners nor “barrier” lotions are appropriate for individuals who have a Type I, immediate-type 
hypersensitivity to the proteins in natural rubber latex.

Immediate-Type Hypersensitivity (Type I)

Immediate-type hypersensitivity is an IgE-mediated allergic response. Th is Type I hypersensitivity has 
the potential to elicit severe reactions. It is seen in individuals allergic to non-glove allergens, such as 
penicillin, sulfa drugs, peanuts, and bee stings. In gloves, the allergens are the proteins in natural rub-
ber latex.

Protein allergens come from the source of latex, Hevea braziliensis, the rubber tree. Th e two reactions 
already d iscussed (irritation a nd delayed-type hypersensitivity) have been reported since t he 1930s.17 
Immediate-type hypersensitivity, however, was only recently reported. Th e  rst documented case of this 
reaction was to household gloves in Great Britain in 1979.18 Since the early 1990s, more than 250 indi-
viduals have experienced anaphylactic reactions, including some fatalities, to the small natural rubber 
balloon (cuff ) on silicone enema catheters.19

Genetically predisposed individuals who are repeatedly exposed to high enough levels of latex protein 
allergens, may become sensitized. To be genetically predisposed means that the individual has the DNA 
map to construct IgE antibodies that  t or recognize latex proteins speci cally. For example, individuals 
allergic to cottonwood pollen have the DNA sequences that direct the creation of the cottonwood pol-
len IgE antibodies, but are not necessarily capable of creating IgE antibodies to the proteins in natural 
rubber latex. When a llergen speci c IgE antibodies are made, they at tach to ba sophil and mast cells, 
proliferating these sensitized cells with each exposure. No symptoms are experienced during this period 
of sensitization. If, however, a threshold level is reached where there are a suffi  cient number of these sen-
sitized cells to produce a perceptible response, subsequent exposure may elicit Type I symptoms as the 
activated cells release histamine and other vasoactive mediators.20 Symptoms of Type I reactions include 
urticaria ( hives, w hich may remain lo cal or spread s ystemically), i tching of t he e yes, f acial s welling, 
rhinitis, asthma, abdominal cramping, d iarrhea, nausea, pharyngeal swelling, headaches, d isorienta-
tion, tachycardia, hypotension, dizziness anaphylactic shock, and, rarely, death.

Individuals who are a lready expressing any of t he symptoms described should contact t heir occu-
pational or employee health department and see an allergist. Con rmation of latex sensitivity (Type I) 
is performed by skin-prick testing or serum IgE studies (ELISA, RAST inhibition, etc.). Latex protein-
sensitive individuals, if so advised by their allergist, should

Wear an alert bracelet or necklace• 
Carry an EpiPen• Òor other source of epinephrine
Wear only synthetic gloves• 
Work in environments free of powdered latex gloves• 
Avoid contact with natural rubber products as much as possible• 
Be under the care of an allergist or physician familiar with latex protein allergy (Type I)• 

Individuals who a re at i ncreased r isk for a T ype I re action to l atex a re t hose who have occupational 
exposure to l atex, are allergy prone (atopic) in general, or have speci c allergic reactions to t he fruits, 
vegetables, and plants listed in Table 20.7.
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A factor that dramatically increases the risk of developing this type of hypersensitivity is very early 
surgery ( rst few hours to d ays of l ife) followed by multiple surgeries and procedures. Th is is usually 
accompanied by e xtensive nat ural r ubber l atex e xposure t hrough b oth i nvasive a nd mucosal routes. 
Spina bi da patients appear to be at highest risk with sensitivity rates reported between 27% and 68%.21 
Since we cannot yet look at a genetic map and tell whether a health care worker can create NRL protein 
speci c antibodies, it is important to decrease the risk of employee sensitization by purchasing only low 
protein gloves. Does this mean that everyone should switch to synthetic gloves? No. As discussed under 
“Barrier protection pro le of a g love,” many synthetics cannot withstand the rigors of use. Th ey  break 
down or rupture, increasing the risk of pathogen or hazardous agent exposure.

It is, however, important to have low protein gloves. To say gloves vary in their level of total protein 
or protein a llergen c ontent i s a n u nderstatement. D r. Yunginger of t he M ayo C linic re ported d iff er-
ences of over 3000-fold in gloves from diff erent manufacturers.22 Wearing just one high protein allergen 
glove can expose an individual to as much allergen as in wearing 3000 low allergen gloves. Taking 
into ac count a p otential of 2 0 g love changes a d ay, t he u se of h igh a llergen g loves would b e e quiva-
lent to e xposure to 6 0,000 low-allergen gloves! Another way to v isualize the potential impact of high 
allergen v s. low a llergen g loves i s t he r ate w ith w hich a su sceptible (predisposed) i ndividual re aches 
their threshold for symptom expression. Figure 20.5 is a theoretical illustration of twins, with the same 
genetic makeup and t he same basic environmental exposure prior to t heir entrance into t heir health 

TABLE 20.7 Cross-Reactive Allergens

Avocados Grapes Passion fruit
Bananas Kiwis Potatoes
Celery Mangos Ragweed
Cherries Melon Strawberries
Chestnuts Peaches Tomatoes
Ficus

Note: Individuals allergic to the proteins in natural rubber latex (Type I) 
are at increased risk o f developing an allergy to the i tems in this t able. Th e 
reverse is also true.

Exposure level sufficient to sensitize enough mast
cells for Type I symptoms to apper

Threshold for clinical
symptoms

Protein allergen
exposure level

Age 20 40 60
Retirement

Wears high
allergen glove

Wears low
allergen glove

FIGURE 20.5 Th eoretical illustration of genetically susceptible twins with the same latex protein allergen level of 
exposure until they begin careers at diff erent health care institutions.
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care careers at diff erent hospitals. One hospital supplies h igh a llergen g loves and t he ot her uses only 
low allergen gloves. Th e twin depicted by the double line, at t he high allergen facility, has reached his 
symptom threshold before the age of 30. Th e other twin, depicted by the single line, retired at a ge 65, 
long before reaching that threshold and never experiencing symptoms. Although everyone’s threshold 
and exposure levels will vary, the principles remain the same.

Presently, there are many test methods for evaluating protein in latex products. However, the FDA 
recognizes ASTM D5712-95, Standard Test Method for Analysis of Protein in Natural Rubber and Its 
Products, as the standard for measuring total protein levels in latex gloves. Th is method determines the 
amount of total water-extractable protein in a g love. While not e very protein is an a llergen, the total 
protein content of a g love is a go od indicator of potential a llergens. Th e t hought process is t hat i f a ll 
proteins are kept at a minimal level, then potential allergens will also be low.

Th is testing method is the basis for the FDA clearance for marketing their product with a protein 
content s tatement. W hile t here i s no offi  cial de nition o f “ low p rotein,” t he F DA re cognizes le vels 
of ≤50 µg/g as the lowest level con dently detected utilizing this test method. Th e protein claim will 
appear as

Th is glove contains equal to or less than 50 µg/g of total water soluble protein.

Unfortunately, t his s tatement i s not ye t a re quirement a nd i s ut ilized b y o nly a f ew m anufacturers. 
Reasons for not having a protein content statement on the label include the following:

Several brand names actually represent distributors, packaging gloves purchased from a number • 
of diff erent sources, making control of protein levels very diffi  cult.
Protein c ontent le vel m ight b e h igh a nd t he manufacturer may w ant to a void a nnouncing t he • 
fact.
Company’s government submission may not yet have been completed.• 

Ask the manufacturer for the protein content of their product, as determined using the ASTM D5712-95, 
Modi ed Lowry method. Test results from diff erent methodologies should not be compared.

Because low-protein latex gloves are intended to prevent individuals from becoming sensitized, not 
to prevent reactions in sensitized individuals, the following FDA recommended cautionary statement 
(or one similar in nature) is required:

Caution: Safe use of this glove by or on latex-sensitized individuals has not been established.

Respiratory Complications

Asthma a nd ot her p ulmonary re strictive d iseases, suc h a s p neumonitis, a re b eing e xperienced b y a 
growing number of hospital personnel. It is important to identify glove-related and non-glove-related 
causes of these reactions. Inhalation of glove powder alone, or coated with chemicals and endotoxins 
from the glove, may cause in ammatory reactions. Disinfectants, sterilants, and various other chemi-
cals ubiquitous in the hospital are also oft en i rritants and/or contact sensitizers. Th ese chemicals can 
adhere to the powder particles, become aerosolized, and readily inhaled by individuals in the area. Th is  
can also initiate nasal, throat, and respiratory symptoms.

Protein from the glove surface can, similarly, attach to powder particles. Latex-sensitive individuals 
(Type I) exposed to latex allergens may or may not have respiratory symptoms. Symptoms for those who 
do experience respiratory involvement range from restrictive airways to full-blown asthma. A diagnosis 
for latex-protein-induced asthma includes a latex positive skin-prick test or serum IgE assay.

Close monitoring and detailed cause/eff ect histories are necessary for proper diagnosis of personnel 
experiencing respiratory symptoms in the workplace. Note that it may be possible that individuals expe-
rience a delayed reaction when contact sensitizers are involved.
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Hospital Protocols

Hospital protocols must be established to address the various aspects of glove-associated reactions.

Employees

Protocols must be developed outlining the program that will use to identify the cause of employee reac-
tions and the appropriate actions to be implemented for the individuals and their work environments. 
A brief d iagram to f acilitate t he d iff erentiation process i s provided i n Figure 2 0.6. Actual protocols, 
however, should be reviewed by staff  allergists and immunologists prior to approval.

Prevention

Protocols should be established for the selection and proper use of gloves to minimize employee risks of 
developing glove-associated adverse conditions. A brief outline of important issues to b e addressed is 
included in Table 20.8.

Although the purchasing department may  nd the initial cost of low-chemical, low-protein, powder-
free gloves to be more expensive, careful cost-of-reactions records kept by the occupational or employee 
health department may well change this assessment. Meticulous tracking of the cost of attending to 
employee medications, physician visits, sick leave, temporary replacement salary, retraining, and, poten-
tially, workers’ compensations claims has yielded interesting results. Some health care workers have had 
to discontinue their vocation of choice due to severe latex allergies. Th e cost can be up to $215,000, with 
as much as 90% of it paid by the employer.23 Another report listed costs of $194,000.24 At Hamilton Civic 
Hospitals where there are more than 3000 full-time workers and 750 beds, over 300 of these employees 
have been diagnosed as latex allergic (Type I).24 Prevention, up front, more than pays for itself.

Triage format: Guide to differentiation of glove reactions

Employee complains of reaction to gloves

Report to occupational or employee health

Location: Hands or arms only

No Yes

Yes No

How long have symptoms occurred?

Recent (acute)
Symptom onset

after glove removal

Long term (chronic)

Symptoms
Appear beyond

border of the glove

NoDelayed onset

No

Yes

Delayed (6–72 h)
Clustered bumps, itching (but

upon scratching, painful),
peeling, scales, blisters, redness,

or dry appearance

Rapid
Itching, swelling,

blisters, sores,
cracking, redness,
or dry appearance

*Note: If symptoms persist, but diagnositic test for
immediate type hypersensitivity (Type I) to latex
are negative, consider airborne irritants and
chemical sensitizers (Type IV) of glove and
non-glove origin Irritation

Immediate-type hypersensitivity
(Type I)

Delayed-type hypersensitivity
(Type IV)

Irritant contact
dermatitis

©1996 Safeskin CorporationEducation Series

Symptoms in addition to (or in lieu of )
those on the hand/arm:

Abdominal cramping and nausea
Anaphylaxis
Angioedema and pharyngeal swelling
Blood pressure drop and tachycardia
Diarrhea
Dyspnea*
Headaches and disorientation
Itching, burning eyes*
Respiratory distress and asthma*
Rhinitis *

Urticaria (hives)

This triage is only a guideline. Hospital protocols
regarding glove-associated reactions should be

reviewed by your staff allergist and dermatologist.

FIGURE 20.6 Sample employee protocol to facilitate diff erentiation of glove reactions.
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Patients

Although the focus of this chapter is on the employee, it is imperative that hospital-wide ( oor, operat-
ing rooms, pharmacy, clinics, etc.) protocols be established for the identi cation and care of latex-sensitive 
(Type I) pat ients. A n umber o f i ndividuals, h ospitals, a nd o rganizations w ho h ave e stablished suc h 
guidelines are noted in the reference section.25 As a safety precaution, all spina bi da patients should be 
considered latex positive.

Powder vs. Powderfree Gloves

Powder serves t wo purposes. First, it f unctions as a m anufacturing a id by preventing t he g love f rom 
sticking to itself or other gloves during processing and packaging. Second, it facilitates donning. Most 
glove powder is composed primarily of USP absorbable dusting powder (chemically treated cornstarch). 
To produce a powderfree glove the powder must be removed and the glove surface treated to reduce tack 
(stickiness) and ease donning. Despite t he added costs required for powder removal, t he demand for 
powderfree gloves is escalating due to a number of increasing concerns.

Absorption

One of the advantages of powder is its ability to absorb moisture, as is evidenced by rapid sweat absorp-
tion. Th is characteristic can also result in negative consequences, including overdrying of the skin lead-
ing to chapped, cracked hands.

Protein

Powder absorbs a number of substances other than moisture. Several articles have been published on 
the adsorption (adherence) of proteins, from the surface of latex gloves to powder particles. When the 
protein-laden pa rticles a re a erosolized, t he p rotein a llergens t hey c arry i ncrease a llergen e xposure. 
Levels will depend on a myriad of factors, including

TABLE 20.8 Prevent Development of Glove-Associated Adverse Conditions

Reaction Glove Characteristic for Prevention

Irritation (irritant dermatitis) Fit properly, avoid friction
Powderfree to prevent absorption of protective lipids and abrasive 

action
Low in chemicals (referred to as hypoallergenic until an alternate 

terminology is selected)
Changed frequently
Glove liners may be helpful

Delayed-type hypersensitivity 
(Type IV, allergic contact dermatitis)

Low in chemicals (referred to as hypoallergenic until an alternate 
terminology is selected)

Powderfree to prevent transfer of adherent chemical antigens
Glove liners may be helpful

Immediate-type hypersensitivity (Type I) Latex low in proteins (allergens)a or an appropriate synthetic
Powderfree to prevent aerosolization and transfer of adherent protein 

allergens
Respiratory complications Powderfree gloves low in proteins and chemicals

a Individuals who have already become latex-protein sensitized (Type I) must be in synthetic gloves with those around them 
in powderfree.
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Protein content• . In general, the higher the protein content of the glove, the higher the concentra-
tion on each particle.
Size of the room• . Th e smaller t he room, t he more rapidly t he a irborne a llergen w ill increase in 
concentration.
Number of indi viduals• . Th e more people i n, or i n a nd out of t he room, t he h igher t he a llergen 
level c an r ise due to t he p owder/protein c ontribution f rom t heir i ndividual g loves a nd t he 
re-aerosolization of powder that had already settled.
Effi  ciency of the air  ltration system• . If the system is extremely effi  cient, it may keep allergen lev-
els lower t han i f i t i s not . Poor s ystems encourage s tagnation a nd m ay c ontribute to b uild up 
over time. If systems are poorly constructed, the powder may actually be transported to remote 
locations.

Studies have demonstrated that there is no signi cant diff erence in aeroallergen (latex protein) levels 
when using powderfree latex gloves or when no gloves at all are worn.26 It should be emphasized again 
that latex-sensitive individuals (Type I) s hould wear only synthetic g loves and work in a lo w-protein, 
powderfree environment.

Chemicals

Just as proteins can be adsorbed from the gloves to the powder particle surface, so can chemicals. Non-
glove chemicals such a s g lutaraldehyde, formaldehyde-based d isinfectants, chemotherapeutic a gents, 
and medications can also be absorbed by the powder and aerosolized.

Microorganisms

Th e practice of wearing g loves a nd c hanging t hem b etween pat ients i s ba sed on a p rincipal demon-
strated by Semmilweis that states eliminating the vehicle of disease transport between patients, as well 
as between patient and health care professional, prevents cross contamination. However, because they 
have reduced the incidence of disease transfer so dramatically, we have neglected to note some critical 
areas o f c oncern w here g loves h ave ac tually i ncreased e xposure to i nfectious a gents. A s g loves c on-
tact contaminated body substances, m icroorganisms ad here readily to t he hundreds of t housands of 
particles. Th ese  effi  cient fomites await transport to unsuspecting new hosts via direct contact, indirect 
transfer (e.g., c omputer ter minals, c harts, w ater p itchers, p ens, e tc.), o r a erosolization ( Figure 2 0.7). 
Although not speci cally citing the role of powder in microbial aerosolization, Pike27 stated “Inhalation 
of infected airborne particles (aerosols) released during many common laboratory manipulations have 
probably caused the largest number of laboratory associated diseases.”

Studies have shown that the presence of powder in wounds can signi cantly decrease the resistance 
to infection.28 Add to this its potential role as a fomite, and it is readily apparent that there are a number 
of immune-compromised and infectious-disease areas where powder may increase the incidence and 
spread of nosocomial infections.

Erroneous Laboratory Results

Powder has been reported to have caused the following:

PCR ampli cation interference• 29

False negative HIV tests• 30

Erroneously low cyclosporin concentration determinations• 31

False pregnancy results• 31

Interference with assays dependent on optical scanning (plate readers, spectrophotometers, elec-• 
tron microscopy, etc.)31
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Proper Glove Removal and Disposal

Contaminated gloves must be removed with consideration for the potential spread of infection to your-
self or individuals in the vicinity. Th e pictures in Figure 20.8 illustrate correct removal technique. Care 
must be given to t he avoidance of skin or apparel contact with the exterior or dirty side o f the glove. 
Avoid snapping gloves and the sling-shot method of disposal.

Summary

Gloves reduce the daily r isks of cross-infection in the hospital environment. As with a ll PPE, careful 
consideration must be given for appropriate selection. Selection criteria should include the following:

Durability• . Should have adequate in-use barrier protection for tasks to be performed. Prevention 
is cost eff ective.
Low in proteins• . Gloves should have a low level of protein allergens or be made of a suitable syn-
thetic material to re duce the risk of developing immediate-type hypersensitivity (Type I). Once 
an i ndividual i s sensitized to l atex proteins, t hey must be i n a s ynthetic g love i n a p owderfree 
environment. Prevention is cost eff ective.
Low in chemicals (hypoallergenic)• . Latex and synthetic gloves should be low in chemicals to reduce 
the risk of developing irritant or Type IV allergic contact dermatitis. Prevention is cost eff ective.
Powderfree• . Gloves should be powderfree to eliminate the role of powder particle contact trans-
fer and aerosolization of adherent protein allergens, chemicals, and microorganisms. Powderfree 
gloves reduce laboratory assay interference. Prevention is cost eff ective.
Snug b ut c omfortable  t• . G loves s hould  t sn ugly eno ugh to el iminate ba ggy i nterference b ut 
should not be so tight that they impede movement.
Wet and dry grip• . Should be appropriate for the task performed.

Once the appropriate glove has been selected it should be stored, worn, and removed properly.

Storage recommendations:

Cool (<90°F)• 
Dry (<40% humidity)• 

FIGURE 20.7 When don ning, m anipulating, or re moving g loves, p owder i s re adily a erosolized. P roteins a nd 
chemicals from the gloves, as well as pathogens that may have contaminated the glove during patient care or speci-
men handling, can attach to the powder and similarly be disseminated.
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Away from direct sunlight, ultraviolet or  uorescent light, x-ray machines, or any other electrical • 
generating sources that produce ozone
Maintain in primary packaging• 
First-in  rst-out rotation• 

In-use guidelines:

Trim the long and sharp  ngernails.• 
Remove the jewelry.• 
Make certain that any lotion worn under gloves will not degrade the glove material.• 
Don properly.• 
Observe the glove while donning for any holes, tears, or rips and discard if noted.• 
Double the glove when the potential for cross-infection and the use of sharps deems the practice • 
appropriate.

Glove removal recommendations:

Remove the gloves between patients (consider changing between procedures on the same patient • 
if there is a potential for cross contamination).
Remove the gloves as soon as possible when a tear or perforation is suspected.• 
Glove removal should be performed with consideration for contamination and aerosolization of • 
surface microorganisms or particles.
Wash and rinse the hands thoroughly each time gloves are removed.• 

In compliance with infection control practices and the OSHA bloodborne pathogen rule

Slide fingers under outer cuff.

Slowly peel glove inside-out
away from body.

Hold the removed
glove in the palm of the
gloved hand.

Slide fingers inside cuff of gloved  hand, being careful
not to touch the contaminated outer surface.

After glove removal, wash hands,
rinse thoroughly.

Discard gloves into a
biohazard bag.

Pull glove off inside-out
away from body, enclosing
already removed glove.
Avoid “snapping” or other
motions that may cause
airborne contamination.

When regloving do not use oil-based lotions. To avoid latex degradation,
use only water, glycerin, or other non-hydrocarbon-based lotions.

Cycle of protection: Proper degloving technique

Because the Best Reaction is No  Reaction
For an introduction to Safeskin’s

Gloving Management Program call 1-800-462-9989.
©1994 Safeskin Corporation. All rights reserved. SDC 7/94

Technical Advisors: Maria Ninivaggi, RN, MSN, CIC and Joanne Selva, RN, BS,
CIC from Infection Control Consultants, Inc.

FIGURE 2 0.8 Proper g love re moval. G love re moval s hould a lways b e fol lowed by prop er h and w ashing a nd 
extensive rinsing.
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Observe for glove-associated reactions:

First report to occupational health• 
Determine if dermal reaction is• 

An irritation (irritant contact dermatitis), dermatologist• 
Allergic contact dermatitis (chemical allergy, Type IV, or delayed-type hypersensitivity), • 
dermatologist
Immediate-type hypersensitivity (protein allergy and Type I hypersensitivity), allergist• 

Determine the cause of any occupationally associated respiratory problems:• 
Asthma (if glove, may be • NRL protein related), must wear synthetic gloves in a powderfree 
environment, allergist
Pneumonitis (irritant or c hemical-associated i n ammation), consider p owderfree envi-• 
ronment, allergist or respirator specialist

Conclusion

Glove protection is no longer de ned solely by physical integrity. A glove must also protect the wearer 
from developing glove-associated reactions, whether dermal, respiratory, or systemic. Prevention is cost 
eff ective. Although this chapter addresses occupational concerns, readers should extend the issues dis-
cussed here to their patients, being aware of the possibilities not only from dermal and inhalant contact, 
but also through invasive exposure.
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Introduction

Many ph ysiological f unctions f ollow a d aily rh ythm c onsistent w ith t he r ising a nd s etting o f t he 
sun. During daytime, body temperature, heart rate, blood pressure, and adrenalin secretion achieve 
peak output as physical and mental work capacity rise.1 Th is daytime rise in work capacity coincides 
with the period of peak activity for most people. Conversely, body temperature, heart rate, adrenalin 
release, and mental alertness drop to their lowest values during night. Th ese rhythmic drops in physi-
cal function and mental alertness coincide with periods of decreasing activity, rest, and sleep for most 
people. It is important for health and well-being to maintain this rhythm by obtaining full rest and 
sleep. Th e nighttime low-energy period is a lso a t ime of some r isk, especially for t hose who are i ll. 
Th e most common time of death, based on a composite study of 437,511 deaths, was between 4 a .m. 
and 6 a .m.2 Is there also some risk to healthy workers who try to reverse the normal sequence of day 
work and night rest?
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Since the introduction of electric power in the late nineteenth century, it has become possible to pro-
vide suffi  cient power and lighting to enable work to continue through the night. In heavily capitalized 
manufacturing industries, night work enables employers to achieve more rapid returns on their capital 
investment and greater effi  ciency through continuous production. In service industries such as trans-
portation, utilities, communications, health care and hospitals, or police and  re protection, night work 
is increasingly necessary. Indeed, there is a common expectation that 24 h service will be available.

Among all U.S. workers in 1980, approximately 26% of men and 18% of women worked a variable shift  
schedule.3 Shift work is particularly common in young families. In the United States, approximately 50% 
of young couples with children under 5 ye ars old i nclude one spouse who works nonstandard hours.4 
Most shift workers (72%) do so involuntarily; only a minority (28%) report voluntary selections.5

Hidden Costs of Shiftwork: Public Safety

What do Chernobyl, Valdez, Th ree Mile Island, and Bhopal have in common? Th ey were all disastrous 
accidents re sulting i n en vironmental c ontamination w hich o ccurred d uring n ight s hift s, between 
11 p.m. and 7 a .m.

Th e accident at Bh opal began at 1 2:56 a.m.; Exxon Valdez ran aground approximately at m idnight. 
Th e Chernobyl nuclear power facility incident began at 1:23 a .m. Th e Th ree Mile Island nuclear power 
facility incident began at 4 a .m., and then between 4 a .m. and 6 a .m., as shift workers did not recognize 
the loss of core coolant resulting from a broken valve, the radioactive core overheated and radio-
active material escaped into the environment. Th e radiation releases at Chernobyl and Th ree Mile Island 
have had national and international political repercussions. Public con dence in the safety of nuclear 
power has declined a nd electric ut ilities have shift ed investment toward other sources of power. Th e 
Chernobyl accident near Kiev may also have contributed to regional distrust of the central authority in 
Moscow and to a sharper appreciation of the value of political independence for the Ukraine.

Th e methyl isocyanate release at a c hemical facility in Bhopal occurred during t he night shift  at 
12:56 a.m. Aft er the fatalities occurred in Bhopal, public opinion in the United States supported a major 
federal policy change. Employers are now required to report to the federal and local governments com-
prehensive information about the identities and amounts of chemicals used, stored, and released into 
the environment.

It is appropriate that public demands for safe sources of power and for access to i nformation about 
toxic materials should guide our society. Unfortunately, it has taken well-publicized disasters for these 
needs to be recognized. In a sense, the disasters act as catalysts to speed up decisions which would other-
wise occur more slowly. Disasters focus public opinion into eff ective action. Th e demands for safety and 
increased public access to information which followed these disasters may well have been too narrowly 
focused. For example, the timing of these accidents suggests a need to critically evaluate current patterns 
of shift work. Are current shift  schedules compatible with public safety or responsible patient care?

Th ere is a g rowing understanding of t he importance of shift work. Th e offi  cial report on the Th re e 
Mile Island incident recognized that the weekly rotating shift  s chedule may have been a c ontributing 
factor to t he operator errors.6 O ther i ncidents i n t he U.S. nuclear power i ndustry have a lso i nvolved 
human errors during the early morning hours.

Th e oil tanker Exxon Valdez ran aground in Prince William Sound, Alaska around midnight, spill-
ing 258,000 barrels of crude oil and causing terrible environmental contamination. Th e cost of a partial 
cleanup e xceeded t wo b illion dol lars. A n i nvestigation by t he National Transportation S afety B oard 
determined that the shift  schedule provided inadequate rest and the resultant third mate’s fatigue was 
one of the  ve major factors responsible for the accident.7 Insuffi  cient staff  were another of the major 
factors cited.

Th e offi  cial report on the Challenger accident in 1986 cited the fact that key managers had had less 
than 2 h sleep and were under considerable time pressure.8 Operator fatigue as a result of shift work was 
also recognized as a major factor; it nearly caused a disaster to the shuttle Columbia 3 weeks before the 
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Challenger accident. Th e operators who drained 9 ton of oxygen from the shuttle 5 min before the sched-
uled launch were in the eleventh hour of a 12 h shift  aft er working three 12 h night shift s in a row.

Our t raditional at titudes about shift  and staffi  ng pat terns have m inimized a nd i ndividualized t he 
problems of night work. As scienti c studies of night work continue and as public awareness of these 
issues i ncreases, our at titudes w ill a lso e volve. A s we c ome to app reciate t he c osts of n ight workers’ 
mistakes, we can weigh the potential costs of future mistakes against the costs of altering current staff  
schedule pat terns. A re cent report by t he O ffi  ce of Technology Assessment on shift work, “Biological 
Rhythms,” shrewdly focused on nuclear power plant workers, doctors, nurses, and military personnel—
groups whose work a nd fatigue-driven m istakes have t he potential to a ff ect everyone.9 Th is  report 
raises the question for national consideration: “Are current shift  schedules compatible with public safety 
or responsible patient care?”

Health care workers must oft en work at night and they routinely make decisions which have potential 
life and death consequences. What are the impacts of staffi  ng and scheduling patterns?

Night Work in the Health Care Industry

A greater percentage of health service workers work at night (10.3%) than is the case in any other occu-
pational employment sector. Hospitals, the biggest employers in the health care  eld, employ more night 
shift workers (6.6%) than any other industry.5 Nurses are the largest group of health care workers and the 
largest single group aff ected by night work. Th ere are more than two million registered nurses (RNs) in 
the United States.9 Approximately 71% of all hospital-employed RNs work outside the day shift  at least 
part of the time; only 29% work straight day shift s. Of all RNs in hospitals, 21% work only evenings; 17% 
work nights permanently, and 33% rotate shift s. Of those who rotate, some rotate to all shift s and some 
rotate only to two shift s . In total, 42% of a ll hospital-employed RNs work nights: 17% work full-time 
nights and 25% rotate to nights.10

Th ere are three quarters of a million health technologists or technicians and 30% work nonstandard 
hours: evenings, nights, or rotating shift s.5

Physicians also work nights and long hours when completing postgraduate clinical training in spe-
cialties such as internal medicine, pediatrics, or family practice. Th ere are approximately 85,000 physi-
cians in U.S. postgraduate “residency” programs. Postgraduate programs which required physicians to 
live at t he hospital (hence the term “resident”) began at J ohns Hopkins University approximately 100 
years ago. Residents were expected to be on call 24 h a day and they were discouraged from marrying.9 
Today “residents” no longer live in the hospitals full time and marriage is a matter of personal choice, 
but the hours still include 24 h shift s. Th e most inexperienced doctors,  rst year residents, are the most 
likely to be required to work 24 h shift s and other excessive hours. Until residents in New York went on 
strike in 1975, t hey were on-call every second night, a d uty oft en involving 24 h of continuous work. 
Now, on-call shift  schedules in New York and elsewhere are usually l imited to e very 3 d ays. St ill, the 
hours for residents would be considered excessive by most s tandards; many residents routinely work 
more than 80 h a week and 24 h shift s are commonplace.9

What are the implications and results of this apparent contradiction between normal physiology and 
night work for health care workers? What are the eff ects of working when our circadian rhythms suggest 
sleep? Do night workers experience more stress, fatigue, disease, or injury as a result of working when 
their bodies would normally rest? Are patients jeopardized by these shift  schedules? Are there individ-
ual diff erences in tolerance for shift work? Are some people more suited for night work? Can adaptation 
occur? What strategies maximize adaptation and minimize health hazards? In the last decade, several 
reviewers have evaluated the adverse health eff ects of shift work and set forth ideas for prevention.9,11–15

Th e goals of this essay are to review the eff ects of shift work, particularly for health care workers, and 
to review what strategies may be useful in dealing with these issues. Because of the signi cance of good 
medical care and because so many health care workers work at night, shift work information obtained 
from other industries should be studied because of its implications for the health care  eld.
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Effects of Shiftwork on Workers

Sleep Disorders

For more than 7 million U.S. workers who must work at night,5 the most obvious problem they experi-
ence i s s leep d isruption a nd fatigue. A lthough workers at tempt to ig nore or overpower t heir normal 
circadian rhythms, most cannot. Th e normal internal biological rhythms persist. External factors such 
as light, noise, family, and social demands also interfere with sleep. Stress and fatigue result.

Sleep aft er night work is shorter compared to normal sleep. Night workers on permanent shift  have 
been found to get about 1 h less sleep than do aft ernoon or day workers, and night workers who rotate 
shift s get 2 h less sleep than those who rotate to other shift s. Night workers who rotate get about 5 h 
of sleep.16 Th e problem gets worse with age. Among permanent night shift workers, those 18–29 years 
old sleep 40–50 min longer than those aged 40–49.17

Th e disruption in sleep pattern is more severe the later the onset of sleep is postponed toward noon. 
Night s hift workers’ subjective feelings of sleepiness have been con rmed by e lectroencephalography 
(EEG). Despite staying up all night, many night workers experience insomnia during the day.18,19

Fourteen s tudies have examined nurses’ s leep d isorders a s f unction of shift work .23 In general, the 
larger studies report that nurses who work nights or rotating shift s get less s leep t han ot her nurses.9 
Hospital nurses who rotate shift s have been found to have unique sleep patterns, distinct from those of 
regular s leepers, shift workers, ot her n ight workers, or ot her k nown s leep d isorder pat terns.20 Nu rses 
who permanently work nights report getting the least sleep of any group. Part-time night nurses report 
less s leep t han f ull-time n ight nurses,18 probably because they revert to a normal schedule while not 
working. Lack of sleep is a g reater problem for those with children; the more children, the greater the 
problem.21

Adaptation seems to occur to some extent. Part-timers and those who rotate shift s experience greater 
diffi  culty than those who permanently work nights. Nurses who rotate shift s experience more fatigue 
than do  xed shift workers, even when the study controlled for the potentially confusing eff ects of age 
and marital status.22

A 6268-person survey in Finland examined how sleep disorders varied with occupation. Th o se occu-
pations with most sleep problems tended to be lower in social class and more likely to be required to 
work nights. For example, a mong female staff  nurses, 14.4% reported d iffi  culty falling asleep, a lmost 
twice a s m any a s a mong head nurses (7.8%) a nd ne arly t hree t imes more t han m ale do ctors (4.9%). 
More than one-fourth (26.4%) of female hospital aides reported usually waking up three times or more 
at night, while other health care occupations reported disturbed sleep less oft en: female ward nurses = 
9.4%, female head nurses = 8.9%, and male physicians = 1.6%.23

Sick Time

A 30 month study of shift work sponsored by the National Institute for Occupational Safety and Health 
reviewed health and accident  les and surveyed by questionnaire 1200 nurses and a similar number of 
food processors to evaluate the health consequences of shift work .22 Th ey found that nurses on rotating 
shift s tended to take more sick time than did nurses on  xed shift s. Also, the rotating shift  nurses tended 
to have more severe reasons for absence from work than did  xed shift  nu rses. Rotating shift workers 
(nurses a nd food processors) tended to u se worksite c linics more t han d id  xed shift workers. When 
the reasons given for visiting the clinics were examined, it became clear that severity was a problem as 
well as frequency of illness. Rotators seemed to suff er from more serious problems, and used sick time 
only for the most serious problems. Th ey went to worksite clinics for less severe problems, problems that 
might have caused  xed shift workers to miss work.

Job Performance under Night Work and Shiftwork Conditions

Working d uring no rmal s leep h ours re sults i n p oorer job p erformance a nd i ncreased f requency o f 
fatigue-related accidents at night.
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Measures of job p erformance over a 2 4 h period indicate that reaction t imes are increased at n ight 
and ability to do men tal arithmetic is diminished; the observed decreases in performance are similar 
to those caused by moderate alcohol consumption.24 Th ese trends have been observed in many occupa-
tions. A Br itish study found that residents who were sleep-deprived had less ability to do m ath.25 Th e 
frequency of m inor accidents to h ospital s taff  i s h ighest during t hird shift , w ith observable peaks i n 
frequency o ccurring a round changes of shift . O perator speed i n a nswering s witchboards a nd textile 
workers’ speed of joining threads is lowest during the night shift .26 Th e distribution of 75,000 Swedish 
meter reader errors over a 20 year period showed a major peak between 2 a .m. and 4 a .m.27 A study of 
over 2200 locomotive train driver errors resulting in emergency braking situations indicated that peak 
error frequencies occur in the early morning hours between 3 a .m. and 6 a .m. and again in the early 
aft ernoon between 1 p.m. and 3 p.m.28

Nurses

Nurses who rotate shift s are perceived to be less effi  cient by their supervisors. Nursing supervisors ranked 
nurses who work rotating shift s lower in terms of job p erformance, motivation, and patient care than 
 x ed shift workers.29 Th e psychological eff ects of shift work may result in a more negative or depressed 
attitude toward work. In a s tudy of circadian rhythms in nurses, 12% reported episodes of temporary 
gross motor paralysis, lasting an average of 4 min per incident, while working nights. Typically these 
incidents occurred in the latter part of the shift , during early morning, when nurses were sitting and 
writing in patients’ charts or reading.30

One might expect that the eff ect of sleep deprivation on physicians’ and nurses’ work performance 
would have been well studied. Th ere is actually a g reat need for more research on the eff ects of night 
work, extended hours, and sleep deprivation on nurses’ and physicians’ performance. Deaconson et al. 
cite only 10 studies on physicians.31 Most including Wilkinson,32 Poulton,33 Friedman,34 and Hawkins35 
report t hat physicians f unction le ss rel iably during e xtended p eriods of work, i ncluding n ight work. 
Others found little or no eff ect from sleep deprivation on residents.31,36,37

Friedman42 e valuated t he e ff ects o f s leep de privation o n a g roup o f 14 i nterns i n N ew York Ci ty. 
Subjects were asked to re ad a 2 0 min electrocardiogram strip and to c haracterize their emotional and 
psychological state both when rested and when fatigued. In the fatigued condition, interns had slept an 
average of 1.8 h in the preceding 32. In the rested condition, interns had slept an average of 7 h in the 
preceding 32. When sleep-deprived, interns made an average of 85% more errors in electrocardiograph 
interpretation. In addition, 3 of 14 interns (21%) took 7.3 min longer to interpret the electrocardiogram 
when fatigued than when rested. Fatigued interns also felt sadder, less socially aff ectionate, a nd le ss 
vigorous than rested interns. Th ey judged themselves to have perceptual, cognitive, and psychological 
problems when tired; 12 (86%) reported diffi  culty thinking, 10 reported depression, 9 hyperirritability, 
6 depersonalization and inappropriate eff ect, and 5 recent memory problems. A minor  aw in this study 
is that the time of day when testing occurred was not reported or controlled. Th is is, however, the only 
study to examine the eff ects of sleep loss on a typical clinical task.

Since performance varies with time of day in a circadian fashion, independently of sleep loss, the time 
when the test is taken may aff ect the outcome. Th us, for example, in a test of grammatical reasoning, a 
4% reduction in speed and a 5% increase in errors occurred at 11 p.m., compared to 8 p.m.38

Beatty examined the eff ect of no mo re than 2 h sleep in the preceding 24 h on anesthesiology resi-
dents’ ability to perform simulated surgical tasks.39 Th ey found slight de cits in vigilance, but a major 
slowdown (23%) in grammatical reasoning aft er a single night period of sleep deprivation.

Poulton41 evaluated how sleep loss impaired the abilities of 30 junior residents to perform card sort-
ing a nd l aboratory d ata i nterpretation. Sle ep loss w as c alculated by c omparing hours of s leep i n t he 
24 h period preceding t he tests (exposure) to t he average hours of s leep during t he previous 4 w eeks 
(control period). Th ese doctors had worked an average of 65 h per week during the month under study 
and therefore exposure to s leep loss occurred both in the 4 week period and in the 24 h preceding the 
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testing. Th is s tudy de sign h as a n i ntrinsic ten dency to u nderestimate t he e ff ect o f t he re cent s leep 
loss, since sleep loss occurred during both periods. Th e subjects’ performance was measured with 3 min 
tests eight times during 1 month. Th e study found that a 3 min card sorting test was negatively aff ect ed 
by sleep de cits of 5 h, and score during 3 min of interpreting laboratory tests was negatively aff ected by sleep 
de cits of 8 h. Th e authors note t hat shorter sleep de cits, such as 3 h, would have produced negative 
eff ects i f performance had been tested over a lo nger period, for example, a 2 0 min electrocardiogram 
rather than a 3 min test.

Wilkinson40 surveyed all 6500 junior doctors in England, Scotland, and Wales in 1973 with the ques-
tion “Do you think that your hours of duty are so long as to impair your ability to work with adequate 
effi  ciency?” Th e 2452 responding checked one of  ve choices; the results were as follows: always = 3.3%, 
oft en = 34%, occasionally = 47.6, rarely = 12.2%, never = 2.9%. Th us over one-third considered that their 
effi  ciency was inadequate due to overwork. Specialties with more than one-third responding “always” 
or “oft en” to t he question included obstetrics, orthopedics, surgery, pediatrics, general medicine, and 
emergency. Respondents reported that in the previous 24 h, they had worked an average of 12.76 h and 
been on call 8.24 h, with 3 h of f ree t ime; they had an average of 6 h of sleep. Th e majority of respon-
dents volunteered comments; 105 (4%) t hought t hat pat ients seen at t he end of a p eriod of extended 
duty received noticeably worse treatment; 141 (6%) mentioned actual errors of varying seriousness. Th is  
study, while relying on physicians’ subjective judgments about the eff ect of extended hours, is the larg-
est, most ambitious, and most thorough study of the subject.

Reznik45 considered t he eff ect of s leep de privation on 12 su rgical re sidents i n a r ural community. 
Sleep deprivation was de ned as less than 3 h of sleep in a 24 h period. Th e parameters tested were fac-
tual recall, interpreting laboratory test data, and manual dexterity. No signi cant diff erences in perfor-
mance were found, although the authors note that longer periods of sleep debt would be more likely to 
result in measurable eff ects.

Deaconson44 tested 26 surgical residents daily for 19 days, and found that sleep loss (as de ned by 
lack of 4 h continuous s leep during t he preceding 24 h) d id not a ff ect t heir performance on a bat tery 
of psychometric tests. Th e tests were all conducted between 6 a .m. and 8 a .m., at a t ime when normal 
circadian rhythms tend to produce peak performance. Th e authors suggest that these tests are a reason-
able stand-in for the delivery of patient care. It is not clear, however, how the test indices, such as placing 
small objects i nto a p egboard i n a p rescribed sequence, relate to me dical competence to d iagnose or 
treat patients.

According to Asken and Raham’s review, behavioral and psychomotor tests show a consistent decline 
with s leep de privation, w hile emot ional a nd ps ychological pa rameters a re mo re e ven mo re s everely 
aff ected.40 Th ey ask, g iven t he weight of t he evidence showing negative eff ects, where is t he evidence 
showing a p ositive j usti cation f or lo ng h ours f or re sidents ei ther i n ter ms o f e ducation o r me dical 
care? Th ey warn that the depersonalization learned during long hours of residency may carry over and 
become a permanent feature of the physician’s practice.

In 1975, interns in New York City hospitals went on strike over hours and conditions. In response 
to this strike, many hospitals revised their schedules, allowing doctors in residency who worked every 
day to be on call every third night instead of every other night. By 1989, this limitation to on-call duty 
to one night out of every three was adopted as policy for all residents in internal medicine throughout 
the United States.41

In 1984, an 18-year-old woman died 8 h aft er entering the emergency room of New York Hospital, 
Cornell University, for treatment. She was treated by resident doctors who had been working for 18 h. 
Her father charged that she had received substandard care. A grand jury investigating her death found 
“that the number of hours that interns and residents are required to work is counterproductive to pro-
viding quality medical care.”42 Th e grand jury recognized that the long hours worked by junior doctors 
provide cheap labor for hospitals, but that this results in a de creased quality of care. When inexperi-
enced physicians without supervision work long hours, mistakes involving patient care are more likely 
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to occur. A lthough t he grand jury d id not i ndict a nyone, it d id recommend t hat t he New York State 
Department of Health limit the hours that residents work.

Subsequently, in 1988, the New York Commissioner of Health issued regulations limiting residents’ 
hours in emergency rooms to shift s no longer than 12 h. Also, residents’ hours in other acute care spe-
cialties were l imited to no mo re t han 24 consecutive hours a nd no mo re t han a n average of 80 h per 
week.9 Th ese changes have increased costs of medical care by 3%, because more supervision is needed 
and work that was formerly done by unpaid residents is now done by paid staff .

During 1988 a nd 1989, t he Accreditation Council for Graduate Medical Education developed new 
standards for working hours and supervision of residents. Th rough the Residency Review Committees, 
16 out of 24 specialty boards have adopted policies on residents’ work hours. In emergency medicine, 
residents may work no more than 60 h per week, in 12 h shift s. Internal medicine residents can work no 
more than 80 h per week, with continuous duty in the emergency room limited to 12 h shift s.

Th ere has been little published research on the relationship between quality of patient care and the 
shift  schedules worked by health care providers, although some studies have compared the eff ect of 8 h 
and 12 h shift s on patient care. Shift  schedules can aff ect patient care either directly or indirectly. Shift  
schedules which are more consistent with circadian rhythms are likely to contribute to more alert staff , 
who can then provide more attentive care. Shift  schedules can aff ect patient care indirectly: schedules 
that are more subjectively satisfying to staff  could result in less staff  turnover, more continuity of care, 
and better staff  cohesiveness.9

Measures that compare job performance between shift s are complicated by the fact that job tasks may 
vary with diff erent shift s; working conditions, such as supervision and lighting, also vary. Nonetheless, 
shift work, particularly night shift work, aff ects job p erformance negatively. Continued night work has 
an additive negative eff ect on performance, because of chronic sleep loss and fatigue.

Accidents

Th e published data concerning accident rates in industrial settings by shift  and time of day are incon-
sistent and insuffi  cient to d raw  rm conclusions,9 but data f rom t he t ransportation industries clearly 
indicate that accidents occur more frequently at night. Th e probability of truck drivers being involved in 
collisions is higher at night.43,44 A study of 338 single-vehicle accidents in January 1976 found that 46% 
of the accidents occurred between midnight and 8 a.m., although only 19% of the total traffi  c was on the 
road at that time. U.S. interstate trucking data indicate that peak time for accidents occurs between 
4 a .m. and 6 a.m.45 Mitler et al. compiled data from New York, Israel, and Texas, concerning single-vehicle 
accidents. Th ey found that accidents as a result of the driver falling asleep at the wheel peaked between 
1 a .m. and 4 a.m.2 Another U.S. study of 493 single-vehicle truck accidents showed a peak time of occur-
rence between 1 a .m. and 7 a .m.44

Working e xtended s hift s a lso c ontributes to r isk. Truck d rivers w ho d rive for longer t han 8 h a re 
almost twice as likely to be involved in a crash.46 A s tudy of accidents involving Navy a ircraft  found 
Naval pilots who worked more than 10 h were more likely to be at fault than those who worked less than 
10 h before the mishaps.47

A review of accident data for 1200 nurses indicated that rotating shift  nurses had signi cantly more 
accidents of all kinds than did  xed shift workers. Nurses on  xed night shift s had signi cantly more  n-
ger injuries than  xed day or evening shift  nurses, but rotating shift  nurses had the most  nger injuries 
of any group.22

Neuberger et al. examined 3 years of workers’ compensation reports of needlestick injuries in a teach-
ing hospital and found that 1 needlestick injury per year occurred for every 100 RNs, but that the rate 
of needlestick i njuries to n ursing s taff  was higher on night shift  than during evenings or days.48 Th e 
increase was attributed to fewer staff  to help with diffi  cult patients, increased fatigue, poor lighting, and 
less opportunity for night shift  staff  to attend in-service education.
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Psychological Effects of Shiftwork

Th ere i s co nsiderable e vidence t hat sh ift workers re port lo wer sub jective h ealth a nd w ell-being t han 
those working d ays, but a mong s hift workers t here i s c onsiderable v ariation i n t he m agnitude of t he 
eff ect. It seems that some workers are predictably less able to ad apt to s hift work. Th ose who are more 
alert in morning (“morningness”), and those with more rigid sleep habits and less ability to overcome 
drowsiness are generally less likely to adapt to shift work .49 Th ere is some evidence that introverted and 
neurotic personalities are less able to a dapt to s hift work than are extroverts, but these cross-sectional 
studies do not c learly distinguish which is the causal and which is the dependent variable in the rela-
tionship between personality type and adaptation to s hift work .50 A survey of 1200 nurses found that 
night shift  and rotating shift  nurses experienced more physiological and psychological problems than 
 x ed shift  day or evening workers, and that the greater the departure from the conventional day shift  
schedule, the greater the eff ects.22

A cross-sectional questionnaire survey of 3446 male blue collar workers in Germany found that shift -
workers and former shift workers who left  shift work on medical advice reported more psychosomatic 
complaints, such as headaches, than did day workers or those who left  sh ift work for nonmedical rea-
sons. Potentially confusing factors such as skill level and stress were examined and their eff ects were 
controlled.51 Th e authors, Frese and Semmer, point out that social context is a h idden factor in many 
shift work studies. Th us, for example, a su rvey conducted by an employer, asking if employees experi-
ence medical problems, is likely to be answered negatively, while a similar survey conducted by a labor 
union is likely to be answered positively. In the study by Frese and Semmer, for example, if a doctor has 
already recommended leaving shift work, employees may feel more free to re port problems associated 
with shift work .

First-year physicians experience more psychiatric problems, including irritability and hostility, than 
other professionals, a nd s leep deprivation i s t he major c ause, overshadowing t he eff ects of increased 
responsibility, anxiety, and loss of free time.11 It has been reported that physicians in general suff er from 
problems such as a lcoholism, d rug dependence, depression, a nd su icidal tendencies, at a r ate g reater 
than t hat o f t he re st o f t he p opulation. I n add ition to t he i ntrinsic s tress a nd g reat re sponsibility o f 
the work, some of these problems have been attributed to a syndrome of overwork, which may include 
fatigue, irritability, and sleep disturbance.40

A mail-back survey of 463 nurses found that night work did interfere with sleep, but, unexpectedly, 
shift work was not associated with increased depression in nurses.52 Th is study, by a management team, 
raises the possibility that many of those on shift work may elect to do s o voluntarily and t hus do not 
experience depression because they experience shift work as a controllable aspect of their life.

A study of 60 student nurses during their  rst 15 months on shift work found that shift work had a signi-
 cant negative e ff ect on t heir p sychological well-being as  measured by questionnaire. Psychological 
symptoms were determined, with 12 questions including ability to concentrate, lost sleep due to worry, 
usefulness, decision-making ability, depression, happiness, con dence, self-worth, e tc. Th e questions 
were asked before beginning shift work, aft er 6 months, and again aft er 15 months of shift work .

Th is s tudy a lso f ound t hat t hose w ho p erceived t heir sup ervisors to off er a high degree of social 
support e xperienced f ewer ps ychological s ymptoms. Th e n urses’ i ntrinsic p ersonality t raits d id not 
in uence the long-term eff ects of shift work, but external forces, such as supervisors and other organi-
zational, behavioral, a nd physiological factors could moderate t he eff ects of shift work .49 Si milarly, in 
a British survey of residents, many spontaneously reported their supervisors and administrators to be 
unsympathetic to the problems of extended hours.32

Shiftwork and Reproductive Function

Th ere have been few studies published to date, if any, concerning the eff ect of shift work on male repro-
ductive function.
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A study of 146 female nurses in Cincinnati found no diff erences in menstruation by shift .53 A study 
of 1200 nurses by the National Institute for Occupational Safety and Health found diff erences in men-
struation by shift . Nurses working  xed day shift s reported more irregular periods, while rotating shift  
nurses reported fewer cramps but more tension, weakness, and sickness during menstruation, and lon-
ger menstrual periods, than did  xed shift  nurses.22

Studies of women who work nonstandard hours and rotating shift s indicate that they are at slightly 
higher ri sk f or mi scarriage, p remature d elivery,54 a nd del ivering i nfants w ith lo w b irth w eight55 an d 
smaller size.56 A su rvey of 2264 working women in Japan concerning their reproductive and menstrua-
tion histories and their working hours found that women who worked at n ight reported higher rates of 
menstrual i rregularity and more pa inful menstruation t han women who worked days. Pregnancy and 
childbirth rates were lower among night workers, and abortion and stillborn delivery rates were higher.57

Shiftwork and Gastrointestinal Function

Nurses and others who work rotating shift s have reported more symptoms of digestive system disorder 
than have day workers.22,58,59 Rutenfranz reviewed studies of several patterns of shift work involving over 
8000 workers, and concluded that night shift  is particularly well correlated with both sleep disturbances 
and gastrointestinal complaints. Day work and days with rotation to e venings were far less disruptive 
than either permanent nights or rotations which included nights.60 One problem is that shift work alters 
routine eating schedules. More than 70% of coal miners reported that night work interfered with their 
eating habits, while less than 10% said that day work interfered.61 Shift work may also alter the type of 
food consumed. It may be diffi  cult to get a good hot meal at 3 a.m., for example. Night workers are more 
likely to increase their consumption of readily available junk food or convenience foods high in sugar, 
fat, and caff eine to  ght off  fatigue.

Other ob jective ph ysiological d ata supp ort a n a ssociation b etween s hift work a nd g astrointestinal 
disease.62 Th e ph ysiological me chanisms w hich l ink s hift work ex posure t o g astrointestinal d ysfunc-
tion a nd i ncreased r isk o f d isease a re de scribed b y Vener e t a l.63 Th ey re viewed human a nd a nimal 
physiological data and developed a thesis that shift work changes adrenal secretions, pineal rhythmicity, 
digestive enzyme secretion, feeding patterns, and gastrointestinal motility. Th ese changes cause desyn-
chronization, thus creating stress-like responses and preulcerative conditions. Th e physiological eff ects 
of shift work mimic the eff ects of stress-induced ulcers.

Rutenfranz reviewed 14 studies and found a g reater incidence of ulcers in former shift workers and 
in current shift workers whose work schedules included nights than among dayworkers or shift workers 
whose rotation excluded nights.60 Segawa et al.64 studied 11,657 Japanese workers over a 4 ye ar period 
and found shift workers’ ulcer incidence rates to be double that of day workers. Shift workers had a 2.38% 
incidence of gastric ulcers and 1.36% incidence of duodenal ulcers. Ex-shift workers had an incidence of 
1.52% for gastric ulcer and 0.62% for duodenal ulcers. Th e incidence rate in day workers was only 1.03% 
for gastric ulcers and 0.69% for duodenal ulcers; these rates for day workers are half the ulcer incidence 
rates experienced by shift workers. Shift work doubles the risk of gastric ulcers.

Shiftwork and Heart Disease

Shift workers have greater cardiovascular risk factors than do day workers. Shift workers suff er from lack 
of sleep and fatigue. Th eir normal circadian rhythms are disrupted and full adjustment does not occur. 
Th e shape of the curve showing normal daily variation in blood pressure and heart rate (higher in day, 
lower in night) is  attened by s hift work, indicating t hat ca rdiac output i s a ff ected. Greater c igarette 
consumption has been reported among shift workers.65 Perhaps the stimulating eff ect of nicotine helps 
to counteract sleepiness. Th e greater rate of smoking among night workers may be associated with the 
observations that less educated workers are more likely to be required to work night shift s than profes-
sional or white-collar workers, and that increasing education is associated with lower rates of smoking. 
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However, diff erences in smoking behavior between shift workers and day workers do not explain all the 
cardiovascular health eff ects observed in shift workers.

Several studies have found higher serum cholesterol levels, triglycerides, and serum l ipids in shift -
workers.65–67 Th ere may be several factors contributing to t hese  ndings, including circadian changes 
in metabolism and diff erences in activity, diet, smoking, alcohol consumption. Shift workers experience 
changes in mealtime and diet.68 It may be that shift workers eat diff erent kinds of food; it may also be that 
the way food is metabolized is diff erent among shift workers. A study by DeBacker et al. indicates that the 
changes in serum lipids result from changes in metabolism rather than changes in diet, or other factors. 
Independent of smoking, obesity, diet, and leisure time activity, workers with the most irregular hours 
have higher total and LDL cholesterol and lower HDL cholesterol.69

Akerstedt et al. have written an outstanding review of the literature on heart disease and shift work .70 
Th ey present data that clearly support an association between shift work and increased risk of cardio-
vascular disease. Th ey argue that many epidemiology studies have not properly evaluated exposure to 
shift work. Cross-sectional studies that contrast health outcomes between current day workers and cur-
rent shift workers oft en omit f rom analysis those workers who worked shift work in the past, but who 
now work d ay shift s. I ncluding t he health outcome of t hese workers c an help i n t he c alculation of a 
dose-response relationship between the time exposed to shift work (dose) and the health outcome under 
study (response).

Workers may enter shift work either involuntarily, because of lack of seniority, for example, or vol-
untarily, perhaps for extra pay. It may be that those who elect to do s hift work may be more physically 
 t than others. In every available study of shift  schedules at w ork, some group of people switch from 
shift work to day work. A study of 2137 workers with at least 1 year of exposure to shift work found that 
one-fourth transferred to day work within 10 years. Of these, 42% transferred for medical reasons (gas-
trointestinal, nervous, or circulatory disorders).71 Th erefore, those who stay in shift work will generally 
include w orkers i n b etter h ealth. Th is is similar to the “healthy worker eff ect,” i n w hich e pidemiol-
ogy studies  nd working people to be healthier than the general population, because those who are ill, 
injured, and elderly are generally not working.

A study by Aanonsen t hat found shift workers had a lo wer incidence of myocardial infarction a nd 
angina pectoris than two shift  day workers72 has been soundly criticized on methodological grounds.70 
A major problem with the Aanonsen study is that any worker who did not stay with the employer through-
out the 5 year period was excluded from analysis. Th us the shift work exposures and disease experiences 
of those who left  employment because of retirement, death, disease, or for other reasons such as inability 
to adjust to s hift work were  ltered out of the results. Even with these limitations, an analysis of this 
study does provide clues to the eff ects of shift work . Th ose who stayed with the employer but transferred 
out of shift work for “nonmedical” reasons had a higher incidence of myocardial infarction and angina 
than either of the over two groups and they were absent from work due to cardiovascular disease more 
than  ve t imes as oft en a s day workers or shift workers. It may be that the nonmedical transfers were 
reluctant to seek medical attention for their symptoms. Th ose who transferred to day work for “medical” 
reasons clearly bene ted; their absentee rate due to c ardiovascular disease was half that of the day or 
shift workers and 10 times less than that of those who transferred for nonmedical reasons.

Koller e t a l. examined 270 re nery workers over a 5 ye ar period to c ompare d ay workers to t hree 
shift workers.73,74 F or c omparison, t he w orkers e xposed to s hift work we re m atched w ith none xposed 
workers by age and experience. Shift workers had the highest incidence (20%) of diseases of the circula-
tory system and day workers were lowest (7%), while ex-shift workers were intermediate (15%). Th e triple 
risk seen in shift workers was greater for those with more years of shift work exposure. A dose–response 
relationship was observed.

Taylor a nd Pocock a lso found e x-shift workers to b e at h igh r isk; t hey lo oked at t he a ge-corrected 
incidence of death from cardiovascular disease among 8700 workers from 10 companies over a 12 year 
period, compared to national averages.75 Death from cardiovascular disease was less than expected in 
day workers, average for s hift workers, but more t han e xpected a mong e x-shift workers; t he s tandard 
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mortality ratio (SMR) was 0.92 for day workers, 1.02 for shift workers, and 1.33 for ex-shift workers. An 
SMR of 1 i s t he expected death rate for workers of a g iven age. For death f rom at herosclerotic heart 
disease, the ratios were 0.94 for day shift , 1.03 for shift workers, and 1.25 for ex-shift workers. For hyper-
tension a s a c ause of death, t he r atio of deaths to e xpected values was 0.74 for d ay workers, 1.30 for 
shift workers, and 2.08 for ex-shift workers.

In perhaps the best designed study to date, Knutsson et al. followed 504 papermill workers for 15 years 
and found that the incidence of ischemic heart disease was higher among shift workers than among day 
workers.76 Th e observed eff ect was independent of sex diff erence, age, or smoking history. An important 
dose–response relationship was observed. Workers with more years’ exposure to shift work had a progres-
sively increasing risk for ischemic heart disease. Th is trend was observed in  ve categories of exposure from 
0 to 20 years. Th ose with 2–5 years’ rotating shift  experience had a relative risk of 1.5 times the expected 
ischemic heart disease rate. Th ose with 6–10 years’ shift work had a relative risk of 2.0. Th os e with 11–15 
years’ shift work experience had a risk of 2.2. Th ose with 1–20 years had a risk of 2.8 times the expected rate 
for their age. Th e dose–response relationship was not observed for those with 21 or more years’ shift work 
exposure. Th is group of experienced shift workers actually had a decreased risk, suggesting that those who 
remained aft er 20 years were particularly  t. Only the increased relative risks among workers with 11–15 
and 16–20 years’ experience were high enough to satisfy traditional measures of statistical signi cance.

Interestingly, had the authors not separated and ranked the shift workers by years of shift work expo-
sure, the eff ects of shift work would have been diluted and lost. Th e only  aw in this study is that the 
shift workers were p rocess op erators a nd t hey were c ompared to d ay w orkers w hose o ccupation w as 
maintenance. In U.S. papermills, the jobs are quite diff erent in content and relative autonomy. Process 
operators tend machines that are in continuous production. Maintenance workers  x machines when 
they break down; they thus have relatively greater autonomy than process operators. Because job stress 
is i nversely a ssociated w ith autonomy, process op erators may b e at h igher r isk of heart d isease t han 
maintenance workers, regardless of shift  s chedule. I f t his s ame d istinction i s t rue f or S candinavian 
papermill workers, then this factor may have in uenced the results. Even with this limitation, however, 
the Knutsson examination stands out as an excellent study, linking duration of exposure to shift work 
with increased risk of heart disease.

Th is s tudy of papermill workers indicates a c lear association between increased years of shift work 
exposure and ischemic heart disease. Th ose with 11–20 years of shift work experienced from 2.2 to 2 .8 
times the incidence of ischemic heart d isease than did day workers with blue collar jobs in the same 
industry, when controlling for age and smoking history. Th ese results have greater signi cance because 
they are consistent with  ndings of increased heart disease risk factors in shift workers, such as increased 
serum lipids.

Akerstedt et a l. (1984) reported on t wo major population-based studies.70 Alfredsson et a l. ranked 
271 occupations for various risk factors, including shift work, using the results of 14,500 interviews. All 
male cases of myocardial infarction in Stockholm over a 2 ye ar period were selected and age-matched 
with controls f rom t he same a rea. W hen occupations were compared, only shift work a nd monotony 
were found to be risk factors. Th e risk from shift work was similar to t he risk observed from smoking. 
Controlling for smoking history reduced, but did not eliminate, the risk from shift work .

Another study of 958,096 persons, among them 2530 with diagnoses of ischemic heart disease, found 
a s trong correlation between occupations w ith exposure to s hift work a nd death f rom ischemic heart 
diseased.70 For males, shift work was t he best predictor of ischemic heart d isease of a ny occupational 
variable studied. For females, shift work ranked second aft er “no in uence on work breaks.” Th is   nd-
ing is particularly relevant for nurses who report that they oft en ignore their scheduled breaks to pro-
vide c onsistent a nd t imely pat ient c are. Sh ift work w as a lso a ssociated w ith g reater r isk o f ac cidents 
and low-back pain. Low points in circadian rhythms, decreased alertness, and staff  shortages on night 
shift s may contribute to t he observed excess in accidents and low-back pain. Decreased staffi  ng levels 
on night shift s may also contribute to more back strain. In this population-based study, shift work was 
not associated with other health conditions, including cerebrovascular, gastrointestinal, or psychiatric 
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disease, alcoholism, suicide, cancer, or diabetes. Unfortunately, such large population-based studies can 
only crudely estimate exposure to sh ift work, but t heir  ndings of i ncreased r isk of heart d isease a re 
consistent with the smaller, more well-designed studies on oil re nery and papermill workers and with 
the  ndings of increased s erum lipids in  shift workers. In summary, the data available indicate that 
shift work exposure is correlated with an increased risk of heart disease, the risk increasing with the 
duration of exposure.

Strategies

Given that the human body cannot undergo a c omplete adaptation to s hift work,77 what strategies are 
available to help individuals and organizations to minimize the harmful eff ects of shift work?

Control of Light in the Environment

Th ere are data to suggest that the human physiological clock, left  to itself, would operate on a cycle lon-
ger than 24 h, but that it is synchronized to a 24 h schedule by light and by social norms. In comparing 
the shift worker during transition to t he jet traveler, both may have to adjust to s chedules that may be 
up to 12 h divergent from their normal schedule. Th e jet traveler expects to adapt to the work and social 
schedule in the new location. Th e dominant visual and social cues help the jet traveler to ad apt. Th us  
jet travelers adapt more rapidly if they stay outside in natural light in their new location rather than in 
their hotel rooms.78 But for the shift worker who has been up all night, the pattern of day and night and 
the social norms of increased daylight activity are disruptive and certainly at variance with their needs 
for rest during the day. Studies of air travelers indicate that it takes about 1 day to adjust to a 1 h shift .11 
If it then takes 8 days to adjust to an 8 h schedule change, then the minimum period for a shift  rotation 
should be 8 days.

Th e  in uence of light and dark cycles on circadian rhythms is signi cant. Czeisler et al. have found that 
exposure to bright light during the night shift  and exposure to nearly complete darkness during the day 
helped achieve a shift  in the circadian rhythms as indicated by sleep patterns, temperature, plasma cortisol 
concentration, urinary excretion rate, subjective assessment of alertness, and measured cognitive perfor-
mance.77 Th ey caution that the success of this strategy is dependent on the timing, intensity, and duration 
of light exposure. It is important that those who work at night try to sleep as soon as they get home, prefer-
ably in a very dark environment, rather than staying up until midday and then trying to sleep.

Direction of Shift Rotation

Th ere is clear scienti c consensus that shift  rotation should be clockwise. Th e human body would natu-
rally follow a 25 h cycle if it were not in uenced by daylight as a result of the earth’s rotation, so rotation 
to a later shift  is easier than rotation to an earlier shift . Similarly, adaptation to je t travel in a westerly 
direction is easier than is true with travel to the east. Travel to the east means that dawn arrives earlier, 
while travel to t he west means that you get to s leep late. Shift  rotation should move from morning to 
aft ernoon to nights.79

Naps and Shiftwork

Napping strategies have also been studied. Apparently, if the next main sleep period will be at night, it is 
better to forego a nap so that the next sleep will be of good quality.80 Otherwise, naps can be helpful.

Personal Medical Factors

Th ere is good evidence that people diff er in their biological ability to tolerate working a rotating shift  pat-
tern.81 Medical attention for shift workers should include both preplacement and periodic examinations. 
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Certain preexisting medical problems are risk factors indicating likely intolerance to s hift work, espe-
cially digestive system problems such as ulcers, and other risk factors for ischemic heart disease. Th os e 
with diabetes and epilepsy should also probably avoid shift work .60 Th ere a re a lso d iff erences among 
people in terms of their internal circadian rhythms; some are more alert and productive early in the day 
(“morningness”) while others are more alert in the evening and at night. Morningness in uences sleep 
quality and quantity, and fatigue among those who work diff erent shift s.

Physical Fitness

Nurses who are in good physical condition will tolerate shift work better.82 Exercise-induced variations 
in m aximal o xygen c onsumption a nd m uscle s trength a re p owerful p ositive f actors t hat c an lo wer 
fatigue, improve sleep quality, and reduce muscular skeletal symptoms, according to a study of a group 
of 128 nurses and nursing aides.83 Physical exercise and increased  tness also increase effi  ciency in tasks 
requiring memory, and they improve subjective alertness. Th e eff ects of exercise also help shift workers 
to adapt to shift  changes more rapidly.11

Controlling the Frequency of Shift Rotation

Th e frequency of rotation is an important issue in shift work and there is not yet clear consensus in the 
scienti c community on what rotation frequency is best. Th e most common shift  pattern in U.S. indus-
try is weekly variation.22 It seems clear that this pattern is the least optimal and that it causes the greatest 
disruption of circadian rhythms. Either shorter durations, such as 1 or 2 nights, or longer periods, such 
as 3–4 weeks, are preferable. Rapid rotation (changing everyday or every over day) may oft en be preferred 
when compared to schedules which change on a weekly basis. Air traffi  c controllers prefer rapid rotation, 
for example.84 Many workers  nd it easier to recover from the disruption caused by a short stint of nights 
than from the more severe disruption caused by longer periods, such as 1 week. One advantage is that 
the worker can more easily attempt to keep in sync with others in the family or the rest of society. Rapid 
rotation shift s are particularly popular in Europe. However, rapid rotation means that the body never 
really gets adjusted to nights, but rather suff ers some turmoil during the short period of night work.

A longer period of rotation may off er some advantage, because there is more chance for some adjust-
ment in the internal circadian rhythms to occur. In 1943, Teleky recommended that shift s should not 
change more oft en than once a month.85 A study of a shift  schedule which rotated to a later shift  every 
21 days found that this schedule off ered signi cant advantages in worker productivity, subjective health 
estimates, s chedule s atisfaction, a nd de creased worker t urnover w hen c ompared to s chedules w hich 
changed weekly in a counterclockwise direction.86

Limiting the Hours Worked at Night

Limiting the hours worked at night is an important concept which has not yet received enough attention. 
Nurses who work weekends oft en get 40 h pay for 24 h work. Th is type of thinking and reimbursement 
should also be applied to night work. However, there is real danger regarding night work and rotating 
shift work as conditions for which extra pay can provide compensation. Th e physiological eff ects of night 
work and shift work cannot be lessened with money. Rest and time to recover and readjust to normal day 
schedules are more important from a physiological perspective. Extra compensation without a re duc-
tion in hours may help to outweigh the dissatisfaction and motivate employees, but without solving the 
speci c negative eff ects of night work and shift work. Th e danger in this “hazard pay” approach is that 
people will begin to b elieve that the extra compensation does balance the eff ects of shift work. Money 
cannot buy health if hazardous work schedules are maintained. Th is argument has been well developed 
by Th ie rry87 and it deserves wider attention.

Rutenfranz suggests that night workers should receive extra time off  to allow their bodies to adjust 
to the transition.60 Night work and rotations including nights (11 p.m. to 7 a.m.) are more disruptive 
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than evening (3 p.m. to 11 p.m.) shift s. Mitler et al. (1988), in their discussion of catastrophes and pub-
lic policy, recommend limiting active duty to ensure that adequate time for sleep is available between 
shift s. 2

In Japan, night work is illegal for women except in certain occupations, including telephone operators 
and health care providers.57 Laws governing shift work in Belgium recognize implicitly the diffi  culty of 
night work by establishing the right to transfer to day work for workers who have worked nights for 
20 years. Th is can be done at a ge 55 for any reason and at a ge 50 for medical reasons. Also, weekend 
workers are provided additional compensation. Weekly working time is reduced to 28 h, but wages are 
paid for a full work week (40 h).88

Collective agreements in Denmark set a norm of 37 weekly hours for day work and 35 for second and 
third shift s.89

Th e International Labor Organization in its 77th Session in June, 1990 developed recommendations 
concerning shift work, including:

Recommendation #178

 1. Normal hours of work for night workers should not exceed 8 in any 24 h period in which they per-
form night work, except in the case of work which includes substantial periods of mere attendance 
or stand-by.

 2.  Th e normal hours of work of night workers should generally be less on average than, and, in any 
case, not exceed on average those of workers performing the same work to the same requirements 
by day in the branch of activity or the undertaking concerned.90

Adler and Roll suggest that time-off  schedules may be more signi cant than work schedules for those 
on shift work .91 For many workers, it is important to schedule their time off  at convenient times so that 
they c an at tend to t he ot her a spects of t heir l ives, such a s child c are, t ime w ith spouse or family, or 
school schedules. Th e time that they work is of less signi cance than obtaining the time off  that  ts their 
needs. Th ese choices and desires have an eff ect on the wages paid to various shift s. Although night work 
is socially and physiologically diffi  cult, weekend work is considered even more invasive of social norms. 
U.S. hospitals in 1989 paid an average of $1.60 per hour diff erential over base wages to RNs for weekend 
work, but only $1.36 per hour diff erential for night work.92 Hospitals are willing to pay more for weekend 
work than for night work. Perhaps RNs value time off  on weekends more highly than time off  at night 
for social and family reasons.

Education

Workers involved in shift work should be provided with education about accident frequency, and gas-
trointestinal, cardiovascular, psychological, and over risk factors and successful prevention strategies, 
so that they can take advantage of the lessons that have been learned through experience. Th ey can then 
reduce t heir p ersonal r isk f actors f or u lcers, h eart d isease, a nd ps ychological s tress w ith c hanges i n 
their individual diet, smoking practices, sleep behavior patterns, home sleep environment, and physical 
 tness. As a g roup, workers can also seek to c hange dangerous shift work practices through collective 
bargaining, education, and legislation.

Conclusion

RNs are the largest single group of night workers in the United States. Nurses earned extra wages of 
$1.36 per hour on average in 1988 for working at night. If these workers realized that they were at twice 
the risk of ulcers and that they are at increased risk of heart disease as well as losing sleep and suff ering 
disruption of normal social, family, and biological rhythms, they might not be willing to settle for $10.88 
per shift  as an incentive. In fact, many are not willing to do so. Permanent night shift  nursing positions 
are r unning at a 3 0% v acancy r ate nat ionally,92 w hile for ac ute c are nursing p ositions gener ally, t he 
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vacancy rate is 11%.93 Only as pay rates for night work are increased and hours per week are decreased 
to compensate for the health risks and the stress implicit in night work will these night shift  vacancies 
be  lled. From the perspective of reducing the health hazards of night work, reducing the hours is more 
important than increasing the pay. Realistically, however, both increases in pay and decreases in hours 
will probably be necessary to  ll existing night shift  vacancies.

Checklist for Reducing Hazards of Night Work and Shiftwork

 1. Do rotating shift workers rotate in a clockwise pattern?
 2. Is the frequency of rotation either very rapid (one or two nights at a time) or very slow (3 or 4 

weeks of consecutive nights)?
 3. Are the hours of work reduced for night workers regardless of the compensation off ered?
 4. Are n ight a nd s hift workers p rovided w ith en couragement a nd opp ortunities to de velop a nd 

maintain physical  tness?
 5. Are facilities available for night workers to prepare or be served good meals, so that their depen-

dence on food from vending machines can be reduced, and so that their risks of stomach upset, 
gastric ulcers, and heart disease can also be reduced?

 6. Are night shift workers provided with extra illumination at work and encouraged to completely 
darken their bedrooms during the daytime when they sleep? Such a policy will take advantage of 
the circadian rhythm dependence on cues of light and dark and help to achieve temporary shift s 
in c ircadian rhythms. Th is could be e specially u seful for employees who work long periods of 
nights. For those on rapid rotation it would be less useful, since they are not trying to change their 
baseline circadian rhythms during night work.

 7. Are employees and employers provided with education about the increased risks for gastric ulcers, 
accidents, cardiovascular disease, and risk reduction strategies?
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Introduction

X-ray-emitting equipment is used in radiology, in operating rooms, and in in-patient units. Radioactive 
solutions a re prepared a nd ad ministered to pat ients i n nuclear me dicine. C linical l aboratories make 
use of radioactive preparations as part of their analytical protocol. Research laboratories are very oft en 
housed i n h ospital i nstitutions a nd re quire t he u se o f v arious r adioelements. I n r adiation t herapy, 
patients are treated with radiation.

An extensive program of radiation protection must accompany the use of radiation in hospitals. Such 
a program should aim at protecting patients from excessive exposure to radiation during diagnosis or 
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treatment, and the public and personnel against radiation leakage emitted by radiation-emitting equip-
ment, radioactive sources, and patients who have undergone an isotopic investigation or treatment.

Physical Properties of Radiation

One of the basic laws of thermodynamics explains that within the universe, all systems in which levels 
of organization rise require an outside supply of energy. If the Earth were a closed system cut off  from 
the rest of the universe, its transformation from a body of inert matter billions of years ago into a planet 
where highly organized biological life exists would never have happened.

What is responsible for the continuation of life on Earth? Th e primary cause, the phenomenon that 
is essential to preservation of life on Earth, is the supply of energy provided by the sun. Without this 
energy supply, neither animal nor vegetable would be capable of survival.

Th e s pectral d istribution of su nlight t hat re aches t he E arth i ncludes u ltraviolet r ays, v isible l ight, 
infrared l ight, a nd e ven radio waves. A lthough t he v isible portion of t he solar spectrum i s t he most 
apparent, it constitutes less than 40% of the whole spectrum.

In addition to t he sun, the cosmos provides numerous sources of radiation known as cosmic rays. 
Cosmic rays are constituted of electromagnetic radiation (light having a wavelength or “color” unde-
tectable b y t he human e ye) a nd pa rticles (small b its o f m atter) p rojected to t he E arth at v ery h igh 
speeds.

Nonionizing Radiation and Ionizing Radiation

Nonionizing Radiation

Nonionizing radiation, si milar to v isible l ight, has t he ability to i ncrease t he temperature of a t arget 
material. Diff erent types of nonionizing radiation include

Radio waves• 
Microwaves• 
Infrared light• 
Visible light• 
Ultraviolet light• 

Health eff ects of nonionizing radiation are related to an increase in the temperature of exposed tissues 
(e.g., thermal burns).

Ionizing Radiation

Ionizing radiation has t he same properties a s nonionizing radiation plus t he ability to c reate ions i n 
exposed materials. Such a production of ions could result in direct damage to the genetic material of the 
cells (the cell is the basic constituent of biological material) and/or in the production of cellular poison 
(e.g., peroxide).

Th e  diff erent types of ionizing radiation are

Alpha particles• 
Beta particles• 
Neutrons• 
X-rays• 
Gamma rays• 

General Properties of Radioactive Material Used in Hospitals

Radioactive i sotopes a re u sed e xtensively i n h ospitals f or d iagnosis, t reatment, a nd re search p ur-
poses. R adioactive m aterials a re elements w ith c hemical properties identical to t heir nonradioactive 
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counterparts, having, in addition, the ability to emit several types of ionizing radiation. A radioactive 
element can emit any of the types of ionizing radiation previously mentioned.

Alpha Particles

Th is type of radiation, an emission from the nucleus of a r adioactive atom, consists of a pa rticle with 
two protons and two neutrons (a nucleus of helium) traveling at very high speeds (approximately one-
twentieth the speed of light). Alpha rays do not p enetrate very deeply. Airborne alpha particles might 
travel only a few centimeters. A sheet of paper would suffi  ce to stop the alpha particles completely.

Due to t heir low p enetration a bility, a lpha pa rticles do not c onstitute a ny r isk o f e xternal e xpo-
sure. Alpha particles are completely attenuated by the surface of the skin, which is composed of dead 
cells. Any intake of radioactive material-emitting alpha particles would result in the emission of alpha 
particles inside the body. Th is would then result in intense exposure to t hose organs where radioac-
tive m aterial i s c oncentrated. A lpha em itters a re gener ally not u sed i n b iomedical l aboratories. A n 
important source of alpha emissions is radon gas, which is naturally present in the environment in low 
concentrations.

Beta Particles

Beta radiation consists of the emission of electrons by the nucleus of a radioactive atom. Beta particles 
have a low mass (one-seventy-three-hundredth of the mass of an alpha particle). Th ey are ejected from 
the nucleus of radioactive atoms at high speeds (approaching the speed of light). Th e penetration power 
of beta particles depends on their energy level (or speed). It is generally very low (less than 1 mm of water 
for C-14), but could reach 1 cm of water in the case of high-energy radiation (such as P-32).

When high-energy beta particles are slowed down or stopped by a heavy object, x-rays are produced 
by a p rocess k nown as “Bremsstrahlung.” Th e creation of Bremsstrahlung radiation by beta particles 
tends to increase in importance when the atomic number of the absorbent material increases. Plexiglas 
(as w ell a s w ater) i s v ery u nlikely to p roduce Brem sstrahlung r adiation, w hile le ad a nd ot her h eavy 
materials (having an atomic number greater than 82) are likely to do so. When using high atomic num-
ber material to s hield a s ource of beta particles, the total thickness of the shielding must be suffi  cient 
to (1) stop the beta rays and (2) attenuate suffi  ciently the Bremsstrahlung radiation (which has a much 
higher penetration level than the original beta particles and thus is considerably more diffi  cult to shield). 
High-energy beta particles (e.g., P-32) could constitute a risk of external exposure.

Beta emitters such as tritium (H-3), sulfur-35 (S-35), and carbon-14 (C-14) are not energetic enough 
to produce Bremsstrahlung radiation and usually do not constitute a risk of external exposure. Only in 
the case of an accident involving ingestion, contamination of the skin, injection, or inhalation could a 
signi cant dose be received from beta exposure.

Positron Particles

Positrons a re composed of electrons w ith a p ositive electrical charge. Upon emission, t hese pa rticles 
behave in the same manner as beta particles. When a collision occurs between a positron and an electron, 
the positron–electron group is destroyed and replaced by two gamma rays (two sparks of light) with an 
energy equal in mass and speed to those particles that were destroyed in the collision. Sodium-22 (Na-
22), a positron emitter, is currently used in research laboratories. Due to t he production of such anni-
hilation radiation (gamma rays), when positron emitters and an electron collide, they can constitute a 
risk of external exposure.

Gamma Rays

Gamma rays consist of electromagnetic waves (light). Th ese pulses of light are spontaneously emitted by 
the nucleus of a radioactive atom during its transformation.

Unlike alpha and beta radiation, gamma rays are characterized by having a very high penetration (they 
can penetrate several centimeters of concrete). Due to such a high penetration, gamma rays can constitute 
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a risk of external exposure. Current medical uses in hospitals include chromium-51 (Cr-51), iodine-125 
(I-125), cobalt-57 (Co-57), technetium 99-m (Tc-99 m), gallium-67 (Ga-67), and iodine-131 (I-131).

X-Rays

X-rays consist of electromagnetic rays emitted from the extranuclear part of an atom. Th e properties of 
x-rays are, in essence, the same as gamma rays. Th e only diff erence between the two is their origin in the 
atom. Generally, x-rays emitted by radioactive isotopes have an energy level far lower than gamma rays. 
Iron-55 (Fe-55) is an x-ray emitter currently used in hospital laboratories.

Th e “activity” of a s ource of radioactive isotopes is the average number of nuclear transformations 
produced in a 1 s period. Each transformation might result in the emission of one or more photons or 
ionizing particles (alpha, beta, gamma, etc.). Th e “becquerel” is the unit specially reserved for the acti v-
ity. Th e activity is the unit that relates to the number of radioactive isotopes present in a given sample.

1 becquerel (Bq) = 1 nuclear transformation per second
1 kilobecquerel (kBq) = 1,000 nuclear transformations per second
1 megabecquerel (MBq) = 1,000,000 nuclear transformations per second

Th e concept of activity of a source is the most important principle in radiation protection. Th e evalua-
tion of the risks associated with the use of radioactive substances requires good information regarding 
the activity and the nature of the isotope involved. For all radioactive isotopes, there is an activity below 
which no signi cant risk of exposure can occur.

Half-Life

Radioactive material is not radioactive for eternity. Similar to a wood  re, radioactive material is con-
sumed at a rate that depends on the nature of the isotope.

Th e “half-life” of a radioactive isotope is the time required to reduce by half the initial activity of any 
amount of this radioisotope. At the end of each period corresponding to one half-life, the initial activity 
is reduced by half. Depending on the isotope, the half-life of a radioactive isotope is measured in time 
frames spanning anywhere from a fraction of one-millionth of a second up to several millions of years. 
Meanwhile, the half-life is rigorously maintained at a constant level for the same isotope.

Energy of Ionizing Radiation

All forms of radiation can be characterized by their energy. In the case of ionizing particles, energy sig-
ni es speed. Th e unit of measurement that designates energy is the electron volt (eV) (1 eV corresponds 
to the gain of energy of one electron accelerated by a p otential of 1 V). Since 1 eV is a rel atively small 
energy value, the energy is oft en expressed in terms of kiloelectron Volts (1 keV = 1000 eV) or millions 
of electron Volts (1 MeV = 1,000,000 eV).

In the cas e o f io nizing radia tion in the f orm o f “electromagnetic waves” (syno nyms: pho tons, lig ht, 
gamma rays, x-rays), the energy of radiation signi es “wavelengths” (or color). Th e shorter the wavelength 
of photon radiation, the higher the energy level and the greater the power of penetration.

Half-Value Layer

Regarding r adiation i n t he f orm o f ph otons ( x-rays, ga mma r ays), t he p enetration de pends o n t he 
energy of the photons emitted. Th e unit of measure for the penetration of photon radiation is called 
the “half-value layer” (HVL), which is the thickness of absorbent material required to reduce by half 
the intensity of the radiation (2 HVL reduces intensity four times, 4 HVL reduces intensity eight times, 
etc.). Th e HVL varies depending on the energy of the radiation and the nature of the absorbent material 
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used. Table 22.1 shows the HVLs for gamma rays in water, aluminum, and lead for a variety of diff erent 
isotopes.

Th e beta rays of those isotopes currently in use in medical laboratories have a penetration ability that 
is generally too low to constitute a risk of exposure unless there is contamination of the skin, injection, 
inhalation, or ingestion of the radioactive substance. Th e maximum penetrations of beta emitters cur-
rently in use are given in Table 22.2.

Inverse Square Law

A concept that is common to a ll types of radiation is that their intensity is inversely proportional to 
the square of the distance between the “detector” and the “radiation source.” In practice, this means 
that if the distance between a source and a detector is double, then the exposure will be reduced by 
four; at triple the distance, the intensity of the radiation would be nine times less and at “n” times the 
distance, the intensity would be n squared times less. A worker who is aware of the law of the inverse 
square of distance would handle highly active solutions of gamma emitters with tongs rather than 
with bare hands.

Biological Effects of Ionizing Radiation

Dose-Equivalent

De ned for the purpose of radiation protection, “dose-equivalent” expresses, on a s tandardized scale 
for all types of ionizing radiation, the deleterious eff ects of exposure to radiation. Th e special name for 
dose-equivalent is the “sievert” (Sv); one sievert equals dose expressed in grays (Gy) times Q. Q is a qual-
ity factor that depends on the nature of the radiation involved.

TABLE 22.1 Half-Value Layers According to Various Energy Levels

Photon Energy (keV)
HVL Water 

(mm)
HVL Aluminum 

(mm)
HVL Lead 

(mm)

120 keV (ex: Cobalt-57) 45 18 1
6 keV (ex: Iron-55) 15 — —
30 keV (ex: Iodine-125) 20 0.8 0.2
320 keV (ex: Chromium-51) 60 30 1.7
511 keV (ex: annihilation of B + 

(Sodium-22))
70 32 4

1 100 keV (ex: Iron-59) 100 40 9

TABLE 22.2 Maximum Penetrations of Beta Emitters Currently in Use

Energy Air (mm) Water (mm) Plexiglas (mm) Aluminum (mm)

18 keV (Tritium, H-3) 10 0.05 — —
140 keV (Carbon-14, C-14) 250 0.25 0.2 0.15
140 keV (Sulfur-35, S-35) 250 0.25 0.2 0.15
1700 keV (Phosphorus-32, P-32) 5000 7.5 5 2.5
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Any assessment of the dose-equivalent received by a person is incomplete unless the organs or tissues 
that were exposed are speci ed. Since t he health eff ects associated with an exposure to radiation are 
closely related to the organs involved, the notion of dose-equivalent should always be diff erentiated by 
“whole body,” “hands,” “thyroid,” “gonads,” etc.

Types of Exposure

Two main types of radiation exposure should be distinguished:

Acute e xposure• . A o ne-time, m ajor ac cidental e xposure re ceived i n a s hort p eriod o f t ime i s 
called an acute exposure. Th e eff ects of this particular type of exposure will be experienced in 
the hours and days following the accident. Such eff ects are said to h ave a no nstochastic nature 
because the magnitude of the eff ects produced by the exposure is proportional to the radiation 
dose received.
Chronic e xposure• . A lo ng-term, low-level e xposure i s c alled a c hronic e xposure. Th e eff ects 
of this type of exposure cannot be predicted with certainty. Such eff ects are said to be of a 
stochastic nature, which means that the risk that the exposure has produced a health eff ect is 
proportional to the radiation dose received. Th e severity of the eff ect is, in such cases, assumed 
to be constant, and it is only the risk of having an eff ect that varies with the radiation dose 
received.

Acute Exposure

Th e eff ects of an acute exposure vary according to the radiation dose received and depend on the organs 
that were exposed. For doses of less than 0.2 Sv, there are no c linically detectable eff ects. When doses 
exceed 1 Sv, the eff ects can vary from a si mple skin erythema (redness of the skin) at 2 Sv, baldness at 
3 Sv, destruction of the hematopoietic system at 6 Sv, and local destruction of exposed tissues at 10 Sv. 
Whole-body e xposure to do ses h igher t han 6 Sv le ads to de ath i n 8 0% of t he c ases i n t he 2 mo nths 
following exposure. Hospital laboratories, other than radiation therapy facilities, do not gener ally use 
quantities of radioactive material that are large enough to have accidents likely to lead to acute exposure 
to radiation.

Chronic Exposure

Th e eff ects o f lo w-level e xposure to r adiation a re d ivided i nto t wo c ategories: s omatic a nd gene tic. 
Somatic eff ects pertain only to those individuals exposed to radiation, whereas genetic damage could be 
transmitted to future generations.

Th e somatic eff ects of a low-level exposure to radiation consist of an increase in the risk of cancer to 
the exposed tissues. In the case of an exposure of a pregnant woman at the abdominal level, the exposure 
of the fetus could lead to congenital malformation as well as an increase in the risk of early cancer for 
the unborn child. Th ese health eff ects, however, are not speci c to radiation exposure and, consequently, 
should an exposed person develop cancer, it would be impossible to demonstrate that such eff ects have 
eff ectively been produced by the exposure. Epidemiological studies conducted among the survivors of 
the  rst detonations of nuclear weapons and among patients treated with radiation therapy have shown 
an increase in t he r isk of developing a f atal cancer of t he order of 1:100,000/mSv received uniformly 
over the whole body. According to our state of knowledge, there is no minimum dose of radiation below 
which a r isk equal to z ero could be associated. Even small doses of radiation are considered to c orre-
spond to some risk of developing a disease. Th e higher the radiation dose, the higher the risk. It is in this 
sense that radiation doses are said to be cumulative.

An important corollary of this principle is that radiation doses should be maintained as low as rea-
sonably achievable (ALARA) taking into account economic and social factors.
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Major Sources of Radiation Exposure

Since  rst appearing on the Earth, mankind has a lways been exposed to r adiation. Natural radiation 
sources fall into three categories: cosmic rays, radioactive material present in trace concentrations, and 
radioactive elements naturally present in the human body. In addition to natural radiation, medical and 
dental radiological procedures constitute an important source of exposure for the population. Added to 
medical and natural sources of radiation are arti cial sources. Table 22.3 gives the annual whole-body 
dose-equivalent received on average by the North American population.

Dose Limits

Th e principle according to w hich t he eff ects of radiation vary proportionally with the dose received, 
without any threshold, signi es that any exposure to radiation involves certain risk. A system of dose 
limits for workers therefore necessitates some knowledge of the level of risk currently accepted by soci-
ety. Industries generally considered to b e adequately safe show fatal accident rates in the order of one 
death per 10,000 workers per year. Based on this information and based on the health risk associated 
with radiation exposure, the International Commission on Radiological Protection (ICRP publication 
No. 26) has recommended the following dose-equivalent l imit: 50 mSv to t he whole body for workers 
occupationally exposed to ionizing radiation. In case of partial body exposure, it recommends the fol-
lowing dose limits.

Nonstochastic Effects

Th e ICRP’s recommendations are intended to prevent nonstochastic eff ects and to limit the occurrence 
of stochastic eff ects to ac ceptable levels. Th e ICRP believes that nonstochastic eff ects can be prevented 

TABLE 22.3 Annual Whole-Body Dose-Equivalent Received 
on Average by the North American Population

Source Annual Dose (mSv)

Natural sources
Cosmic rays 0.28
Land sources 0.26
Isotopes present in the human body 0.28
(C-14, Ra-226, Pm-222, K-40) 0.82

Medical sources
Medical radiology 0.77
Dental radiology 0.01
Nuclear medicine 0.14

0.92
Other
Nuclear fallout 0.05
Nuclear power station 0.01
Construction material 0.05
TV sets 0.005
Plane rides (at high altitudes) 0.005

0.12
Total 1.86 mSv/year
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by applying a dose-equivalent limit of 0.5 Sv in a year to all tissues except the lens, for which the ICRP 
recommends a limit of 0.5 Sv in a year. Th ese limits apply irrespective of whether the tissues are exposed 
singly or together with other organs, and they are intended to constrain any exposure that ful l ls the 
limitation of stochastic eff ects.

Stochastic Effects

For stochastic eff ects, the ICRP’s recommended dose limitation is based on the principle that the risk 
should be equal whether the whole body is irradiated uniformly or whether there is nonuniform irradia-
tion. Th is condition will be met if

 × + × + <�gonads breast wb,L( dosetogonads) ( dosetobreasts)W W H

or

 Σ <t t wb,Lw H H

where
wt is a weighting factor representing the proportion of the stochastic risk resulting from tissue (t) to 

the total risk, when the whole body is irradiated uniformly
Ht is the annual dose-equivalent in tissue (t)
Hwb,L is the recommended annual dose-equivalent limit for uniform irradiation of the whole body, 

namely, 50 mSv

Th e values of wt, recommended by the ICRP are

Tissue wt

Gonads 0.25
Breast 0.15
Red bone marrow 0.12
Lung 0.12
Th yr oid 0.03
Bone surfaces 0.03
Remainder 0.30

Th e values of wt for the remaining tissues requires further clari cation. Th e ICRP recommends that a 
value of wt = 0.06 is applicable to each of the  ve organs or t issues, with the remainder receiving the 
highest dose-equivalents, and that the exposure of all other remaining tissues can be neglected. (When 
the ga strointestinal t ract i s i rradiated, t he s tomach, sm all i ntestine, upp er l arge i ntestine, a nd lower 
large intestine are treated as four separate organs).

Occupational Exposure of Women of Reproductive Capacity

When women of reproductive capacity are occupationally exposed under the limits recommended, and 
when this exposure is received at an approximately regular rate, it is unlikely that any embryo could 
receive more than 5 mSv during the  rst 2 mo nths of pregnancy. Having regard to t he circumstances 
in which such exposures could occur, the ICRP believes that this procedure will provide appropriate 
protection during the essential period of organogenesis.
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Occupational Exposure of Pregnant Women

It is likely that any pregnancy of more than 2 months’ duration would have been recognized by the 
woman h erself o r t he ph ysician. Th e I CRP re commends t hat w hen p regnancy h as b een d iagnosed, 
arrangements should be made to ensure that the woman can continue to work only where the annual 
exposure will be unlikely to exceed three-tenths of the dose-equivalent limit.

Internal Exposure

Internal exposure takes place as a result of an intake of radioactive material (following an ingestion or 
inhalation of radioisotopes). Th e “annual limit on intake” (ALI) developed by the ICRP corresponds to 
the magnitude of an intake by inhalation or ingestion that would result in a radiation dose-equivalent 
to the dose limits. Internal exposure is likely to take place in a contaminated environment; therefore, 
it is essential that any laboratory making use of open sources of radioactive material conduct a go od 
“environmental surveillance program” (i.e., regular evaluations of levels of contamination on all working 
surfaces). In addition to a good environmental surveillance program, “bioassay procedures” (i.e., evalu-
ation of internal doses through an assessment of the concentration of radioisotopes present in the body) 
should be carried out under the guidance of an expert in radiation protection, in the case of an accident 
or when signi cant radiation doses are expected. An example of such procedures are the thyroid scans 
performed on workers using volatile solutions of radioactive iodine (I-125, I-131).

Licenses and Authorization

In most countries of the world, the principles of radiation protection established by the ICRP are well 
incorporated i n v arious re gulations, a nd l icenses a nd authorization f rom governmental a gencies a re 
usually required for the purchase and use of radioactive material.

Environmental Surveillance and Dosimetry

A radiation protection program is generally composed of two elements: (1) environmental surveillance 
and (2) personnel dosimetry.

Environmental Surveillance

Environmental controls consist of all the measurements of radiation exposure rate and levels of con-
tamination. Th e environmental controls aim at assessing and controlling the levels of radiation exposure 
to which workers, visitors, and the public are subjected.

Personnel Dosimetry

Personnel dosimetry consists of t he assessment of external exposure to r adiation w ith t he use of a 
radiation detector placed directly on the body. Th e radiation detector consists of a  lm badge, thermo-
luminescent dosimeters (TLDs), or electronic dosimeters and integrates the radiation dose received 
over an extended period of time. A personnel dosimetry program using TLD monitors or  lm badges is 
required for workers subjected to working conditions involving a signi cant risk of external expo-
sure to radiation. Examples of such tasks are the regular use in a l aboratory of more than 40 MBq of 
radioisotopes emitting x-rays or gamma rays or very energetic beta particles (excluding H-3, C-14, and 
S-35, which are low-energy beta emitters) or work in radiation therapy, nuclear medicine, or radio logy 
departments.
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Most of the tasks involving the use of radioactive material in a medical laboratory, with the exception 
of a n uclear medicine or radiation t herapy laboratory, do not i nvolve a ny sig ni cant risk of external 
exposure to r adiation. I n t hese c ases, a w ell-conducted environmental su rveillance program w ill b e 
suffi  cient to con rm t hat t he personnel are not e xposed externally and internally. Since t he cost of a 
personnel dosimetry program is m inimal, personnel dosimetry i s very oft en used to supplement the 
environmental controls.

Diagnostic Radiology

Diagnostic radiology facilities must be designed in such a way that all unnecessary doses to the public or 
the personnel are avoided. Except for special procedures, the equipment must be energized from a con-
trol booth that is properly shielded against radiation. Th e room must be shielded with full consideration 
of the occupancy in adjacent rooms. Th e shielding plans must have been reviewed by a health physicist 
at the planning stage, and the facilities must be inspected initially and every 2 years thereaft er. Th is is to 
ensure that the operation of the equipment does not constitute a risk for the patients and the personnel 
and to con rm that the general shielding, based on the actual use of the equipment, is still adequate. Th e 
following guidelines should be applied to all radiology procedures:

An x-ray room must not be used for more than one radiological examination simultaneously.• 
Except for those persons whose presence is essential for the examination, no person must be in the • 
x-ray room when the exposure is carried out.
Operators should remain inside the control booth or behind protective screens during an x-ray • 
exposure. In cases where this is impractical, protective clothing must be worn.
When there is a need to support children or weak patients, holding devices should be used. If par-• 
ents, escorts, or other personnel are called to assist, they must be provided with protective aprons 
and, if possible, protective gloves and positioning so as to avoid the primary beam.
All entrance doors to an x-ray room must be kept closed while a patient is in the room.• 
Th e entrance doors of x-ray rooms must be labeled with a warning sign (CAUTION: X-RAYS).• 
All p ersonnel working i n r adiology must wear a do simeter ( lm bad ge or T LD monitor). Th e • 
dosimeter must be positioned so that it gives a go od indication of the radiation dose uniformly 
received on the body. When a lead apron is worn, the dosimeter must be positioned inside.

Fluoroscopic Procedures

Some  uoroscopic procedures require the presence of the personnel in the room during the exposure. 
When this is the case, protective aprons (equivalent to 0.25 mm of lead) must be worn. Th e lead shields or 
curtains mounted on the  uoroscopic unit must not be considered a suffi  cient substitute for the wearing 
of protective clothing. Protective gauntlets should be worn by the radiologist during each  uoroscopic 
examination. Depending on the exact procedure performed, eye protection could also be required when 
personnel are exposed to a high radiation  eld at eye level.

Mobile Units

Mobile units are used on in-patient units when the condition of the pat ient is such that it is inadvis-
able f or t he e xamination to b e p erformed i n t he m ain x-ray de partment. D uring t he op eration o f a 
mobile x-ray unit, the primary beam should be directed away from occupied areas and every eff ort must 
be made to ensure that the beam does not irradiate any other individuals in the vicinity of the patient. 
A distance of 3 m from the patient undergoing radiology with a mobile x-ray unit is generally considered 
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adequate when exposure to the primary beam is prevented. Th e operator should use a lead apron or a 
protective screen when exposures are made. Mobile x-ray units should never be left  unattended when 
they are ready to be energized.

Dental Radiology

In dental r adiology, t he op erator s hould a lways energ ize t he x-ray t ube f rom a lo cation w here h e i s 
adequately protected. Th e general safety procedures that apply to general radiology also apply to dental 
radiology. Th e risk of radiation exposure in dental radiology is, however, much lower because of the lower 
output of the x-ray tube.

Nuclear Medicine

In nuclear medicine, high activities of radioactive material are prepared and administered to pat ients. 
Th e radioactive material used consists mainly of the following isotopes:

Technetium-99 m (half-life—6 h)• 
Gallium-67 (half-life—78 h)• 
Iodine-131 (half-life—8 days)• 
Xenon-133 (a gas having a half-life of 5 days)• 

Th e radioactive material stored in the department requires a shielding designed in function of the nature 
and total activity of radioisotopes. Th e total activity of the radioactive substance injected into a pat ient 
for a radioisotopic investigation is generally low enough so that the patient does not constitute a r isk of 
external exposure for the public or the personnel. In the advent that a nuclear medicine patient gives a 
blood or urine sample for further analysis in biochemistry, the activity of such a sample is low enough not 
to require any special precautions. Due to the large activity of radioactive material handled in a nuclear 
medicine de partment, p ersonnel must monitor t heir e xternal e xposure to r adiation—a  lm badge or 
TLD dosimeter must be worn—and t he following r ules should be applied when handling r adioactive 
solutions or radioactive gas:

Th e radioactive preparations shall be used only in rooms specially designed for that eff ect and be • 
provided with an adequate ventilation system, easily washable bench surfaces, and a fume hood 
when the procedures are likely to generate radioactive aerosols, vapors, or gas.
Smoking, eating, drinking, and storage of food or drink are prohibited in any area where there is • 
a possibility of contamination by radioactive material.
All procedures involving radioactive materials should be carried out on trays or on benches lined • 
with disposable absorbent material.
Laboratories must be kept locked when not in use.• 
When hand or clothing contamination is possible, protective gloves and clothing must be worn. • 
In order to minimize the spread of contamination, such clothing should not be worn outside the 
laboratory.
Wipe tests must be performed on surfaces and equipment likely to become contaminated with • 
radioactive material. Th ese tests should be made either at regular intervals or aft er each signi -
cant workload, and, if necessary, decontamination should be carried out.
No removable contamination should be tolerated.• 
Records of the tests must be properly documented and  led.• 
Documentation on the purchase and use of a ll radioisotopes in the form of a log b ook must be • 
maintained in all departments and laboratories handling radioactive materials.
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Clinical Laboratories and Research Facilities

In clinical laboratories, radioactive solutions are used for trace studies and radioimmunological proce-
dures. Th e total activity used for each preparation is generally low and does not constitute any risk of 
external exposure. Personnel dosimeters ( lm badge or TLD badge) are generally not required.

All steps should be taken in order to m inimize the spread of contamination on laboratory surfaces 
or equipment, because this would increase the likelihood of skin contamination and internal exposure. 
Th e procedures outlined in the section “Nuclear Medicine” regarding the use of radioactive solutions 
should be implemented to the fullest extent.

In research laboratories, t he total ac tivity of radioactive material handled, as well as t he nature of 
the isotope involved, very oft en constitute a risk of external exposure, and, in addition to the control 
of c ontamination men tioned p reviously, e xternal e xposure s hould a lso b e mo nitored a nd p ersonnel 
dosimeters might have to be worn. Handling of high activities of strong beta emitters such as P-32 might 
require the monitoring of the radiation dose received on extremities—in which case, wrist dosimeters 
or  nger dosimeters must be worn.

When handling activities of iodine-125 or iodine-131 higher than 5 megabecquerels (MBq), bioassay 
procedures (thyroid scans) should be instituted in order to ensure that the internal dose received by 
the personnel is not e xcessive. All new experiments involving the use of radionuclides should be well 
planned, and their radiation safety should be assessed at t he planning stage by a r adiation protection 
expert.

Radiation Therapy

Radiation t herapy consists of t he u se of ionizing r adiation for t he t reatment of i llnesses. I n t he year 
following the discovery of x-rays by Roentgen in 1895, x-rays were already being used in the treatment 
of certain k inds of skin cancer. A lthough t he initial results were debatable for lack of t ruly scienti c 
methodology, radiation therapy has evolved to t he point where all major hospitals now have radiation 
therapy departments.

Th e equipment used in radiation therapy has the potential, when not properly maintained or oper-
ated, f or e xtremely h igh ac cidental e xposures a nd t hus re quires a n e xtensive p rogram o f r adiation 
protection.

Teletherapy

Teletherapy is performed with a device producing a high radiation  eld on the anatomical regions under 
treatment. Th e following devices are used for teletherapy:

Equipment housing radioactive sources•  (cesium-137 or cobalt-60). Such equipment consists of a 
radioactive source housed in a n appropriately shielded c ontainer prov ided w ith a s hutter s ys-
tem. It produces, during a p reset leng th of t ime, a h igh exposure on the area under t reatment. 
When turned off , these units have an exposure rate in their vicinity of less than 0.025 mSv/h and 
do not constitute a r isk of radiation exposure. When operated, their dose rate is in the range of 
10,000 mSv/h (a chest x-ray gives a radiation dose in the range of 0.2 mSv).
X-ray irradiators and accelerators• . Such equipment produces a r adiation  eld of the same mag-
nitude as the equipment previously mentioned. However, they diff er in the fact that they need 
electricity to p roduce radiation. W hen turned off , t hey do not p roduce any leakage of ionizing 
radiation.

During a t reatment, only the patient should be present in the radiation therapy room. Th e equipment 
should always be operated from a control panel located outside the therapy room. For equipment hous-
ing radioactive material, a le ak test should be performed every 6 mo nths i n order to en sure t hat t he 
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radioactive s ource i s s till p erfectly s ealed. A ll t herapy i nstallations m ust b e p rovided w ith w arning 
lights showing when the radiation beam is on. Such warning lights must be present on the control panel 
at the entrance of the treatment room as well as inside the treatment room. Th e opening of the door of 
the treatment room must automatically shut off  the exposure.

Intracavitary Brachytherapy

In brachytherapy procedures, a sealed source is applied directly on the surface of the body or inside the 
patient’s body. Mainly used in the treatment of cancer of the cervix, brachytherapy generally consists of 
the application of a very active source inside the vagina (cobalt-60, cesium-137, or radium-192).

Prior to the 1960s, the source was always inserted manually by the medical personnel. During such 
insertions, the personnel were likely to receive signi cant radiation exposure. In most hospital centers, 
this method has been replaced by “aft er loading methods” during which a t ube instead of the source 
itself is inserted into the patient’s vagina. When the tube is properly positioned and the patient is isolated 
in a properly shielded room, the source is transferred from its shielded container through the tube into 
the patient with no exposure to the personnel.

Interstitial Brachytherapy

Interstitial brachytherapy consists of the insertion directly in a tumor of small sources of radioactive 
material. Th e insertion could be temporary (this requires removal at the end of the treatment) or per-
manent, in which case the radioisotopes chosen should have relatively short half-lives. Th e radiation 
protection program used in all kinds of brachytherapy procedures must be designed by a health physicist 
or a radiation oncology specialist. Th e following guidelines must be enforced:

Th e location of the treatment room must be suffi  ciently remote or adequately shielded in order to • 
maintain at a low level the radiation exposure to the persons present in adjacent rooms.
Th e nursing personnel must have received enough information to en sure their own protection, • 
the protection of the patients, and the protection of visitors.
When required, warning signs must be posted at the entrance of the patient’s room.• 
Th e personnel likely to receive a radiation dose higher than 5 mSv/h must be informed of this fact • 
and personnel dosimetry must be performed with a TLD badge or  lm badge.
At the end of the treatment, controls should be enforced in order to ensure that the patient does • 
not constitute any risk for the public and that the room is free of contamination before it is once 
again occupied by another patient.

Radiation Therapy with Open Sources

Some r adiation t herapy t reatments a re p erformed w ith r adioactive sub stances ad ministered o rally. 
Th e most common example is radioiodine treatment (iodine-131) used in the case of thyroid cancer or 
hyperthyroidism. Depending on the total activity of the radionuclides administered, the patients under 
treatment could constitute a risk of occupational exposure for personnel. Th e secretions of these patients 
could contain high concentrations of radioactive material, and, therefore, such patients constitute a risk 
of contamination to the environment. Th e patients for whom an activity of less than 1.2 GBq has been 
administered generally produce an exposure rate such that in normal practice the radiation dose likely 
to be received by personnel is low and does not necessitate any special requirements regarding the nature 
and the duration of nursing care. However, in the case of incontinent patients, protective gloves should 
be worn in order to prevent skin contact with the patient’s biological  uids. When the activity adminis-
tered is higher than 1.2 GBq, the same precautions as applied in brachytherapy should be implemented, 
with, in addition, all controls related to the handling of radioactive solutions (see the “Biological Eff ects 
of Ionizing Radiation” section).
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Appendix 22.A.1

San Francisco General Hospital Radiation Safety Handbook
for Hospital Personnel

Introduction

 A.  General. During the course of your duties, you might be assigned to care for patients who have 
received radioactive material, or you might work near an x-ray machine. Th is handbook is pre-
pared to provide you with the general principles of radiation protection for yourself while caring 
for the patient.

 B. Types of radiation. All living and nonliving things are made up of atoms. Some of these atoms 
may be unstable and undergo nuclear changes which result in the emission of particles or rays. 
Th e radioactive atoms are called radionuclides. Th e emission process is called radioactivity. In the 
hospital, you will  nd three types of radioactivity (alpha, beta, gamma) and x-ray.

 1. Alpha radiation is seldom encountered in the usual medical application of radiation. Alphas 
are easily shielded and do not generally constitute an external exposure hazard to nurses or 
other staff  members in the hospital. Th e range of alphas in air is less than about 2 in. Th e sealed 
metal capsule of radium sources used in radiotherapy will absorb all the alphas emitted.

 2. Beta radiation will be stopped by about one-half inch of wood, plastic, water, tissue, etc. Th er efore, 
patients who have received radioactive material which gives off  only beta radiation do not become 
an external radiation hazard to nurses or others. Problems may arise, however, due to contamina-
tion of bedding, dressings, etc. An example of a beta emitter is radioactive phosphorus (P-32).

 3. Gamma r adiation c an p enetrate m any i nches o f i ron, c oncrete, w ood, p lastic, w ater, e tc. 
Patients w ho h ave re ceived l arge do ses o f r adioactive m aterial t hat em it ga mma r ays ( for 
example, f or s ome t herapy p rocedures) m ay b e a s ource o f e xposure to n urses a nd ot her 
personnel. Many ga mma emitters a re used i n medicine, such as radioactive iodine (I-131), 
radium (Ra-226), gallium (Ga-67), thallium (T1–201), and technetium (Tc-99 m).

 4. X-ray machines are commonly found in the hospital. X-rays are a type of energy similar to light, 
and, like gamma rays, they pass easily through fairly thick materials. X-ray machines have built-
in shielding. Th e useful beam is restricted by a cone or an adjustable collimator. All permanent 
installations of diagnostic and therapy x-ray machines are housed in well-shielded rooms.

 C . Radioactive decay. All radionuclides undergo radioactive decay at a s peci c rate. When half of 
the original radioactive atoms have decayed, the material is said to have gone through one half-
life. Some elements such as radium have a very long half-life, (1640 years). Others, such as thal-
lium-201 (Tl-201) and iodine-131 (I-131), have fairly short half-lives, approximately 3 and 8 days, 
respectively. Th erefore, t he le vel o f r adioactivity d iminishes rel atively r apidly. P hosphorus-32 
(P-32) has a half-life of 14 days. Radionuclides which are used for diagnostic purposes, scans and 
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images have short half-lives. For example, the commonly used radionuclide technetium (Tc-99 m) 
has a half-life of 6 h. Th us, in 42 h (7 half-lives) 99.3% of the initial activity will have decayed.

 D. Units of radioactivity. Th e activity of a radionuclide is speci ed in terms of the number of atoms 
disintegrating per second. A m illicurie (mCi) is 37 million disintegrations per second; a m icro-
curie (mCi) or 1/1000th of a mCi, is 37,000 disintegrations per second.

Th e activity of radionuclides used in most diagnostic procedures is in the microcurie and low millicurie 
range, while almost all therapeutic procedures use millicurie amounts.

 E. Hazards of ionizing radiation exposure. Like other useful tools, radiation may create a potential 
hazard unless used with strict adherence to safety procedure guides.

Th e safety rules which govern all uses of ionizing radiation are concerned with preventing genetic dam-
age as well as with protecting the health of the exposed individual. Th erefore, a basic radiation protec-
tion principle is “to keep such exposures as low as reasonably achievable.”

At San Francisco General Hospital and on the UCSF campus, there is a continuous program of evalu-
ation and control of radiation hazards carried out by the Offi  ce of Environmental Health and Safety and 
the Committee on the Use of Radioisotope and Radiation Safety. All uses of radionuclides and radiation 
sources are subject to review by this committee.

 F.  Exposure limits. Limits which are established by the California Administrative code for persons 
occupationally exposed to radiation are as follows:

 1. 1250 m rem p er qu arter (3 months) to t he w hole b ody or m ajor p ortion t hereof, head a nd 
trunk (5000 mrem/year).

 2. 7500 mrem per quarter to the skin only (from non-penetrating radiation, e.g., very soft  x-rays 
and beta particles) (30,000 mrem/year or 6 times the whole-body dose).

 3. 18,750 mrem per quarter to hands and forearms, feet and ankles (75,000 mrem/year or 15 times 
the whole-body dose).

The mrem (millirem) is a unit with which we estimate radiation dose. A person will receive about 
100 mrem in San Francisco each year from natural background radiation.

Limits recommended by the National Council on Radiation Protection (NCRP) for special situations 
are as follows:

 4. 15,000 m rem/year (not to e xceed 5 000 m rem/quarter) to ot her o rgan t issue o r o rgan s ystems 
(including skin).

 5. 500 mrem to a fetus (due to exposure of the expectant mother).

Th e University of California EH&S Offi  ce has established an administrative guideline for whole-body expo-
sure for persons exposed to ionizing radiation while working on this campus. Th is guideline is 500 mrem/
year for fertile women a nd 1250 m rem/year for ot her radiation workers. Th is administrative g uideline 
determines when exposure numbers from  lm badges are investigated. Numbers in excess of these guide-
lines are not violations or overexposures. Th e intent of the program is to keep exposures to a minimum.

 G.  Film badge. Film badges are used to measure the radiation dose that you receive while attending 
patients undergoing radionuclide treatment. Film badges are to be worn only while on duty. Never 
leave the badge near a radiation source, wear a badge assigned to another person, or wear it during 
any medical or dental x-ray procedure that you may undergo. Th e badge must be exchanged at the 
end of each month for reading.

 H.  Th e basic principles of r adiation protection. Th e basic methods of reducing your exposure to 
radiation, regardless of the speci c source of radiation, are as follows:

 1. Keep the length of time of exposure to a minimum.
 2. Maintain a safe distance from the source.
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 3. Place a shield between yourself and the source.
 4. Protect yourself against radioactive contamination.
 I. Application of the basic principles of radiation safety to care of patient
 1. Always provide adequate care for the patient—but work effi  ciently. Observe the recommended 

time limits listed on the “Physician’s Order” form in the patient’s chart. Whenever practical, 
without harm or discomfort to patients, encourage the patients to provide for themselves. In 
all cases care should be taken to avoid excessive hurrying, assuming awkward positions that 
might hinder your effi  ciency in performing a task, or causing undue alarm to the patient.

 2. Maintain distance from patient, except when necessary for patient’s care. You should note that if 
you double your distance from the source of radiation, the dose rate will be one-fourth, triple the 
distance one-ninth, and so forth. Th is is known as the inverse square law of dose vs. distance.

 3. Use of shielding may be a mo re diffi  cult problem, because most of the gamma ray emitting 
nuclides which are used in therapy require very thick lead to reduce the radiation levels to any 
signi cant degree.

 4. When the “Physician’s Orders” stipulate that contamination control measures are required, 
wear disposable rubber gloves when handling potentially contaminated items such as dress-
ings, urine containers, etc.

Diagnostic Uses of Radionuclides

Frequently pat ients may undergo diagnostic tests involving radioactive materials such as bone scans, 
liver scans, lung scans, thyroid studies, radioimmunoassays, etc. Some of these procedures do not involve 
the administration of radionuclides to the patient but are tests performed on blood samples only. Even 
when the patient receives radioactivity, the levels are low, so no precautions are required.

Th e radiation dose levels in the vicinity of these patients are low and do not require use of  lm badges 
or restrictions on visitors or nursing time. Th e radioactive materials used in diagnosis generally have 
short half-lives, so urine spilled a day or two aft er the study does not have signi cant radioactivity.

Therapy Uses of I-131 and P-32

Th is type of therapy involves the administration of soluble radioactive material to a patient orally or by IV 
injection. Th e nuclides used include I-131 and P-32 (soluble phosphate). Because the radioactive materi-
als circulate in the blood, all body  uids may contain radioactivity. Special precautions will be required 
to control radioactive contamination.

 A . Contamination control. If P-32 is given, about 5%–10% of the dose administered is excreted 
in t he  rst 12 h. Saliva i s a lso contaminated. I f I-131 i s ad ministered, up to 5 0% of t he dose i s 
excreted in the  rst 48 h. Most of the excretion is in the urine; however, signi cant levels of con-
tamination may be present in the perspiration. Since the dose is usually given orally, the contents 
of the stomach are also radioactive for the  rst few hours aft er ingestion of the I-131. Th us,  any-
thing handled by the patient may be contaminated. Disposable gloves should be worn to handle 
the patient or items that come in direct contact with patient. No material, including trash, shall be 
removed from patient’s room without the authorization of Nuclear Medicine.

Whenever a pat ient receives such therapy, an appropriate “Physician’s Order Form” will be completed 
and p laced i n t he pat ient’s c hart a nd a “ Caution R adioactive M aterials” l abel a ffi  xed to t he c hart 
cover. Also, a “Caution Radioactive Materials” sign will be posted on the patient’s door and personnel 
instructed not to remove any material from the patient’s room.

 B . Nursing care. Nursing care is to be restricted for the term of treatment to those activities essential 
to the well-being of the patient. Disposable gloves should be worn to perform routine patient care. 
If special nursing care is required, the problem will be worked out by Nuclear Medicine, and the 
head of the Nursing Unit will be informed. Where visiting and nursing times are restricted, no 
pregnant women (including staff ) or visitors under 18 years old are permitted in the room.
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 C.  Dishes. Disposable dishes and utensils should be used. Th e left over f ood, wh enever p ossible, 
should be  ushed down the toilet to avoid creating an unpleasant odor. Th e dishes together with 
other waste should be bagged and held in the room for disposal by Nuclear Medicine.

 D.  Telephone. Th e telephone in the patient’s room should be covered with a small plastic bag to pre-
vent contamination.

 E.  Linens. It is not ne cessary to c hange bed linens daily if they are not s oiled. Linens, towels, and 
launderable items should be held in the room until cleared by Nuclear Medicine.

 F.  Toilet instructions. Th e pat ient s hould u se t he to ilet f acilities i n h is/her ro om. I nstruct t he 
patient to  ush t he to ilet t hree t imes to c lear t he w aste l ines a nd d ilute t he r adioactivity. Th e 
patient should also be instructed to take special care to avoid splashing urine when voiding and 
to wipe the toilet seat with tissue aft er using the toilet, or toilet seat covers can be used to avoid 
contamination. Th e sink should be rinsed aft er use, especially aft er brushing teeth. If the urine is 
to be collected for assay, a special, unbreakable labeled container is provided by Nuclear Medicine. 
Th e bathroom  oor will be covered with plastic-backed absorbent paper. If the urine must be col-
lected by attending personnel, or when bed pans are required, gloves should be worn to prevent 
contamination. Th e g loves s hould b e d isposed o f i n t he w aste c ontainer a nd h ands s hould b e 
washed thoroughly. Nuclear Medicine will instruct the attending personnel to take safety precau-
tions for handling and storing specimens.

 G.  Baths. Unless it is necessary, the bath should be postponed for the  rst 48 h for I-131 or 12 h for 
P-32 pat ients. I f possible, t he pat ient should bat he h imself a nd should r inse t he shower or t ub 
thoroughly aft erward.

 H.  Housekeeping. Housekeeping should b e p ostponed u ntil a N uclear Medicine su rvey has b een 
made at the conclusion of use of the room. Bag paper wastes, tissues, etc., and hold in the room to 
be checked by Nuclear Medicine.

 I.  Film badges. When iodine-131 is administered in doses exceeding 10 mCi,  lm badges are to be 
worn by attending staff . Phosphorus (P-32) emits beta particles which are totally absorbed by the 
patient’s body. Th e small activity levels present as contamination on the body are not suffi  cient to 
require the use of badges.

 J. Restriction o f v isiting tim e. Vi sitors to pat ients re ceiving mo re t han 3 0 mCi o f r adioactive 
iodine-131, should be limited to no more than 1 h/day. Th ey must avoid d irect contact such as 
kissing t he pat ient a nd s tay 2 m away f rom t he pat ient. A ll v isitors a nd s taff  p ersonnel s hould 
stop at t he nurse’s desk for special instructions and follow the instructions posted on the door. 
Children, and particularly fetuses, are more sensitive to radiation eff ects; for this reason, exposure 
of unborn infants should not be allowed. Nurses should consult Table 22.A1 on iodine-131 for the 
maximum permissible working times.

Since P-32 emits beta particles that are totally absorbed by the patient’s body, nursing staff  and visitors 
should be aware there are nevertheless some low radioactivity levels present as contamination on the 
body. Wearing disposable gloves and washing hands are suffi  cient for caring for the patient.

TABLE 22.A1 Recommended Maximum Daily Working and Visiting Times for I-131

Activity in Patient 
(mCi)

Maximum Hours for Nursing 
Personnel Near Bedside

Maximum Hours for Visitor 
at Average Distance of 6 ft 

 0–9 Unlimited Unlimited
10–19 8 Unlimited
20–29 4 Unlimited
30–39 2 8
60–89 1 4
90–150 3/4 3
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 K. Room survey prior to re lease of ro om. At the conclusion of the use of a ro om for this type of 
therapy, prior to having the room cleaned, call Nuclear Medicine to arrange for a radiation survey 
of the room.

 L.  Spills. If a patient who has received I-131 should vomit or be incontinent during the  rst 48 hours, 
call Nuclear Medicine immediately. Do not at tempt to c lean up t he spill. Take interim steps to 
check the spread of contamination as follows:

 1. Restrict the area—allow no one to enter except for urgent treatment of the patient.
 2. Keep people 2 m from the spill.
 3. Persons who have been in the contaminated area should stay there until surveyed and cleared 

by Nuclear Medicine.
 4. Remove contaminated clothing. Place in a plastic bag brought to the area.
 5. Cleanse contaminated skin using facilities in the room.
 6. If there is appreciable liquid spilled, absorb with paper towels.
 7. Retain all contaminated or suspected materials in area until cleared by Nuclear Medicine.

If a pat ient who has received soluble P-32 vomits or is incontinent during the  rst 12 hours, the same 
procedure should be followed.

 M.  Emergencies. Nonradiation: Seizures, cardiac arrest, trauma, etc. Follow normal emergency pro-
cedure. Call the Nuclear Medicine or a N uclear Medicine physician. Hold potentially contami-
nated items and personnel until they can be checked.

 N. Death o f pa tient. N otify t he at tending ph ysician a nd t he N uclear M edicine a nd Pat hology 
departments of the death of a patient who contains radioactive material. Make sure the patholo-
gist has a copy of the “Physician’s Order Form” and that the chart records the type and amount 
of radioactive material.

Doctor’s Orders for Patients Who Have Received Radionuclide Therapy

Patient received _____ millicuries of I-131 orally at _____ am/pm on _____ 20_____. Initial exposure 
rate at 1 meter from patient _____ mr/hr measured by _____ (Nuclear Medicine).
(signature)

STANDARD INSTRUCTIONS (Nuclear Medicine Physician should check off  appropriate items or line 
them out and initial to countermand)

ALL PATIENTS:
_____ 1.  Interview patient and discuss pages 5 thru 8 (THERAPY) of the Radiation Safety Handbook 

for Hospital Staff  with patients and family members.
_____ 2.  Special instructions for patient and members of patient’s family (especially children and preg-

nant women).
_____ 3.  If pat ient i s readmitted to t he hospital or d ies before (date), not ify Nuclear Medicine. Aft er 

normal working hours, call the Nuclear Medicine physician who is on-call.

Inpatients Only:

_____ 1.  Patient m ust b e i n a p rivate ro om u nless p rior app roval h as b een ob tained f rom N uclear 
Medicine.

_____ 2. Patient must remain in room.
_____ 3.  Patient to u se d isposable d ishes a nd uten sils. D ispose i n a p lastic ba g provided by Nuclear 

Medicine.
_____ 4.  Patient may have baths (shower). Instruct patient to bat he himself and then to r inse shower 

thoroughly. Th e shower will be checked by Nuclear Medicine before release to nonradioactive 
patient use.

_____ 5. Instruct patient to  ush toilet three times aft er each use.
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_____  6.  No visitor under 18 years of age or who is (or may be) pregnant. Staff  and visitors are to follow 
the radiation exposure guidelines.

_____  7.  Post “ CAUTION R ADIOACTIVE M ATERIALS” a nd “I NSTRUCTIONS TO W ARD 
PERSONNEL” on door. Affi  x “CAUTION RADIOACTIVE” on patient’s wristband.

_____  8.  In the event of spill, follow the instructions in the “Radiation Safety Handbook for Hospital 
Staff ” on page 7.

_____  9. Hold all linens and disposable waste in room until cleared by Nuclear Medicine.
_____ 10.  When a patient is discharged, request Nuclear Medicine to survey the room prior to admit-

ting housekeeping to the room.

SPECIAL ORDERS 
_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ ___

_____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____ ___

In the event of any diffi  culty, call: days nights
Dr. _____ _____ _____ _____ _____ _____ _____ _____   _____ _____ _____ __  _____ _____ _____
Dr. _____ _____ _____ _____ _____ _____ _____ _____   _____ _____ _____ __  ____ _____ ______

If he/she cannot be reached promptly, call Nuclear Medicine Dept. during the day or the Nuclear Medicine 
physician on-call.

PATIENT’S DEATH: If a patient dies, immediately notify Nuclear Medicine Physician.

FOR FURTHER INFORMATION: Consult “Radiation Safety Handbook for Hospital

Personnel.”

_____ _____ _____ _____ _____ _____ __ M.D.

_____ _____ _____ _____ _____ _____ __ (Date)

Safe Handling of Cadavers Containing Radioactive Isotopes

 A.  Procedure aft er death of patient
 1. If a pat ient containing less than 5 mCi radioactive material dies in the hospital, precautions 

should simply be taken to avoid contamination.
 2. If a patient dies in the hospital and contains more than 5 mCi, the responsible physician sign-

ing the death certi cate should inform the pathologist and the Radiation Safety Offi  cer of this 
fact. Th e Funeral Director’s form should be completed. (NCRP Report #37 Appendix V).

 3. If there is an autopsy, it may be necessary for the pathologist to take the precautions detailed 
in step B while performing the autopsy.

 B. Conduct of autopsy
 1. When a c adaver su spected o f c ontaining a ny r adioactive m aterials i s to b e a utopsied, t he 

Radiation Safety Offi  cer should be noti ed.
 2.  Th e amount of activity remaining in the body should be estimated by reference to t he time 

since the administration of the isotope and its biological fate.
 3. If the remaining amount is less than 5 mCi, no special precautions are necessary other than the 

usual wearing of gloves, except in cases of I-131 therapy or therapy with insoluble P-32, where 
the body cavity contains most of the activity and should be handled as rapidly as possible.

 4. Where the residual activity exceeds 5 mCi, the following procedures should be followed:
 a. Monitor the body with a survey meter before it is opened to establish the maximum working 

time if necessary. Film badges or ring badges may be required.
 b. Drain carefully all body  uids and save for assay. In cases of I-131 therapy, the blood and 

particularly the urine will be radioactive.
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 c.  Aft er the body is opened, a second survey should be made to estimate the level of beta 
dose from P-32 or other pure beta-emitting radionuclides.

 d. In cases of I-131, the thyroid gland will produce a gamma dose of 0.5 R/min near its surface 
for each 10 mCi in it and, consequently, should not be touched by hand directly. Its removal, 
depending on the activity level, should be accomplished using a long instrument.

 e. Highly radioactive  uids should be stored behind a s hield. Consult Radiation Safety or 
Nuclear Medicine for disposal.

 f. All instruments and clothing involved in the autopsy should be monitored aft er the pro-
cedure and stored or decontaminated before being returned to general use or dispatch to a 
laundry. Th e autopsy room should also be monitored and decontaminated if necessary.

Emergency Admission of Patient Involved with Radiation Accident Procedures

If a r adiation accident pat ient i s brought to t he emergency room, t he following procedures a re to b e 
followed:

 1. Notify the Nuclear Medicine physician.
 2. If there is radionuclide contamination, all exposed individuals should be monitored, isolated, and 

decontaminated before being examined and treated unless life saving procedures are necessary. 
Personnel caring for patients should wear surgical clothing.

 3. If patient is ambulatory: Con ne to a sm all area. Spread sheet or paper for patient to s tand on. 
Patient s hould d isrobe; p ut c lothing i n a p lastic ba g f or l ater mo nitoring. S ave a ll s amples o f 
clothing, blood, urine, stool, vomitus. Label with patient name, date, time. Patient should take a 
shower in the nearest available facility and be resurveyed, rewashing repeatedly if necessary until 
decontaminated.

 4. I f pat ient i s no nambulatory: P lace pat ient o n s heet a nd c ut off  c lothing. C lothing s hould b e 
saved a s a bove f or mo nitoring. Pat ients s hould b e w ashed w ith re peated mo nitoring u ntil 
decontaminated.

 5. For treatment of radiation injury, call the Nuclear Medicine physician. Off -duty hours, contact 
the Nuclear Medicine physician who is on-call.

Radioisotope Policies: Conditions of Use

 1. General safety precautions. Safety is a re sult of following careful procedures in the laboratory. 
Th e safety of each operation or manipulation must be considered both separately and in relation 
to the overall experimental design. Periodic self-evaluation, modi ed for the facility or need, is 
suggested for users of ionizing radiation. Th e following precautions should be followed regardless 
of the amount or type of isotope involved:

 a. Protective clothing, including shoes and laboratory coats, must be worn. Coats should never 
be worn out of the work area.

 b. Rubber or disposable gloves must be worn during all manipulations that could result in 
contamination.

 c. Mouth pipetting is prohibited.
 d. Smoking, eating, drinking, and applying makeup in areas with radioisotopes, or in areas that 

may be contaminated, are prohibited.
 e. Refrigerators containing, or having contained, radioisotopes, may not be used for food storage.
 f. Unbreakable containers must be used whenever possible. If glass is used, secondary contain-

ers must also be used.
 g. Widespread use of absorbent paper with impervious backing is recommended for covering 

work areas.
 h. Radioactive work should be con ned to small areas. Th is is to simplify containment, shield-

ing, and cleanup in cases of contamination.
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 i. Glove boxes must be used if appreciable amounts of radioisotopes are being manipulated or if 
there is potential for contamination, volatilization, or aerosol formation.

 j. Use of protective equipment (masks, coats, gloves, shoe covers, etc.) must never substitute for 
the minimization of hazardous conditions.

 k. Standard l abeled a nd s hielded w aste s torage c ontainers s hould b e u sed. E leven qu art s tep 
cans are available from the Storehouse.

 1. Work areas and clothing should be monitored daily for radioactive contamination.
 m. Individuals with cuts on their hands or arms should refrain from work with unsealed 

sources.
 2. Users and locations. Only personnel having valid training numbers and approved forms on  le 

with the Radiation Safety Offi  cer may use radioisotopes.

Only those facilities listed on the application form and approved by the Radiation Safety Offi  cer may be 
used for radioisotope work.

 3. A dministration o f ra dioisotopes t o a nimals. B efore ad ministering a ny i sotopes to a nimals, 
a p lan f or h andling t he a nimals m ust b e  led w ith t he D irector o f A nimal C are. I tems to b e 
addressed include:

 a. Animals g iven r adioactive m aterials s hould b e c aged s eparately f rom ot her a nimals. 
Supplement B must be submitted with the basic radioisotope application form, if these ani-
mals are to be housed in the Animal Care Facility.

Cages must be labeled with appropriate radiation warning signs. Th e name of the isotope, the quantity, 
date(s) of administration, and the name of the person responsible for the experiment must all be on the 
label.

 b.  Th e handling and disposal of radioactive excretions, animal carcasses, or tissues must be done 
as speci ed by t he Radiation Safety Offi  cer. I f t he excrete is potentially radioactive, arrange-
ments must be made for its handling and disposal, to minimize contamination of cages, work-
ers, and surrounding areas.

 c. If e xperimental c onditions a re suc h t hat sig ni cant q uantities o f r adioisotope c ould b e 
released during a nimal respiration, metabolic cages  tted with suitable  lters or scrubbers 
may be required by the Radiation Safety Offi  cer or the Director of Animal Care.

 d. Users are responsible for assuring that caretakers and custodians are aware of the potential 
hazards of handling radioactive animals, and, if animals are not housed in the Animal Care 
Facility, that personnel caring for the animals are suitably trained and supervised in the neces-
sary precautions.

 e. Administration o f r adioisotopes to a nimals t hat a re not t he p roperty o f t he U niversity 
requires s pecial c onsideration a nd m ust re ceive p rior app roval b y t he R adiation S afety 
Offi  cer.

 4. Administration of ra dioisotopes to humans. W henever h umans a re to re ceive r adioisotopes 
in a re search context, Supplement C m ust be completed and submitted to t he Radiation Safety 
Committee, a long with a ba sic radioisotope application. Th is category includes the use of those 
standard c linical p rocedures re quiring app roval o f t he C ommittee o n H uman Re search, a s 
described in their guidelines. Th e Committee on Human Research requires a copy of the approved 
Radiation Safety Committee application before giving its approval.

 5. Exposure
 a. Maximum level. Th e maximum permissible level of investigators working with radiation and 

radionuclides is 100 mRem, whole-body exposure, in one month. Th e exposure of personnel 
not directly involved with the use of radiation on campus should not be greater than 500 
mRem per year.
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Periodic surveys shall be provided by the Radiation Safety Offi  cer for all areas in which radioisotopes 
are used or stored.

 b. Pregnancy. For pregnant workers, t he m aximum l imit o f e xposure i s 5 00 m Rem over t he 
9-month gestation period. Pregnant employees are strongly encouraged to inform their super-
visors immediately, so appraisal of exposure can be made. Appropriate monitoring is recom-
mended. Th e Radiation Safety Offi  cer is available for consultation and advice to em ployees 
and supervisors.

Source: San Francisco General Hospital, San Francisco, California, 1989.
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Introduction—What Is a Reproductive Toxin?

Reproductive toxins are materials that can interfere with reproductive functions or can cause damage 
to an exposed adult’s ova, sperm, embryo, fetus, or child. Examples of reproductive eff ects include the 
following:

Eff ects on the reproductive organs (e.g., enlarged breasts, atrophied testicles, damaged ova)• 
Eff ects on adult sexual functions (e.g., ovulation, libido fertility, menstruation)• 
Eff ects on the off spring of males or females who were exposed, by causing structural abnormali-• 
ties, functional de ciencies, diseases or altered growth, or death of the conceptus
Eff ects on the health of the neonate by concentrating in breast milk• 
Increased risk of cancer early in life or in adulthood from transplacental carcinogens crossing the • 
placenta

“Mutagens” a ff ect off spring t hrough c hanges i n t he D NA o f pater nal s permatogonia o r m aternal 
oocytes prior to c onception. “Teratogens” aff ect the developing embryo or fetus via exposures in the 
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womb. Eff ects may be apparent at birth or may be detectable only years aft er birth. An infant may be 
exposed to “environmental chemicals” during early postnatal life by drinking contaminated breast 
milk, exposure to toxins brought home on the work clothes of parents, or exposure to toxins in its 
environment.

Background

Occupational reproductive hazards have always been present in the hospital workplace. Hospitals have 
had many years’ experience dealing with some of these. For example, ionizing radiation may cause a 
variety of reproductive eff ects in males and females and may result in injury to their off spring. Certain 
biological agents found in hospitals are teratogens.

Despite the potential long-term impact on society and the extreme human suff ering which may be 
caused by reproductive dysfunction or birth defects, attention is only recently being paid to identifying 
and preventing occupational exposure to reproductive toxins. Of the 60,000–70,000 chemicals currently 
used c ommercially, only ionizing r adiation a nd t hree c hemicals (ethylene oxide, d ibromochloropro-
pane, and lead) have been speci cally regulated by Occupational Safety and Health (OSHA) to prevent 
reproductive eff ects.

In a 1985 report, National Institute for Occupational Safety and Health (NIOSH) listed reproductive 
impairment as sixth of 10 leading work-related diseases based on the number of workers occupationally 
exposed to reproductive toxins.1 Part 2 of this report, concerning national strategies for the prevention 
of leading work-related diseases, is scheduled to be released in the near future. It will address disorders 
of reproduction.

OSHA’s lack of regulatory guidance concerning occupational reproductive toxins is due to a number 
of factors, including scienti c, legal, political, and philosophical issues. OSHA does not have the author-
ity to promulgate regulations unless there is a preponderance of scienti c evidence which demonstrates 
the existence of a signi cant health risk. However, there has been very little research done on a number 
of reproductive i ssues, including eff ects on adult sexual f unction such as l ibido, menstruation, lacta-
tion, and ovulation. Th ere is a dearth of information on risk of chemically induced genetic mutations in 
workers who may parent children in the future.

OSHA has not re gulated any chemicals solely on the basis of animal studies, but has published an 
intent to regulate certain glycol ethers based on reproductive eff ects in animals. Epidemiologic studies 
are undertaken infrequently due to a v ariety of technical considerations, such as confounding factors 
and diffi  culties in detecting the reproductive outcomes. Most epidemiologic studies that have been per-
formed have focused on teratogenic eff ects. Many of these studies addressed only the mother’s expo-
sures, ignoring the potential contributions of paternal exposures.

Th e interpretation of animal studies to predict similar reproductive eff ects in humans remains con-
troversial. Th e EPA has published a method of determining safe exposure levels in the general popula-
tion based on animal data.2,3 Th e maximum dose which produces “no observable adverse eff ect level” 
(NOAEL) in the most sensitive animal tested is determined. Th e airborne concentration which would 
cause a similar dosage in humans is determined and then a safety factor is applied. A 10-fold factor is 
utilized to ac count for variation in sensitivities among the human population. Another 10-fold factor 
accounts for uncertainties in extrapolating from data in lab animal species to humans. An additional 
10-fold safety factor is used when a “ lowest observed adverse eff ect level” (LOAEL) is used rather than 
an NOAEL. Additional modifying factors may be utilized to account for professional judgment of the 
entire database of the chemical.

Th e 1000-fold safety factor, which is oft en employed for exposures to t he public rather than for 
occupational e xposures, rem ains c ontroversial. U sually s tandards de signed f or t he gener al p ub-
lic a re more stringent t han standards designed for workers, on t he premise t hat in order to w ork, 
one must be relatively healthy. Th e gener al p ublic c ontains memb ers w ho a re elderly , i n rm, o r 
hypersusceptible.
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However, for reproductive toxins, workers are in an age group that is potentially at greater risk than 
is t he gener al public. I n add ition, female workers m ay ac tually e xhibit a n “unhealthy worker e ff ect” 
whereby women who are infertile or who have suff ered miscarriage(s) remain in the work force rather 
than leave the work force to care for children.

Attributes of an Acceptable Policy

Nondiscrimination

Protection of workers’ reproductive health and the health of their off spring must not have a discrimina-
tory impact on any group of employees’ wages, bene ts, seniority, or right to employment.

To date, most policies addressing reproductive hazards on the job are aimed at protecting the fetus, 
which i n s ome c ircumstances i s mo re su sceptible to i njury f rom c ertain c hemicals o n t he job t han 
are adult workers. Th ese policies, known as “fetal protection policies” usually result in the involuntary 
exclusion of female or pregnant employees from certain jobs.

In general, fetal protection policies do not address preventing exposures by making the job as safe as 
possible using engineering and other control measures, but instead rely on excluding “sensitive workers.” 
However, nonteratogenic reproductive eff ects oft en occur at exposure levels lower than that required to 
cause teratogenesis.

Fetal protection policies a re oft en ad ministered a rbitrarily w ithout a c areful s tudy to e valuate t he 
hazards of jobs which are made off -limits or the positive eff ects expected as a result of the policy.

Fetal protection policies which exclude a ll women (or a ll fertile women) have a ne gative impact on 
women’s employment rights. In many cases they are in violation of Title VII of the Civil Rights Act of 
1964 or its amendment, the Pregnancy Discrimination Act of 1978. Th is amendment prohibits discrimi-
nation based on pregnancy, childbirth, or related medical conditions.

Under Title VII, fetal protection policies are assumed to be discriminatory unless there is evidence 
that exposures at levels encountered in the workplace may cause a signi cant risk of harm to the unborn 
children of women employees but will not cause harm to the unborn children of male employees. Th er e 
must also be evidence that the policy will signi cantly reduce this risk of harm.

Even i f the required evidence is obtained, fetal protection policies may still be in v iolation of Title 
VII if it can be proved that an equally eff ective alternative policy would have a le ss adverse impact on 
one sex.

A comprehensive discussion of the legality of fetal protection policies is covered in the OTA publica-
tion, Reproductive Health H azards in th e Workplace.4 F etal p rotection p olicies a re u sually l iability-
avoidance me asures. E mployees w ho a re i njured o n t he job a re ba rred f rom to rt su its a gainst t heir 
employers i n mo st c ases, a nd m ay i nstead o nly re ceive w orkers’ c ompensation. L ive-born c hildren, 
injured a s a re sult o f t heir pa rents’ e xposure, m ay sue f or d amages.5 I ronically, de spite t he focus on 
reproductive hazards to female employees, case law to date involves male employees rather than females. 
Suits have been  led on behalf of children injured as a result of their father’s exposure to Agent Orange, 
radiation, dibromochloropropane, pesticides, herbicides, and others.

Employee Privacy and Confi dentiality

Reproductive function is one of the most sensitive and intimate areas of life. For this reason, it is recom-
mended that policies that have special procedures for employees who are trying to parent a child or who 
are pregnant should rely on voluntary reporting of reproductive status by the employee.

It is a v iolation of the Pregnancy Discrimination Act of 1978 to re fuse to h ire or promote a woman 
because she is or may become pregnant. Questions about reproductive status should not be listed on any 
employment form.

Employee cooperation can be improved by an informed work force which does not fear losing jobs or 
receiving lower pay as a result of informing the company of future plans.
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Elements of a Comprehensive Program 
to Confront Reproductive Hazards

A program to confront reproductive hazards must provide feasible solutions both  nancially and in the 
daily running of the departments in order to be eff ective. Th e following elements of an overall program 
will help accomplish this goal:

Integration into hazard communication program: Information and training about reproductive • 
toxins
Reproductive hazards committee• 
Control measures and policies for reproductive hazards• 

Integration into Hazard Communication Program: 
Information and Training about Reproductive Toxins

Hospitals have been regulated u nder t he OSHA Ha zard C ommunication St andard si nce August 1988. 
Th is standard requires that employers inventory the chemicals used throughout the facility and also pro-
vide health and safety information to employees. Required health and safety information includes chemi-
cal information sheets, known as Material Safety Data Sheets, and labeling of chemical containers. New 
employees must receive health and safety training before beginning work. Current employees must receive 
training before working with new chemicals and to review health and safety information as appropriate.

Identifi cation of Reproductive Toxins

Material S afety D ata Sh eets, re quired u nder t he O SHA Ha zard C ommunication St andard, s hould 
contain i nformation a bout re productive e ff ects associated with each chemical. Employees should be 
encouraged to provide copies of Material Safety Data Sheets to their physicians when they are planning 
to attempt to conceive.

Unfortunately, m any older M aterial S afety D ata Sh eets a re de  cient i n p roviding i nformation o n 
reproductive eff ects. However, up-to-date Material Safety Data Sheets include this information when it 
is available. Th e rule stipulates that up-to-date sheets be utilized in compliance with the standard.

Chemical companies and soft ware companies off er computerized Materials Safety Data Sheet sub-
scription services where the Materials Safety Data Sheets are updated quarterly. Th ese services are avail-
able for personal computer or mainframe applications. A b ene t of many of these types of services is 
that a s earch can be conducted to iden tify chemicals w ith speci c reproductive hazard data, such as 
information on teratogenicity or mutagenicity.

Technology is available to make personal computer databases on CD-Rom, available on a mainframe 
very economically.

Th e hospital community should be encouraged to utilize Material Safety Data Sheets to factor health 
and safety information into their choice of products for all applications in the hospital.

Additional Information on Reproductive Toxins

A wide variety of additional resources are available to identify reproductive toxins. Computerized liter-
ature searches can provide a variety of information. A few of the computer-based data retrieval systems 
which can provide information on occupational or environmental reproductive hazards are as follows:

REPROTOX• : an information system developed by the Reproductive Toxicology Center in Washington, 
DC.6 It provides aff ordable computerized information on potential hazards in the environment to 
human pregnancy and reproduction to members who dial a toll-free phone number.
Registry Toxic Eff ects Chemical Substances (RTECS)• : provides s tudy re sults on toxicity, a nimal 
studies, speci c paternal- and maternal-mediated eff ects, and fertility. In addition, dose levels for 
positive studies are supplied.
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Medline• : an information system developed by the National Library of Medicine, Bethesda, MD. 
Contains references from 3000 medical journals.
Toxline• : developed by the National Library of Medicine, Bethesda, MD. Contains references from 
400,000 toxicology and epidemiology studies.
On-line Catalog of Teratogenic Agents• : Central Laboratory for Human Embryology (Seattle, WA), 
database on teratogenic eff ects of approximately 2000 substances.

Many states have reproductive hazard teratogen phone information lines. Local March of Dimes chap-
ters may be able to provide assistance in locating additional services in states which are not listed. Most 
information lines only service callers from the state in which the information lines are located. Examples 
of these phone information lines are as follows:

Arkansas Genetics Program Teratogen Screening (501) 686-5994• 
Connecticut Pregnancy Exposure Information Service (800) 325-5391, (203) 674-1465• 
Colorado Teratogen Information Program (800) 322-2082, (303) 861-6395• 
Th e State of Florida Teratogen Information Service (904) 392-4104• 
Illinois Teratogen Information Service (800) 252-4847, (312) 883-7095• 
Massachusetts Teratogen Information Service (800) 322-5014, (617) 787-4957• 
Nebraska Teratogen Project (402) 559-5071• 
New Jersey Teratology Information Network (800) 441-0025• 
New York Teratogen Information Service (716) 831-2018, (716) 833-4300• 
Pregnancy Healthline (Philadelphia, PA) (215) 829-KIDS• 
Pregnancy Safety Hotline (Pittsburgh, PA) (412) 687-SAFE• 
Pregnancy Riskline (Utah/Montana) (800) 822-BABY, (801) 583-2229• 
Vermont Pregnancy Risk Information Service (800) 531-9800, (802) 658-4310• 
Washington State Poison Control Network (800) 732-6985, (206) 526-2121• 
Wisconsin Teratogen Project (800) 352-3020• 

Training

Th e initial training required under the Hazard Communication standard should contain a d iscussion 
of hazards a nd controls employees w ill encounter on t he job. Some i nstitutions have expanded t heir 
Hazard Communication training session to include nonchemical hazards and controls.

Th e Hazard Communication training program should be standardized to include a discussion of the 
lack of conclusive studies on reproductive eff ects for most chemicals and the resulting need to minimize 
all exposures as much as possible. Known or suspected reproductive toxins should be identi ed, as well 
as any protocols that have been developed to control exposures. Both male and female reproductive 
toxins should be discussed.

Training may also include details of any services provided at the hospital such as pregnancy testing, 
counseling about reproductive hazards on the job and pregnancy planning, air sampling or health, and 
safety evaluations of work areas. During the training, employees should be noti ed who to call to evalu-
ate any potential hazardous working conditions.

Reproductive Hazards Committee

Development of a comprehensive reproductive hazards policy involves extensive knowledge of the insti-
tution and technical expertise in many areas. A committee can be speci cally designed to have exper-
tise in necessary areas. Committee members can include representatives from personnel, academic and 
research departments, the safety offi  ce, representatives of each union who may be aff ected, and mem-
bers who are pro cient in toxicology and reproductive biology.

Th e committee will participate in the development of a policy and should ensure that it is feasible and 
ethical and does not contain any illegal provisions.
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Once a policy has been adopted, the committee should continue to function as a formal committee. 
If the committee has enough expertise it can classify materials as reproductive toxins. Th e committee 
can also be involved in making decisions concerning control measures to be implemented. As much 
 exibility as possible, with the participation of aff ected employees, will be of more aid in achieving rea-
sonable solutions than will deciding the solution to all circumstances in advance.

Another bene t of decision making by a committee is to allow decisions to be made using more infor-
mation and in a more reasoned manner than if the decisions were made informally by a Safety Offi  cer 
or an Employee Health Services Manager. However, contingency plans should be in the policy for deci-
sions that have to b e made immediately, i .e., to p revent imminent exposures to a p regnant woman or 
potential parent.

Control Measures and Policies for Reproductive Toxins

Designation of Current Potential Parents

Current p otential pa rents i nclude m ale a nd f emale em ployees w ho a re a ble to pa rent a c hild a nd 
are h aving rel ations w ithout u sing c ontraceptives. P regnant women a re a s eparate c ategory o f c ur-
rent potential parents. Special precautions may be necessary for current potential parents in certain 
circumstances.

Th e embryo/fetus is most susceptible to the harmful eff ects of workplace chemicals in the  rst tri-
mester of gestation while the organs are forming. However, pregnancy is oft en not c on rmed till well 
into the  rst trimester. Continued exposure may result during this time if exposures are only addressed 
once pregnancy is recognized.

Males who are attempting to parent a child may also need special precautions. Reproductive toxins on 
the job may aff ect male reproductive organs, which is oft en manifested as reduced fertility.

Spermatogonia are continuously developed during the course of the lives of adult males. Spermatogonia 
continuously develop and mature over a 73–86 day period in adult males and are susceptible to muta-
tions or other damage during this time. Birth defects or death of the conceptus and heritable changes in 
chromosomes are possible if conception occurs from a sperm which has been damaged or mutated.

Breast feeding employees may also need to take special precautions to prevent exposures to chemicals 
which could concentrate in breast milk resulting in exposure to their babies.

As Low as Reasonably Achievable Exposures to Protect 
All Employees from Reproductive Hazard

A policy which focuses only on preventing exposure to p regnant women a lone does not en sure t hat 
damage is not done to the reproductive system or future off spring of male employees, employees who do 
not know that they are pregnant, or employees who are not ready to conceive.

At this time there are few chemicals for which a NOAEL has been identi ed for reproductive eff ects. 
Exposures to chemicals which have not been adequately studied for reproductive eff ects should be mini-
mized until they are proven safe. For this reason a prudent course of action is to use substitution, engi-
neering, and administrative control to keep exposures as low as reasonably achievable (ALARA).

For example, in its criteria s tandard for a nesthetic gases, NIOSH recognized adverse reproductive 
eff ects in exposed workers and their off spring as the main health eff ect to b e prevented in developing 
exposure guidelines.7 Since a s afe level of exposure was not p ossible to de  ne, NIOSH recommended 
that exposures to anesthetic gases be kept below air concentrations which can be detected by approved 
air sampling and analysis methods.

Th ese provisions will prevent damage to the reproductive health of employees and the health of their 
future off spring. In addition, exposures to employees during unplanned pregnancies or while sperm is 
developing prior to conception will be minimized.
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Hierarchy of Control Measures to Achieve ALARA Exposures

Substitution

As with other toxic materials, substitution with safer materials is the  rst control measure to consider. 
Examples of safe substitutes for reproductive toxins are as follows:

Housekeeping supplies and pesticides are available that do not contain carcinogens or reproduc-• 
tive toxins.
Digital t hermometers a nd p ressure-sensing de vices m ay b e sub stituted f or t hose c ontaining • 
mercury.
Nonchromium-based glass cleaning materials are available to replace chromic sulfuric acid.• 
Aqueous-based scintillation cocktail is available to replace toluene-based preparations.• 
Lead-free solder is available for general use, replacing lead-tin solders.• 
Laboratory procedures generally employ t he choice of a n umber of solvents. Procedures which • 
commonly u se re productive to xins s hould b e e xamined to de termine i f a s afer sub stitute i s 
available.
Premixed or prediluted materials containing toxins should be purchased rather than diluting or • 
preparing the mixture on-site.

Hospitals should off er positive incentives to all departments to routinely research available substitutes. 
Incentives may include awards, positive publicity, and commendations. Many reproductive toxins are 
also serious environmental pollutants. Signi cant cost savings may be realized in the hazardous waste 
budget if substitutes are used rather than toxic materials.

Engineering Controls

As mentioned earlier, all exposures to potential reproductive toxins should be kept as low as reasonably 
achievable by the use of engineering controls. An industrial hygienist should investigate reports of toxic 
chemicals used without local exhaust ventilation. Some examples of engineering controls which should 
be considered to minimize exposures include:

Laboratories• . Automated, ventilated autotechnicons in the histology department are available to 
prevent the release of xylene, formaldehyde, and ethanol vapors into the lab. Leakage oft en occurs 
around the blower in old-style laboratory fume hoods which have the blower located directly on 
top of the hood. Th ese fume hoods should be modi ed so that the blower is near the roof. Alarms 
should be installed on laboratory chemical fume hoods which will alert users if the hood is not 
functioning properly.
Operating rooms• . Active scavenging systems are generally more eff ective than passive scavenging 
systems to remove waste anesthetic gases in operating rooms. Because postoperative patients may 
be exhaling anesthetic gases, recovery rooms must have suffi  cient ventilation.
Portable processes• . Special tasks that are performed in a variety of locations may generate contam-
inants (such as occasional pouring of solvents) in an area that does not have  xed local exhaust 
ventilation can be controlled using  exible ducting attached to a de dicated exhaust grill placed 
nearby t he contaminant source. However, it must be con rmed t hat t he exhaust grill does not 
recirculate the air to ot her locations in the hospital, but instead leads directly to t he roof of the 
building. Flexible ducting which has a blower on one side c an be used to remo ve contaminants 
away from employees in temporary operations (such as portable welding operations).
Pharmacy a nd nu rsing a reas• . C hemotherapeutic d rugs s hould b e m ixed i n a b iological s afety 
cabinet which has been certi ed to have correct air ow and an intact  lter. Th e cabinet must be 
recerti ed yearly and every time it is moved from one location to another.
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Animal research areas• . Animals that are administered chemotherapeutics or other toxins during 
research will excrete t hese materials in t heir urine and feces. Animal handlers can be exposed 
to t hese materials v ia skin contact or by breathing in aerosolized materials while moving bed-
ding. H igh-effi  ciency  lter-top c ages a nd me ticulous w ork p ractices s hould b e u sed i n t hese 
circumstances.

Work Practices Monitoring

Employee work practices for use of reproductive hazards and other toxins should be monitored. Training 
sessions covering s afe work practices could i nclude si mulation of work ut ilizing a  uorescent dye to 
disclose the presence of contamination on work surfaces and skin. Th e  uorescent dye can also be used 
as a disclosing medium to evaluate the eff ectiveness of work practices at minimizing exposures during 
simulation of work with toxic materials. Tubing and connections on anesthesia machines can be easily 
leak-tested prior to use with common anesthetics and an inexpensive Freon detector.

Personal Protective Equipment

Respirators

In some cases, respirators may be a useful backup for employees who are trying to conceive as long as 
appropriate measures are taken to en sure t hat exposures do not o ccur as a re sult of skin absorption. 
Disposable dust masks do not provide adequate protection against toxic materials. If used properly, half-
face air purifying respirators will lower exposures by a factor of 10. Full-face air purifying respirator can 
lower exposures by a f actor of 100. Under less t han opt imal conditions, t he actual protection off ered 
by these respirators will be reduced. In addition, respirators are uncomfortable and are generally not 
feasible for extended t ime periods. Detailed standard operating procedures, t raining, and good work 
practices are necessary to utilize respirators eff ectively.

Gloves

Surgical latex gloves are not designed to protect against chemicals. Glove manufacturers provide infor-
mation about matching gloves to speci c chemicals to be used.

Medical Removal Protection

Medical removal protection is the removal of pregnant employees or potential parents from work involv-
ing reproductive toxins. Substitution, eng ineering controls, good work practices, a nd job re design as 
well as elimination of speci c tasks will be suffi  cient to address the great majority of concerns related to 
preventing exposures in current potential parents due to a re productive hazard. Examples of circum-
stances where employees can remain in their job but avoid potentially hazardous exposures include:

In Central Processing, current potential parents can work in areas where ethylene oxide is not • 
used. Th is area should be under positive pressure to p revent potentially contaminated air from 
leaking in. As a double insurance, a Freon detector can be used to detect the presence of ethylene 
oxide when it is used in a 12% ethylene oxide, 88% Freon mixture.
In the operating rooms, current potential parents can work in pre-op or if possible in areas where • 
anesthetics are not used.
In patient-care areas current potential parents can refrain from caring for patients receiving che-• 
motherapy d rugs. Housekeeping should a lso refrain f rom handling soiled l inens, e tc., of t hese 
patients.
Female current potential parents can refrain from caring for patients who have teratogenic viruses. • 
(A good discussion of this problem is included in the chapter by Nelson and Sullivan-Bolyai.8)
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Th ere a re v ery f ew job s w here tot al job me dical remo val p rotection i s ne cessary. Usually, i nformal 
arrangements are made in each department for an employee-at-risk to refrain from certain tasks. 
Currently, these arrangements are common only for pregnant women, are rare for women attempting 
to conceive, and are almost nonexistent for men attempting to parent a child.

Mandatory Medical Removal Policies

Most litigation has found mandatory medical removal policies to be in violation of Title VII of the Civil 
Rights Act. Many employers who institute mandatory medical removal policy will provide alternative 
work i n at tempt to re duce t he i ncidence o f d iscrimination su its. M any u nion c ontractors a nd s ome 
employer policies guarantee no loss in wages, seniority, or other employment bene ts to workers who are 
reassigned due to a mandatory policy. Even with these provisions, a mandatory medical removal policy 
may incur Title VII liability. California and Connecticut have regulations prohibiting the requirement 
that any employee be sterilized as a condition of employment.9,10

Employee Requests for Medical Removal Protection

Employees w ho re quest pa rtial or f ull me dical removal protection to a void e xposures during preg-
nancy or attempts at c onception are generally in a d iffi  cult position, unless the employer agrees that 
the medical removal protection is necessary. With the exception of California, the employer is under 
no legal obligation to  nd the employee alternative work; to provide paid or unpaid leave; or to retain 
salary, bene ts, or seniority i f t he employee re fuses to w ork at a job b ecause of fear of i njury to a n 
embryo or fetus.

Th e California Fair Employment and Housing Act Section 12945 (c)(1) states:

It shall be unlawful employment practice unless based upon a bona  de occupational quali cation:
(c)(1) for an employer who has a p olicy, practice, or collective bargaining agreement requiring or 
authorizing the transfer of temporarily disabled employees to less strenuous or hazardous positions 
for the duration of the disability to refuse to transfer a pregnant female employee who so requests.

(c)(2) for any employer to temporarily transfer a pregnant female employee to a le ss strenuous or 
hazardous position for the duration of her pregnancy if she so requests with the advice of her physi-
cian where such transfer can be reasonably accommodated. Provided, however, that no employer 
shall be required by this section to c reate additional employment which the employer would not 
otherwise created, nor shall employer be required to discharge any employee, transfer any employee 
with more seniority or promote any employee who is not quali ed to perform the job.

Many h ospitals w ill at tempt to p rovide a n a lternative job w ith a c omparable s alary a nd w ill re tain 
bene ts a nd seniority when t here i s su ffi  cient staff  to p erform t asks which t he pregnant employee i s 
refraining from. Usually a letter from the employee’s private physician is required. Employees who are 
potential fathers or mothers rarely ask for or receive medical removal protection.

Compensation for Employees Receiving 
Medical Removal Protection

As mentioned earlier, medical removal protection should be an issue only when alternative measures are 
not feasible or adequate enough to protect employees during a period of temporary increased risk.

Policies which require employees who are current potential parents to remain in a job which cannot 
be made adequately safe for them to conceive and bear healthy children, or else suff er loss of job, pay 
and bene ts puts workers in an untenable position. Providing temporary pay and bene ts for workers 
who must be removed from their jobs due to the employers inability to make the job safe enough allows 
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the hospital to communicate its commitment to the health and safety of employees and their families, to 
continue the employment of valuable experienced employees and provides improved employee morale 
and loyalty in a more humane atmosphere.

Many hospitals have l ight duty programs or temporary labor pools which can provide a s ource of 
alternative work for employees who are temporarily disabled. Th ese can be a source of alternate work for 
employees on medical removal protection if comparable work is not available. If no alternative work is 
available to the employee, a layoff  or leave of absence may be necessary.

Workers’ compensation is not available as a source of compensation for workers who have been tem-
porarily removed from a job to avoid a toxic exposure.

Many hospitals off er disability bene t plans, which vary in duration and extent of coverage. When 
current potential parents are removed from a job to p revent exposure to reproductive toxins, they are 
also barred from receiving disability payments. Disability insurance is only designed to compensate 
workers who are disabled from working. Th e type of situations which could be covered depends on the 
hospital’s speci c insurance plan. Examples of situations which could be covered under hospital d is-
ability plans include

 1. Disability related to pregnancy, labor, and delivery
 2. Disability caused by pregnancy complications
 3. Aggravation of preexisting medical conditions due to pregnancy (e.g., diabetes, hypertension)
 4. Physiologic changes as a result of pregnancy which make the employee more at risk from job con-

ditions (e.g., susceptibility to heat stress, backache)
 5. Physiologic c hanges a s a re sult o f p regnancy w hich m ake t he em ployee (not f etus) mo re su s-

ceptible to h azardous exposures on t he job ( e.g., some odors might make a p regnant employee 
nauseated)

Many hospital disability plans only cover the  rst three situations listed. When an employee is disabled 
as a re sult of pregnancy, the derivative guidelines of the Pregnancy Discrimination Act stipulate that 
employers m ust t reat t he d isabled p regnant em ployee i n t he s ame m anner a s em ployees w ith ot her 
disabilities. Th e reasonableness of job modi cation, transfer, or leave must be viewed in the context of 
the hospital’s past practices regarding the accommodation of employees temporarily disabled for other 
health reasons. Generally medical leave is considered only i f the employee’s job c annot be reasonably 
modi ed.

When workers are provided with a temporary alternate job due to disability or to avoid a reproductive 
hazard, employers are not required to make up the diff erence if the salary of the temporary job is not as 
high as the employee’s permanent salary.

Because workers’ compensation a nd d isability bene ts a re not a vailable for workers who a re tem-
porarily removed f rom t heir jobs to a void e xposure to a re productive toxin, s ome c ompanies l ay off  
employees in this situation, allowing them to retain their bene ts and collect unemployment compen-
sation for a speci ed time period. Th ey are then reinstated when they no longer need special protection 
from hazards on the job.

In certain cases, unions have negotiated that employees who are transferred or on leave as a result of 
medical removal protection should remain at full salary, bene ts, and seniority until they can continue 
working.

Conclusion

Th e development of an equitable reproductive hazards policy is oft en complicated by a lack of informa-
tion on dose–response relationships and on male-mediated reproductive eff ects. A s ystematic evalua-
tion of the materials used in each department, as required under the OSHA Hazard Communication 
Standard will allow the hazards and controls as well as the need for any special precautionary measures 
to be evaluated for reproductive toxins. A c ombination of el iminating t he use of reproductive toxins 
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where feasible, keeping exposures as low as reasonably achievable at a ll times, and providing selective 
medical removal protection where necessary off ers a conservative approach to the problem until more 
information is available.
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Medical Waste Management: The Problem and Solutions

Michael L. Garvin

Introduction

During t he 1980s, t he t ask of waste management was made i ncreasingly more d iffi  cult for hospitals. 
Potentially infectious waste (PIW), generated by every hospital, clinic, and doctor’s offi  ce in the country, 
received intense scrutiny by the media and regulators. Th e main reason for this attention can be traced 
to the increase of AIDS cases in the early 1980s and the general lack of understanding of how the HIV 
virus could be transferred. Th e public became concerned that the HIV virus could be spread through 
medical waste placed in land lls. Legislation was passed that banned PIW from the land ll. At the same 
time, states rewrote de nitions thereby classifying a signi cantly larger percentage of hospital waste as 
potentially infectious.

Just as the 1980s ended with the passage of the overly comprehensive and unnecessarily costly Medical 
Waste Tracking Act (MWTA), the 1990s opened with the voice of reason in the form of a congressional 
mandated re port f rom t he A gency f or Toxic Sub stance a nd D isease Re gistry (ATSDR). Th is  report1 
concluded that PIW presents no more risk to t he environment and the public than general household 
waste. It went on to say that a hospital is better advised to focus its resources on reducing occupational 
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exposures to the waste. Th e Occupational Safety and Health Administration (OSHA) has picked up that 
theme in writing a new Bloodborne Pathogens Standard.

Hospitals and health care associations would be wise to seize this opportunity and assess waste man-
agement opt ions in t he l ight of scienti c data a nd reason. Th e objective of t his report i s to f urther a 
rational discussion on the future of PIW management.

Overview of Medical Waste

In the course of daily activities, a hospital produces waste. Some of that waste is discharged into the 
sanitary sewer system and some of it is released in gaseous form through laboratory hood vent ducts, but 
most of it is “solid waste.” Technically, solid waste comprises the largest percentage of hospital-generated 
waste and includes such waste types as general offi  ce trash, food service waste, and even the fastest grow-
ing waste type, recycled waste. In addition, solid waste includes three types of waste which fall under 
federal or state regulation: radioactive, chemical, and potentially infectious. Th ese three types of waste 
comprise “regulated medical waste.” Simply put, they are medically generated waste, which are governed 
by regulation. In the MWTA of 1988, the term “regulated medical waste” was used loosely to apply to 
those items identi ed by the federal Environmental Protection Agency (EPA) as being potentially infec-
tious. While those EPA identi ed items fall under the general term of regulated medical waste, they are 
by no means the only medical wastes regulated at the present time. Figure 24.1 shows the seven diff erent 
medical waste types of combinations, which are governed by regulations. Th e combination waste types 
will become the hot topic of future regulations.

Th e focus of this report is PIW. A review of the literature also found a number of measurement units 
for PIW generated. Th e most useful u nit of measurement i s “pounds per pat ient day” as it considers 
utilization as well as bed capacity. It is diffi  cult to provide exact statistics on how much of this waste is 
generated. Th e diffi  culty arises due to the wide range of de nitions hospitals use for PIW. Th e American 
Hospital Association (AHA) estimates that an average hospital will produce approximately 20 lb of solid 

FIGURE 24.1 Regulated medical waste.
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waste for every patient day. Of that solid waste produced, approximately 10%–12% is considered poten-
tially infectious. So on the average, a hospital would generate about 2.0–2.4 lb of PIW for every patient 
day if the facility includes only those categories of waste identi ed by the AHA as potentially infectious. 
Table 24.1 provides a comparison of which categories of waste are included in de nitions supported by 
diff erent regulatory agencies. Th e statistic most oft en quoted in the literature is that PIW comprises 15% 
of all hospital waste.

Not strongly recommended but EPA suggests that these items be considered saturated with blood as 
well as intravenous.

A study2 conducted by the University of North Carolina of 441 randomly selected hospitals reported 
the following:

Hospitals with fewer than 100 beds generated 1.5 lb per patient day• 
Hospitals with 100–300 beds generated 2.4 lb per patient day• 
Hospitals with 300–500 beds generated 2.7 lb per patient day• 
Hospitals with more than 500 beds generated 2.5 lb per patient day• 

Th e range of this data is probably due to a combination of diff erent de nitions and levels of medical care. One 
recent study of a large university tertiary care facility found that 14.8% of all waste is considered potentially 
infectious. For every patient day, 3.9 lb of PIW is generated. Th is study more accurately assesses the amount 
of PIW generated at University of Iowa Hospitals and Clinics (UIHC) relative to total waste. Depending on 
changes in PIW de nition, procedures and products purchased, the statistic may continue to be dynamic.

In a literature search, no data could be found on the impact that clinic activity has on the generation of 
PIW. With clinics playing a larger role in health care delivery, such data would be very helpful. Another 
issue is the eff ect that intensity of care has on PIW. A tertiary care hospital will probably produce more of 
this waste than a primary or secondary care facility.

Lack of Standard Terminology Hinders the Discussion of the Subject

In reviewing the literature in preparation for this report, one major observation was the lack of stan-
dard terminology used when discussing this topic. Th at p ortion of re gulated me dical waste w hich 
presents a potential infectious risk is called medical waste, regulated medical waste, biohazard waste, 
isolation waste, infectious waste, and PIW. Since it is hospital-generated waste which, if not contained 

TABLE 24.1 Comparison of Categories Included in De nitions of Infectious Waste

Types of Waste AHA CDC IOWA EPA MWTA

 1.  Microbiological (e.g., stocks and 
cultures)

Yes Yes Yes Yes Yes

 2. Blood and blood products Yes Yes Yes Yes Yes
 3.  P athological (e.g., tissues) Yes Yes Yes Yes Yes
 4.  S harps (used) Yes Yes Yes Yes Yes
 5.   (Communicable disease isolation 

CDCC Class 4)
No Yes Yes Yes Yes

 6.  C ontaminated animal carcasses No No Yes Yes Yes
 7.  O ther isolation No No No Yes Yes
 8. Contaminated laboratory waste No No No Optional (1) Yes (2)
 9. Surgery and autopsy waste No No No Optional (1) Yes (2)
10. Dialysis waste No No No Optional (1) Yes (2)
11. Contaminated equipment No No No Optional (1) Yes (2)
12. Sharps (unused) No No No Optional (1) Yes (2)
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and managed properly, “could” result in the transfer of infection, the phrase “PIW” is the most accu-
rate term.

“Regulated medical waste” has become the common phrase used by the federal EPA. If the MWTA 
is expanded this year, we may all soon be using that term. Chemical waste was called just that until the 
federal regulation started using the term “hazardous waste.”

Th e most accurate term for this waste is “potentially infectious.” Realistically, a great stride forward 
would be achieved if all parties, including regulators, would agree on either “potentially infectious” or 
simply “infectious.”

A glossary of other terms is included in Appendix 24.A.1.

Warning Symbol

For de cades, t he b iohazard s ymbol h ad s erved a s a s trong w arning t hat a s erious b iological h azard 
existed with a labeled substance. Extremely concentrated strains of biological agents as well as biologi-
cal weapons warranted the symbol. During the waste crisis, which followed the increase in AIDS cases, 
the b iohazard l abel w as adopte d f or i nfectious w aste. N ow t hat s ame s ymbol i s p lacarded o n do ors 
leading to biological weapons as well as those leading to holding areas for PIW. Th ere is absolutely no 
comparison in the degree of risk involved with the two diff erent items. Th e adoption of this symbol has 
overstated the risk involved with handling PIW while diluting the eff ectiveness of its original purpose, 
yet a suitable replacement has not been designed. If a warning symbol is to be used, a new symbol needs 
to be developed.

Defi ning PIW

In the early 1980s, the problem was that no one had properly de ned PIW. In the early 1990s, the main 
problem was that there were too many de nitions. Th is waste has now been de ned by the Centers for 
Disease Control and Prevention (CDC), the AHA, most state department of natural resources, the EPA, 
and by Congress through the MWTAMWTA. Th e se de nitions can include any or all of the following 
hospital-generated waste items:

 1. Microbiological waste (stocks and cultures)
 2. Blood and blood products
 3. Pathological waste (tissues, etc.)
 4.  Sharps (used)
 5. Communicable disease isolation waste (exotic diseases known as class 4 by CDC)
 6. Other isolation waste
 7. Contaminated animal carcasses
 8. Contaminated laboratory waste
 9. Surgery and autopsy waste
 1 0. Dialysis waste
 1 1. Contaminated equipment
 1 2. Sharps (unused)

Table 2 4.2 s hows a c omparison o f t he d iff erent PIW de  nitions. Th e m anner i n w hich t his w aste i s 
de ned directly impacts the volume generated by a facility, and volume directly relates to cost. Reports3 
have indicated that the program has increased waste disposal costs dramatically. With a s olid major-
ity of states now having PIW regulations, the MWTA is seen as a costly and needless regulation which 
hospitals, facing enough  nancial pressures, should not be required to bear.

As is the case in states such as Iowa, hospital associations and state regulatory agencies have come to 
agreement on a re asonable de nition for this waste. Th is  de nition parallels closely the CDC recom-
mendation de nition.
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 1 . Microbiological waste
 2. Blood and blood products
 3 . Pathological waste
 4.  Used sharps
 5. Class 4 communicable disease isolation waste
 6. Contaminated animal carcasses

Disposal Technology

Th e activities of the last 10 years have placed hospital waste disposal programs in a precarious position. 
As mentioned previously, the concern surrounding the increase in AIDS cases resulted in banning PIW 
from land lls. With most hospitals having easy access to an incinerator, they simply burned the waste. 
Studies2 have shown nearly 80% of all hospitals depend on incineration for disposal of at le ast part of 
their PIW. With the dawn of the 1990s, clean a ir regulations are being written on both the state and 
federal levels. Some researchers4 believe that unless these regulations are reasonable and consider the 
 nancial impact on hospitals, on-site incineration will be  nancially beyond the reach of most facilities. 
Some rural hospitals may suff er the most. One study5 indicates that air emission standards can increase 
incineration purchase and operation cost by a factor of 10.

So where will that leave facilities? Th e full impact of new air emission regulations will be felt by hos-
pitals in the mid-part of this decade. Th eir options will include

 1. Developing a hospital consortium-owned regional disposal facility
 2. Hospital or associations contracting with a commercial disposal  rm
 3. Paying for an incinerator upgrade
 4. Purchasing an alternative disposal technology

Depending on the severity of the new regulations and the particular characteristics of the hospital’s situ-
ation, any of these options could be the best option.

Option 1: Developing a hospital consortium-owned regional disposal facility. Madison, Wisconsin area 
hospitals have run a consortium-owned incinerator for 5 years. At the present time, there are very few 
of these types of facility in the country. Th e Volunteer Hospital Association of Iowa is forming a group, 
which will run a regional unit for about 20 hospitals in eastern Iowa.

TABLE 24.2 Waste Management Summary

Waste Product Annually Amount (lb)

Land ll 4,995,360
Incinerator (PIW) 946,782
Recycled cardboarda 293,350
Recycled white paper 96,000
Chemical waste 30,000
Radioactive waste 4,000
Total 6,365,492

Notes: Total amount of waste generated per patient day: 
26.3 lb.

Percentage of PIW to total waste: 14.8%.
Pounds o f PIW p er pa tient da y (bas ed o n 1989–1990 

data): 3.9 lb per patient day.
a $13.75 p er t on f or r ecycled ca rdboard a nd a voids a 

charge of $39 per ton to land ll it.
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Option 2:  Hospital or a ssociations contracting with a commercial di sposal  rm. At least for t he short 
term, hospitals and hospital associations are choosing this option. When dealing with reputable  rms, 
hospitals receive reasonable rates and favorable contract conditions. Dealing with less than reputable 
 rms or companies having a mo nopoly on such service can cost hospitals dearly. Th ere is a ne ed for 
research on the commercial disposal rates in diff erent sections of the country. Th e research could con-
sider the cost impact on rural versus urban hospitals.

Th e Iroquois Health Care Consortium based in Albany, New York is supporting the construction of a 
steam sterilization/grinding facility by Browning-Ferris, Inc. (BFI). Th e Maryland Hospital Association 
has encouraged a commercial  rm to site a large incinerator in the Baltimore area. Th e Milwaukee Area 
Hospital Council is in the process of doing the same in eastern Wisconsin.

A study6 showed that 35% of Iowa hospitals are choosing (or are forced to choose) to contract waste 
disposal to a commercial  rm for at least part of their PIW.

Option 3: Purchasing an alternative disposal technology. Hospitals which want to c ontrol advantages 
of a n on-site technology but c an no lon ger a ff ord incineration will most likely choose an alternative 
disposal technology. Th is has been the case in California, where air emission regulation has forced most 
hospitals away from incineration.

Table 24.3 shows a comparison of on-site waste disposal technologies, which provide an alternative 
to incineration.

Th e following is a discussion of alternative disposal technologies.

Steam Sterilization

Except f or i ncineration, s team s terilization i s t he mo st c ommon f orm o f i nfectious w aste t reatment 
used by hospitals. Th is technology requires that the waste be subjected to steam, in some cases under 
pressure, for a certain amount of time. Liquids produced in the process can be drained and the decon-
taminated solid waste can be placed directly in a l and l l or it can be compacted or shredded prior to 
 nal disposal.

Advantages

Th e major advantages for steam sterilization include the fact that hospitals are familiar with the tech-
nology. It has been used to t reat infectious waste in hospitals for many years and has well developed 
quality control protocols. Th e technology requires little  oor space and is simple to operate. It has one 
of the lowest “purchase” and “operating” costs of all infectious waste technologies. Steam sterilization 
produces no air pollution emission which allows for easy siting of a unit, and, when coupled with either 
compaction or shredding, the technology can reduce waste volume by as much as 80% and render the 
waste unrecognizable.

Disadvantages

Th e disadvantages of steam sterilization include the need for special waste packaging. In most cases, the 
technology requires that the waste be placed in bags, which are opened to a llow steam penetration. In 
other cases, bags “melt” when exposed to the heat steam thus requiring secondary containment. Steam 
sterilization does not re duce the consideration i f the local land ll charges by weight. Steam steriliza-
tion is also not recommended for wastes such as pathology wastes. Some studies indicate that staff  who 
work around medical waste autoclaves may be exposed to volatile organic compounds in excess of safe 
levels.

It is suggested that a hospital which chooses this technology clearly explains its plans to the condition 
of the waste when it reaches the land ll.

Purchase costs for a steam sterilization/compaction unit to service hospitals ranging from

50 to 500 beds—$50,000 to $150,000
Operating costs—2.5 to 3.5 cents per pound.
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Chemical Disinfecting/Shredding

Th e d isinfecting/shredding te chnology g rinds t he w aste i n t he p resence o f a h ypochloride s olution. 
Th e hypochloride solution disinfects the waste while the shredding process reduces total volume and 
renders the waste unrecognizable. Th e disinfectant solution is then drained from the waste and, in most 
cases, disposed of to a sanitary sewer. In some cases, pretreatment may be necessary. Th e  remaining 
solid waste can be placed in a land ll.

Advantages

Th e disinfecting/shredding technology can reduce the volume of infectious waste by as much as 80% as 
well as make the waste unrecognizable. Th e technology requires little  oor space and is simple to oper-
ate and produces no toxic air emissions.

Disadvantages

In some cases, wastewater discharged from the chemical disinfecting/shredding unit may have to be 
permitted by local water t reatment authorities. Depending on state emission standards, t he cost of a 
large u nit m ay b e a s h igh a s a sm all i ncinerator. Th is t echnology do es not re duce t he we ight of t he 
waste.

Purchase costs for a chemical disinfecting/shredding unit:

Smaller unit—$45,000
Larger unit (1500 lb per hour)—$390,000
Operating costs—6 to 10 cents per pound

Grinding/Microwaving

Th e grinding/microwave technology has been imported from Europe. It was developed by a c ompany 
in G ermany, h as h ad over 3 ye ars o f e xperience i n t hat c ountry a nd i s now i n op eration i n France, 
Switzerland, Italy, and the United States. Th e technology shreds the waste in a high-effi  ciency particulate 
air (HEPA)- ltered chamber and then subjects that waste to microwaves. Steam is ejected into the treatment 
chamber to aid in disinfection. Th is process diff ers from steam sterilization in that the heat is generated 
from the center of the waste mass.

Advantages

Th e g rinding process reduces t he waste volume by as much as 80% a nd renders t he waste u nrecog-
nizable. Th e siting process for a g rinding/microwave u nit i s g reatly simpli ed by the fact that there 
are virtually no a ir emissions for the process. Th e equipment has demonstrated the ability to be very 
reliable.

Disadvantages

Like the steam sterilization option, this technology will not reduce the weight of the waste and hospitals 
will have to provide evidence to the land ll that the waste has been disinfected. Th is technology is not 
recommended for pathology waste.

Purchase costs for a grinding/microwave unit to service hospitals ranging from

400 to 1000 beds—$375,00 to $650,000
Operating costs—smaller unit—9 to 14 cents per pound
Larger unit—5 to 7 cents per pound

Incineration: (For Comparison with Alternative Technologies)

Incineration technology uses carefully controlled high temperature combustion to destroy infectious 
waste. T here a re a n umber o f de signs a vailable w ithin t he i ncineration te chnology i ncluding 
multiple-chamber, rot ary k iln, a nd c ontrolled a ir s ystems. D evelopments i n p ollution a batement 
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hardware have brought i ncinerators i n compliance w ith t he s trictest a ir em ission s tandards, a nd, 
although not as cost eff ective as 10 years ago, waste heat recovery systems can produce energy in the 
form of steam.

Advantages

Hospitals are comfortable with incinerators. Th e technology has been the preferred choice for infectious 
waste treatment in the past. Incineration reduces both volume and weight by approximately 95%. Th e 
technology can treat all infectious waste items including pathology wastes.

Disadvantages

Because of air emission concerns, it is becoming increasingly diffi  cult to site an incinerator, especially in 
urban areas. New sophisticated designs and pollution control equipment required by many states make 
this technology have the most expensive “purchase” and “operating” costs of all technologies. New legis-
lation on ash management and required operator training is driving operating costs still higher. Public 
opposition seems to be highest against incineration in comparison to the other treatment alternatives.

Purchase costs of an incinerator which would service hospitals ranging from

200 to 1000 beds—$100,000 to $3,000,000 (depending on pollution control equipment required)
Operating costs—12 to 70 cents per pound

Table 24.4 shows the recommended disposal or treatment method for diff erent types of PIW.
A n umber o f ne w te chnologies a re c urrently u nder de velopment. G amma Wave I rradiation a nd 

Electrothermal Disinfection uses a sealed cobalt source and low frequency radio waves, respectively, to 
treat PIW. Experiments in burning the waste with lasers and melting it with a welding-type arc also are 
underway. None of these technologies are available for on-site installation.

Much of this information comes from three technology assessment reports.7–9

Regulations That Affect PIW Management

Both federal and state regulators have taken a mo re aggressive approach to o verseeing how hospitals 
manage their PIW. Attachment 7 shows the major regulation generated by the EPA for both air quality 
and solid waste management. It also details the federal and state OSHA regulation aff ecting waste man-
agement. Even though both the EPA and OSHA have had authority to p roduce regulations involving 
PIW management for over 20 years, there had not been any reason to develop rules until concern arose 
over the increase in AIDS cases.

TABLE 24.4 Recommended Methods for Disposal of PIW

Type of Waste Recommended Disposal Technology

1. Micr obiological Incineration
Disinfection and land lling (disinfection technology might involve steam, 

microwave, electrothermal, or chemical treatment)
Grinding is required by the MWTA and some state regulation

2. Blood and blood products Sewer disposal
Disinfection/solidi cation/land lling (powder is added to liquid waste—waste 

is solidi ed and disinfected)
3.  Pathological waste and 

contaminated animal carcasses
Incineration

4. S harps Incineration
Disinfection/grinding/land lling
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Summary of Recommendations

Th e public concern over the management of PIW continues to g row. Unfortunately, a rational discus-
sion is hindered by a lack of consensus on such critical issues as terminology and unit of measurement. 
Th e implementation of the following recommendations would assist in addressing these needs:

 1.  Standard T erminology—Th e ph rase “P IW” mo st ac curately de scribes t he p ortion o f me dical 
facility-generated waste, which has the “potential” of conveying disease. Further discussion and 
regulation should avoid the misnomer “regulated medical waste.”

 2.  Standardize Unit of M easurement—Th e amount of PIW generated is best measured by “pounds 
per patient day.” Th is unit of measurement incorporates both bed capacity and utilization. Such 
measurement tools as “pounds per bed” are misleading without a utilization factor.

 3.  Standardize De nition—Because it has a foundation in scienti c assessment, the de nition rec-
ommended by the CDC should be accepted as standard. Such a de nition would include:

 a . Microbiological waste
 b. Blood and blood products
 c . Pathological waste
 d.  Used sharps
 e. Class 4 communicable disease isolation waste
 f. Contaminated animal carcasses

Further s tate a nd federal regulation should acknowledge t his s tandard a nd not ne edlessly add 
 nancial burden to health care facilities.

 4.  Need for Further Research—More research needs to be conducted concerning who is most aff ected 
by PIW regulations. One study9 indicates that when regulation increases waste volumes and/or 
limits d isposal te chnology, sm aller r ural hospitals a re mo st ne gatively a ff ected. A survey con-
ducted by the Iowa Hospital Association found that of the 37 hospitals, which have contracts with 
disposal  rms, seven state that they had only one  rm to provide such a s ervice. More research 
needs to be done on the impact of including doctors’ offi  ces under regulation as well as the impact 
of health care’s shift  from inpatient to outpatient services.

Armed with the data such research would provide, hospitals and hospital associations could 
strengthen their communication with state and federal legislators. Should there not be air emis-
sion in standard exemptions for small or rural facilities? Should a 1 ton-a-day incinerator in rural 
Iowa be required to have the same pollution equipment as a 200 ton-a-day unit in Los Angeles?

Knowing now that land lling PIW does not pose an environmental risk, would it not be pru-
dent to allow small generators, such as doctors’ offi  ces, clinics and small hospitals, to once again 
land ll that waste as long as occupational risks while transporting are addressed?

 5. Review of Management Practices—Hospitals, i n a greement w ith OSHA a nd ATSDR a ssertions 
that PIW constitutes an occupational hazard, need to fully address that hazard. Hospitals should 
conduct comprehensive reviews of their waste management programs in light of the new safety 
standards. Complete assessments of waste separation, packaging, handling, and disposal proce-
dures need to be made. Hospital product evaluation and safety committees need to design cost/
bene t analyses on new safety-enhancing products such as sheathable syringes, sharps disposal 
boxes, and powders that disinfect and solidify potentially infectious liquid waste. Th e present cost 
of treatment for sharps injuries and other PIW exposures needs to be assessed.

 6.  Implementation of W aste Reduction P rogram—Hospitals c an re duce t he a mount of w aste gen-
erated. Medical supply manufacturers should be requested to p rovide products and packaging, 
which can be recycled or which lend themselves to “low polluting” incineration or biodegrada-
tion. In addition, hospitals can encourage practices, which shift  waste f rom the disposal to t he 
recycle bin. Th e state of Iowa requires that 50% of all waste generated be recycled trash by the year 
2000. Th is will not happen without waste reduction.
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Th e standardization of PIW terminology, units of measurements, and de nitions can only hasten the 
resolution of this waste management problem as it assists facilities in evaluating current programs and 
deciding on cost eff ective options for the future.

Appendix 24.A.1

Recommendations for Standardized Medical Waste Terminology

Airborne Waste—particles and gases discharged to t he a ir by way of an incinerator stack or a f acility 
exhaust  ue.
Biohazard Waste (Biological Waste)—oft en used synonymously with infectious waste. Traditionally, the 
term was applied to waste with very high concentrations of infectious agents. Such waste might be found 
in research or clinical laboratory settings as well as biological defense installations.
Chemical Waste—any waste which includes toxic substances as de ned by the EPA.
Disinfection—a reduction of populations of disease-producing microorganisms. PIW regulation requires 
that the waste be disinfected but not sterilized.
General Waste—waste categories such as offi  ce and food services trash, which present no potential haz-
ard and require no special handling procedures.
Hazardous Waste—term used by the EPA to refer to any waste, which may pose a hazard to humans or 
the environment. Th e term is used synonymously with “chemical waste.”
Infectious Waste—a slig htly lo oser t erm tha n “PIW” b ut is us ed syno nymously. Th e term “infectious” 
incorrectly implies that the waste has b een positively identi ed as ha ving the ca pability of transmitting 
infection.
Isolation Waste—all waste generated by a patient, who has been placed on isolation precautions.
Medical Waste—oft en incorrectly used as a term for “PIW,” medical waste is simply all waste generated 
by a medical facility.
Pathological Waste—waste generated by pathological services usually containing tissue, gross specimen, 
and limbs.
PIW—the most accurate term for waste, which has the “potential” for transmitting infectious. Th e term 
is used synonymously with “infectious waste.”
Radioactive Waste—waste with radioactive properties greater than normal background radiation level.
Regulated Medical Waste—waste generated by a me dical facility, which are subject to re gulation. Th e 
waste includes radioactive, chemical, and potentially infectious. Th e term has been used by the EPA to 
refer to PIW.
Sewage—general term used to refer to all waste discharged into a sanitary sewer.
Solid Waste—de ned by state and federal regulators as all wastes generated by a facility, which are dis-
posed of by any means except discharge to the air. Th e term includes wastes placed in land lls and waste 
incinerated but not waste discharged from an exhaust  ue or an incinerator stack.
Sterilization—the complete destruction of microbial life.
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Emerging Trends in Infectious Waste Management

Herb B. Kuhn and Elaine Peters

Introduction

Th e su mmers of 1987 a nd 1988 produced some g raphic a nd d isheartening sig nals of t he solid waste 
problems plaguing the United States. Th e  oating garbage barge and the Eastern shore washups of com-
mercial and residential waste were, according to m any, the symptoms of a s ociety grappling with the 
inevitable eff ects of its throwaway habits. In an August 30, 1988 editorial, Th e Washington Post stated 
that the problems of improper disposal of solid waste are not c on ned to “ just a f ew v iolators. It is a 
country of 246 million people who have never been very tidy in throwing out their trash.”

Unfortunately, some of these washups contained medical waste. Pictures of syringes, test tubes, and 
other medical waste played nightly on t he nat ional news, and coupled w ith t he public’s growing fear 
of AIDS, these events brought new demands for stringent regulation of the health care waste stream. 
While many of the incidents were later linked to small clinics typically exempt from regulation, most of 
the attention focused on hospitals as the largest generators of medical waste.

Although it is clear that some improvements in the waste management system are indeed needed, it 
has also become increasingly evident that the policy process is being driven by the public’s perception 
that medical waste poses a sig ni cant health r isk. Th ese concerns, however, have not b een borne out 
by scienti c and epidemiologic evidence. In addition, there appears to be new attention to the esthetic 
character o f w aste d isposal—whether o r not i t p oses a r isk. Th e t hreatening app earance o f me dical 
materials has prompted calls for special handling of much of the health care waste stream.

Most policy makers agree that the medical waste issue will not be resolved until the larger problem 
of solid waste management is adequately addressed. However, moved by reports of poor handling of the 
medical waste stream, various political subdivisions—from localities to states to the federal government—
have b egun t he p rocess o f re quiring s pecial h andling o f not o nly w hat w as t raditionally c onsidered 
infectious, but also other disposable materials found in the medical setting. While several states have 
successfully addressed this issue in an atmosphere that has led to reasonable and appropriate regulation, 
others h ave enac ted u nnecessarily b urdensome a nd c ostly s tandards. A lthough t he i mplications f or 
federal regulatory activity are still being played out in Congress and the executive branch, it is clear that 
hospitals may face signi cant changes in waste management requirements over the next few years.

Protecting the public is the preeminent goal of the health care industry. A hospital’s mission is to care not 
only for its patients, but also for the community at large. However, policy makers and health care managers 
need to  nd a balance—a balance between protecting the public health and the environment while ensuring 
the wise use of scarce health care resources. In an era of cost containment, it is critical that any new stan-
dards be grounded in scienti c evidence of need and that costly regulation of benign waste be avoided.

Th is section examines the political and regulatory environment in which states and the federal gov-
ernment are regulating medical waste. It a lso looks at p roblems involved in building a c onsensus on 
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waste de  nitions a nd d isposal me thods a nd e xamines t he d iff erences bet ween occ upational a nd 
community r isks. It d iscusses why hospitals should have a s trong and meaningful infectious waste 
program in place and looks at some of the trends the health care  eld may encounter in the future.

Historical Activity in Regulating Infectious and Other Medical Waste

To u nderstand t he c urrent p olitical a nd re gulatory environment, i t i s helpful to e xamine how m an-
agement of medical waste has evolved over the last two decades. In the mid-1970s, growing concerns 
about the environment led Congress to enact a broad blueprint for managing solid waste, known as the 
Resource Conservation and Recovery Act (RCRA), P.L. 94–580. RCRA gave the EPA broad authority to 
regulate “cradle-to-grave” management of those wastes it identi ed as hazardous. Included in the list 
of materials that might be deemed hazardous was waste with infectious characteristics. However, EPA 
never issued  nal regulations for the management of infectious wastes, citing the need for and apparent 
lack of “considerable evidence that these wastes cause harm to human health and the environment.”

Instead, EPA opted to develop guidance materials in response to the numerous requests for informa-
tion on infectious waste management. In 1982, the agency published a Draft  Manual for Infectious Waste 
Management, w hich w as sub sequently re vised a nd up dated i n 1986 a s t he EPA Gu ide fo r I nfectious 
Waste Management. Th e EPA Guide provided technical advice on waste segregation, packaging, storage, 
transport, treatment, and disposal. Most important, it recommended that six basic categories of waste 
be designated as infectious:

Cultures and stocks of infectious agents and associated biologicals• 
Contaminated sharps• 
Human blood and blood products• 
Pathological waste• 
Contaminated animal carcasses and bedding• 
Isolation waste• 

In addition, EPA identi ed a broad “optional” category of miscellaneous contaminated wastes, re ect-
ing a l ack of consensus on t he need for special handling of a n umber of ot her materials. Th e agency 
recommended t hat e ach f acility m ake i ts own de termination o f w hether t hese m iscellaneous w astes 
should be designated as infectious, including, for example, surgery and autopsy wastes, laboratory and 
dialysis wastes, and contaminated equipment. Th us, while the recommendation allowed for  exibility in 
designating a waste management program, it also left  some doubts about the types of waste that should 
truly be considered infectious.

Th e picture was further complicated by the parallel development of waste handling guidelines by the 
federal CDC. Issued i n 1985, t he CDC g uidelines de ned i nfectious waste somewhat more na rrowly 
than EPA. Th e CDC called for four basic infectious waste categories: cultures and stocks of infectious 
agents; contaminated sharps; blood and blood products; and pathological waste. Isolation wastes were 
not included in the CDC guidelines nor were the EPA’s optional groupings. Rather, the guidelines sug-
gested t hat “prudent ha ndling” of t hese wa stes wa s adequate a nd t hat i ndividual i nstitutions should 
devise their own handling procedures.

Th us, federal guidance in the early 1980s provided hospitals with a fair amount of  exibility in devis-
ing waste management strategies— exibility that most experts and health care managers found desir-
able, pa rticularly i n l ight o f t he l ack o f s cienti c e vidence i mplicating hospital w aste i n c ommunity 
disease. However, it is important to note that because neither the EPA document nor the CDC guidelines 
represented formal regulatory requirements and because there was not complete agreement between the 
two agencies on waste de nitions, hospitals and state governments were left  w ith an unclear message 
about the appropriate approach to take with infectious waste.

In this uncertain environment, state governments took divergent paths in regulating hospital waste 
practices. Some chose to do not hing at a ll or to de velop minimal guidance, while others promulgated 
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extensive regulations that vastly expanded the de nition of infectious waste. As a result, although most 
institutions were very conscientious about following the basic CDC guidelines, the treatment of infec-
tious waste varied considerably across the country. For example, using the CDC guidelines a hospital 
could expect to classify from 5% to 10% of its waste stream as infectious, while some state laws meant 
that up to 7 0% of waste required special handling. Without clear guidance from federal agencies and 
oft en lacking adequate local expertise, many state regulators chose to err on the side of “safety,” and in 
the process, established new and sometimes unnecessary standards for waste management.

Interestingly enough, state activity in infectious waste regulation seemed to run counter to the pre-
vailing t rend in environmental regulation. In other areas, states seemed content to m imic or enforce 
federal environmental programs. However, a recent study by the Council of State Governments (CSG) 
(1988) notes that states have created a set of standards for infectious waste management “in the process 
of meeting the public’s demand for protection.”

Demand for Protection

Th is “demand for protection” came to light in 1987, when scattered reports of improper medical waste 
disposal  rst surfaced in the media. Particularly frightening was an incident in Marion, Indiana, where 
children were found playing with v ials of blood left  i n the dumpster of a ne arby clinic. When testing 
showed that some of the samples were positive for the AIDS virus, public concern escalated. Meanwhile, 
less dramatic but equally troublesome pressures were prompting states to reexamine their waste regu-
lations. Local land ll space was shrinking rapidly in many regions, leaving fewer options for disposal 
and forcing hospitals to opt f or expensive transport of waste out-of-state. Th ose states receiving waste 
for land  lling began to e xpress concern over the lack of controls regarding treatment and transport. 
Moreover, many land lls that had previously accepted health care waste now shunned hospital business, 
fearing that workers could contract AIDS from contaminated patient care materials. Even treated waste 
was suddenly rejected by some fearful disposal workers.

Th ese developments accelerated the pace of state regulatory activity. A 1988 survey conducted by the 
CSG reported that 88% (39) of all states were regulating or were planning to regulate infectious waste, 
compared to only 57% (27) in 1986. A su rvey conducted by the AHA’s State Issues Forum in October 
1988 found that 23 s tates anticipated additional legislative or regulatory action on infectious waste by 
the end of 1989.

Some distinct patterns have emerged in state regulation, including a tendency to remove infectious 
waste f rom t he l ist of hazardous wastes and create either a s pecial waste category or to re gulate it as 
nonhazardous. In addition, a majority of states are now requiring, or indicate an intent to require (56%), 
infectious waste to be treated prior to disposal, either by steam sterilization or incineration. Seventy-two 
percent of these states indicated in the CSG study that incineration is recommended as the preferred 
method.

Another i nteresting development i s t he g rowing number of s tates t urning t heir at tention to sm all 
waste generators. Studies by CSG and the National Solid Waste Management Association (1986) found 
that approximately h alf of a ll s tates l ist do ctors, dentists, a nd veterinary c linics a s gener ators, w hile 
three-fourths include health care c linics. However, t he dominant focus of regulation continues to b e 
hospitals as the largest generators of infectious waste.

Federal Reaction

Th e events of 1987 also prompted reaction in Congress and at the EPA, although initially at a somewhat 
slower pac e t han at t he s tate le vel. A lthough RCRA had been re authorized t wice si nce 1976, no re al 
action on infectious waste was taken by Congress until the fall of 1987. Following media reports, numer-
ous bills were introduced calling for federal regulation of infectious and medical waste and in October, 
27 Senate members sent a letter to EPA Administrator Lee Th omas urging him to implement a manifest 
system for the tracking of medical waste. Although subsequent congressional hearings were held on the 
issue, no new initiatives were approved before the close of the year.
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Meanwhile, EPA responded to t hese new concerns by convening a meeting of experts in November 
1987 to again wrestle with the issues of de nitions, proper management techniques, and the risks posed 
by infectious waste. In a report made available to t he public, the expert panel concluded that commu-
nity exposures to infectious waste were isolated incidents and that the primary risk associated with the 
health care waste stream was occupational. Th e panel recommended that EPA direct its eff orts toward 
the development of guidance documents and public education.

However, t he summer of 1988 t ransformed t he political environment surrounding t he health care 
waste issue. New washups of residential and commercial waste—some containing medical materials—
forced closings of Eastern shore beaches at t he height of t he tourist season, creating severe economic 
hardships for many beach communities. Th e nation’s solid waste dilemma reached the cover of several 
national news magazines as reports of washups  ltered in from other parts of the country, including the 
Great Lakes and the Gulf of Mexico. While many of these incidents appeared to be linked to a few small 
clinics, hospitals—because of the volume of waste they generate—became the central focus of renewed 
political activity.

Th e Senate mobilized support  rst, approving a me asure on August 3, 1988 calling for the creation 
of a demo nstration program for the tracking of medical waste in the states of New Jersey, New York, 
and Connecticut, where the most serious problems have arisen. Spearheaded by Sen. Frank Lautenberg 
(D-NJ) and endorsed by EPA, the legislation de ned medical waste quite broadly and gave EPA broad 
discretion on the types of waste to b e included in the tracking system. Th e bill also sought to exempt 
small quantity generators from tracking requirements, over the objections of many experts.

Meanwhile, the House moved a similar measure on a more deliberate track. In early September, the 
Transportation, Tourism, a nd Ha zardous Materials Subcommittee began consideration of legislation 
originally introduced in October 1987 by the subcommittee’s chairman, Rep. Th omas Luken (D-OH). 
Th is measure went through several iterations, moving from a v ery prescriptive, nat ional program for 
the management of infectious and other medical waste to a limited demonstration program for tracking 
medical waste.

Th e House demonstration program became t he i nitiative t hat u ltimately was sig ned i nto law on 
November 1, 1988 (P.L. 100–582). P.L. 100–582 established 2 years demonstration program for track-
ing and handling medical waste in 10 states—New Jersey, New York, Connecticut, and the states bor-
dering the Great Lakes. Th e law identi es 10 categories of medical waste that must be tracked (both 
the recommended and optional categories designed in the EPA Guide for Infectious Waste Management). 
It permits EPA to exclude the “optional” category wastes from the list if a  nding is made that they 
do not pose a hazard to human health or the environment. However, by explicitly listing categories, 
Congress created substantial pressure for EPA to i nclude all the groupings in the demonstration pro-
gram, r aising c oncerns t hat i nappropriate w aste de signations w ould b e e stablished i n re gulations 
and practice.

Th e program must begin 9 months aft er enactment, and states have the option of withdrawing from 
the program (although coastal states must have a state program that is no less stringent than the federal 
program in order to exercise this option). Likewise, states not listed to participate in the program can 
petition to be included in the demonstration. Th e law also gives EPA the authority to exempt generators 
of 50 lb or less of listed waste per month. States have the authority to bring enforcement action against 
anyone who imports medical waste into a state that does not comply with the provisions of the bill.

Th is new law contains two additional points that are worth noting because of the standard they may 
set for the future. First, generators who incinerate on site are exempted from tracking. In other words, if 
medical waste is rendered unrecognizable at the point of generation, special handling in terms of track-
ing i s not re quired. S econd, t he legislation c alls for t hree s tudies—two i nterim a nd one  nal report. 
Th ese interim reports are particularly critical because they will provide Congress with early informa-
tion on t he suc cess o f t he program a nd d ata on w hich to m ake f uture le gislative re commendations. 
Accordingly, the health care industry should not assume Congress will wait for the conclusion of the 
demonstration program before moving to address this issue again.
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Such movement seemed likely in late 1988, inasmuch as the 101st Congress was preparing to consider 
reauthorization o f R CRA. Th e S enate E nvironment a nd P ublic Works Sub committee o n Ha zardous 
Wastes and Toxic Substances, under the chairmanship of Sen. Max Baucus (D-MT), held hearings in 
late September 1988 on this eff ort. On September 9, Sen. Baucus introduced his RCRA reauthorization 
bill (S.2773, the Waste Minimization and Control Act of 1988), which contained one section on infec-
tious waste management, requiring the segregation, packaging, treatment, and transportation (includ-
ing manifesting) of this waste stream. Th e timing of RCRA reauthorization seemed especially signi cant 
because of its potential as a vehicle for requiring a nationwide program for medical and infectious waste 
management. Given congressional dissatisfaction with the patchwork approach of state regulation and 
federal guidance, such a program appears imminent.

Although much of EPA’s response to the events of 1988 seemed destined to be driven by congressio-
nal action, the agency also appears to be stepping up its own eff orts to reduce the confusion around the 
infectious/medical waste issue. In June 1988, EPA published a request for public comment in the Federal 
Register, seeking input on  ve major issues:

Appropriate de nition of infectious waste• 
Nature of the problem posed by such waste• 
EPA’s role in infectious waste management• 
Need for a tracking system for infectious waste• 
Exemptions from an infectious waste control program• 

Of particular interest in the responses EPA received was the lack of any evidence presented by the com-
menters suggesting t hat properly handled i nfectious waste poses a p ublic health problem. However, 
many of t he re spondents went on to c all for a re conciliation of w aste de  nitions b etween E PA a nd 
CDC, and some suggested that a model regulatory program was needed to avert unnecessary and con-
fusing regulation at the local level. Th e majority of commenters agreed that the greatest concern posed 
by infectious waste was the potential for occupational exposure of health care workers and waste han-
dlers. Th e response appeared mixed on whether small-quantity generators should be exempted from 
regulation, and a number of commenters appeared to feel that hazardous waste manifesting systems 
would be too complicated for infectious waste, although a simpler state-administered program might 
be acceptable.

In late summer of 1988, EPA created an agency-based Medical Waste Task Force and charged it with 
coordinating activities on infectious/medical waste. Th us, the agency seemed poised to assume a federal 
leadership role in the infectious waste controversy. However, a number of issues continue to loom as 
obstacles to a more rational approach to waste management.

Solving the Problem: The Struggle over Defi nitions and Risks

In looking toward the development of a c oherent national program on infectious waste management, 
the biggest obstacle facing hospitals and regulators has been the lack of a consistent and rational de -
nition of infectious waste. Historical d isagreements have recently been complicated by congressional 
interest in requiring special handling of a broader category of “medical waste”—items that may not pose 
a risk of infection but are viewed as special because of their threatening or distasteful appearance. While 
all health care waste should be handled prudently, the high cost of infectious waste disposal (exceeding 
that of municipal waste disposal by as much as 50-fold) suggests chat this additional expense should be 
justi ed by evidence of the need for greater disease prevention and environmental protection.

In its 1988 request for public comment on the infectious waste issue, EPA cited its de nition of infec-
tious waste as “waste capable of causing infectious disease” (emphasis added). Th e agency correctly went 
on to identify  ve factors that contribute to the risk of introduction of a disease. Th e se include

Presence of a pathogen• 
Suffi  cient virulence• 
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Dose of the pathogen• 
Portal of entry• 
Resistance of the host• 

Unfortunately, this requisite chain of infection sometimes has been obscured by the tendency of most 
individuals to equate the presence of a pathogen with infectious waste. However, the presence of a 
pathogen alone is not s uffi  cient to re present a r isk of infection. All environments (except those main-
tained under sterile conditions) harbor some population of pathogenic microorganisms. What has been 
diffi  cult for the public and legislators to grasp is that all the factors cited by EPA must be present simul-
taneously for disease transmission to occur.

In practical terms, individuals seeking a workable de nition of infectious waste generally look to spe-
ci c categories or types of waste. Although this approach is more simplistic, it can result in a tendency 
to de-emphasize a ll  ve factors in the chain of reaction. Th erefore, it is essential that care be given in 
designing programs based on waste source or type and that waste designations be based on a reasonable 
assessment of risk.

A review of scienti c literature shows that there has been no epidemiologic evidence of disease trans-
mission in the community from improper handling or disposal of hospital waste, excluding the occu-
pational risk associated with sharps (W. Rutala, oral communication, 1988). Th is   nding is supported 
by the experience reported in a 1988 AHA survey of a random sample of U.S. hospitals. However, there 
are valid reasons for requiring special handling of the four basic waste categories traditionally endorsed 
by CDC: contaminated sharps, cultures and stocks of infectious agents, blood and blood products, and 
pathological waste.

Th e A HA h as c onsistency supp orted s pecial h andling for t hese c ategories, a lthough t he r ationale 
for doing so varies according to t he degree of risk posed by each grouping. Two of these categories—
contaminated sharps and cultures and stocks of infectious agents—represent the greatest risk of injury 
or transmission of infection from mismanagement or improper disposal, and although the risk is pri-
marily occupational, strict adherence to disposal guidelines should be ensured. Sharps (e.g., needles 
and scalpels) have been associated with injury and disease transmission in occupational settings (e.g., 
hepatitis B a nd human immunode ciency virus infection). However, the risk is believed to b e related 
to their recent contamination with suffi  cient quantities of pathogenic material (usually blood) and the 
provision of a portal of entry into a host through punctures or cuts.

Cultures a nd s tocks of i nfectious a gents p ose a p otential r isk due to t heir heavy c oncentration of 
biological materials and the fact that they usually are in glass containers that, if broken, become con-
taminated sharps. However, while sharps present a re al occupational hazard, t he environmental r isk 
that they pose, if disposed of properly, is negligible.

Th e two remaining categories, blood and blood products and pathological waste, are not associated, 
epidemiologically or microbiologically, with infectious disease transmission but are still perceived by 
the p ublic to p ose a sub stantial r isk o f h arm. To rem ain re sponsive to c ommunity c oncerns a nd to 
acknowledge the “learning curve” that must be realized through public education, AHA has supported 
the continuing inclusion of these categories in the de nition of infectious waste. It should be stressed, 
however, that adherence to prudent management practices at the point of generation should be suffi  cient 
to prevent disease transmission from these two waste categories. Although blood and blood products 
can present an “occupational” hazard, particularly in the presence of sharps (a portal of entry), they do 
not in themselves present an environmental risk, because of the fragility of viruses and other organisms 
once away f rom t he body. Pat hological wastes generally present a h azard to t he public only f rom a n 
emotional or esthetic point of view, and thus their prudent handling and disposal are adequate.

As alluded to a bove, there are diff erent risks found in the occupational setting and in the environ-
ment. Th e se diff erences are sometimes diffi  cult to u nderstand but are central to identifying appropri-
ate waste management practices. Th e recent emphasis in health care settings on the use of “universal 
precautions” for contact w ith blood a nd body  uids of all patients should not be allowed to confuse 



24-18 Handbook of Modern Hospital Safety

the i ssue. A lthough t he concept of u niversal precautions regards blood a nd certain body  uids from 
all patients as potentially infectious, these precautions are designed to prevent occupational exposure 
of mucous membranes a nd non-intact s kin to blo odborne d iseases. A s suc h, ba rrier precautions a re 
employed in the health care setting, where the risk of such exposure is intense and frequent. Once waste 
is properly contained, and in the absence of gross negligence by the waste handler, two essential factors 
for disease transmission are no longer present—mode of transmission and portal of entry. In addition, 
once blood and other  uids are away from the body, a su itable environment is no lo nger available for 
most pathogens to thrive.

For these reasons, many experts feel that isolation wastes and any other waste potentially contami-
nated with blood and body  uids (e.g., surgery or dialysis waste) should not be classi ed as infectious. 
Studies quantifying t he microbial load associated with waste f rom diff erent sources, such a s surgical 
suites or intensive care units, have found that this waste is no more contaminated with microorganisms 
than household waste. Indeed, a study by Kalnowski et al. (1983) found that hospital waste was anywhere 
from 10 to 10,000 times “less” microbially contaminated than household waste. However, in the current 
political environment, hospitals may be faced with demands to follow special procedures for a greater 
percentage of their waste stream.

Treating Health Care Waste

In addition to ongoing concerns about appropriate waste designation, many hospitals increasingly have 
expressed c oncern a bout t he d iminishing r ange o f d isposal opt ions. Availability o f s anitary l and ll 
space has decreased dramatically in the last few years, forcing many hospitals to ship their waste hun-
dreds or thousands of miles across the country. Moreover, trends in state and federal activity suggest 
that land lling, particularly of untreated waste, is falling out of favor. Because the r isks of infectious 
wastes are primarily occupational, if properly packaged, disposal in a sanitary land ll has been consid-
ered acceptable in a n umber of states. Increasingly, however, t reatment of a ll waste by autoclaving or 
incineration is being recommended or required to reduce or eliminate pathogens.

Despite t he g rowing em phasis o n w aste t reatment, m any h ospitals h ave en countered re gulatory 
restrictions on the use of on-site incineration. Con icting and excessive permit requirements at the local 
level have threatened hospital incineration capability in some areas—a troubling development given the 
effi  cacy o f i ncineration i n de stroying pat hogens a nd rendering w aste u nrecognizable. C onsequently, 
there is a signi cant need for guidance on appropriate standards for treatment methods that can ensure 
the safe and eff ective operation of technology without further constraining disposal options.

Th e g rowing dem and for s pecial h andling c annot b e me t w ithout at tention to i mproved te chnol-
ogy a nd ne w d isposal a lternatives. Unfortunately, l ittle le gislative energ y to d ate h as focused on t he 
development of long-term management strategies. Hospitals and other generators must press for invest-
ment in technology research and testing if economical options are to be available over the next several 
years. Renewed interest in waste minimization techniques and recycling may also off er possibilities for 
improved management of general municipal and health care waste streams.

Tracking Infectious Waste

Although greater use of on-site treatment may lessen the need for off -site transportation and thus low-
ering the potential for mishandling of waste, considerable attention is currently being given to m ani-
festing a nd t racking s ystems for i nfectious waste. St ate i nvestigators have been repeatedly f rustrated 
by their inability to track the violators responsible for ocean dumping. In an attempt to prevent future 
breaches of waste disposal, regulators have focused on the manifesting model used for following hazard-
ous chemical and radioactive waste.

Th e value of applying this model to i nfectious waste seems questionable. Unlike hazardous waste, 
infectious w aste p oses l ittle r isk to t he en vironment, a nd a ny a ssociated r isk r apidly d iminishes 
with time. While radioactive waste may be of concern for several decades, the primary concern with 
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infectious materials is in the occupational setting. Moreover, questions have been raised about whether 
tracking is likely to prevent the infrequent occurrence of gross negligence by unscrupulous waste haul-
ers a nd w hether i ts u se i s l ikely to f urther d iminish t he a lready small r isk of d isease t ransmission. 
Indeed, i t i s p ossible t hat i mplementation o f a c omplex t racking s ystem m ay c ause sig ni cant new 
problems f or gener ators, h andlers, a nd re gulators w ithout re cognizable b ene t a nd at c onsiderable 
increased expense.

Nevertheless, C ongress a nd s ome s tates h ave s hown s trong i nterest i n m anifesting a s a me ans o f 
addressing the infectious waste issue. Hospitals should anticipate the likely implementation of some sort 
of waste tracking for treated and untreated infectious waste as well as some “medical” wastes.

Beyond Hospital Doors: Small Generators of Infectious Waste

Although improvements may be made in hospital waste management, it seems unlikely that the overall 
issue of infectious waste can be resolved without attention to small quantity generators. While Congress 
has been reluctant to regulate these generators, the explosion of out-of-hospital care has made the actions 
of these facilities more signi cant than ever. Given that some of the widely publicized incidents have 
been linked to doctors’ offi  ces and clinics, it is even more imperative that these sites follow appropriate 
waste-handling practices.

Th e volume of waste from small quantity generators is diffi  cult to estimate, but the scope of the prob-
lem may be projected by even a cursory look at t he number of facilities under consideration. Drawing 
from 1985 d ata, 13,200 f reestanding laboratories, 180,000 private physicians’ offi  ces, and 98,400 pri-
vate dentists’ offi  ces should observe proper infectious waste management guidelines. By 1986 estimates, 
approximately 2900 outpatient clinics and 16,400 nursing homes generate medical waste. And in 1987, 
there were approximately 650 ambulatory surgery centers and 860 freestanding dialysis centers. Th ese  
 gures do not c apture a ll o f t he h ealth c are f acilities a nd h ome c are s ettings t hat gener ate me dical 
waste—a number that is certainly growing with the shift  in emphasis to outpatient care. Th ese  facilities 
together represent a signi cant population of generators.

Th e small generator issue is important if a consistent and rational approach to waste management is 
sought by the health care industry and the public. If the determination of potential infection is truly 
based on scienti c, epidemiologic evidence, presence of risk alone should be suffi  cient to require con-
sistent management controls, regardless of the setting. the realization that infectious waste should be 
handled consistently should create greater incentives to develop cost-eff ective alternatives for waste dis-
posal and monitoring that can ensure wise use of scarce resources.

Conclusion

Trends in the management of infectious waste are coming into sharper focus. Despite the lack of evi-
dence documenting a re al community and environmental risk, and a c all by waste management pro-
fessionals f or add itional e ducation r ather t han re gulation, C ongress i s c ertain to c ontinue a sserting 
its authority into the picture. As the surveys reviewed earlier indicate, states will continue to move to 
address this issue regardless of federal activity.

But w ill t hese new a nd intensi ed eff orts—particularly eff orts a imed at re quiring t he t racking of 
medical waste—provide solutions to t he problems of improper dumping of medical wastes? A h igh-
ranking EPA offi  cial has stated that tracking may keep a lot of medical waste out of dumpsters, but it 
will not halt the washing ashore of such waste. Th is same offi  cial felt that tracking provides no guar-
antees that medical waste will not show up on beaches in the future. Th is could particularly be true if 
Congress, as with many states, exempts certain small-quantity generators from prudent management 
practices.

Further compounding hospital managers’ eff orts to deal with infectious waste management is the push 
for broader designation of waste categories for special handling. No longer are regulators, lawmakers, 
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and the public talking about “ infectious waste” and the risks posed by those wastes. “Medical waste” 
is the operative term—a term that could ultimately become synonymous with a health care facility’s 
entire waste stream. As pointed out at the beginning of this section, such de nition could lead to costly 
regulation of benign waste.

Finally, the possibility that new and additional regulation could lead to dramatic constraints on (or 
even obsolescence of) te chnology i s a v ery re al, s erious t rend. Th e i rony i s t hat such re gulation a lso 
could lead to new problems. For example, the Offi  ce Technology Assessment, an analytical agency that 
serves Congress, contemplated in an October 1988 report that new air pollution controls would lead to 
more off -site treatment of waste. Th is, in turn, could mean more ground transportation of waste, thus 
increasing t he p ossibility of i llegal c ontractor dumping or spills. W hile t he c omplete environmental 
picture must be considered, a balance must be found.

Policy makers need to understand the risks posed by infectious waste and fully understand the prob-
lem before any rational policy can be adopted. Unfortunately, the eff ort to ensure such an objective view 
is and will continue to be clouded by news headlines and emotional reactions.

One report observed that of the 2000 items of medical waste found in 1988 on beaches in the New York 
area, all could  t into six shopping bags. Th is compares to New Jersey, where the state removes 26,000 tons 
a year of solid waste discarded by beach users. Th is comparison obviously provides little comfort to beach 
users or others who may come in contact with medical waste, but nevertheless represents an important 
illustration of the extent of the problem and the need for a reasonable, rational response.

Hospitals have a le gal and ethical responsibility to en sure safe handling of infectious materials. In 
addition, t he h ospital role i n c ommunity h ealth u nderscores t he ne ed f or a s trong c ommitment to 
appropriate w aste m anagement pr actices. Fa ilure to adhere to proper procedures u ndermines public 
con dence i n t he hospital’s m ission. However, i n a n er a o f c onstrained rei mbursement s ystems a nd 
competing demands, hospital managers must help forge a rational policy that protects the community 
while conserving diminishing resources. Th is challenge argues for hospital leadership in working with 
Congress and federal and state agencies as well as the general public. Moreover, addressing the infec-
tious waste dilemma will require a commitment to seeking long-term solutions to the broader problems 
of waste disposal confronting the country today.
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May 1986.

US Environmental Protection Agency: Report on the Proceedings of the EPA Infectious Waste Management 
Meeting. Washington, DC, November 1987.

Appendix 24.A.2

EPA Assessment Plan for Management of Medical Waste

 1. To develop a u niversally accepted de nition of “medical waste” to facilitate appropriate control 
and/or regulation of this waste.

 2. To evaluate eff ectiveness of e xisting s tate programs i n c ontrolling t he me dical w aste problem, 
and, in particular, to identify those components of state programs that are successful.

 3. To quantify the extent of the problem by determining the amount and types of medical waste that 
are generated, current treatment and disposal practices, the relative contribution of each source 
(doctors’ offi  ces, clinics, hospitals), and compliance costs.

 4. To develop the most eff ective means of tracking and reporting the handling of medical waste and 
to ensure the proper management and destruction of the waste.

 5. To determine which transportation, treatment, storage, and disposal methods are most eff ective 
in m inimizing environmental rele ase by e ach waste t ype, a nd what re source requirements a re 
required for each method.

 6. To determine the environmental, economic, and health risks of improper disposal of infectious 
waste.

 7. To determine whether regulations are adequate for hospital incinerators. Th e agency is complet-
ing an examination of available control technologies by the end of the year and will result in

Hospital waste combustion study report• 
Hospital incinerator operator training manual• 
Hospital incinerator inspection manual• 

 8. To ensure that the general public and interest groups are provided with the information necessary 
to understand the nature of this problem, and kept fully informed of all program developments, 
including p rogram i mplementation re quirements. To p rovide e ducational i nformation f or t he 
aff ected industry, regulators, and home medical product users.

Source: Re produced from Environmental Backgrounder—Medical Waste, Offi  ce of Public Aff airs, U.S. 
Environmental Protection Agency, Washington, DC, August 1988.

Appendix 24.A.3

Chronology of EPA Action on Infectious and Medical Waste

1982—  Published draft  guidance for states and health care community on infectious waste management.

1982—  Began ongoing educational program by providing instructors and speakers for continuing edu-
cation programs for health care workers and trade and professional association meetings and 
symposia.

1986—  Published EPA Guide for Infectious Waste Management, which  nalized the 1982 draft  guidance.

1986— EPA announces Near Coastal Waters Strategy to protect our overstressed coastlines.

10/87— Issued a draft  study of hospital-waste combustion.
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11/87—  Called together a g roup of experts t hat i ncluded representatives f rom t he CDC, t he National 
Institutes for Health, the American Medical Association, states, and the Environmental Defense 
Fund to d iscuss infectious waste management. Th e panel agreed risks were primarily occupa-
tional and that public exposures were isolated. Th e group a lso agreed that EPA’s initial eff orts 
should be through guidance and education.

1988— Each region designated a Medical Waste contract person and two consulting  rms were contracted 
to develop educational materials and guidance, and to conduct studies of state programs.

4/88— EPA, t he N ational O ceanic a nd A tmospheric A dministration (N OAA), a nd t he D epartment 
of T ransportation ( DOT) b egin to i mplement S ection 2 204 o f t he M arine P lastic P ollution 
Research and Control Act of 1987 to educate the public on the prevention of plastics pollution. 
EPA is developing a series of fact sheets and will share in the distribution of NOAA’s materials.

5/88— EPA began to assist New York and New Jersey with developing a bistate tracking system on medi-
cal waste, which was completed in August 1988.

6/88— Published a Federal Register Notice in which EPA requested comments on issues related to medical 
wastes. Th e comment period closed on Monday, August 1, 1988. Began to develop an inspection 
manual for hospital incinerators and a training manual for the operators of hospital incinerators. 
Began p reparing b rochures, p osters, a nd a b ibliography o f a bstracts o f i nfectious w aste s tud-
ies to supplement the agency’s guidance document on infectious waste management. Guidance 
materials to assist states in implementing infectious waste management programs under existing 
municipal solid waste authorities are also under development.

7/88— Creation of an Offi  ce P ollution P revention, to m aximize a nd f ocus t he a gency’s at tention o n 
reducing waste and pollution before it becomes a disposal or cleanup problem.

8/88— Appointment of EPA Medical Waste Task Force, chaired by Dr. John Moore, to coordinate Agency 
activities on medical waste. Creation of a task force on solid waste in EPA to work speci cally on 
the national municipal solid waste dilemma.

9/88— Region 2 i s h osting a M edical Waste C onference i n m id-to-late S eptember w ith s tate h ealth 
and environmental commissioners f rom New York City, New York, New Jersey R hode Is land, 
Connecticut, Pennsylvania, and Maryland.

 — Federal offi  cials f rom E PA, t he D epartment of  D efense, D epartment of  T ransportation, 
Department of Commerce, National Science Foundation, State Department, and the Department 
to Interior will meet to discuss improved federal sharing of enforcement and resources to combat 
improper disposal of medical waste.

10/88— EPA is sponsoring a two-day Ocean Pollution Enforcement Conference in Point Judith, Rhode 
Island during the week of October 3. Representatives of the National Association of Attorneys 
General, various state and federal agencies (including t he Coast Guard and t he FBI), and t he 
Attorneys General of the 14 East Coast states are expected to attend. Th e discussions will cover 
a broad range of state and federal ocean pollution enforcement issues, including medical waste 
disposal.

— Oceans ‘8 8 C onference i n B altimore [ MD] w ith me dical w aste pa nel i ncluded o n a genda 
(10/31–11/2).

Source: Re produced from Environmental Backgrounder—Medical Waste, Offi  ce of Public Aff airs, U.S. 
Environmental Protection Agency, Washington, DC, August 1988.



25-1

25
The Occupational 
Hazards of Home 

Health Care

Introduction .....................................................................................25-1
Trends in Home Health Care .........................................................25-1
Job Injury and Illness in Homecare ..............................................25-3
Occupational Hazards.....................................................................25-4
Setting ...............................................................................................25-4
Personal Safety .................................................................................25-4
Ergonomics and Back Injuries .......................................................25-5
Infectious Diseases ..........................................................................25-7
Bloodborne Pathogens • U niversal Precautions • T uberculosis
Conclusion .......................................................................................25-9
References .......................................................................................25-10

Elaine Askari
University of California, Berkeley

Barbara DeBaun
California Pacifi c Medical Center

Introduction

Health care workers who provide services in the home face a substantial risk of job-related injury and 
illness. Th ese providers may be challenged by numerous environmental factors in the home, including 
poor sanitation, lack of ventilation, pets, rodent or insect infestations, infectious diseases, limited sup-
plies, and unpredictable conditions and events. Th ey are susceptible to musculoskeletal injuries due to 
heavy or awkward lift ing and may even encounter the threat of violence when in the home or nearby.

Th is chapter is a survey of some of the occupational hazards in home health care work. It will examine 
the explosive growth of the homecare  eld in recent years and review available statistics about occupa-
tional injury and illness rates. Finally, it will focus on several key health and safety issues for homecare 
providers—personal safety, ergonomics, back injuries, bloodborne pathogens, and tuberculosis.

It should be noted that, to date, relatively little research has been done on home health care hazards. 
Many of the available injury and illness statistics are incomplete. Th is is clearly a  eld in need of further 
study.

Trends in Home Health Care

Health care is one of the largest industries in the United States. Home health care is the fastest grow-
ing segment of the industry. According to the Bureau of Labor Statistics (BLS), 555,400 U.S. employees 
worked for private-home health care agencies in 1994.1 Th is   gure does not include employees of public 
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agencies or hospital-based agencies. Marion Merrell Dow, a private marketing  rm, conducted a survey 
in 1994 and found that 900,000 U.S. workers were employed in home health care overall.2

From 1988 to 1993, home health care employment had an annual growth rate of 16.4%. Th is  com-
pared with 4.3% for total health services and 2.8% for hospitals.3 In 1994, home health care became the 
second fastest growing industry segment in the entire U.S. economy. Th e BLS projects an increase of 
more than 500,000 jobs in home health care between 1994 and 20054 (see Figure 25.1).

Th e number of U.S. clients for homecare services increased from 1.5 million in 1988 to 3 .5 million 
in 1993. In part, this growth resulted from the expansion of Medicare coverage due to a federal district 
court de cision (Duggan v. Bowen)5 i n 1988. O ther c ontributing f actors i nclude a n i ncreasing elderly 
population a nd t he lower c osts for homecare c ompared to h ospital c are (primarily due to t he lower 
wages pa id i n homecare). I n add ition, technological changes have made i t easier to p rovide complex 
medical services in the home.

Th e U.S. O ffi  ce o f Ma nagement a nd B udget d e nes h ome h ealth c are s ervices a s “establishments 
primarily engaged in providing skilled nursing or medical care in the home, under the supervision of 
a physician.”6 Home health a ides make up t he largest proportion of  home health care workers (31%). 
Registered nurses constitute 20%, homemaker aides 13%, and licensed practical nurses 7%.3 Ot her 
homecare occupations include therapists (occupational, respiratory, physical, and speech), social work-
ers, pat hologists, a nd ph ysicians. S ervices i n t he h ome r ange f rom ba sic p ersonal c are l ike f eeding, 
cleaning, and bathing to more complex tasks like home infusion therapy. Th e skill level of home health 

FIGURE 25.1 Fastest g rowing occupations i n t he United States, 1994–2005. (From Bu reau of L abor Statistics, 
Offi  ce of Employment Projections, November 1995.)
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care workers must equal or even surpass that of providers in an acute-care setting. Many homecare 
workers must be able to p erform an array of advanced medical procedures in a le ss than ideal setting 
and they oft en lack the resources they need.

Th e majority of t he homecare c lients a re elderly. Many of t hese pat ients su ff er f rom heart d isease, 
cancer, stroke, or orthopedic problems. In recent years, many people with HIV/AIDS have also been 
cared for in the home. A 1986 study found that approximately 17%–22% of AIDS patients used home 
health care services at a ny given time.7 A re cent study of homecare agencies in the San Francisco Bay 
Area showed that approximately 95% of them provide care for people with AIDS.8

Job Injury and Illness in Homecare

According to the BLS, there were 6588 occupational fatalities in the United States in 1994.9 Of these, 
86 fatalities occurred in health care services, including 19 in home health care. Transportation accidents 
caused 79% of the home health care fatalities. Th is can be explained by the amount of driving required 
between patient visits.

In the same year, there were 217,817 nonfatal occupational injuries in health care services. Th ere were 
98,196 injuries in hospitals, 83,450 in nursing homes, and 18,812 in home health care.10 Of the home 
health care i njuries, 59% i nvolved s trains a nd sprains a nd 49% a ff ected t he t runk (mostly t he back). 
Common s ources o f i njury i ncluded o verexertion (39%) a nd i nteraction w ith t he pat ient (36%) (see 
Figure 25.2). Th e homecare  gures probably re ect under-reporting. It is oft en diffi  cult for people who 

FIGURE 25.2 Leading causes of injury and illness in homecare, 1994. (From Bureau of Labor Statistics.)
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work i n t he  eld to re port t heir i njuries. Homecare agencies usually do not h ave a t rained employee 
health nurse or other occupational health staff . Th erefore home health care workers may not have access 
to i mmediate c onsultation, a ssistance, or c lear re porting procedures w hen t hey su stain a n i njury i n 
the home. Many of these workers are also on tight schedules, which may deter them from driving to an 
offi  ce or clinic out of their work area to report an injury.

Occupational Hazards

In hospitals, nursing homes, and other health care industry workplaces, employees may be exposed to 
numerous job hazards, including communicable diseases, chemical and biological agents, carcinogens, 
ionizing a nd no nionizing r adiation, ergo nomic h azards, a nd ps ychosocial r isks.11 Workers i n h ome 
health care are exposed to many of these same hazards. But in addition, they work in a unique environ-
ment where they can also be faced with a range of other problems. Th is chapters will address a few typi-
cal homecare hazards. However, the authors stress that there is a s carcity of research on occupational 
hazards in home health care. Th erefore, we will describe relevant information from the literature and 
add examples from our own experience with home health care employees.

Setting

To understand the hazards faced by homecare workers, one must take into account the unique condi-
tions found in the homecare setting. Smith identi ed three distinct types of homecare work environ-
ments: rural, suburban, and urban inner city.12 According to Smith, common physical risk factors in 
all types of environments include pets and other animals; driving and parking; home structure, main-
tenance, and hygiene; personal safety/vulnerability; weather; and time of day. Th ese and other factors 
result in a lack of worker control over the environment.

Smith conducted interviews with 29 home health care workers, and observed them as they went 
about their work. Workers in rural areas related several stories about the unusual risks they faced. For 
example, a nurse was walking up to a house when a pig “ran towards me and, wham, it bit me. I was just 
so stunned. It was hard to l ive that one down with my fellow workers and the ER workers who treated 
me.” Another nurse was confronted by a gaggle of geese “hissing and  apping their wings.” Other work-
ers described the hazards of driving on unpaved country roads full of pot holes in bad weather. Some 
had experienced car trouble with no one nearby to help.

In a suburban area, one nurse described working in homes where people let their pets “do their busi-
ness” all over the house. Another worker reported coming out of a suburban home “with  ea bites and 
covered in dog or cat hair.”

Many o f t he p roblems de scribed b y w orkers i n t he i nner c ity i nvolved p ersonal s afety. Workers 
described coming in contact with pit bulls (extremely aggressive dogs). Others said they had to work 
around loaded guns and other kinds of weapons. One worker described some of the hazards associated 
with housing projects: “Th e high rise projects can be very dangerous. Stairwells are especially bad spots 
(with a lot of drug use and dealing). Elevators can also be a problem. You could call the elevator and walk 
in on a drug deal. In some buildings the elevators are controlled by the dealers.”

Personal Safety

Violence on the job has emerged as an important safety issue in many occupations today. Th e BLS reports 
that in 1994 there were approximately 20,000 nonfatal violent incidents in the nation’s workplaces (count-
ing only those that resulted in lost workdays). Women were the victims in nearly 60% of these incidents. 
Th e most common nonfatal violent acts (about 40%) involved “hitting, kicking, and beating.”13

Service w orkers a re at e specially h igh r isk o f no nfatal a ssault. O f t he s ervice w orkers w ho a re 
assaulted, nursing aides, and orderlies account for more than half. Th ese and other workers in health 
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and residential care occupations (e.g., social workers) are assaulted primarily by clients who resist their 
help. Th ere have been no studies to date that examined the risk of assault in homecare speci cally.

Federal OSHA i ssued i ts “Guidelines for P reventing Workplace Violence a mong Health C are a nd 
Social Service Workers” in March, 1996.14 OSHA identi ed homecare workers a s a g roup at r isk for 
workplace v iolence because t hey “work a lone…may have to w ork late night or early morning hours…
oft en w ork i n h igh-crime a reas…and w ork i n h omes, w here t here i s e xtensive c ontact w ith t he 
public.”15

Th e risks to personal safety in home health care have not been adequately studied, and statistics on 
the prevalence of the problem may be unreliable. Th is is another area where under-reporting may be sig-
ni cant. Some researchers have suggested that homecare workers (like other health care workers) oft en 
accept assaultive behavior as part of the job. In addition, formal incident reports may be  led only for 
assaults that require medical treatment. Oft en no reports are  led for verbal threats, sexual harassment, 
or various other types of assault.16

One recent study sought to determine whether the quality of care is aff ected when home visits pres-
ent threats to p ersonal safety.17 Nearly 100 homecare employers and administrators were asked about 
their perception of risk and response to it. Among the factors that respondents associated with risk were 
geographic location, high incidence of crime, inappropriate patient or caregiver behavior, and evening 
assignments. Respondents emphasized that visits are now made to the home 24 h a day. Approximately 
66% of respondents said that they leave a situation “as soon as possible” if they perceive it to involve high 
risk. A larger study is now in progress by the same authors.

Under U.S. health and safety law, the employer is responsible for maintaining a s afe and healthful 
workplace. OSHA has outlined several steps that employers can take to prevent violence in the home-
care setting (Figure 25.3):

Provide the safety education for employees.• 
Establish a communication system (such as cellular phones).• 
Utilize a “buddy system” or security escorts.• 
Establish the policies to discourage robbery (e.g., do not carry a purse).• 
Assure the proper maintenance of vehicles.• 
Provide the handheld alarms to employees.• 
Establish the procedures for employees and the employer to follow when violence does occurs.• 15

Ergonomics and Back Injuries

According to BLS  gures for 1994, overexertion was the most common cause of lost-time occupational 
injury in the private sector U.S. workforce.13 Nursing homes and scheduled airline/air-courier services 
led all other industries in overexertion incidents. Th e same year, the BLS rated the 10 occupations with 
the most lost-time injuries and illnesses of all types and found that nursing aides/orderlies ranked third 
(truck drivers were  rst, and nonconstruction laborers were second).

Th e BLS found that sprains and strains were, by far, the leading type of work-related injury in every 
major U .S. i ndustry. Th e t runk, i ncluding t he bac k, w as t he b ody pa rt mo st a ff ected. Overexertion 
while maneuvering objects led all other disabling events and was cited in 16%–33% of the cases in every 
industry.

One study examined low back injuries in health care during 1984–1986.18 Incident reports were col-
lected for nursing assistants in a large hospital and home health aides in two large homecare agencies. 
Th e researchers found t he rate of back i njury to b e much h igher a mong t he home health a ides (15.4 
per 100 full-time equivalent workers) than among the hospital nursing assistants (5.9 per 100 full-time 
equivalent workers).

Th e study showed that 40% of the back injuries in both groups involved activities at the patient’s bed-
side. About 66% of the back injuries occurred during planned patient care activities such as transferring 



25-6 Handbook of Modern Hospital Safety

a patient to a wheelchair. For homecare, other activities at the time of injury included helping a patient 
in or out of a bed, chair, or tub; catching a patient during a fall; turning a patient; stooping over a patient 
in bed; and helping a pat ient on or off  a to ilet. No lift ing equipment was used in 75% of the incidents 
involving nursing a ssistants a nd 8 0% of t he i ncidents a mong home health a ides. Home health a ides 
were working a lone in 88% of the incidents and nursing assistants were working a lone in 39% of the 
incidents.

One of the problems in the homecare setting is that the worker has to adapt to an unpredictable environ-
ment, which diff ers from one home to the next. Th ere is no opportunity to engineer safety problems out 
of the home as can be done with  xed workplaces. Adaptation is even more diffi  cult because it must typi-
cally be done by a single employee working alone, for many clients in many diff erent homes. For example, 
the “lift ing team” concept developed for the acute-care setting cannot be applied to homecare. Charney 
describes the lift ing team concept as a method that incorporates proper body mechanics, personal protective 

Are workers briefed about the areas where they will be working (gang colors,
neighborhood culture, language, drug activity, etc.)?

Are workers notified of past violent acts by particular clients?

Are workers given maps and good directions covering the areas where they will 
be working?

Do workers avoid carrying valuables into the home (purses, etc.)?

Do workers have two-way radios, pagers, or cellular phones for communication in
an emergency?

Do workers carry personal alarm devices?

Is safe parking readily available near clients’ homes?

Are vehicles kept in good working order to minimize breakdowns?

Are door and window locks in vehicles easily controlled by the driver?

Are escorts or “buddies” provided when people work in potentially dangerous
situations?

Is training provided to all workers on personal safety and violence prevention?

Are incident reporting and follow-up procedures in place?

FIGURE 25.3 Personal safety tips for home health care workers. (Adapted from Violence on the Job: A Guidebook 
for Labor and Management, LOHP, Berkeley, CA, 1997.)
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equipment (such as transfer belts), mechanical lift ing devices, and a two-person team.19 Candidates for the 
lift ing team are screened for  exibility and strength. Th ose selected for the team are trained on proper lift -
ing techniques, how to use mechanical lift ing devices, and how to coordinate the lift . Although this full 
concept is not applicable to homecare because most employees work by themselves, it is at least important 
to provide mechanical lift ing devices and to train homecare workers in how to use them.

Owen recommends such an approach to reduce back injuries in the homecare setting.20 Th e patient’s 
needs should be assessed, and the proper techniques selected to handle, lift , and move the patient safely. 
Th ese techniques should then be clearly communicated to the staff  who will be doing t he work. Th is  
communication should be i ncluded i n new employee orientation programs, a nd t here should be f re-
quent in-service training. Owen stresses that “assistive devices or mechanical lift s” should be used to lift  
or transfer patients and to move patients in bed. Devices used in the home will have to be diff erent from 
the heavy equipment oft en used in hospitals and other institutions. Devices should be easy to maneuver 
and carry into the home. Owen suggests transfer belts, transfer boards, portable commodes, chairs and 
cushions that lift , and lift  poles that a patient can use to stand independently.

Infectious Diseases

Home health care workers must be protected against communicable d iseases at a ll t imes. A r ange of 
personal protective equipment should be readily available, i ncluding g loves, face shields, i mpervious 
gowns, a nd c ardiopulmonary re suscitation (CPR) m asks. Re spirators m ay b e ne eded w hen w orking 
with tuberculosis (TB) patients. Equipment should also be available for protection against bloodborne 
diseases, including safe needle devices that protect against accidental needlestick injury, good sharps 
disposal containers, and access to immediate treatment when there is a signi cant blood exposure.

Bloodborne Pathogens

Occupational exposure to bloodborne pathogens continues to be a threat to health care workers both 
in institutions and in the home. Today there is a great deal of concern about exposure to the hepatitis B 
virus (HBV) and the Human Immunode ciency Virus (HIV) both of which are transmitted through 
blood contact. Many more health care workers become infected with HBV than with HIV but HIV is 
still considered a signi cant risk.

Th e Centers for Disease Control and Prevention (CDC) recently reported on 51 documented cases of 
occupational transmission of HIV to health care workers.21 (Th ere are 106 additional cases where occu-
pational transmission is considered a possibility but has not been documented.) Percutaneous exposure 
was the source in the majority (44) of the 51 documented cases. (It is generally believed that CDC  gures 
represent considerably less than the actual number of cases, due to under-reporting.)

Th e occupational r isk of exposure to blo odborne pat hogens i n t he homecare s etting has not b een 
the focus of a great deal of investigation or research. For example, the number of needlestick injuries in 
home health care is unknown, although it has been estimated that 800,000 needlesticks occur each year 
in acute-care institutions in the Unite States.22 Activities which pose a risk of blood exposure to home 
health c are w orkers i nclude i ntravenous i nfusions, v ascular ac cess, i ntravenous n utritional supp ort, 
wound care, and respiratory therapy. Th e risk of a ne edlestick injury in this setting may be increased 
due to the less controlled environment (poor lighting, clutter, cramped quarters, pets, etc.). One home 
health care nurse reported getting a needlestick because a client’s cat jumped on the bed while she was 
drawing blood. Also, proper equipment may not be available in homecare.

In 1994, the CDC conducted an epidemiological survey involving bloodborne pathogens in the home. 
CDC summarized eight reported cases of home caregivers who became infected with HIV. In four of 
these cases, the caregivers had signi cant direct contact with an infected person’s body secretions or 
excretions.23



25-8 Handbook of Modern Hospital Safety

One o f t he p resent a uthors w as i nvolved i n a 1 994 s tudy t hat c ompared ne edlestick i njury r ates 
between h omecare n urses a nd h ospital n urses.24 A n a nonymous qu estionnaire, c ompleted by  7 6 
Northern C alifornia homecare nurses, s ought to de termine t he number of re ported a nd u nreported 
needlestick injuries in the group. Results showed that a substantial number of needlestick injuries occur 
to homecare nurses and that the majority of them go unreported. Th e rate of reported needlestick inju-
ries among homecare nurses was 50% of the rate among the acute-care hospital nurses. However, the 
homecare rate may be much greater than these  gures indicate because of under-reporting. Th e survey 
found that 87% of the needlestick incidents in homecare were unreported.

Universal Precautions

Most home health care agencies are required to comply with federal OSHA’s Bloodborne Pathogens 
standard [29 CFR §1910.1030]. Th e standard mandates a set of protective measures termed “Universal 
Precautions.” Th is app roach i s ba sed o n t reating a ll blo od a nd b ody  uids as if they are infectious. 
Employers must provide, at no c ost, equipment such as gloves, gowns, masks, mouthpieces, resuscita-
tion bags, and sharps disposal containers, as well as employee training.

One of the present authors conducted a 1995 study to assess compliance with Universal Precautions 
in home  he alth c are.25 A que stionnaire w as c ompleted by 214 home health c are nurses i n Northern 
California. Results showed that compliance rates were highest for glove use and proper sharps disposal 
and lowest for wearing  uid resistant gowns, face shields, and eye protection.

When asked about the obstacles encountered to use of Universal Precautions in the home, 66% of the 
respondents said they had no face shields available, 38% had no gowns, and 28% had no eye protection. 
Th e respondents identi ed availability of equipment as the major factor determining compliance with 
Universal Precautions. Approximately 47% of the respondents also indicated that “feeling comfortable 
using protective equipment” aff ected their decision to use it.

Respondents said that they had problems with sharps containers, on the average, about 25% of the 
time. Problems included needle apparatus got caught in the container (37%); no container nearby (32%); 
container full (28%); and being forced to use a bottle or can in place of a real sharps container (27%).

In response to this identi ed ne ed, National I nstitute of Occuptional S afety a nd Health (N IOSH) 
recently a warded ne w f unding to t he T raining f or D evelopment o f I nnovative C ontrol Technology 
Project (TDICT) in San Francisco and the Labor Occupational Health Program (LOHP) at U.C. Berkeley 
to design a protot ype safety device speci cally to reduce exposure to bloodborne pathogens in home-
care. Homecare workers will be fully involved throughout the design process.

In 1993–1994, LOHP received a grant from federal OSHA to train California homecare workers on the 
Bloodborne Pathogens standard. Th e training was conducted with the Service Employees International 
Union (SEIU). LOHP and SEIU trained 285 homecare workers. Over 75% were aides and attendants (not 
nurses). Approximately 81% were women and 67% w ere people of color. Anecdotal remarks made by 
participants during the training revealed that most of these workers had never received any information 
from their employers about bloodborne pathogens or how to protect themselves on the job. In addition, 
the majority had to p urchase their own protective equipment (gloves, aprons, etc.). Th ey were among 
the lowest pa id workers i n t he entire health c are i ndustry a nd were c learly not a ware of protections 
mandated by the OSHA standard.

Tuberculosis

Since 1984, the annual number of new TB cases in the United States has increased by 18%—from 22,255 
cases in 1984 to 26,283 cases in 1991.26 A d isease w hich w as o nce t hought to b e u nder c ontrol h as 
reemerged. Si nce 1993, however, t here has b een a s light de cline i n t he a nnual number of ne w c ases. 
Th e CDC reports that 24% of TB cases in the United States occur in people aged 65 and older. Th is  has 
important implications for homecare workers who see many elderly patients.
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Studies have shown that health care workers have a signi cant risk of occupationally acquired tuber-
culosis. Su rveillance s tudies c onducted re cently s how t hat s ome g roups o f workers w ho c are for T B 
patients become infected at an annual rate of 5%–l0% (PPD conversion rate).27 However, it must be 
stressed that none of these studies have surveyed workers in homecare.

Less than one page of the CDC’s 132-page Guidelines for Preventing the Transmission of Mycobacterium 
Tuberculosis i n Health-Care Facilities is devoted to home health care.28 It is critical that more study be 
done and that home health care agencies establish comprehensive TB training, education, counseling, 
and screening programs. Th ere should be provisions for identifying workers and clients who have active 
TB, baseline two-step PPD skin testing, and follow-up skin testing at intervals appropriate to the degree 
of risk.

Conclusion

Homecare is one of the fastest growing industries in the United States, and homecare aides are projected 
to be the fastest growing occupation in the industry. Th ese aides are mainly middle-aged women who 
have not graduated from high school.29 In t he San Francisco Bay Area, t hey are primarily women of 
color. Th ey are some of the lowest paid workers in health care and have the least knowledge about the 
risks they face on the job. Th ey receive little training. Although they are the fastest growing sector of the 
workforce, they have very limited power to make changes in their work environment.

Turnover rates are high. Although their interests might best be served by joining a u nion that can 
bargain for better working conditions, only about 10% of U.S. homecare workers are organized to date.

Worker safety, client safety, quality of care, and client autonomy are intertwined very tightly in the 
homecare setting. Th ere is little documentation or research on the hazards faced by homecare workers. 
It is clear, however, that they do f ace unique health and safety challenges, which are increased due to 
an unpredictable work environment as well as poor training and equipment. Th e home environment is 
oft en beyond the control of both the worker and the client. Crime in the neighborhood, unsafe or poorly 
maintained buildings, inadequate lighting, and poor sanitation can impact them both.

Following are some problems that have been addressed in this chapter:

Many homecare workers are not given adequate training on how to safely lift , transfer, or reposi-• 
tion a patient. Many are not provided assistive devices that can help them perform these tasks in 
a proper ergonomic manner. Th e result can be potential worker and client injuries.
Few s teps a re being taken to a nalyze a ssaults a nd v iolent ac ts against homecare workers. A lso • 
there is oft en a lack of education and training, safety procedures, and security devices to protect 
these workers.
Many homecare workers a re not p rovided ade quate t raining on i nfection c ontrol p olicies a nd • 
procedures (especially regarding bloodborne pathogens and TB). Th is puts both the patient and 
worker at risk of infectious disease.
Many homecare nurses are performing technologically advanced medical procedures that may • 
entail high risk. For example, intravenous catheter insertion and care, wound care, and tracheot-
omy care may now be done in the home. Th e hazards of performing such procedures in the unique 
environment of homecare have not been adequately studied. Safety devices designed speci cally 
for the homecare setting may need to be developed.
OSHA does not inspect home workplaces. Th us there is no objective way to assess compliance with • 
its regulations, such as the Hazard Communication and the Bloodborne Pathogens standards.
Sometimes no personal protective equipment is supplied to homecare workers or they are expected • 
to supply it themselves. Equipment that is provided may be inadequate.

As employers, homecare agencies should establish procedures and policies to address the hazards faced 
by their workers. Workers’ input should be solicited. A safer work environment should serve to foster a 
better working relationship between clients and those who care for them.
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Executive Summary

What is the most dangerous job in America? Mining? Construction? Working in a steel mill? Trucking?
No. More d angerous t han a ll o f t hese—and f ast b ecoming t he mo st d angerous job i n t he United 

States—is work in a health care facility, or nursing home work.
Ironically, nursing home work is also one of the fastest-growing jobs in America.
While working conditions in many other industries have gradually improved over the last decade, 

nursing homes have become far more dangerous places to work, as caregivers themselves suff er an epi-
demic of crippling workplace injuries.

Th ese injuries, devastating as they are to a growing workforce of committed caregivers—and costly as 
they are to taxpayers—also point to a broader, equally dangerous problem. Th at problem is a developing 
crisis in staffi  ng and conditions in nursing homes nat ionwide t hat t hreatens t he quality of care for 
millions of America’s most vulnerable citizens. It is a crisis that is occurring just as the $85 billion mostly 
taxpayer- nanced industry is experiencing its most radical transformation in a quarter century.

Th e SEIU has found that

Occupational i llness and injury rates for nursing home workers are higher than for workers in • 
other industries with well-documented hazards, such as mining and construction.
Nursing home workers are injured at an alarming rate of just under 17% a year—more than twice • 
the rate of private sector workers generally.
Occupational illness and injury rates for nursing home workers increased by 53% between 1983 • 
and 1994—with more than 200,000 injuries reported in the industry every year.
Of those injured nursing home workers who must take time off , more than a quarter require more • 
than two work-weeks to recover. Less than a third are able to return within a day or two.
Th e nursing home i ndustry i s t he mo st d angerous f ast-growing i ndustry i n t he United St ates. • 
Of the 20 fastest-growing industries in the United States, nursing homes have the highest rate of 
occupational illness and injury.

Back Injuries Are Epidemic

Back injuries, widely agreed to be among the most serious and costly of injuries, are the most common 
type of injury suff ered by nursing home workers.

While back injuries account for 25% of all injuries reported in the private sector, they account for • 
43% of all injuries in nursing homes.
Nurse a ides, w ho p rovide mo st o f t he pat ient c are i n n ursing h omes, a re pa rticularly at r isk. • 
Injuries to the back and trunk account for more than half of all injuries to nurse aides working in 
nursing homes.

Understaffing Is a Key Cause of Injuries

Th e shift  to prospective payment in both private and public health insurances has led to earlier hospital 
discharges and an overall increase in the acuity levels—of nursing home patients. Unfortunately, staff -
ing levels have not increased to match the increased workload.

Th e National Academy of Sciences’ Institute of Medicine has released data showing that the num-• 
ber of nurse aide hours per resident day only increased from 2.0 in 1991 to 2.1 in 1993, a statisti-
cally insigni cant increase.
A 1993 survey of nursing home workers by t he SEIU found t hat 86% reported current s taffi  ng • 
levels in their facilities to be inadequate and 91% reported that their workloads had increased over 
the past year.
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Employers Do Not Take Safety Concerns Seriously

Rather than hiring additional staff  or redesigning work to eliminate hazards, nursing home employers 
have tended to favor gimmicks that do little to prevent injuries. Much of the focus has been on teaching 
proper lift ing techniques, which are of limited use in patient care settings. In addition, SEIU has also 
found that

Inspections of nursing homes by t he Occupational Safety a nd Health Administration (OSHA) • 
have oft en found that safety training programs for nurse aides are not eff ective. Nurse aides gen-
erally do not use the techniques outlined in the program, either because there are not enough staff  
on hand or because they have not received adequate instruction in the techniques.
Back belts are a favorite intervention of nursing home operators. But there is no evidence that they • 
reduce the hazards of repeated lift ing, pushing, twisting, and bending.
Many employers sponsor programs such as “safety bingo,” that encourage workers not to re port • 
injuries in exchange for the chance to win a television set or other merchandise.

Unsafe Working Conditions Exact a High Cost from Taxpayers

Nursing home industry executives oft en resist hiring additional staff  or purchasing safety equipment 
because of the cost. Th e truth is that running an unsafe workplace increases costs in a variety of hidden 
as well as more obvious ways.

Th e staggering workers’ compensation insurance rates paid by nursing home employers are a re ec-• 
tion of the magnitude and severity of injuries and illnesses in nursing homes. Th e nursing home 
industry as a whole paid close to $1 billion in workers’ compensation insurance payments in 1995.
Th e high rate of injury in nursing homes has contributed to h igh rates of turnover—as high as • 
100% at some facilities. Constant turnover forces employers to invest resources in recruitment 
and training of new workers.
Conditions that contribute to worker injuries, such as understaffi  ng, also add to pat ient injuries. • 
Th e nursing home i ndustry spends $1.2 billion to h eal preventable decubitus u lcers ( bedsores) 
caused by lack of nutritional hydration, mobility, and cleanliness and $4.3 billion on incontinent 
care because residents are not toileted frequently enough.

Because public programs pay for most nursing home care, it is taxpayers who ultimately bear the burden 
of unsafe working conditions in the nursing home industry. Taxpayers pay for 75% of the nursing home 
care provided in the United States, primarily through the Medicaid program.

A number of academic studies have shown that there are cost-eff ective interventions that can reduce 
the number of injuries in nursing homes and save money for employers, patients, and taxpayers.

Recommendations

Based on the information presented in this study, SEIU makes the following recommendations:

Improve Staffing Standards

Th e cornerstone of worker safety and quality resident care is adequate staffi  ng. SEIU recommends the 
establishment of acuity-based sta ffi  ng ratios, with speci c m inimum r atios for nurse a ides. Th e U.S. 
Health Care Financing Administration (HCFA) should monitor the relationship of staffi  ng to acuity 
levels, resident outcomes, and worker and patient injury rates on an ongoing basis.

Establish an Ergonomics Standard

OSHA is in the process of developing an ergonomics standard for private sector employers. Such a stan-
dard would require worksite r isk a nalysis, t he evaluation a nd i mplementation of feasible methods of 
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preventing and reducing those risks, a program of prompt treatment for workers who report  rst signs 
of an injury and education and training in how to prevent injuries.

Change OSHA’s Enforcement Focus

Since its inception, the focus of OSHA’s enforcement eff orts has been in industries with widely recog-
nized hazards, especially those in the manufacturing sector. With over 70% of workers now employed 
in the service sector, this focus is out of date. Stepping up enforcement in the nursing home industry (by 
far the most hazardous service sector industry) would allow OSHA to improve its ability to eff ectively 
enforce workplace safety laws in the service sector.

Without a b old, concerted eff ort to add ress staffi  ng issues and related conditions in nursing homes 
nationwide, not only will the explosive growth in nursing home worker injuries continue, but also the 
quality of care provided to residents can only be expected to deteriorate.

Introduction

Th e nursing home industry employs roughly 1.7 million workers who provide around-the-clock patient 
care and assistance in the activities of daily living to chronically ill and disabled individuals. Th e nurs-
ing h ome w orkforce i s d isproportionately f emale (87%), m inority (28%), a nd lo w-wage e arners. Th e 
average nursing home worker earns just over $17,000 a year, and many work under stressful and hazard-
ous conditions that put their own health, as well as the health of their patients, at risk.

Unlike h ospitals, w here re gistered n urses p rovide mo st o f t he h ands-on pat ient c are, t he b ulk o f 
patient care in nursing homes is provided by nursing aides. Nursing aides constitute 42% of the nursing 
home workforce (see Figure 26.1).

Many of t he workers employed i n nursing homes earn poverty-level wages. A s Figure 26.2 makes 
clear, wages for nurse aides and a range of other nursing home job classi cations are below the poverty 
line for a family of four.

Nursing home workers not only suff er the insult of below-poverty-level wages, but working in a nurs-
ing home is rapidly becoming one of the most dangerous jobs in America. While most people believe 
that nursing homes are safe and clean—they are health care facilities, aft er all—compared to other kinds 
of workplaces, working in a nursing home is actually more dangerous than working in a c oal mine, a 
steel mill, a warehouse, or a paper mill.

Administrative 4%

RNs 7%

LPNs 10%

CNAs 42%

Other 37%

FIGURE 26.1 Nurse aides are the largest part of nursing home workforce. (From Bureau of Labor Statistics.)
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While working conditions in many other industries have gradually improved over the past decade, 
nursing homes have become more dangerous to w orkers. Between 1983 a nd 1993, t he injury rate for 
nursing home workers increased by 50%. Today, nursing home workers are injured at more than twice 
the rate of private sector workers generally.

Nursing h omes a lso h old t he d istinction o f b eing t he mo st d angerous f ast-growing i ndustry i n 
America. Of the 20 fastest-growing industries in the United States, nursing homes have the highest ill-
ness and injury rate and the largest number of lost workdays. Th e nursing home industry is expected to 
add three-quarters of a million new jobs between now and the year 2005. Th e industry is undergoing its 
most radical transformation in a quarter century.

While back injuries—widely agreed to be among the most serious and costly of injuries—account for 
a quarter of all injuries reported in the private sector, they account for almost half the injuries in nursing 
homes. Th e consequences of this epidemic of workplace injuries extend to all Americans: to workers, 
who suff er debilitating and disabling injuries; to their families, whose standard of living may be severely 
reduced by a b readwinner’s d isability; to n ursing home employers, who pay ever-increasing costs for 
workers’ compensation, for retraining and recruitment, and for decreased productivity; and to taxpay-
ers, whose tax dollars  nance Medicaid and Medicare, which  nance most of the nursing home care in 
the United States. For too long, back injuries and other strains have been viewed as an inevitable part 
of nursing home work: “just part of the job.” We can no longer aff ord to take that view. It is time for the 
nursing home industry, federal and state legislatures, government agencies, and nursing home workers 
to join together to defeat the terrible epidemic of crippling workplace injuries in nursing homes.

If we fail to act, we risk losing the committed, skilled workers who provide long-term care to millions 
of Americans. Th ese workers know that the longer they continue to work in a nursing home, the more 
likely they will suff er a p ermanently d isabling i njury. Not only w ill t he i ndustry be u nable to re tain 
experienced workers, but it will also become increasingly diffi  cult to re cruit new s taff  members who 
cannot accept the high risk of injury.

FIGURE 26.2 Wages for most nursing home jobs are below the poverty line. (From Nursing Home Compensation 
Report, 1996–97, Zabka and associates.)
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Th is report, prepared by the SEIU reviews the extent and the character of injuries in nursing homes, 
describes their major causes, and illustrates their eff ects on workers and patients. It also provides esti-
mates of the cost that this new epidemic of workplace injuries imposes on the public.

Th e bottom line is that working in a nursing home is so demanding that workers’ bodies are literally 
breaking down; and worker injuries are a p ortent of an even broader crisis in nursing home care that 
aff ects residents as well as workers.

Dangers of Nursing Home Work

Contrary to popular belief, working in a nursing home is more dangerous than working in a coal mine, a 
steel mill, a warehouse, or a paper mill. In 1993, the injury and illness incidence rate1 for nursing homes 
was an alarming 17.3 per 100 full-time workers, greater than coal mining (10.3), blast furnaces and steel 
mills (14.0), warehousing and trucking (11.9), and paper mills (8.7).

Nursing homes have become much more dangerous over the past decade. Between 1983 and 1993, 
the illness and injury rate increased from 11 to 17.3, an increase of 55%. Th e bitter irony, as Figure 26.3 
makes clear, is that injury rates for nursing homes have been rising while rates for other high-risk indus-
tries such as manufacturing and mining have been falling.

Th ese injuries a re not m inor. In t he majority of cases, workers must take t ime away f rom work to 
recuperate. Over the last decade, the number of lost work days per 100 full-time nursing home workers 
(see Figure 26.4) has almost doubled, increasing from 98.2 to 186.9.

In 1993, nursing h omes re ported 2 20,800 i njuries o n t he job . Th e nursing h ome i ndustry r anked 
third in total injuries and illness, only exceeded by meat-products processing plants and manufacturing 
plants for motor vehicles and related equipment.

Another d ubious d istinction f or t he n ursing h ome i ndustry i s t hat i t i s t he mo st d angerous f ast-
growing industry in the United States. Of the 20 fastest-growing industries in the United States, nursing 
homes rank 18th if ranked by rate of growth. But if those 20 industries are ranked by injury incidence 
rates, nursing homes rank  rst.

Construction
Nursing homes

Manufacturing

Rates per 100 full-time workers in selected industries

20

15

10

5
1985 1987 1989 1991 1993 1995

Mining
Private industry

FIGURE 26.3 Nursing home i njury rates have soared since 1983. Rates g iven are per 100 f ull-time workers in 
selected industries. (From Bureau of Labor Statistics.)
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Back Injuries Predominate

Nursing home workers are more likely to b e injured on the job t han other workers, and their injuries 
more oft en involve the back, widely agreed to be among the most serious and costly of injuries. A 1990 
study by t he U.S. Bu reau of L abor St atistics (BLS) found t hat bac k i njuries make up 25 % of i njuries 
reported i n private i ndustry, but ac count for 4 3% of a ll i njuries i n nursing homes.2 Th e r isk of back 
injury is even higher if only nurse aides, who provide the bulk of patient care, are considered. Data from 
the 1992 BLS Survey of Occupational Injuries and Illnesses found that injuries to t he back and trunk 
accounted for over half of injuries to nurse aides (see Figure 26.5).3

FIGURE 26.4 Th e r ise of lo st work d ays. Lost work d ays i s calculated as per 100 f ull-time workers in selected 
industries. (From Bureau of Labor Statistics, 1994.)

Days away from work for injuries requiring time away from work in
nursing and personal care facilities

11 days or more 29%

6–10 days 15%

3–5 days 25%

2 days 15%

1 day 15%

FIGURE 26.5 Back injuries are the most common injuries for n ursing aides. (From L ocation of I njury for A ll, 
Nursing Home Workers, Bureau of Labor Statistics, 1994.)

      Arms and 14%
upper extremities

Shoulder 5%
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lower extremities
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Data from the 1992 survey for nurse aides found that nursing home workers are particularly at risk for 
strain and sprain injuries, with 80% of shoulder injuries and 85% of back injuries to nurse aides being 
categorized as strains and sprains.

Nursing home workers are also at greater risk for repetitive strain disorders, one of the most rapidly 
growing categories of occupational i llness. A re cent study in Washington state found that, statewide, 
the nursing home industry was responsible for the largest number of cases of carpal tunnel syndrome, 
a painful and crippling disorder of the hands and wrists. Nurse aides were more than twice as likely as 
the general public to su ff er this disorder. Unlike acute injuries, repetitive strain disabilities are rarely 
reported as work related, so the actual rate is likely to be much higher.

Reporting pat terns may a lso lead to u nderestimating t he t rue r isk. St rains a re usually reported as 
work related only if they are acute. In nursing homes, stressful activities that do not ne cessarily cause 
acute lead to cumulative trauma that can end in debilitating injury or disease. Unless they can point to a 
single causal incident, workers are discouraged from reporting the injury or making workers’ compen-
sation claims. In many facilities, employer safety programs such as “safety bingo” give workers  nancial 
or other incentives not to report their injuries.

Why Is Nursing Home Work So Hazardous?

As far back as 1980, the injury and illness incidence rate for nursing homes was 10.7, higher than the rate 
of 8.7 for all private industry.

Much of the reason for this is the physically demanding nature of nursing home work. Nurse aides lift  
and turn patients, help them in and out of baths, make beds, and take residents to and from the toilet. 
Housekeepers vacuum, dust, mop, clean walls and windows, and collect trash. Dietary workers carry 
heavy b oxes a nd pa ns, c lean t heir work a reas, a nd c ut a nd prepare l arge a mounts o f food. L aundry 
workers lift  heavy linens, both wet and dry. Th ey load and unload large washing machines and dryers. 
All nursing home workers use large a nd small muscles over a nd over again, oft en to move bodies or 
objects that weigh more than they do.

Th e more pat ient handling a w orker is required to do, t he greater the r isk. Unpublished data from 
OSHA show that, for nurse aides in nursing homes, 81% of shoulder injuries and 78% of back injuries 
were caused by “health care patient or resident of health care facility.” Over half of all back injuries (and 
just under half of shoulder injuries) to nurse aides in nursing homes result from “overexertion in lift ing,” 
which oft en occurs while handling a patient.4

Nurse a ides, who provide most of t he d irect pat ient care in nursing homes, are particularly at r isk. 
OSHA inspections of a number of Beverly Enterprises nursing homes found that in 1992 short-staffi  ng 
was forcing nurse a ides to p erform m any pat ient l ift s a nd t ransfers a lone. O n many shift s, a  nursing 
assistant would perform up to 4 0 resident lift s and transfers of residents weighing up to 2 60 lb without 
the help of another employee or mechanical hoist. In short, many nursing aides were lift ing over 10,000 lb 
per shift .5

Th ese amounts far exceed recommended safety levels. Th e International Labor Organization and the 
National Institute for Occupational Safety and Health (NIOSH) recommend that manual lift ing be lim-
ited to about 50 lb twice an hour, for objects with a center of gravity of about 15 in. from the lift er.6

Risks to Nursing Home Workers Have Been Increasing

While nursing home work h as a lways b een h azardous, t here i s e vidence t hat c onditions for nursing 
home workers have become much more hazardous in recent years. A number of factors have converged 
to make nursing home work much more dangerous to workers than it was 10 or 15 years ago.

Th e mo st i mportant f actor h as b een a re duction i n t he leng th o f hospital s tays, e specially for t he 
Medicare population. Many analysts trace the decline in length of stay to the federal government’s intro-
duction of prospective payment into Medicare in 1983, although other factors, such as improvements in 
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medical technology, have also played a role. Th e average hospital stay for an elderly patient in 1991 was 
about 1.8 days shorter than in 1981, an 18% reduction. Average stay for the adult population as a whole 
fell by 10% over the same period.

With pat ients leaving the hospital earlier, the burden of providing “subacute” and specialty care is 
increasingly falling on nursing home workers. According to the American Health Care Association (the 
nursing home i ndustry’s t rade a ssociation), t here a re c urrently b etween 10,000 a nd 15,000 subac ute 
beds and more than 60,000 beds in specialty care units nationally.7 Modern Healthcare’s 1993 survey 
of nursing homes found that 56% report subacute units.8 Clinically, these changes have meant that resi-
dents tend to need more assistance with activities of daily living. An increasing number of residents also 
need rehabilitative services, oncology, wound care, and infusion services. Nursing home workers also 
have to treat patients with more complex medical conditions such as Alzheimer’s disease and AIDS.

Understaffing Puts Residents and Workers at Risk

Nursing home operators have failed to add ress either the problem of unsafe working condition or the 
dramatic worsening of those conditions over the past few years. Staffi  ng levels, for example, have not 
kept up with the changes in patient mix.

An analysis of Medicare and Medicaid cost report data by Health Care Investment Analysis (HCIA) 
shows full-time employees per average daily census barely increasing from 0.75 in 1989 to 0.76 in 1991.9 
Marion Merrell Dow, in its annual survey of 200 nursing homes, showed that over a 3 year period from 
1990 to 1 993, the number of nursing home employees per setup bed only increased by 5%. For-pro t 
institutions showed an even smaller rate of increase 2.5% from 1991 to 1993.10

In 1992, SEIU surveyed 10,000 nurses across the United States. Of those employed in nursing homes, 
86% reported that current staffi  ng levels were inadequate and 91% reported that their workloads had 
increased over the past year. Nursing home nurses felt that they should be spending twice as much time 
with their patients as they were able under current conditions.11

When working in a c hronically understaff ed facility, the pressure to pull one’s own weight is enor-
mous, even when workers are not physically up to the task because of injury or fatigue. Workers oft en are 
forced to lift  and turn patients by themselves because no help is available and many are forced to make 
diffi  cult choices between remaining with patients who need assistance or leaving to help their cowork-
ers when called. Many workers end up injuring themselves further by doing additional lift s in order to 
avoid overburdening injured coworkers. More experienced workers are sometimes injured when trying 
to help orient new employees.

Employers Favor Gimmicks Rather than Real Solutions

Rather than hiring additional staff  or redesigning work to eliminate hazards, nursing home employers 
have tended to favor gimmicks that do little to prevent injuries. In 1987, for example, Beverly Enterprises 
distributed a training program to all its facilities entitled Lift  With Care, designed to teach “proper lift -
ing techniques” to nursing home staff .12 While the concept of good body mechanics is the battle cry of 
trainers, such techniques—back straight, legs bent, and objects between legs or close to body—are not 
easily applied to nursing home work.

In many c ases, for example, a si ngle l ift  may re quire le aning over a b ed to l ift  a re sident, holding 
him while turning 90° and lowering him into a chair. Patients may have to be lift ed over chair arms, or 
from a low chair to a h igher bed, or up from the  oor. Transfers oft en involve contortion of the trunk, 
uneven weight distribution, and exertion from awkward postures. Th e additional stress of sustaining 
awkward positions, as when stooping to feed or pulling a wheelchair while ambulating a resident, fur-
ther stretches and weakens muscles.

OSHA inspections of nursing homes have found t hat safety t raining programs for nurse a ides are 
not eff ective. Although the Lift  with Care program has several component parts, in many cases only the 
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25 min video is used. Nursing aides generally do not use the lift ing techniques outlined in the program, 
either because they require more staff  than are on hand for a given lift  or because they have not received 
adequate instruction in the techniques.13

Another recent innovation is to require workers to wear girdle-like devices called “back support sys-
tems” or “back belts” designed to keep workers’ backs rigid. Although they have not been comprehen-
sively tested in nursing homes, there is no evidence to date that such devices are eff ective in preventing 
injuries. A 2 ye ar study by the Back Belt Working Group of NIOSH concluded that “back belts do not 
mitigate the hazards to workers posed by repeated lift ing, pushing, pulling, twisting or bending.” Th e 
Working Group “does not recommend the use of back belts to prevent injuries among uninjured work-
ers, and does not consider back belts to be personal protective equipment.”14

More signi cant than what nursing homes do is what they do not do. Nursing aides report that the nurs-
ing care plans for each patient usually fail to provide written directions so as to the number of staff  needed 
to transfer the patient or the safest way to do so, and supervisors rarely provide this information.15

Nursing home operators have also resisted investing in mechanical lift ing equipment that could reduce 
the hazard to n ursing home workers. Although advanced equipment is available, most nursing homes 
continue to use outmoded lift ing equipment. In many cases, the lift s are used for weighing residents and 
are unavailable for use in transfers. Many nurses’ aides report, however, that they usually do not use lift -
ing equipment, even when it is available, because it takes too much time, it is not safe, and they do not feel 
comfortable using it.16 Th ese problems have been con rmed by a number of academic studies.17

Th e bottom line is that the nursing home industry has not committed itself to a comprehensive pro-
gram that would prevent workplace injuries. Many employers continue to deny the extent of the prob-
lem, contesting OSHA citations and refusing to negotiate legitimate solutions. External pressure from 
organized labor a nd government agencies w ill u ndoubtedly be needed to f orce t he i ndustry to m ake 
signi cant changes in the way it treats workplace hazards and injuries.

One o f t he mo st e gregious em ployer i nitiatives i s s o-called “safety b ingo.” “ Th e c ompany c on-
stantly claims their compensation insurance is too high. But instead of putting on more staff , they 
introduced “safety bingo.” Th e grand prize was a 19 in. color remote-controlled television set. Th ey  
drew a bingo number whenever a week passed without a reported injury. If an injury was reported, 
everyone would have to throw their bingo card away and start again. Some people were so commit-
ted to winning the television that they wouldn’t report injuries.”18

—Beverly Enterprises Nursing Home Worker, Pennsylvania

Safety Saves Money

Employers in the nursing home industry oft en resist hiring additional staff  or purchasing safety equip-
ment because of the cost. But running an unsafe workplace does not save money in the long run. It actu-
ally increases costs in a variety of hidden as well as more obvious ways.

Workers’ compensation• —Th e staggering workers’ compensation insurance rates paid by nursing 
home employers are a re ection of the magnitude and severity of injuries and illnesses in nursing 
homes. Th ere are a number of states where the insurance rate for nursing homes is twice or even 
three times the rate for an average private sector employer. Th e nursing home industry as a whole 
paid close to $1 billion in workers’ compensation insurance costs in 1994.
Injuries drive workers from the profession• —Turnover in the nursing home industry is very high—in 
excess of 100% at some facilities. Th e injury rates, low pay, and stress due to understaffi  ng discour-
age workers from remaining in the industry for very long. New workers are shocked and dismayed 
at the frenetic pace they are expected to maintain. More experienced workers burn out as they  nd 
themselves unable to provide the kind of care they believe nursing home residents need. Constant 
turnover forces employers to invest resources in recruitment and training of new workers.
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Reduced ta x ba se• —People on workers’ compensation do not pay income taxes. Th ey have less 
money available to spend on taxable goods. Th ey may require vocational retraining through state-
funded programs as well as other forms of assistance.
Health in surance redlining shift s costs to oth er industries and workers• —Because nursing homes 
are such hazardous places to work, many insurance companies will not s ell health insurance to 
nursing home operators. A recent University of Michigan survey of insurance companies found 
that two-thirds of those surveyed listed nursing homes among a group of employers ineligible for 
coverage under any circumstances and an additional quarter of those surveyed would only off er 
coverage w ith cer tain r estrictions.19 W hen n ursing h ome w orkers a re u nable to ob tain h ealth 
insurance at work, the cost of their medical care is shift ed to other employers and workers.
Injuries to patients drive up the cost of care• —Workers are not the only ones put at risk by unsafe 
working c onditions. Pat ients a lso su ff er. Th e i ndustry s pends $ 1.2 b illion to h eal p reventable 
decubitus ulcers (bedsores) caused by lack of nutritional hydration, mobility, and cleanliness, and 
$4.3 billion on incontinent care because residents are not toileted frequently enough.20

Taxpayers Ultimately Pay the Cost of Unsafe Working Conditions

Because public programs pay for most nursing home care, it is taxpayers who ultimately bear the burden 
of unsafe working conditions in the nursing home industry. Taxpayers pay for over 75% of the nursing 
home care provided in the United States, primarily through the Medicaid program (see Figure 26.6).

Of the $1 billion paid out by nursing home operators in workers’ compensation insurance premiums, 
for example, well over three-quarters of that amount was paid by taxpayers. Similarly, the industry 
was able to shift  to taxpayers over 75% of the $1.2 billion spent on healing preventable bedsores, the 
$2.6 billion spent on treating residents injured in falls, and the $4.3 billion spent on treating conditions 
associated with incontinence.21

Safety Can Save Money

Th e above data suggest that employers have signi cantly underestimated the costs associated with oper-
ating an unsafe workplace. Th e irony is that they also overestimate the cost of having a safe workplace.

Other  5%

Private insurance  3%

Out-of-pocket  37%

Medicaid              47%

Medicare 8%

FIGURE 26.6 Workers’ compensation costs (as percent of payroll). (From Health Care Financing Administration, 
1996.)
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A t ypical nursing h ome w ith 100 w orkers pa ys b etween $ 50,000 a nd $100,000 a ye ar i n w orkers’ 
compensation insurance payments. Th is money could pay for one or two extra nursing assistants per 
shift , which could go a long way toward reducing injuries due to understaffi  ng. Th ese funds could also be 
used to invest in technology that would make lift ing and transferring patients less hazardous. One year’s 
worth of workers’ compensation payments for a typical nursing home would pay for 10–15 mechanical 
devices, which would allow staff  to l ift  and transfer patients without having to lift  too much weight.22 
A wide range of aff ordable examples are available:

Chairs are available that can double as a toilet and a shower stool to eliminate unnecessary trans-• 
fers. C urrently, pa tients a re oft en lift ed f rom b ed to w heelchair, w heelchair to to ilet, to ilet to 
wheelchair, wh eelchair t o sh ower, sh ower t o wh eelchair, a nd wh eelchair back  t o bed . I nstead, 
patients could be lift ed from their bed to a shower chair (where toileting and showering are done) 
and from there back to bed, eliminating a number of lift s.
Portable or ceiling-mounted patient hoists can substitute a mechanical device for a human lift er. • 
Most homes possess only antiquated lift ing equipment; many safer and more versatile varieties 
are now available.
Hoist belts or lift ing belts can allow workers to lift  patients up with less strain on the worker’s back • 
by placing a belt around the hips of the patient.
Ambulation belts are available which help stabilize patients while they are walking, reducing the • 
risk of falls.
Friction-reducing sliding boards can be placed beneath patients so they can slide instead of being • 
lift ed into a wheelchair.
Other pat ient-handling de vices a re available, i ncluding rol ler b oards, handles on sheets, t urn-• 
tables for pivot transfers, bath boards, and transfer devices for many diff erent situations.

A number of academic studies have shown that these types of interventions have the potential to reduce 
signi cantly the number of injuries to nursing home workers. A s tudy by Bernice D. Owen and Arun 
Garg, for example, examined the impact of a number of ergonomic interventions on injury rates in two 
nursing home units with a total of 140 beds and 57 nursing assistants. Th e program involved determin-
ing which pat ient care tasks involved t he h ighest r isk of injury, modifying t he jobs, a nd introducing 
new patient transferring devices in order to reduce the risk of injury. In the 12 month period following 
the intervention, the back-injury rate was cut nearly in half. Of the remaining back injuries, over 80% 
were not related to the stressful tasks identi ed in the study. Lost and restricted workdays also declined, 
dropping to zero during the last 4 months of the post-intervention phase of the study.23

For nursing home operators to claim that these interventions are “too expensive” is absurd. While the 
industry continues to plead empty pockets, its balance sheets have never looked better. From 1990 to 1992, 
the combined rate of pro t for all U.S. nursing homes rose from 28% to 37.2%, a 30% increase. Th e largest 
nursing home chain in the United States, Beverly Enterprises, posted a 1994 pro t of $74 million.24

Recommendations

Our nation can no longer aff ord the staggering costs imposed by the epidemic of back injuries and other 
cumulative trauma disorders among nursing home workers. Th e following steps must be taken if we are 
to reverse the disturbing trend in workplace injuries in nursing homes.

Improve Staffing Standards

Th e cornerstone of worker safety and quality resident care is adequate staffi  ng. While many states and 
the federal government have established staffi  ng standards, employers are exploiting loopholes in the 
regulations. In some states, employers are able to include administrative staff  when calculating whether 
they met the required staffi  ng levels. SEIU recommends
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Enforceable staffi  ng ratios linked to the acuity of residents. Such ratios should be enforced on a • 
 oor or unit level to prevent facilities from understaffi  ng in particular units while still meeting a 
facility-wide target.
Speci c minimum staffi  ng ratios for nurse aides. Since nurse aides provide most patient care, it is • 
important that speci c standards be set for them, independent of case mix. An expert panel of the 
National Committee to Preserve Social Security and Medicare has proposed nurse aid-to-patient 
ratios of 1:8 (days), 1:10 (evenings), and 1:15 (nights). While SEIU remains concerned that the ratio 
of workers to residents may not be suffi  cient, they are lower (i.e., better) than we observe in many 
facilities.
HCFA should study and monitor the relationship of staffi  ng to acuity levels, resident outcomes, • 
and worker and patient injury rates on an ongoing basis.

Establish an Ergonomics Standard

OSHA is in the process of developing an ergonomics standard for private sector employers. An ergo-
nomics standard would provide clear guidance to nursing home employers on how to prevent disabling 
strain and sprain injuries. Such a standard should require that employers develop an injury prevention 
program that includes the following elements:

A worksite analysis to identify risk factors that cause injuries (e.g., certain types of patient care • 
tasks, such as lift s and transfers, that pose a particularly high risk).
Th e evaluation and implementation of feasible methods to prevent and reduce those risk factors, • 
including the use of mechanical lift ing equipment, improved staffi  ng levels, and better communi-
cation to staff  of a resident’s need for assistance in activities of daily living.
A program of early treatment and ongoing medical management for workers who are injured or • 
who report early warning signs of strains and sprain injuries.
Education and training on how to identify and prevent injuries caused by lift ing and repetitive tasks.• 

Change OSHA’s Enforcement Focus

Since its inception, the focus of OSHA’s enforcement activity has been on industries with widely rec-
ognized hazards, especially in the manufacturing sector. With well over 70% of workers now employed 
in the service sector, there is a need for OSHA to focus on the hazards that are endemic to this sector. 
Th is w ill require new education a nd t raining for OSHA i nspectors a nd t he i nvestment of add itional 
resources i n s ervice s ector en forcement. Ste pping up en forcement i n t he nursing home i ndustry ( by 
far the most hazardous service sector industry) would allow OSHA to improve its ability to eff ectively 
enforce workplace safety laws in the service sector.
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Introduction

Assessment of risks in hospital laboratories is particularly diffi  cult w hen one c onsiders t he r ange o f 
possible hazards:  res; explosions; inhalation of toxic gases, aerosols, and vapors; splashes of corrosive 
chemicals on the skin or in the eyes; thermal burns; cryogenic burns; and accidental injections, falls, 
and cuts. Of these, the most diffi  cult to assess are exposures to chemicals, radiation, or infectious agents. 
Exposures in the laboratory are typically short in duration, intermittent, and involve small quantities 
(relative to an industrial setting) of mixtures of agents. Little is known about the health eff ects of such 
an exposure pro le.

While it may be relatively easy to record laboratory accidents resulting in bodily harm such as burns, 
chemical splashes, a nd cuts, l ittle i s k nown about t he i ncidence of occupational d iseases. One of t he 
reasons for this is the difficulty in correlating diseases with occupational exposures, especially in 
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the laboratory setting. For many agents used in the laboratory, there is a lack of toxicological data and no 
established permissible exposure levels on which one may base a risk assessment. To complicate matters 
further, available toxicological information is usually based on exposures to one agent and does not take 
multiple exposures into consideration, but the combined health eff ects may surpass the total eff ects of 
the individual agents (synergy).

Due to these diffi  culties in quantifying risks, an eff ective approach to laboratory safety involves devel-
opment of universal control measures. Th e term “universal control” refers to the use of measures such as 
ventilation, personal protective equipment, substitution, and storage, handling, and disposal procedures 
in order to minimize or even eliminate exposures, irrespective of the agents involved. Undoubtedly, 
there are exceptionally dangerous agents that dictate the most rigid of controls, but for the most part, 
universal controls can be applied to a lmost any laboratory in a health care facility. Th e main thrust of 
this chapter is on controls, with minor emphasis on principles of recognition and evaluation of risks. 
Parts have been written in a f ormat similar to a m anual and may be used as a ba se for establishing a 
safety manual for most clinical or research laboratories.

Th is chapter is not i ntended to c over all facets of laboratory safety—the focus is on aspects that, in 
the opinion of this author, are characterized by neglect and pose avoidable dangers to t hose working 
in hospital laboratories. For topics that are not included in this chapter, readers are referred to the list of 
suggested readings at the end.

In keeping with the international  avor of this text, minimal reference is made to s peci c occupa-
tional health a nd s afety re gulations. For t his t ype o f i nformation, re aders a re re ferred to t heir lo cal 
government occupational health and safety regulatory agencies. Instead of citing speci c regulations, 
references a re m ade to adv isory b odies w hose g uidelines a re re cognized i nternationally a nd a re 
frequently incorporated into health and safety legislation.

Organization for Laboratory Safety

Safety Policy

Th e  rst requirement for an eff ective laboratory safety program is a clear statement, signed by the chief 
executive offi  cer, stating the institution’s mission, baseline standards, and roles and responsibilities at 
all le vels w ithin t he organization. I ndividuals i nvolved i n t he s afety program ne ed c learly de  ned 
mandates and must be given full support of the institution in carrying out their functions.

Responsibilities for Safety

Administration

Administration’s key responsibilities l ie in the provision of a s afe physical work environment, that is, 
ensuring t hat t he f acilities ac commodate t he nat ure of t he work b eing p erformed a nd i n a ssuming 
institutional  nancial and legal responsibilities for the general pattern of safety practices.

Department and Unit Heads

Department and unit heads are responsible for overseeing the application of health and safety programs 
and ensuring that supervisory personnel reporting to them assume their responsibilities for adhering to 
safety policy. Th ey are also responsible for reporting any problems that cannot be solved at the depart-
mental level.

Supervisors and Principal Investigators

Supervisors a nd principal i nvestigators a re re sponsible for e stablishing s afety a nd emergency proce-
dures for a ll a reas under t heir d irection a nd for ensuring t hat employees a re well informed of work-
place hazards, precautions ne cessary for t he s afe p erformance of work, u se of s afety a nd emergency 
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equipment, and emergency procedures. Th ey are also responsible for advising their department heads 
of problems that cannot be solved without further intervention.

Laboratory Workers

Laboratory workers are responsible for adhering to all safety procedures and for conducting their work 
in such a manner so as not to jeopardize their own or others’ safety. Th ey are responsible for correcting 
hazards or reporting to their supervisors situations that they are unable to remedy.

Safety Committee

An active safety committee is the backbone of a successful safety program. Mandates vary from institu-
tion to institution, and in some jurisdictions the mandate and the committee makeup are speci ed by 
occupational health and safety regulations. Bene ts of having such committees include making the best 
use of internal expertise, maximizing participation at a ll levels in the organization, providing a forum 
for op en d iscussions of health a nd s afety matters, promotion of health a nd s afety, e ducation of t he 
committee and by the committee, and development of policy and procedures. Key functions of the labo-
ratory safety committee in the area of laboratory safety are in ensuring that inspections are performed 
on a regular basis, overseeing the training program, and establishing baseline standards and policies for 
laboratory safety.

Industrial Hygienists and Safety Managers

Mandates of industrial hygienists and safety managers may vary from institution to institution, but 
one role most have in common is as internal advisor. In addition to acting as educators and inter-
nal consultants, they should be actively involved in identifying and monitoring hazards; formulating 
remedial me asures; s pecifying f acilities re quirements; f ormulating i nstitutional s afety p olicies a nd 
procedures; receiving a nd i nvestigating reports of accidents, dangerous i ncidents, a nd occupational 
diseases; liaising with external resources and regulatory agencies; and keeping the institution abreast 
of developments in the area of health and safety.

Traditionally, many industrial hygienists and safety managers have played the role of enforcers; 
however, t he not ion t hat t hey c an be e verywhere at o nce to ac t a s watchdogs i s u nrealistic. Today’s 
trends a re toward t heir adopt ing t he roles of adv isors, which is more consistent w ith t he belief t hat 
responsibility for workplace safety is to be shared with workers and management. Industrial hygien-
ists and safety managers should be expected to intervene primarily when this system shows signs of 
failure.

Laboratory Safety Information Systems

Labeling

In most locales, vendors of hazardous agents a re obl iged by law to d isplay identi cation and precau-
tionary i nformation on products’ c ontainers. Th ese le gal re quirements u sually s pecify t he format o f 
the precautionary information, which may be in the form of symbols and written statements. It should 
not be assumed that all workers are capable of understanding this information, because some may be 
faced with  uency or literacy problems. Th erefore, instruction in how to interpret precautionary infor-
mation must be an integral part of the laboratory safety training program. Workers with  uency or 
literacy problems need help to develop an understanding of the meanings of the various precautionary 
symbols.

When materials are transferred from vendors’ containers, identi cation and precautionary infor-
mation must be d isplayed on t he new containers. Failure to do s o may not o nly be in v iolation of 
labeling regulations, but may also give rise to waste disposal problems if the material cannot be 
properly identi ed.
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Aft er all labeling requirements are met, the real challenge begins—getting people to read the labels. 
Grave errors can occur from failure to read the labels. Many compounds have names that are similar, 
but diff er dramatically in physical, chemical, and toxicological properties. Users of laboratory reagents 
should be trained to read the label once when taking a container from its storage shelf or compartment, 
a second time before opening the container, and a third time before removing any of the contents.

Material Safety Data Sheets

As w ith precautionary l abeling i n mo st jurisdictions, t here a re le gal re quirements for t he provision, 
format, and use of material safety data sheets (MSDSs). Simply making them available is not enough—it 
is imperative that safety training programs include instruction in the meaning of terms and symbols 
displayed in MSDSs. It is also crucial that collections of MSDSs be kept up-to-date at all times and that 
they be made readily accessible.

Laboratory Safety Training Programs

All to o oft en l aboratory ac cidents a re t he re sult, a lbeit d irect o r i ndirect, o f l ack o f a wareness o f 
workplace hazards and their appropriate controls. For this reason, safety training is the cornerstone of a 
successful safety program. Th e safety committee and industrial hygienist or safety manager should play 
an integral role in establishing institutional standards for safety training.

Safety training is necessary at two levels: departmental and institutional. At the departmental level, 
all employees must be given safety training speci c to t heir work. Instructions must include informa-
tion on the hazardous properties of the agents being used; necessary precautions to b e observed; and 
procedures to b e followed for s pills o f h azardous a gents,  res, a nd me dical emergen cies. E mployees 
should be shown the location of all safety equipment (such as eyewashes, emergency showers,  rst-aid 
kits, spill control kits, and  re  ghting equipment) and instructed in their operation.

Individual supervisors must assume responsibility for ensuring all their employees are provided with 
adequate safety training. Th is implies that supervisors are themselves adequately trained to a ssume this 
responsibility but, more oft en than not, they have never been provided formal training in laboratory safety. 
Th erefore, supervisors must be provided supplementary training in the principles of laboratory safety and 
be made aware of applicable regulations and codes of practice to ena ble them to o versee the training of 
their employees.

Training to be provided institution-wide should cover the universal controls applicable to most labo-
ratories, for example, principles of  re safety, radiation protection, safe handling and storage of chemical 
agents, biosafety, and other aspects of laboratory safety. Key players in safety training should be the safety 
manager, industrial hygienist, health physicist,  re marshal, and safety committees, but the success of the 
program does not have to depend entirely on these people. Much of this training may be accomplished 
through the use of audiovisual aids, which may take the form of videos, interactive videos,  lms, slide 
shows, computer programs, and posters.

Safety training is a dynamic process, not be considered as a one-time aff air. Th e program must be 
designed to keep up with turnover of employees, changes in procedures, new legislation, and changes 
in knowledge about workplace hazards. Th ese factors are to be used when determining the frequency 
of training sessions and the target audience. New employees must be given an orientation session in 
safety before commencing any work in the laboratory. All employees (including supervisors) require 
regular training sessions in universal controls and institutional and legislative regulations regarding 
laboratory safety. At the departmental level, supervisors must inform those under their jurisdiction of 
changes in procedures and associated precautionary implications. To prevent employees from missing 
out on essential t raining, up-to-date records must be maintained. Th ese records should indicate the 
content of training sessions, names of the participants, dates of training sessions, and projected dates 
for refresher courses.
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Written communiqués are also invaluable sources of safety information. Laboratory safety manuals, 
newsletters, and memoranda help maintain a steady  ow of safety information. It is important to avoid 
creating a situation of information overload whereby the volumes of reading material become tiresome. 
Written c ommuniqués should b e ke pt a s a b rief a s p ossible w ithout si mplifying t he me ssages to t he 
point where the meanings are altered. To accommodate the enthusiasts who desire more information, a 
collection of more detailed safety references should be available.

Controlling Chemical Hazards

Storage of Chemicals

Temperature control, ignition control, ventilation, segregation, identi cation, and isolation are universal 
controls that will serve to greatly reduce the risk of  re, explosions, or other accidents associated with 
storage of laboratory reagents. Th ese risks can be minimized by observing the following guidelines:

Minimize quantities of chemicals kept on hand in the laboratory. Table 27.1 lists the permissible • 
container sizes for  ammable liquids.
Isolate  ammable l iquids f rom h eat s ources suc h a s d irect su nlight, o vens, b urners, a nd • 
hotplates.
Refrigerate  ammable l iquids w hen p ossible. By do ing s o, t he e vaporation o f v apors w ill b e • 
minimized, thus reducing the risk of  re or explosion. Refrigeration devices (including freezers) 
used for storage of  ammable l iquids must be specially constructed to el iminate spark sources 
(from thermostats or light  xtures) within the storage compartments. Such devices should meet 
National Fire Protection Association (NFPA) requirements as speci ed in codes 45 and 56C.
When t ransferring  ammable l iquids to o r f rom metal d rums, at tach a g rounding w ire to t he • 
drum and all accessories used for the transfer procedure.
Do not store  ammable solvents out in the open such as on bench tops or  oors.• 
Use NFPA-approved  ammable liquid storage cabinets and containers.• 
Store incompatible reagents in separate compartments. For example, store  ammable liquids separate • 
from oxidizing agents such as nitric acid, organic peroxides, chromic acid, and permanganates.
Transfer  ammable l iquids i n w ell-ventilated a reas to a void h aving t he v apors b uild up to a n • 
explosive concentration.
Store large containers on lower shelves. Do not place any at or above eye level. Whenever possible, • 
place bottles in a tray to contain leaks.

TABLE 27.1 Maximum Allowable Container Sizes for Flammable and Combustible Liquids in Laboratories

Type of Container

Flammable Liquids Combustible Liquids

Class IAa Class IBb Class ICc Class IId Class IIIAe

Liters Gal Liters Gal Liters Gal Liters Gal Liters Gal

Glass 0.5 0.12  2 0.25  4 1  4 1 20 5
Metal (other than DOT 

approved drums) or approved 
plastic

4 1 20 5 20 5 20 5 20 5

Safety cans 7.5 2 20 5 20 5 20 5 20 5

Source: M odi ed from National Fire Prevention Association Code 30.
a Liquids having  ash points below 73°F (22.8°C) and boiling points below 100°F (37.8°C).
b Liquids having  ash points below 73°F (22.8°C) and boiling points at or above 100°F (37.8°C).
c Liquids having  ash points at or above 73°F (22.8°C) and boiling points below 100°F (37.8°C).
d Liquids having  ash points at or above 73°F (37.8°C) and boiling points below 140°F (60°C).
e Liquids having  ash points at or above 140°F (60°C) and below 200°F (93.4°C).
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Peroxidizable Chemicals

Many chemicals, most notably ethers, are susceptible to decomposition, resulting in explosive products. 
Ethers, liquid paraffi  ns, and ole ns form peroxides on exposure to air and light. Because most of these 
products have been packaged in an air atmosphere, peroxides can form even if the containers have not 
been opened. Th ough there are tests available to detect the presence of peroxides, it is most prudent to 
adhere to the following guidelines:

Unopened containers of ethers should be discarded aft er 1 year.• 
Containers of ethers should be discarded within 6 months of opening.• 
Ethers beyond their expiry date should not be handled. Removal should be conducted by hazard-• 
ous materials technicians trained to stabilize and remove the material.
Th e following are just a few examples of compounds prone to peroxide formation:• 

Diethyl ether (ether)• 
Dioxane• 
Isopropyl ether• 
Tetrahydrofuran• 
Th e label and MSDS will also indicate whether a chemical is unstable.• 

Explosive Chemicals

Many c hemicals a re su sceptible to r apid de composition o r e xplosion w hen sub ject to f orces suc h a s 
being struck, vibrated, agitated, or heated. Some become increasingly shock-sensitive with age. A typi-
cal example of this is picric acid, which if allowed to become dry, is extremely explosive. Typical atomic 
groupings t hat a re associated w ith t he possibility of explosion a re n itrates, a zides, n itrites, chlorates, 
nitros, diazos, nitrosos, diazoniums, fulminates, perchlorates, peroxides, hydroperoxides, and picrates. 
For a more complete list of explosive compounds and atomic groupings, readers are advised to refer to 
texts on hazardous chemical reactions. Whenever working with compounds that are potentially explosive, 
the following guidelines should be observed:

Refer to the label and MSDS to determine if a chemical is explosive.• 
Write the date received and opened on all containers of explosive or shock-sensitive chemicals.• 
Discard the opened containers aft er 6 months and closed containers aft er 1 year, unless inhibitors • 
have been added by the manufacturer.
Work with small quantities.• 
Perform the experiments behind a face shield.• 

Some materials a re not i ntrinsically explosive but, i f u sed u nder certain conditions, may g ive r ise 
to explosive products. A classic example of this is perchloric acid, a powerful oxidizing agent that may 
react explosively with reducing agents and organic matter. Perchloric acid vapors tend to condense on 
the inside of fume hoods and the inner linings of ducts, eventually forming perchlorate crystals, which 
are shock-sensitive explosives. Many accidents, some of them fatal, involving the use of perchloric acid 
have been recorded. Perchloric acid should only be used in a water washdown hood of noncombustible 
construction, and when wet digestions are performed, organic matter should  rst be treated with nitric 
acid to destroy easily oxidizable matter.

Incompatible Chemicals

Th ose trained in the basic principles of chemistry should be able to predict some of the more obvious 
incompatible combinations of chemicals, such as oxidizing reagents with reducing reagents or strong 
oxidizers with combustible or  ammable materials; however, certain hazardous combinations can occur 
even between chemicals of the same classi cations. An example of this is the reaction between acetic 
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acid and chromic acid. Th erefore, it is not suffi  cient to rely solely on one’s knowledge of chemistry when 
looking at chemical compatibility. Readers are advised to re fer to re agents’ labels, MSDSs, and lists of 
hazardous chemical reactions to consider the possibility of incompatible combinations.

Management of Hazardous Research Chemicals

It is not unusual for researchers to be using chemical agents for which there are little or no toxicological 
data, for example, cytotoxic or antineoplastic drugs. Some of these agents will dictate safety measures 
beyond t he u niversal c ontrols o utlined i n t his c hapter. D etermination o f t he h andling a nd s torage 
procedures should be determined jointly by the principal investigator and the industrial hygienist and 
be based on the philosophy that if l ittle is known of the agent’s toxicological properties, it should be 
handled as if it were highly toxic (see also Chapter 5).

Proper m anagement o f h azardous c hemicals m ust i nvolve i nventory c ontrols a nd si mple h ouse-
keeping. Unfortunately, i t h as b een ob served t hat t hese a reas a re f requency ne glected, re sulting i n 
the presence of unnecessary hazards. For example, if labels are not checked for expiry dates, unstable 
chemicals may be present in the laboratory unbeknownst to i ts occupants. Inventories of laboratory 
reagents should be conducted at least annually, in an eff ort to discard all reagents beyond their expiry 
dates, along with unwanted, contaminated, and surplus chemicals. Th is serves to minimize quantities 
kept on hand, provide the opportunity to evaluate the storage practices, and ensure that chemicals are 
properly identi ed, segregated, and contained.

A hazardous waste d isposal service is an essential element of management of hazardous research 
chemicals for reasons of safety and compliance with hazardous waste regulations. Practices that were 
acceptable in the past, such as using drains as a means of disposal, are no longer tolerated by environ-
mental protection agencies or by the public. Aside from environmental considerations, pouring chemi-
cal agents down drains can result in adverse reactions if incompatible mixtures are created. Th is  can 
occur as a result of the discharge of chemicals into the drains of one laboratory or into common drains 
and traps shared by diff erent laboratories. Another negative consequence of improper disposal is the 
release of vapors f rom volatile materials that may migrate a long drain pipes and appear in diff erent 
locations of the building. Th ese vapors can give rise to transient odors and also can pose an explosion 
hazard in the case of  ammable solvents that are immiscible with water. Although in certain circum-
stances disposal v ia the sewer system is acceptable, it is prudent to le t waste management personnel 
determine disposal methods.

Another useful measure for controlling chemical hazards is substitution, which involves replacing 
chemicals w ith ones t hat h ave le ss h azardous properties a nd w hich c an produce t he s ame re sults. 
An example of a sensible substitution is the replacement of chromic acid cleaning solutions with com-
mercially available cleansers. Another example is the use of aqueous-based scintillation  uids instead of 
organic-solvent-based  uids. Th e se  uids are non ammable, biodegradable (thereby reducing the costs 
of waste disposal), and less toxic. Many institutions have gone beyond just suggesting these substitution 
measures and have made them policy.

Controlling Biological Hazards

Design of Biohazard Facilities

Th e  rst step in designing a facility for handling biohazardous agents is to determine the level of contain-
ment required. It should be based on the nature of the species to b e used and the experimental proto-
col. Th is protocol should be developed jointly by the principal investigator and a biohazards committee 
using the guidelines established by external agencies dealing with biosafety and disease control. Once the 
experimental protocol and level of containment have been established, facility design and layout should 
be performed according to standard speci cations and, once complete, should be inspected and certi ed 
regularly. Most jurisdictions require that this be done a minimum of once per year.
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Biological Safety Cabinets

Biological safety cabinets should be used for any experiments with a risk of generating pathogenic 
aerosols. Devices that typically generate aerosols include blenders, pipettes, syringes, stirrers, vortexers, 
and sonicators.

Biological safety cabinets should be certi ed at t he time of installation, annually, and whenever • 
they are relocated.
Nothing s hould b e p laced o ver t he f ront i ntake o r re ar e xhaust g rilles. E quipment s hould b e • 
placed at least 4 in. inside the cabinet window.
Transfers of viable materials should be performed as deeply in the cabinet as possible.• 
Interior surfaces of the cabinet should be disinfected regularly, and a ll experimental apparatus • 
should be disinfected before removal.
Th e cabinet’s fan should be allowed to r un 2–3 min before beginning an experiment in order to • 
allow suffi  cient time to purge airborne contamination. Th e fan should also be allowed to run an 
additional 2–3 min aft er completion of an experiment.
Air turbulence should be minimized both outside the cabinet (which may be caused by nearby • 
pedestrian movement) and inside the cabinet (such as that produced by  ames). If a  ame must be 
employed, a burner with a pilot light should be used.
Only biological safety cabinets attached to exhaust systems can be used for procedures involving • 
toxic vapors or gases.

Animal Care and Handling

Use of a nimals i n t he l aboratory d ictates s pecial c ontrol me asures i n order to p rotect workers f rom 
zoonoses (diseases t ransmissible f rom animal to m an). Zoonoses may be contracted v ia a n umber of 
vectors, such as animal bites, scratches, contact with animal blood, tissues, and excrete, or exposure 
to aerosols generated by animal care activities. In order to de termine the necessary control measures, 
the type of species involved and the nature of contact should be taken into consideration. Th e nature 
of contact should not be limited to that with the animal, as it should also include contact with animal 
cages, accessories, body  uids, excrete, and carcasses. Two important elements of an animal care and 
handling program are veterinary surveillance for the animals and medical surveillance for the employees. 
Veterinary surveillance is especially valuable to ensure that incoming animals are in good health and 
are not c arrying a ny t ransmissible d iseases. Unfortunately, t his i s not a lways possible, because some 
conditions may not be clinically evident, for example, Q-fever. Medical surveillance of the employees is 
important both before employment and during employment aft er they have been exposed to animals. 
Before an employee is able to work with animals, it should be determined whether he/she has any 
predispositions to asthma, allergies, or other diseases that could be aggravated by contact with animals. 
For more information on medical and veterinary surveillance programs, readers are advised to consult 
guides for the care and use of laboratory animals.

Controlling Radiation Hazards

Radiation protection is treated as a separate chapter in this book (Chapter 10), but it should be stressed 
here t hat radioisotopes a re chemicals a nd should be considered not o nly for t heir radiation-emitting 
properties, but a lso for t heir chemical, physical, a nd toxicological properties when t heir hazards a re 
assessed. It is important to not lo se sight of this fact and to i ncorporate the guidelines established for 
nonradioactive chemicals into experimental protocol.
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Controlling Mechanical Hazards

Compressed Gases

Cylinders of compressed gases present a multitude of chemical and mechanical hazards to their users 
and to t he occupants of laboratories. Th e t ype of gas involved should be considered for t he follow-
ing properties:  ammability, reactivity, explosivity, corrosivity, and asphyxiation potential. It should 
be note d t hat m any ga ses a re not ne cessarily c hemical a sphyxiants b ut m ay no netheless re sult i n 
asphyxiation via displacement of air.

Most gases, when vaporized, cause a cooling eff ect that may be suffi  cient to cause freezing of the skin 
and t issues. G ases a lso p ose t he r isk of c ausing emb olism i f t he ga s s tream i s p owerful enough to 
penetrate the skin and arteries.

Cylinders have been referred to as “sleeping giants.” Th e high pressures in compressed gas cylinders 
make c ylinders potential bombs. I f t he gas i s sudden ly released, t he resulting energ y i s su ffi  cient to 
propel a cylinder through concrete walls, wreaking havoc along its path.

Th e following guidelines should be observed for the storage and handling of gas cylinders:

All gas cylinders, full or empty, should be securely supported using racks, chains, or stands.• 
When c ylinders a re not i n u se or w hen t hey a re b eing t ransported, remove t he re gulator a nd • 
attach the protective cap.
When transporting cylinders, chain or strap the cylinder to the cylinder cart.• 
Verify that the regulator is appropriate for the gas being used and the pressure being delivered. • 
Do not rely upon the pressure gauge to indicate the maximum pressure ratings; check the regula-
tor’s speci cations.
Do not use adapters or Te on• Ò* tape to attach regulators to gas cylinders.
Never bleed a cylinder completely empty, leave some residual pressure.• 
Do not lubricate the high pressure side of an oxygen cylinder.• 
Avoid subjecting cylinders to temperature extremes.• 

Glassware Safety

Handling glass apparatus poses the risk of cuts in any laboratory, but, particularly in hospital labora-
tories, cuts can result in grave consequences due to the handling of infectious agents.

When handling glass rods, tubes, or pipettes

Avoid the sharp tips;  re polish the ends if any chips or sharp edges are evident.• 
Lubricate with water or glycerine.• 
Ensure the openings in stoppers or pipette  llers are properly sized, not too small.• 
Insert carefully, with a slight twisting motion, keeping hands close together.• 
Use the gloves or cloth towel to protect hands.• 

For all types of glassware

Broken glass should be picked up with a dust pan and brush, not with hands.• 
Discard the broken glass in a rigid container separate from regular garbage and label appropriately. • 
Contaminated items should be sterilized prior to disposal.
Glass is weakened by all types of stresses (e.g., heating, bumping, etc.). Used glassware merits • 
extra caution when it is handled. Discard or repair all glassware that is chipped, cracked, or star-
cracked because these vessels cannot tolerate normal stresses.

* Registered trademark of E.I. duPont de Nemours and Company, Inc., Wilmington, Delaware.
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Centrifuges

Centrifuges are potential sources of contamination of laboratory equipment, producers of aerosols, and 
mechanical hazards. Th e following are guidelines for the use of centrifuges:

Select the centrifuges with interlock devices that prevent access to t he inside until the rotor has • 
come to a complete halt. Do not disconnect or tamper with these devices.
Before putting a centrifuge into operation, ensure that it is properly installed by a quali ed service • 
person. Th e centrifuge should be well anchored, properly balanced, electrically grounded, and all 
moving parts should be inspected to verify that none became loose during shipping.
Instruct all users in the importance of checking the balancing prior to each use.• 
When centrifuging any pathogenic or toxic l iquids, use capped centrifuge tubes to p revent the • 
release of aerosols.
Use the tubes of unbreakable materials whenever possible.• 
Clean the spills promptly. Th oroughly decontaminate centrifuges regularly and prior to servicing.• 

Personal Protective Equipment and Safety Devices

Laboratory workers should be made aware of the types, uses, l imitations, and availability of personal 
protective e quipment. Th e l aboratory sup ervisor i s re sponsible f or en suring w orkers a re p rovided 
adequate quantities a nd appropriate t ypes of personal protective equipment. Th e t ypes of protection 
used should re ect the degree of risk for a given procedure and location.

Protective Clothing

Th e minimum protection needed is a lab coat for protection from splashes and contamination. In cer-
tain circumstances, such as when working with infectious agents, gowns with closures at t he back are 
preferable. Other types of protective clothing, such as shoe covers, head covers, and sleeve bands, are 
commonly used in laboratories such as autopsy rooms, where they are useful to protect workers from 
contamination as well as to contain contamination within the laboratory. Disposable clothing has the 
greatest advantages in terms of protecting workers because there is no need for laundering; the disad-
vantages are cost and waste disposal requirements. If reusable clothing is employed, a laundry service 
must be provided to the workers, who should not be required to take work clothing home and possibly 
expose family members to workplace contaminants.

Protective clothing should be discarded when workers leave the laboratory area so as not to con-
taminate other areas such as cafeterias, other workers, or patients. Failure to do so defeats much of the 
purpose of using protective clothing.

Protective Gloves

Th ere is no one type of protective glove that can be used in all situations and meet all the requirements 
for dexterity, impermeability, and resistivity. Careful selection of the correct glove must be considered 
for the type of work being performed. Information on gloves’ resistivity and impermeability is avail-
able from suppliers for a limited number of agents and is sometimes inconsistent. It is advisable to refer 
to more than one source before selecting the type of glove material. In cases where there is no informa-
tion pertaining to t he agents being used, it may be necessary to p erform tests involving soaking the 
glove material with the agents in question and observing for chemical degradation and breakthrough 
of the material.

Gloves should be removed whenever contaminated and must not be worn when materials not involved 
in a given experiment are touched so as to prevent contamination of telephones, door handles, and other 
objects touched by other persons.



Laboratory Safety 27-11

Eye Protection

Eye protection should be required for everyone in laboratories where chemicals, biohazardous 
agents, and radioisotopes are handled. For light work, standard glasses with unbreakable lenses may 
suffi  ce. For l ight to mo derate work, g lasses should be equipped w ith side s hields. For work w ith a 
signi cant risk of splashes or projectiles, safety goggles are advisable, and in situations where there 
is a danger of damage to the eyes and face from projectiles, splashes, or explosion, a full face shield 
should be used.

Respiratory Protection

Although engineering controls (local exhausts, etc.) are the primary means of protection from aero-
sols, ga ses, a nd v apors, re spiratory p rotection de vices m ay b e ne eded a s a supp lementary s afety 
measure. Th e type of device required should be determined only by someone thoroughly trained in 
their selection, care, and use, such as an industrial hygienist. One should not rely solely on suppliers 
to specify needs.

Th ere are two basic categories of respiratory protective devices:

 1. Air-purifying: (a) particulate-removing that use mechanical  ltration (b) gas- and vapor-removing 
that use chemical media, and (c) a combination of (a) and (b).

 2. Air-supplying: (a) self-contained breathing apparatus and (b) air-line supplied respirators.

Air-purifying respirators are most commonly used in the laboratory, but in situations where an oxy-
gen-de cient atmosphere is likely or when toxic gases or vapors with poor warning properties (odor, 
taste, i rritation, e tc.) a re b eing u sed, a ir-supplying re spirators a re ne eded. F or emergen cy re sponse 
(e.g.,  re, hazardous spills, etc.), positive-pressure air-supplying respirators are the most appropriate.

A successful respiratory protection program dictates the implementation of good quality control and 
must contain the following elements:

Written standard operating procedures• 
Respirator selection based on the hazard to which workers may be exposed• 
Instruction on the care and use of respirators• 
Assignment of respirators to individuals for their exclusive use, wherever practicable• 
Regular cleaning and disinfection of respirators• 
Storage of devices in convenient and sanitary locations• 
Inspections of respirators during cleaning, replacement of worn or deteriorated parts, inspection • 
of emergency respirators monthly assignment of tasks requiring respiratory protection to o nly 
those medically  t to p erform work under the stress of added breathing resistance, and medical 
surveillance to determine the health status
Regular i nspections a nd e valuations to de termine t he e ff ectiveness of  re spiratory prot ection • 
program

Emergency Wash Devices

Readily available supplies of water are needed for situations where the eyes or body of personnel may 
be exposed to injurious corrosive, toxic, or irritating agents. Such devices must be conveniently located 
in the workplace for immediate emergency use. Usefulness of laboratory emergency wash devices may 
be limited if they are not g iven the necessary attention. It is imperative that all laboratory workers are 
thoroughly familiar with the operation of these devices and learn to use them without hesitation when-
ever the situation dictates. Unfortunately, workers have in certain instances hesitated to u se them for 
reasons such as lack of con dence that the device is functional, embarrassment about being involved in 
an accident or making a mess, or fear of repercussions from causing a scene.
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Regardless of t he t ypes of emergency wash devices in place, t raining and maintenance w ill be t he 
factors t hat de termine t heir e ff ectiveness. T raining, p referably h ands-on i n t he op eration o f t hese 
devices, must be included in the laboratory safety training program. Regular inspection and testing 
are required to ensure they will be functional when the need arises. Th e American National Standards 
Institute (ANSI) adopted a s tandard for emergency eyewash and shower equipment in 1981 (Standard 
No. Z358.1–1981), which speci es that this equipment should be activated weekly to  ush the lines and 
to verify proper operation. Th is standard has yet to be translated into reality, especially in the area of 
showers, which are not convenient to test without the services of a plumber and a means of controlling 
the spread of water if the shower is located in an open area. Even in the more avant-garde institutions, 
semiannual testing is considered a high standard. It is certainly more feasible to meet the ANSI standard 
with respect to eye washes, because they can easily be activated frequently by the laboratory workers.

Eye/Face Washes

Some devices are designed to d irect water at t he eyes only, whereas a g rowing number of devices are 
being designed to wash both the eyes and face. Th is is a sensible design, as it is likely that when some-
thing is splashed into the eyes, the face will be aff ected as well. Th e  diff erence lies in the dispersion of 
the water stream and the  ow rate. It is recommended that the  ow rate be a m inimum of 1.5 L/min 
for eyewashes and 11.4 L/min for eye/face washes, and they should be able to del iver these  ows for a 
minimum of 15 min. Th e ANSI standard calls for location of these devices to be within 10 s and 100 ft  
of the work area. Th e control valve should be simple to operate and be able to turn on in 1 s or less and 
remain on w ithout t he use of t he operator’s hands. Th e standard does not add ress t he issue of tem-
perature control, which can be a serious problem in cold winter climates. Few wash devices have been 
designed to c ontrol temperature reliably, with the exception of portable devices that have reservoirs. 
Th ese portable devices present problems of t heir own related to f ungal and bacterial contamination 
and a re not re commended for u se except a s a tem porary me asure. A s a r ule, a ll emergency washes 
should have plumbed supplies of freshwater.

Emergency Showers

Th e A NSI s tandard f or emergen cy s howers a lso c alls f or lo cation w ithin 10 s a nd 100 ft  o f t he w ork 
area. Th e minimum  ow rate is 113.6 L/min to be connected to a 1 in. water feed. Although not covered 
by the standard,  oor drains are advisable for showers located in the laboratory. Th is may give rise to 
odors emanating from the plumbing system if the drain traps are allowed to dry out. Regular  ushing 
of the drains should be considered as part of the maintenance program for emergency wash devices. 
Th e valve actuator for the shower should be low enough to allow access for all laboratory workers. Th is  
may require special adaptation for workers in wheelchairs.

Drench Hoses

Handheld drench hoses cannot be considered as replacements for eyewashes, since the water stream can 
only irrigate one eye at a time. However, they can be invaluable for splashes on localized areas of the skin 
in situations when a full body dousing with a shower could be considered overkill. For typical splashes 
that one may encounter in a hospital laboratory, a drench hose may be all that is needed for proper irri-
gation. Drench hoses have the advantage that they can be installed close to a sink where they are likely 
to be used for other purposes, resulting in the employees being more familiar with and con dent in their 
operation. Th e recommended  ow rate for hand-held drench hoses is 11.4 L per minute.

Laboratory Design

Many laboratory safety problems stem from inadequate design, which may occur during the construc-
tion stage or as a re sult of changes in procedures for which the facility was not de signed. Clearly, it is 
preferable to design a laboratory properly from the onset, but in some instances changes in procedures 
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may necessitate retro tting laboratories to accommodate safety requirements. Th e key areas to consider 
with respect to design of laboratories are

Fire prevention, detection, and suppression• 
Ventilation systems• 
Chemical storage• 
Safety and emergency response equipment• 
Laboratory water and potable water supply• 
Ergonomics• 

Speci cations for most of these design considerations are not within the scope of this chapter and are 
well covered in standard laboratory reference manuals. One area that is frequently neglected and mer-
its special mention is ergonomics, the science which deals with the interactions between man and his 
working environment. In the laboratory, the relationship between workers and their tools of the trade is 
very intimate. A productive laboratory is one designed to enhance the harmony of this relationship by 
means of good illumination, well-designed benches and work space, noise control, proper tools, and an 
overall pleasant environment. Th ese factors serve to reduce all types of stress experienced by the work-
ers, contributing to an overall productive environment. Th e connection with the subject at hand lies in 
the belief that a well-designed laboratory is conducive both to productivity and safety.

Laboratory Ventilation

General Ventilation

Th e p rimary p urposes o f gener al v entilation a re to m aintain c omfort le vels ( i.e., tem perature a nd 
humidity) for human occupancy and to provide supply air to exhaust ventilation devices. In some cir-
cumstances, general ventilation may be required to also maintain comfort levels for animals or to pro-
vide the conditions needed for particular experiments. Although general ventilation provides a degree 
of dilution, thereby reducing the concentration of all airborne contaminants as well as minimizing the 
possibility of creating a n explosive concentration of  ammable contaminants, it should not b e rel ied 
upon as a primary means of protection. In the laboratory, airborne pollutants should be captured at the 
source using local exhausts.

Th ere are two main components in a general ventilation system: a supply and an exhaust. Regardless 
of t he a rrangement, no a ir e xhausted f rom t he l aboratory should b e re circulated t hrough t he build-
ing. Th e system should provide a minimum fresh air exchange rate as speci ed by regulatory agencies. 
Th e American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) recom-
mends a rate of 20 ft 3/min per person based on an occupancy rate of 30 persons per 1000 ft 2 of  oor area 
(Standard No. ANSI/ASHRAE 62–1981R). Th e optimum operative temperatures are 71°F (21.7°C) in the 
winter and 76°F (27.2°C) in the summer.

Th e  nal requirement of the general ventilation system is that it be balanced such that the laboratory 
is at a negative pressure with respect to adjacent zones. Th is will control the migration of contaminants 
to offi  ces, corridors, patient rooms, and other areas of the building.

Exhaust Ventilation

All procedures involving the liberation of toxic or  ammable vapors should be carried out in a fume hood 
or other form of local exhaust device. In conjunction with personal protection and good practices, exhaust 
ventilation can provide a situation of zero exposure, a concept almost unheard of industrial sectors.

Th e velocity at the face of a fume hood must be suffi  cient to p revent t he e scape o f c ontaminants 
from the hood into the laboratory. Th e American Conference of Governmental Industrial Hygienists 
(ACGIH) recommends a l inear velocity of 100 ft /min at t he face of the hood. Wind turbulence caused 
by pedestrian traffi  c, the movement of doors, or excessive clutter inside the hood may compromise its 
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ability to provide containment. Th erefore, it is recommended that hoods be placed in areas of low traffi  c 
and as far away from doors as possible. Fume hoods should not be used for storage of chemicals due to 
these turbulence problems.

Fume hoods should be equipped with some form of meter or visual indicator which veri es for the 
user that it is functioning properly. For very hazardous procedures, audible indicators are recommended 
to alert the user that operating conditions have changed. Th e hoods should be regularly inspected and 
their p erformance mo nitored w ith a n a nemometer t hat h as b een ac curately c alibrated. Th e ACGIH 
recommends inspections monthly for critical or new installations, and quarterly or semiannually for 
all others.

Face velocities on most fume hoods, with the exception of those designed for variable  ow, are 
maximized b y minimiz ing t he h ood o pening. U sers s hould b e in structed in  t he im portance o f 
keeping t he h ood do ors c losed w hen not i n u se, a nd to m inimize t he op ening w hen p erforming 
experiments.

Local exhausts should be designed to enclose the process as much as possible. Canopy hoods, which 
are commonly used to exhaust certain processes such as atomic absorption spectrophotometry, are not 
designed as enclosures and therefore have severe l imitations. If such devices are used, they should be 
placed as close as possible to the sources of emissions and be arranged so that the  ow of contaminants 
does not pass through the breathing zone of the operator. For most applications, canopy hoods are not 
suitable for hospital laboratories.

Spill Response Contingencies

Immediately aft er a spill or other accidental discharge of hazardous agents is not the time to begin plan-
ning how to respond. Predetermining spill response procedures will serve to greatly reduce the extent 
of damage to personnel and property in the event of such an incident. Th e  rst step in preparing a spill 
response plan is to evaluate the types of agents used in the laboratory in order to determine the materi-
als a nd information needed for spill response. A lthough t he institution can provide t he support a nd 
backup systems, individual laboratory supervisors must be held responsible for determining the proce-
dures speci c to their areas. In some instances, only the laboratory specialists may be able to determine 
the remedial measures if they are working with highly specialized substances. Th e factors that must be 
considered when establishing contingency plans are as follows:

Categories of agents and their chemical, physical, and toxicological properties• 
Quantities that may be released• 
Possible locations of release• 
Personal protective equipment needed• 
Types and quantities of neutralizing, disinfecting, or absorbing material needed• 

Establishment of lines of communication is a necessary component of contingency plans. Procedures 
must be established for summoning assistance in dealing with spills and for alerting support personnel 
of the incident. Th is is especially crucial for aft er-hours incidents, when minimal support may be avail-
able and it may become necessary to contact persons at home.

Th e general guidelines for initially responding to a spill situation are as follows:

If a spill is minor and of known limited danger, it should be cleaned up immediately.• 
If a spill is of unknown composition or potentially dangerous (e.g., explosive, toxic, etc.), all persons • 
present should be  rst alerted and instructed to leave the room.
Cleanups s hould b e p erformed o nly b y t hose f ully e quipped w ith a ll ne cessary p rotective • 
equipment and materials necessary for decontamination or cleanup and trained in their use.
If a spill cannot be safely handled utilizing the available materials and personnel, the area should • 
be secured so as to ensure personnel safety and then additional help must be summoned.
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Monitoring Hazards in the Laboratory

Th ere are three complementary approaches to monitoring hazards in the laboratory. One can monitor 
the environment, the processes, and the workers.

Environmental Monitoring

Environmental monitoring is generally for estimating or determining workers’ exposures to hazardous 
agents by measuring airborne concentrations or levels of surface contamination. Methods for most com-
mon agents are generally well established, but diffi  culties arise when evaluating agents for which there 
are no established sampling and analytical procedures. It is not unusual to come across this dilemma in 
a hospital laboratory environment where new agents are frequently introduced. Th is may at times dictate 
development of special techniques by t he industrial hygienist w ith a c hemist for monitoring chemical 
agents, a microbiologist for biological agents, and a health physicist for radioactive isotopes.

Interpretation o f mo nitoring d ata a lso p oses p eculiar c hallenges, d ue t he a bsence o f p ermissible 
exposure levels for many agents a nd a lso due to t he d iffi  culty in determining the eff ects of exposure 
to more than one agent. In using monitoring data to formulate control measures, it is advisable to lean 
toward t he c onservative side a nd to adopt t he ph ilosophy o f h ealth physicists, w hich i s to m aintain 
exposures to levels as low as reasonably achievable.

Whenever possible, air monitoring should utilize personal samples to estimate exposures to workers. 
Th is is preferred over simply using stationary samplers that merely provide environmental data and that 
may not directly relate to the exposures experienced by the workers. Sampling protocol should strive to 
determine the dose by sampling for typical work periods, such as a workday. Short-term samples may 
also be required.

Monitoring Processes

Laboratory i nspections must be conducted to ade quately monitor laboratory processes a nd facilities. 
Such evaluations should examine not only the inherent properties of hazardous agents being used, but 
also the ways they are being used and the control measures in place. Successful inspection programs 
require participation not o nly from the safety audit teams, but a lso from the laboratory workers who 
should be given the opportunity to solicit advice and to submit their suggestions regarding laboratory 
safety.

Th ere are d irect connections between monitoring processes and preventive maintenance. Th e per-
formance of emergency wash devices,  re prevention devices, ventilation systems, and other safety and 
emergency equipment must be part of this program, and responsibilities for these evaluations must be 
clearly de ned.

Medical Surveillance

Medical surveillance for workers exposed to occupational hazards should be performed by physicians 
trained in occupational health practices. Physicians without such training may not be able to recognize 
links between diseases and occupational causes.

Medical surveillance programs must be carefully designed to su it the needs of the workers and the 
types of agents to which they may be exposed. Th e key elements of such a program are

Preemployment or preassignment screening• . Assessments of health status should be designed to 
determine i f employees have predispositions to c ertain medical problems t hat may be aggra-
vated by certain types of work. For example, someone with severe allergies may be advised not 
to perform work with animals or certain agents. Th ese assessments may consist of a ph ysical 
examination, speci c tests, or simply a medical questionnaire.
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Periodic health appraisals• . Periodic follow-up evaluations should be performed to assess whether 
employees’ medical statuses remain compatible with their work assignments or to detect occupa-
tionally related illnesses. For certain types of work, speci c tests may be conducted to look for the 
presence of agents that may have entered the body or for their metabolites Th is is referred to as 
biological monitoring. For certain conditions that can be monitored only by the presence of blood 
antibodies, serum banking may also be advisable.
Diagnosis and treatment• . Ideally, these measures should be aimed at rehabilitation and be prompt 
in delivery. Emergency treatment for sudden illnesses or injuries should be readily available and 
not be dependent on the periodic appraisals.
Immunization• . Work with certain human pathogens, infectious agents, and some species of ani-
mals will dictate immunization prophylaxis, for example, hepatitis B vaccinations. Due to human 
rights questions, many of these programs involve voluntary participation; therefore, the success 
of such programs will require ongoing education of employees in the bene ts of participation.
Medical recordkeeping• . A s w ith a ll medical records, t he con dentiality must be maintained by 
the program physician. Th e records must be complete and accurate. Statistical analyses must be 
performed to examine possible epidemiologic phenomena.
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Toluene

William Charney and Martin Lipnowski

Technicians in a h istology laboratory at J ewish General Hospital, Montreal, Quebec perform a c over 
slipping process during which skin contact with toluene (C6H5CH3) is inevitable. Air exposure quanti-
 cations were done showing low ambient air concentration (Table 28.1) due to an eff ective local exhaust 
ventilation hood. However, because of the percutaneous nature of toluene and the lack of hand protection, 
it was decided to quantify the amount of absorbed toluene by venous blood methodology.

Cover slipping or mounting is a procedure in which slides are taken from a 500 mL container of toluene 
(Figure 28.1a through e). Slides are permanently sealed by placing 1 mL of Eukitt (glue) on a cover slip. Skin 
contact with toluene occurs when the slide is retrieved from the toluene. Gloves are not worn by the technicians 
due to t he loss of  nger dexterity. Forceps are sometimes used to a void initial skin contact; however, skin 
contact still occurs when t he technician manipulates t he s lide. A ll cover s lipping is done under a lo cal 
exhaust ventilation hood that provides >100 linear feet per minute (LFPM) of negative pressure at the face 
(Figure 28.2).

Air s ampling was done during t he period of cover s lipping u sing t wo me thodologies: (1) a M iran 
infrared spectrophotometer with a path length of 6.75 m and wave length of 13.7 mm to determine 
breathing zone concentration and (2) 3M 3550 organic vapor passive dosimetry to c ross-correlate the 
personal breathing z one c oncentrations. Th e bad ge w as p laced a s c lose to t he breathing z one a s p os-
sible. Th e analytical method was NIOSH 127, Perkin-Elmer Sigma 2000 gas chromatograph. Th e two 
methodo logies corresponded 10% (Table 28.1).

Toluene in venous blood was measured by purge and trap gas chromatography mass spectrometry. 
Samples were taken immediately aft er workshift  rotation. Samples were collected following the American 
Conference o f G overnmental I ndustrial Hygienists (ACGIH) re commendations u sing v acuum t ubes 
with heparin anticoagulant. Samples were stored and transported upright at 2°C–5°C in dry ice.

Toluene is not usually present in blood in humans; however, levels up to 0.015 mg/L have been reported 
in controls. Th e ACGIH recommends a me thod to de termine toluene in venous blood. Th e biological 
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TABLE 28.1 Toluene Absorbed by Histology Laboratory Technicians 
during Cover Slipping Process, Jewish General Hospital

Technician # Time (min)

Air Level
Venous Blood Level 

(mg/L)Infrared (ppm) Passive (mg/m)

1 62 6 11.5 0.01
2 41 6 13.4 0.01
3 35 6 13.5 0.03
4 195 7 15.5 0.002

FIGURE 28.1 Cover slipping or mounting procedure at Jewish General Hospital in which slides are taken from a 
500 mL container of toluene: (a) removing slide with forceps, (b and c) sealing the cover slip with glue, and (d and e) 
manipulation of the slide.

(a) (b)

(c) (d)

(e)
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FIGURE 28.2 Workstation for toluene and alcohol procedures and storage with slot-type local exhaust ventila-
tion at Jewish General Hospital. Slot air exhaust is located at the back of the hood.

exposure index (ACGIH BEI 19 [84]) is 1.0 mg/L. Toluene in venous blood is the recommended method 
when air quanti cation levels are below 50 ppm.

Discussion

Th e levels found in this study correspond to background levels found in controls as determined by other 
studies. Technician #4 had the highest exposure time of 195 min, but showed the lowest absorbed dose. Th is 
could be due to technique. Th e major route of exposure to toluene is inhalation of the vapor, and although 
there is no signi cant absorption occupationally from skin absorption of the vapor, percutaneous absorp-
tion should be taken into consideration for assessment when skin contact with toluene liquid occurs. Venous 
blood was chosen as the technique for this study because the air quanti cations were well below 50 ppm.

Summary and Conclusions

Toluene i n venous blood was used as a me thod to c orrelate absorbed skin dose of toluene f rom four 
hospital laboratory histology technicians with the ACGIH biological exposure index (BEI) for toluene. 
All four technicians showed only background levels of toluene in venous blood. A dose–response rela-
tionship was not e vident in this study, because the technician with the highest exposure time had the 
lowest absorbed dose.

Given these results, we concluded

 1. Technique in manipulating the cover slipping process can reduce skin contact with liquid toluene.
 2.  Th ere does not appear to be any signi cant absorbed dose in the mounting process.
 3. Further studies are recommended. See Table 28.2 for processes in which hospital personnel are 

exposed to toluene.
 4. Venous blood should be used as a technique of monitoring absorbed dose in hospital histology 

and cytology technicians with skin contact with toluene as part of a global residual surveillance 
program. Th e ACGIH BEI should be used as the safety threshold.
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Xylene

William Charney and Lee Wugofski

Technicians in a histology laboratory at San Francisco General Hospital perform a cover slipping pro-
cess w here s kin c ontact w ith x ylene i s i nevitable. C over s lipping o r mo unting i s a p rocedure w here 
slides are taken from a 500 mL container of xylene. Skin contact with xylene occurs when the technician 
manipulates the slide.

Two a ir-sampling te chnologies were employed to qu antify i nhalation e xposure. A M iran i nfrared 
spectrophotometer w as u sed to de tect g rab s amples during t he c ourse o f t he c over s lipping. Pa ssive 
dosimetry, organic vapor badges, and 3M 3550 were used to determine time-weighted average (TWA) 
and to cross-correlate the Miran results.

TABLE 28.2 Toluene Exposure in Hospitals

Where Who Why

Pathology 
(histology cytology)

Technicians Processing tissues
 Toluene is used as a cleaning agent
 Toluene is poured into recipient containers of the 
  processing machine (histomatic)
 Used toluene is poured from machine containers into 
  disposal apparatus
Staining of slides
 Toluene is used for deparaffi  ning slides at the onset 
  of staining
 Toluene is used as a cleaning agent toward the end 
  of staining
Mounting of slides
 Mounting media (e.g., Eukitt & Permount) are 
  toluene based
General cleaning and degreasing of equipment
 Cleaning microtome knives, forceps, and machines 
  countertops

Pathologists Staining of frozen-section slides
Cleaning dirty or sticky slides due to oil or mounting 

media
Hermatology and 

microbiology
Technicians Mounting and cleaning slides

In microbiology, may use toluene in one or two tests, but 
these tests are very rare (once in 3 months) and do not 
use much toluene (≈5/mL)

Biochemistry Technicians A toluene-based solution (scintillation cocktail) is used on 
a regular basis for certain radioimmunoassay (RIA) tests

Another test, that for hydroxyproline, used toluene for its 
analysis. Quantity to toluene used is not great; however, 
exposure time to it may be relatively long 
(tubes containing toluene should be stoppered)

Research Doctors and technicians Certain tests requiring the separation or extraction of 
elements from the specimen may use toluene to do so

Maintenance Painters, cleaners, and 
electricians

Many paints, cleaning solutions, and other solvents may 
contain toluene (or other benzenoid hydrocarbons)



Biological Exposure Index Testing: Two Case Studies  28-5

TABLE 28.3 BEI Testing Results for Xylene, San Francisco General Hospital Histology Technicians

LNAME FNAME ID # Date Time SK ID #
Methylhippuric 

Acid Result

Technician #1 Rosemarie H-9030 8/14/89 8:00 U291038 Non-detectable
Rosemarie H-9030 8/17/89 13:30 U2910390 Non-detectable
Rosemarie H-9030 8/22/89 16:30 U2910841 Non-detectable

Technician #2 Norma H-7693 9/25/89 11:00 U291082 Non-detectable
Norma H-7693 10/2/89 15:00 U2910819 Non-detectable

Technician #3 Martha H-8108 8/29/89 15:00 U2910830 Non-detectable
Martha H-8108 9/8/89 U2910852 Non-detectable

Xylene in urine was determined by methylhippuric acid in urine. Th e BEI as determined by the ACGIH 
is 1.5/g creatinine. (It has been recommended that urinary methylhippuric acid results be expressed as 
grams methylhippuric acid per gram urinary creatinine. Th e i somers of methylhippuric acid are not 
normally found in the urine of humans not exposed to xylenes.)

Sample c ollection w as do ne o n t hree te chnicians. Technician # 1 s amples w ere c ollected p rior to 
exposure, immediately aft er exposure, and at t he end of the week. Technician #2 had a s ample drawn 
immediately postexposure and one sample drawn end of shift  postexposure. For technician #3, one end 
of shift  s ample was drawn postexposure and one immediate sample was drawn aft er exposure. High-
performance t hin layer chromatography was t he a nalytical method w ith a de tection l imit of 0.1 g/L. 
Exposure to 1 00 ppm x ylene produces urine concentration of 3 g/L. A ll results, shown in Tables 28.3 
through 28.5, were non-detectable.

TABLE 28.4 Xylene Sampling Data, Miran Infrared Spectrophotometer, 
Histology/Pathology Department, San Francisco General Hospital

Time
Absorbance

(ABs) Sample Location or Description ppm
Analyze for (Give 

Speci c Substances)

10:45 04 Staining trays 20
08 39

3 147
10:48 05 Cover slipping (no hood) 24

17 83
14 69

10:49 2 98
25 123

10:50 04 Cover slipping with hood 20
03 15

10:55 02 10
01 5
02 10

11:00 01 5

01 5

(continued)
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TABLE 28.4 (continued) Xylene Sampling Data, Miran Infrared Spectrophotometer, 
Histology/Pathology Department, San Francisco General Hospital

Time
Absorbance

(ABs) Sample Location or Description ppm
Analyze for (Give 

Speci c Substances)

11:01 01 Cover slipping 5
01 5
02 5

11:03 01 5
01 5

11:07 01 5
01 5

11:09 01 5
01 5

11:15 01 5
01 5
01 5

11:20 01 5
01 5
01 5

11:22 03 Cover slipping 15
02 10
02 10
02 10

11:25 01 Changed underpadding 5
02 10
01 5

11:28 01 5
01 5
04 20

11:30 04 20
03 15
07 34
03 15
02 10

11:30 01 Cover slipping 5
03 15
02 10
02 10
02 10
02 10
01 5
01 5
01 5
01 5
04 20
05 30
02 10
02 10
01 5

Note: TWA: xylene, 100 ppm; Stel, 150 ppm.
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TABLE 28.5 Laboratory Results for Xylene—Passive Dosimetry, San Francisco General Hospital

LABNO SMPLNO-ID Air (LT) Front (mg) Back (mg) Total (mg) mg/m3 ppm

9463 1078-CR 9.83 2.10 21.4 9.3
9466 0962-MG 11.57 0.0590 5.14 1.18
9468 0913-NS 14.74 0.0779 5.28 1.22
9469 0822-IP 11.47 0.0334 2.91 0.670
9470 0995-RN 11.47 0.167 14.6 3.36
9471 0942-IP 13.10 0.0408 3.11 0.716
9472 0663-MG 11.47 0.285 24.8 5.71
9473 0946-IP 13.10 0.0444 3.39 0.781

Note: Assay, Aromatic Hydrocarbons (NIOSH 1501), Matrix, B3M.
LT = Lifetime
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Introduction

Th e safety director of a large urban medical center recently remarked, “I have trouble sleeping at night. 
I am living on the jagged edge of fear. I am so severely understaff ed that I can’t possibly inspect the entire 
facility let a lone make sure any problems I  nd are corrected!” Many hospitals are drastically under-
staff ed in light of the need for compliance with a wide variety of regulations. Th e number and severity 
of potential hazards to employees, visitors, and patients are comparable to some of the most hazardous 
industries.

Th is chapter is designed to serve as a tool to assess the staffi  ng needs for a c omprehensive hospital 
safety and health program. It can also be used as an audit tool to assure that all potential health and 
safety hazards are addressed. Th e Hospital Health and Safety Offi  ce is generally staff ed by professionals 
with expertise in industrial hygiene, safety, occupational health, or environmental health. Th e analysis 
in this chapter is based on a general hospital with the following characteristics: (1) 300 beds, (2) approxi-
mately 500,000 sq ft  of  oor space, and (3) three buildings for patient care and two ancillary buildings. 
A 300-bed teaching hospital with adjacent research facilities under hospital control was also consid-
ered, based on t he following a ssumptions: (1) approximately 2 00 l aboratories a nd (2) approximately 
60,000 sq ft  of  oor space.
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Similar assessments may be performed on other institutions by revising the allotted times for listed 
tasks, depending on the size and needs of each facility. To determine the number of full- or part-time 
employees needed, add toge ther the number of hours needed per month to i mplement each function. 
Multiply the total hours per month by 12 months/year. Th en divide by 2080 h per year per person. Th is  
will yield the required number of employees to staff  the offi  ce.

Th e analysis presented in this chapter demonstrates the need for two professional employees for the 
hospital a lone. An additional 1.5 full-time employees are necessary i f a re search facility is included. 
Th is b rings t he st affi  ng le vel up to 3 .5 f ull-time em ployees. A t le ast o ne s ecretarial/administrative 
employee per two professionals should be added to complete the staffi  ng. A listing of reference books 
is off ered in the appendix at the end of the chapter.

Assessment of Needs

Fire/Life Safety

55 h/month, hospital only• 
80 h/month, including research facility• 

Th e Safety Offi  ce staff  should lead the training and response eff ort in all areas of life safety. Th is  eff ort 
includes inspection of all egress corridors, stairs, exit doors, exits, and emergency lighting at least semi-
annually. Walk-throughs of heavily traffi  cked areas on a daily or weekly basis will add essential depth 
to the program.

A Safety Offi  ce representative should be present at a ll drills, whether a  re or smoke or system mal-
function or practice drill. Participation in the follow-up critiques is also essential to assure correction of 
any actions taken (or not taken), that is, that systems have been repaired or that any weak points noticed 
in practice drills are addressed.

Th e safety director oft en has primary responsibility during a  re at the hospital. Th e safety director’s 
knowledge of special hazards throughout the institution will enable the  re department to use the most 
appropriate  re  ghting techniques and minimize risk to patients, staff , visitors, and  re ghters.

It is essential that all new personnel be given  re safety orientation on their  rst day of employment. 
Th is will include review of drill and evacuation rules, and basic instructions on use of  re extinguishers, 
 re alarms, and telephone communications in  re emergencies.

Hands-on i nstruction f or  re extinguisher use should be made available at least annually to all 
personnel.

Patient care employees should receive additional orientation on horizontal evacuation, how to move 
patients in an emergency, and emergency life support f or pat ients w ith s pecial ne eds (e.g., o xygen-
dependence, pacemaker, respirator, etc.).

Although not s trictly “ life s afety,” t he f ollowing s hould b e add ressed a s pa rt o f t he i nspection 
program:

Inspection of children’s play areas for safe toys and climbing equipment• 
Evaluation of adequacy of security for v iolent pat ients in the psychiatric ward and training for • 
staff  on emergency protocols
Inspection of special hazards, such as electrical hazards, in newborn nurseries• 

Electrical Safety

4 h/month, hospital only• 
6 h/month, including research facility• 

All pat ient c are e quipment a nd ele ctrical re ceptacles must b e te sted s emiannually. Th e S afety O ffi  ce 
should mo nitor t he s afety s tandards o f ele ctrical s ystems, re ceptacles, a nd e specially pat ient c are 
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equipment during its routine inspections. Because maintenance of this equipment requires specialized 
training as an electrician or electronics technician, the management usually falls on the electrical main-
tenance shop, an electronics shop, or biomedical equipment shop.

Hospital Waste Program

30 h/month, hospital only• 
80 h/month, including research facility• 

While housekeeping will have the primary responsibility for waste collection and disposal of general 
hospital trash, maintenance may operate an incinerator and infection control will write the rules and 
do the training. A continuing audit by the Safety Offi  ce is essential to assure continued high standards. 
Th is w ill i nclude follow up o f a ny re ports of i ncorrectly s egregated w aste a nd s harps or ot her i tems 
improperly disposed of.

Additionally, the Safety Offi  ce should have the responsibility for managing the chemical waste pro-
gram. Ha zardous c hemical w astes to b e c ollected a nd d isposed o f i nclude ph otographic de velopers, 
chemotherapeutic agents, laboratory reagents, and others.

Th e Safety Offi  ce will generally pick up c hemical wastes and transport them to t he chemical waste 
room or  w ill e stablish offi  ce hours, during which chemical waste may b e d ropped off  by  generators. 
Th e bene ts of the former method are that the Safety Offi  ce staff  can check chemical waste for proper 
packaging and labeling prior to arrival at the chemical waste room and can con rm that proper trans-
port vehicles are used and that incompatible chemicals will be kept segregated during transport. Unlike 
service departments such as housekeeping or materials transport, Safety Offi  ce personnel must have the 
expertise to know what to do in the event of a spill (see Chemical Spill Cleanups).

Safety Offi  ce staff  w ill be responsible for t he appropriate segregation of chemicals once t hey reach 
the waste room. Th e Safety Offi  ce will maintain all required records, inventories, manifests, and the 
budget.

Th e Safety Offi  ce may be responsible for bulking liquids from 1 gal containers into 55 gal drums, pro-
vided that proper ventilation and safety controls are in place in the chemical waste room. One hazard-
ous waste company charges approximately $60 to dispose of a 1 gal waste solvent container as opposed 
to $4/gal for liquid consolidated in 55 gal drums. Th is could represent a sig ni cant cost savings to the 
institution.

Th e Safety Offi  ce will call in the hazardous waste removal company as needed and monitor packing 
and shipping of chemical waste. Th e Safety Offi  ce will sign applicable manifests and maintain records to 
ensure that all Resource Conservation and Recovery Act (RCRA) requirements are met.

Disposal of cytotoxic waste (chemotherapeutic agents) deserves special mention. Most state haz-
ardous waste regulatory agencies require that cytotoxic waste be incinerated at 2000°F. Some hospi-
tals have on-site incineration that can guarantee these temperatures. Other hospitals have to contract 
the wa ste ha uling. I n each  c ase, a  sep arate wa ste st ream must be  i nitiated f or c ytotoxic wa ste. I n 
selecting a p rivate c ontractor for d isposal o f c ytotoxics, t he hospital s hould m ake c ertain t hat t he 
disposal company is an insured carrier and that the hospital receives a “ total destruction” manifest 
from the waste hauler.

Cytotoxic waste may be stored in plastic, covered containers in a certi ed storage area within the 
hospital w hile awaiting t he e very 4 5- o r 9 0-day p ickup b y t he w aste h auler. Under no rmal s torage 
circumstances, the cytotoxic waste residue is not c onsidered volatile, g iven the molecular structures 
of t he chemicals. However, both for s torage on inpatient u nits a nd storage in t he pickup a rea, plas-
tic containers should be l ined w ith double plastic bags. Each container should have a l ist of exactly 
what drug-contaminated waste is inside t he container. W hoever does t he internal t ransportation of 
the cytotoxic waste within the hospital needs to b e trained as to t he toxicity of antineoplastic drugs 
(Hazard Communication Act 29 CFR 1910.1200).
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Safety Committee/Accident/Incident Follow-Up

16 h/month, hospital only• 
20 h/month, including research facility• 

Th e Safety Committee, which meets at least quarterly, is responsible for developing, implementing, and 
maintaining a c omprehensive h ospital-wide s afety p rogram. Th e S afety C ommittee i s a n i mportant 
vehicle by which safety considerations are taken into account in institutional planning, goal setting, and 
budgeting. Th e safety director and other members should prepare reports for and make recommenda-
tions to t he Safety Committee. Th e Safety Committee should then make formal recommendations to 
higher administration. Once changes have been decided upon, the safety d irector has administrative 
responsibility for carrying them out.

Th e c hair o f t he S afety C ommittee v aries f rom i nstitution to i nstitution. O ne format i s to h ave a 
senior administrator chair the committee while the safety director acts as the operative arm of the com-
mittee. Another format is to have the safety director chair the committee, which allows for more control 
of committee activities and direction of the overall program. Safety Offi  ce administrative support may 
record and disseminate the minutes of the meeting.

Th e Safety Offi  ce should conduct a mo nthly review on accidents and incidents. (Risk management 
may perform t his f unction for i ncidents i nvolving pat ients.) Causes a nd resolutions of i ncidents a nd 
accidents should be reported to the Safety Committee. Unusual accidents or incidents may require extra 
attention by the Safety Offi  ce.

Hazard Communication/Industrial Hygiene/Chemical Health and Safety

50 h/month, hospital only• 
100 h/month, including research facility• 

Although the Occupational Safety and Health Administration (OSHA) Hazard Communication 
Standard p reempted s tate r ight-to-know l aws i nvolving w orkers, m any s tates s till h ave c ommunity 
right-to-know laws. Th ese state laws have requirements in addition to the federal community right-to-
know law, which i s Title I II of t he federal Superfund A mendment a nd Reauthorization Act (SARA). 
In certain instances, hospital reporting exemptions are permitted for the federal regulation. Th e state 
regulations usually require lists of chemicals or collections of Material Safety Data Sheets, (MSDSs) to 
be provided to  re departments and other local agencies.

Th e Hazard Communication Standard requires a written plan, chemical inventory, MSDSs for each 
chemical, employee training, and chemical labeling.

Material Safety Data Sheets

MSDSs must be available for each hazardous product in use at the hospital for employees on all work shift s. 
Th e Safety O ffi  ce w ill maintain a c entral computerized or paper  le of t hese sheets. Upon receiving a n 
inventory of chemicals from each department, the Safety Offi  ce may provide an MSDS for each chemical 
listed. Th ese can be kept in notebook or t he departmental safety manual of each department. However, 
some larger hospitals that have a network computer system are making MSDSs available by computer. Each 
department can then access its own MSDSs from the computer as needed. Th e American Society of Safety 
Engineers publishes a catalog of commercial safety and health soft ware programs which includes MSDSs.

Employee Training

One format is for the Safety Offi  ce to conduct all required training. Another format, depending on the 
size of the institution, is for the Safety Offi  ce to train designated personnel from each department so that 
they, in turn, may conduct training for current and new employees. Trained staff  would discuss each 
question with new employees. Written responses from employees would reinforce learning and could 
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be used later for reference purposes. A re cord of this t raining should be placed in the personnel  les 
or maintained by the Safety Offi  ce. For this type of training, the Safety Offi  ce would be responsible for 
developing health and safety educational materials to supplement the training.

Chemical Labeling

Monitoring of compliance with the labeling provisions of the Hazard Communication Standard can be 
included in routine safety inspections.

Industrial Hygiene Monitoring of Chemical Use

55 h/month, hospital only• 
85 h/month, including research facility• 

Speci c attention must be given to ensure that toxic or hazardous materials are used in such a manner as 
to reduce employee exposures to lowest possible levels, assuring compliance with all OSHA standards. If 
the Safety Offi  ce does not have an industrial hygienist as a staff  member, then the budget should include 
an allocation for industrial hygiene consultants. Th e industrial hygienist will review work practices, per-
sonal protective equipment, and ventilation to determine the need for employee training, air sampling, 
and additional ventilation controls. Air sampling may be performed to determine employee exposures 
or room concentrations, demonstrate compliance with OSHA regulations, and evaluate eff ectiveness of 
engineering controls or work practices.

Examples of areas needing speci c chemical monitoring are as follows:

Oncology/pharmacy—antineoplastic drugs• 
Central processing, various departments—ethylene oxide• 
Operating room, respiratory therapy—glutaraldehyde, anesthetics• 
Recovery room, emergency room, patient areas—anesthetic gases• 
Pathology—formaldehyde, solvents, picric acid• 
Hospital wide—pesticides, solvents used in construction, asbestos• 
Mechanical areas—asbestos, polychlorinated biphenyls (PCBs) in transformers• 
Neurological laboratories—collodion (ether)/acetone• 
Histology laboratories—xylene, alcohols, stains• 
Dialysis—formaldehyde• 
Laboratories—chromic sulfuric acid, various chemicals• 

Depending on results of air monitoring, training programs may need to be developed. A respirator pro-
gram may be instituted as an interim measure before engineering controls are installed.

For toxic materials that may cause exposures due to skin contamination, innovative training methods 
have been employed. For example, some hospitals utilize a  uorescent dye during training to illustrate 
possible contamination from mishandling of antineoplastics or other materials.

Other nonchemical industrial hygiene surveys may include microwave ovens, electrocautery surgery, 
nonionizing r adiation, l asers, no ise-generating de vices, h ot w ork a reas ( laundry, i ncinerator ro om, 
boiler room), or biological agents in nonpatient care areas. Recombinant DNA, animal dander, and 
excreta (which may contain drugs) may be an issue in research institutions.

Chemical Spill Cleanups

8 h/month, hospital only• 
12 h/month, including research facility• 

Hospitals are required by federal law to de velop emergency contingency plans for chemical spills and 
other potential emergencies. Th is function is usually performed by the Safety Offi  ce.
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Common chemical spills include the following:

Mercury• 
Formaldehyde• 
Chromic sulfuric acid• 
Organic solvents• 
Acids• 
Antineoplastic-contaminated body  uids• 

Chemical spills gener ally occur i n t he l aboratories. Occasionally a s pill w ill happen i n t he receiving 
area, or during delivery or transport of chemical waste. A chemical spill will frequently occur when the 
transport cart wheel becomes stuck in an elevator door track. Th ese situations can lead to serious  re or 
exposure emergencies.

Aft er making a basic assessment of possible spills, the Safety Offi  ce needs to develop the following:

Chemical spill cl eanup materials• . Chemical spill cart equipped w ith solvent, ac id, a nd a lkaline 
cleanup sorbents, chemical-resistant gloves, respirators appropriate for a variety of chemical haz-
ards, eye protection, gloves, aprons, and shoe covers. Provisions must be made to re plenish the 
cart as items are used.
Selection of a n e mergency r esponse te am• . Provisions should be made so that an emergency 
responder is available 24 h/day. If the Safety Offi  ce has enough personnel, one should a lways be 
on call. Additional technically trained individuals may be recruited from laboratory staff . O nly 
personnel with appropriate expertise and training should clean up the spills. Security and other 
departments may perform ancillary duties, such as keeping the area clear of unauthorized per-
sons and shutting off  utility systems.
Training of emergency response team members• . Training for emergency response team members 
will i nclude h azard a ssessment, p ersonal p rotective e quipment s election, emergen cy c ommu-
nication n etwork,  rst-aid p rocedures, c hemical neut ralizing te chniques, p roper c leanup, a nd 
packaging for d isposal a nd c ritiquing o f i ncidents. A ll memb ers s hould re ceive t raining prior 
to c leaning up a c hemical s pill. Training up dates s hould b e c onducted at le ast a nnually. S elf-
contained breathing appa ratus t raining s hould b e re peated at le ast e very 6 mo nths. Note: Th e 
OSHA Re spirator St andard (29 C FR 1910.134) re quires t raining a nd ot her s tandard op erating 
procedures for anyone who may use a respirator in the course of his/her job. A medical evaluation 
is required for personnel who are assigned to use respirators.
Patient area spills involving antineoplastic drugs• . Spills of patient body  uids contaminated with anti-
neoplastics may occur in the patient units. Th ese spills should be cleaned up by nursing staff  using 
spill kits designed for this purpose. Th e kit consists of labeled waste-holding bags, absorbent materi-
als, gloves, masks, and other protective equipment. Commercial cytotoxic spill kits sometimes come 
incomplete. Th ey  oft en will not have the required amount of absorbent pads or the correct type of 
broken glass sweep. Each hospital’s appropriate committee should evaluate their cytotoxic spill kits 
to make certain the kits are capable of handling larger spills (100 mL or more). Th e Safety Offi  ce may 
train nurses on how to use the spill kits. Sometimes the Safety Offi  ce will perform this function.

Liaison with Other Departments

12 h/month, hospital only• 
20 h/month, including research facility• 

Continuing contact with interior designers, engineers, and architects is a must to assure proper speci-
 cations and furnishings ( re retardant) and space layouts that do not violate egress requirements. Th e 
Safety Offi  ce should ensure that adequate ventilation controls are installed considering the type of work 
that will be done.
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Reviews w ith nursing, h ousekeeping, m aintenance, a nd ot her de partments s hould b e p erformed to  
assure that training in lift ing, waste handling, and so on is appropriate. Laboratory managers may a lso 
need review of chemical handling and disposal procedure and proper control of airborne contaminants.

Th e Safety Offi  ce may work with the legal offi  ce to determine the institution’s response to new regula-
tory requirements as well as inquiries from regulatory agencies. Employee Health Services should con-
tact the Safety Offi  ce when employees report safety incidents or health eff ects associated with their jobs. 
Th e Safety Offi  ce can monitor the work environment and make recommendations concerning the need 
for administrative, ventilation, and work process controls. Safety and employee health services should 
work together to develop institutional respirator standard operating procedures and plans for medical 
surveillance of employees working with speci c substances. Safety and employee health should review 
all departmental policies on hazardous materials.

Th e Safety Offi  ce will generally be responsible for informing appropriate departments about changes 
in OSHA, EPA, and other environmental and health and safety regulations. Th is may be accomplished 
in private meetings, manager’s meetings, or through publications.

When ma king r ecommendations t hat w ill a ff ect pat ients, t he S afety O ffi  ce w ill interact w ith t he 
appropriate medical and administrative departments.

Th e Safety Offi  ce w ill assist a ll departments in updating a ll safety-related standard operating pro-
cedures a nd ot her re cords i n p reparation f or su rveys b y t he J oint C ommission o n A ccreditation o f 
Healthcare Organizations (JCAHO).

Administration will need periodic updates from safety and engineering on required upgrading of  re 
protection systems, asbestos removal, ventilation, and other code conformity requirements. In many 
situations, the Budget Offi  ce will be involved in these discussions.

Because there are many departments in the hospital concerned with safety, the safety department will 
oft en play the role of ombudsman and  ll in wherever needed. For example, the Safety Offi  ce may audit 
interdisciplinary systems in the hospital which can aff ect patient safety, such as assuring that

Patient mobile equipment is adequately cleaned• 
Patient equipment may be obtained quickly by nursing staff • 
Incoming laundry remains clean and uncontaminated by biological agents• 

Th e Safety Offi  ce will have contact with departments not listed above when speci c needs arise or dur-
ing environmental rounds or during the semiannual safety survey.

Liaison with Regulatory and Other Agencies

10 h/month, hospital only• 
18 h/month, including research facility• 

Th e Safety Offi  ce can perform a vital role for the hospital by acting as primary contact for the local  re 
department, the building inspector, the public health inspector, OSHA, EPA, and other agencies that 
regularly survey the hospital for code compliance. Th e Safety Offi  ce, in this role, can be a useful buff er 
for the administration or coordinator, where two agencies may be in con ict. Th e Safety Offi  ce may also 
act as an internal coordinator where several departments may be aff ected by imposed requirements. Th e 
safety director usually accompanies the hospital team during JCAHO inspections and is the primary 
hospital spokesperson during the safety records review. Th e Safety Offi  ce, along with Engineering and 
Risk Management, reviews de ciency reports and other recommendations made by the insurance car-
rier and develops a plan for corrective action.

Committee Membership

8 h/month, hospital only• 
16 h/month, including research facility• 
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In addition to the Safety Committee, Safety Offi  ce representation is usually necessary on the following 
committees:

Disaster• 
Infection control• 
Radiation safety• 
Risk management/quality assurance• 
Renovation planning• 
Laser safety• 

Many institutions are forming a reproductive hazards committee (see Chapter 7). A labor management 
health and safety committee may be an important tool for addressing the concerns of workers in unioni-
zed o r no nunionized i nstitutions. I f t he i nstitution i ncludes a re search f acility, t here i s oft en Safety 
Offi  ce representation on the following additional committees:

Institutional biohazards• 
Animal handling (the safety offi  cer would address risks to employees)• 

In addition, the safety director will oft en set up ad hoc committees to address speci c problems.

Renovation/Planning

12 h/month, hospital only• 
20 h/month, including research facility• 

It i s i mportant for t he Safety Offi  ce to participate in the review of new construction or renovation 
needs w ith i n-house s taff  a nd c onsultants, a rchitects, a nd c onstruction c ompanies for c ompliance 
with safety requirements, noise, and other annoyances to personnel during construction. Th e Safety 
Offi  ce will also review plans for compliance with codes, placement of safety apparatus, adequate stor-
age space, and  re egress.

In addition, the Safety Office must monitor construction programs to ensure that construction 
workers a nd h ospital em ployees a re not e xposed to to xic m aterials o r ot her s afety h azards d ur-
ing t he w ork. M ajor c onstruction p rograms ne cessitate a s afety m anager o n t he job . T he S afety 
Office should meet with construction personnel to ensure that all necessary safety controls are in 
place during c onstruction. E gress routes for ad jacent a reas must b e m aintained u nobstructed at  
all times.

All asbestos-related projects require detailed coordination of hospital departments and close super-
vision by the Safety Offi  ce. Th e Safety Offi  ce should have input as to which contractor is selected and 
may hire outside industrial hygiene consultants to write speci cations and monitor the jobs. Th e Safety 
Offi  ce should review air sampling and other reports regularly during ongoing work.

Product Recalls

4 h/month, hospital only• 
8 h/month, including research facility• 

In many i nstitutions, P urchasing w ill handle product recalls because t hey have records of equipment 
purchases and would most likely receive the recall notice from the vendor. Th e Safety Offi  ce’s role is to 
assure that a ll users of recalled equipment get the notices and respond appropriately. Th e Safety Offi  ce 
may choose to sub scribe to t he “FDA Enforcement Reports” and the National Recall Alert Center as a 
backup to ensure that no recall notices are missed. In this case, the Safety Offi  ce would coordinate the 
system of distributing recall information to the appropriate departments and may retain documentation 
of action taken.
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Technical Service/Educational Services

35 h/month, hospital only• 
60 h/month, including research facility• 

Th e Safety Offi  ce can provide a wide variety of direct services to the hospital community. Th e following 
illustrates the types of technical services the Safety Offi  ce commonly provides:

Determining the cause of and then correcting odor complaints• 
Helping researchers choose the least toxic materials to use• 
Helping to identify the cause of medical symptoms of hospital personnel• 
Designing engineering controls and changes in procedures or work practices to promote safety• 
Providing advice on proper handling techniques for highly toxic or reactive materials• 
Conducting health and safety literature searches on various topics• 

A safety newsletter is an excellent way to p rovide regulatory information, technical information, and 
other safety information of interest to em ployees. A ne wsletter that is well written and attractive will 
increase the visibility and credibility of the Safety Offi  ce. Researchers may be attracted by a section on 
safety trivia. Questionnaires and surveys of employee safety concerns are important means of obtaining 
information, involving employees, and keeping in touch with the hospital community.

Meeting with Vendors and Consultants

8 h/month, hospital only• 
16 h/month, including research facility• 

Meetings w ith v endors o f s afety de vices a nd p ublications, a nd a lso o f gener al h ospital e quipment 
(preferably by invitation!) are essential to keep the safety staff  up to date on state-of-the-art devices 
and costs thereof.

In addition to traditional safety equipment, the Safety Offi  ce may recommend t he purchase of a 
variety o f e quipment t hat i s u sed i n t he h ospital. E xamples a re s olvent-recovery s tills, l aboratory 
refrigerators, hazardous waste services, chemical-resistant gloves, down-draft  tables for the morgue, 
and ot her i tems. For t hese purposes, i t i s u seful for t he S afety O ffi  ce to have supply catalogues of 
equipment used by various disciplines in the hospital. Th is will prove an important means of  nding 
out about safety devices used for speci c applications.

Th e Safety Offi  ce will periodically require the services of specialists whose expertise is beyond that of 
the staff , or who can supplement the limited availability of staff . Examples are

Industrial hygiene asbestos consultants• 
Water sampling for possible chemical contamination• 
Ventilation engineers for special projects• 
Industrial hygienists• 
24 h emergency spill consultants• 
Trainers for special programs• 
Experts in integrated pest management• 

Professional Maintenance

20 h/month, hospital only• 
30 h/month, including research facility• 

To maintain professional competence, safety staff  members must devote a re asonable amount of t ime 
for reading current safety, environmental, and industrial hygiene journals, regulations, newsletters, and 
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relevant s tudies. Th ey must also attend professional seminars (at least in their  eld of specialization; 
however, attendance at a range of seminar topics will increase the attendees’ breadth of knowledge and 
value to the institution).

Attendance at p rofessional seminars is mandatory for the professional to m aintain certi ed status. 
Certi cation in safety or industrial hygiene is important for assuring that professional staff  are quali-
 ed in their respective  elds, know how to write a detailed and accurate report, and will be considered 
“expert” in the event of a regulatory or court challenge.

Universal Precautions

3 h/month, hospital only• 
5 h/month, including research facility• 

Th e OSHA Universal Precautions Standard is usually implemented by the infection control staff . Th er e 
may be a need for the Safety Offi  ce to periodically audit proper handling of trash.

Administration of the Safety Office

18 h/month, hospital only• 
33 h/month, including research facility• 

Th e safety director will work with the staff  so that time allocation to various projects is appropriate 
to meet the hospital’s needs and objectives. Th e director will need to assure that all inquiries and cor-
respondence are answered in a t imely fashion and that project reports are a lso promptly issued. Any 
hazardous situations must be immediately addressed. Logs should be maintained of complaint calls, 
chemical pickup requests, air sampling results, and other items of importance. Technical advice given 
over the phone should be con ned in writing (at least for the offi  ce  le). Other administrative functions 
include maintaining required records, ordering equipment a nd supplies, budgeting, keeping t rack of 
accounts, writing and disseminating minutes of meetings, and maintenance of MSDS  les and other 
technical information, including training records. Regular meetings with administration are necessary 
to ensure high level support for Safety Offi  ce goals, concerns, activities, and needs. Ongoing commu-
nication with the person whom the safety director reports to is essential to assure that the program is 
consistent with the hospital’s goals and for maintaining the required authority of the offi  ce.

Th roughout this chapter comments are made about the need for adequate records. For any hospital 
accredited by JCAHO, we must reemphasize the need for complete recordkeeping. Th e JCAHO Plant 
Technology & Safety Management handbook spells out very clearly the recordkeeping requirements for 
each part of the safety program.

Environmental Regulations Affecting Hospitals

OSHA Gene ral Industry Standards• : A sbestos; Et hylene O xide; Formaldehyde; Ha zard C ommuni-
cation; Universal Precautions; Lab Standard (coming soon).
NFPA Codes• : Health Care Facilities—99; Life Safety Code—101; National Electric Code—70; 
if research laboratories are present, Laboratories Using Chemicals—45
EPA• : Sup erfund A mendment a nd Re authorization A ct; C lean D rinking Water A ct; Re source 
Conservation and Recovery Act; Clean Air Act
Local and State Regulations• : Building Codes; Fire Department Regulations; Department of Public 
Health
Nuclear Regulatory Commission• : isotopes used in radiation therapy; isotopes used in research
Industry Standards• : Joint Commission on Accreditation of Healthcare Organizations; American 
Hospital Association
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Appendix 29.A.1

Basic Library for the Health Care Safety Professional

Accreditation Ma nual fo r Hospitals, Joint C ommission on Accreditation o f Hospitals & H ealth C are 
Facilities, Chicago, IL.
Management & Compliance Series Vol. I – Hazardous Waste Management, American Society of Hospital 
Engineers, Chicago, IL.
Universal Precautions Guidelines—OSHA—CDC.
OSHA General Industry Standards—29 CFR 1900–1910.
OSHA Construction Industry Standards—29 CFR 1926.
OSHA Hazard Communication Standard—29 CFR 1910–1928 (August 1987).
State and Local “Right-to-Know” Laws.
State and Local Building Codes (or BOCA).
State and Local Fire Codes.
State and Local Department of Public Health Regulations.
State and ANSI Regulations on use of Lasers.
National Fire Protection Association—National Fire Codes. (A full set is preferred because of many 
cross-references and references in OSHA, state and local  re codes.)

If a full set of Fire Codes is not aff ordable, the following codes are bare minimum:
NFPA 101—Life Safety Code—Handbook, if possible.
NFPA 99—Health Care Facilities—Handbook, if possible.
NFPA 70—National Electric Code.

Other helpful codes are
NFPA 10—Portable Fire Extinguishers.
NFPA 30—Flammable & Combustible Liquids Code.
NFPA 50—Bulk Oxygen Systems.
NFPA 704—Fire Hazards of Materials.
If research is being done in laboratories on-site:
NFPA 45—Laboratories Using Chemicals

Other research lab references:
Prudent P ractices fo r H andling H azardous C hemicals in L aboratories—National A cademy P ress, 
Washington, DC.
Prudent Practices for Disposal of Chemicals in Laboratories—National Academy Press, Washington, DC.
Guidelines for Laboratory Design—Wiley-Interscience, New York.

Source: Compiled by John F. Clemens, PE/CSP, Secretary/Treasurer to Assistant Administrator.
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You’ve just been handed the job of training your hospital’s 3000 employees. Your task is to bring 
the hospital into compliance w ith OSHA and JCAHO requirements for health and safety t rain-
ing. Th e l ist of requirements i s long, your JCAHO i nspection i s qu ickly approaching, but when 
you attempt to enlist managers and supervisors, they are concerned about staff  time: “Can you do 
it in an hour? We have patients to take care of.” You’re also faced with the challenge of training 
employees on all shift s. “What about a 15-minute training video which would be shown to all new 
employees?” supervisors ask.

As you grapple with the quantity of information to i nclude, you a lso worry how best to p resent 
the material to get the point across. You remember last year’s program on hazardous materials for 
the Housekeeping Department. Th e day aft er t he training, a p orter threw a c arton of hazardous 
chemicals into the dumpster and almost created an explosion. You were asked skeptically, “So what 
did the training accomplish?” As you ponder this dilemma, you realize that staff  turnover means 
starting over as soon as you have made it through one round of training.

Does this situation or the f rustrations that emerge s ound familiar? Th is chapter examines the reality 
of training in the hospital setting and provides tools and methods to de velop a c omprehensive training 
program. Section one starts with the purpose of training, the broad educational approach, and the con-
straints within hospitals. Section two outlines how to prepare for training sessions. Section three covers 
the training session: its content, checklist for planning training, a more detailed description of methods, 
and a sample format for training curricula.
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Purpose of Training

Before becoming overwhelmed by the speci cs of planning a training session, it is important to step 
back and think about the question, Why train employees? One answer is that JCAHO(PL1.8.) requires 
safety orientation for all new personnel and staff  participation in continuing safety education and train-
ing. Beyond legal requirements, however, training can be one of the most important elements of a health 
and safety program.

Hospital workers face a multitude of hazardous conditions and substances. Th ey need to know how 
to protect themselves on a daily basis. Failure to train can be disastrous for everyone. Workers get hurt. 
Patient care is compromised. Hospitals can become decerti ed.

Unfortunately, hospitals may only give lip service to the importance of training. Management oft en 
provides inadequate release time for vital training sessions. Trainers and employees need to demand the 
time necessary. Training provides people with skills and support to adopt safer work practices, to pre-
vent accidents, to use their rights on the job, and to identify strategies with their coworkers to improve 
the work environment.

Training fundamentally involves the people exposed to hazards as active participants in creating 
and maintaining a healthy and safe work environment. Successful training encourages employees 
to participate in health and safety issues and problem-solving actions long after the training ses-
sions end.

Th ere are many types of trainings used in hospital settings, but not all are eff ective in promoting this 
goal of active participation.

Training is not eff ective when people passively receive information, such as through a lecture or • 
video presentation. Adult education t heory tel ls us t hat people retain information better when 
they are actively involved in the learning process.
Training is not eff ective when only information is presented. Learning theory tells us that people • 
need to observe and practice skills to change their behaviors.
Training is not e ff ective i f t he focus becomes narrowed to te aching behavioral changes or spe-• 
ci c competencies. Training a lso needs to i nclude t he context of behaviors a nd t he a nalysis of 
obstacles and actions to improve health and safety.

In one hospital, for example, the trainer was continually frustrated that maintenance staff  did not 
regularly use respirators even with extensive t raining. She discovered later that respirators were 
kept in one locked central offi  ce, which made access extremely diffi  cult. If the training had con-
sidered obstacles, participants could have informed her of the dilemma and steps could have been 
taken to change policy.

Th e perspective presented i n t his chapter i s t hat eff ective training means “Education For Action.” 
Th is is an approach which (1) is based on real-life experiences, (2) incorporates dialog between teacher 
and learners, (3) is participatory, and (4) has the goal of empowerment.

To motivate participants, the content of training sessions should be based on the reality of people’s 
jobs. With careful advance preparation (described in the next section), t rainers can learn about their 
trainee’s needs and hazards. To most eff ectively promote learning, however, the training should cover 
more than people’s job experiences. Training should be based on the concerns, fears, or other emotions 
that motivate people to want to learn and, more importantly, act to change situations. If people’s con-
cerns remain hidden, they can block learning and block the use of safety information. Conversely, these 
concerns or “hidden voices” have the power to inspire learning and action.

Aft er an extensive hospital training in San Francisco, for example, the emergency room technicians 
were still not ob serving universal precautions when working with severely injured patients. Aft er 
investigation, it was discovered that the technicians felt they could not compromise patient care to 
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take the time to suit up. Th ese feelings were never discussed in the training. As a result, the techni-
cians ignored the policy and continued to potentially expose themselves to AIDS. If the feelings had 
been discussed, people together could have developed a better way to protect themselves and their 
patients.

Methods which encourage dialog enable people in a safe group environment to share their concerns 
and their job experiences and to analyze the hazards in their environment. Dialog should start with the 
feelings and work issues that motivate people to care about health and safety. By sharing their feelings, 
people learn that they are not a lone, that together they can analyze the barriers to a s afe and healthy 
environment and can identify their role in protecting themselves and their coworkers.

Participatory education suggests t hat t raining sessions are microcosms of t he level of involvement 
you as the trainer would l ike participants to a ssume. If you want people to b ecome users of informa-
tion and problem solvers on the job, they need to adopt t hose roles during the training session itself. 
Participatory methods encourage workers to listen to and learn from each other and respect each other’s 
opinion. I n add ition to i nteractive me thods, a pa rticipatory app roach s tresses t he role o f em ployees 
throughout all stages of the training process: in the planning (by identifying problems and content areas 
to address); in the training session; and in the follow-up actions aft er the training.

Th e goal of Education for Action is to empower people to act to improve health and safety for them-
selves, for their coworkers, and for their departments. One trainer (along with safety staff ) in a hospi-
tal cannot ensure t hat health a nd safety regulations a re being followed. It becomes important for a ll 
employees to become active participants in health and safety on a daily basis. Empowerment therefore 
starts w ith employees learning how to i ndividually protect t hemselves. But i t extends to p eople con-
fronting a nd s eeking to c hange u nsafe c onditions, to adopt ing preventive practices, a nd to w orking 
together to identify and solve health and safety problems. Th is could be through staff  meetings, depart-
ment health and safety committees, or union activities.

Education for Action is based on the writings of Brazilian educator Paulo Freire. In Freire’s work, 
the purpose of education is to promote participation of people in gaining control over their lives and 
having a vo ice i n i mproving t heir work environment. A F reire process re quires t hree s tages: ac tive 
listening for the issues in people’s lives (or conducting an ongoing needs assessment); dialog (or incor-
porating the issues into the training session for discussion); and actions (or identifying strategies to 
address the unhealthy or unsafe conditions that are discussed in the training).

But at this point you are probably wondering, “How will it work in the hospital setting?” You’re con-
fronted with management’s double message: “Train, but there’s no time.” Additional constraints include 
few staff  with skills in providing training and a high rate of hospital staff  turnover, which requires ongo-
ing training resources. Th is chapter suggests that Education for Action is a long-term process. You can 
begin with small adjustments to your existing programs that lead in this direction. Initial steps would 
be to consider many of the participatory methods presented in the next sections.

As discussed earlier, however, t raining is v ital to p rotecting workers on the job. I f this is our goal, 
management’s mixed message is unacceptable. In the long run, all of us as trainers need to demand the 
time it takes for an eff ective training program: a program which assesses people’s needs and concerns, 
includes interactive sessions, and promotes worker-initiated actions in each department and becomes a 
regular and continuing part of the work process.

In addition to more time and resources for training sessions, supervisors need to feel con dent and 
competent in providing ongoing training to their staff . As interpreted by law, supervisors are responsible 
for implementing training. Since the training role and the use of participatory methods may be unfami-
liar, it will be important to develop a train-the-trainer program for supervisors and shop stewards. Th is  
train-the-trainer program would review speci c training responsibilities (i.e., MSDSs, infection control 
procedures) curricula, methods, and how to use them. More trainers ensure small interactive sessions 
and a de centralized approach, which promotes better follow-up and ongoing surveillance throughout 
the hospital.
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Preparation for Training

As t he new t rainer, t he hospital management has told you to i mmediately develop a R ight-to-Know 
Training. Th e hospital’s Ha zard C ommunication P rogram, i ncluding t raining, should have b een i n 
place several years ago. You decide to begin with the nursing staff  and  nd yourself bombarded with 
questions. W hich chemicals in our department a re hazardous? How do w e  nd out? W here a re t he 
binders o f M aterial S afety D ata Sh eets? U nfortunately, yo u do n’t h ave t he a nswers. Th e inventory 
of h azardous m aterials i s i ncomplete, M SDSs a re s ketchy a nd yo u a re f acing a f rustrated g roup o f 
trainees.

Advance preparation might have prevented this scenario. A broad range of information about each 
hospital department must be collected: t he hazards a nd potential exposures faced by employees; t he 
composition of t he g roup to b e t rained, t heir job c ategories, bac kgrounds a nd e xperience; a nd your 
trainees’ needs and concerns. Th is information will enable you to t ailor your educational program to 
the particular group’s needs, to anticipate potential obstacles to achieving your training objectives, and 
to ensure that the department can eff ectively implement the training messages.

Th e listening starts with an objective assessment of the work environment. Conduct a walk-through 
inspection o f t he h ospital de partment a nd ob serve w orking c onditions a nd p ractices. C ollect i nfor-
mation on the hazardous materials and processes being used. Environmental monitoring, if available, 
could quantify potential exposures. Learn the group’s health and safety history. Have there been any 
accidents, injuries, or illnesses? Any outstanding citations for violation of health and safety regulations? 
Collect the appropriate forms: monitoring records; OSHA Log 200s; citations.

Identify w hether h ealth a nd s afety p rocedures a nd p rotocols a re i n p lace. T raining m ay le ad to 
employee frustration when policies have not been previously established and departments cannot pro-
vide adequate follow-up.

If a department, for example, is scheduled for a training on Emergency Response, check the depart-
ment’s procedures. Are there written protocols for spills? Appropriate spill k its and equipment? Have 
evacuation routes been designated? If not, work with the department to develop procedures before the 
training session.

Aft er collecting information on the work environment, assess the group you plan to t rain by l is-
tening to t heir needs and concerns. During the walk-through, you can talk to individual employees 
to ga in an understanding of their at titudes: which safety practices work for them and which don’t. 
Written su rveys a re u seful to ols f or gat hering a nonymous a nd a ggregate i nformation a bout t he 
group’s needs. Try to a ssess employee experience with the subject matter, their level of literacy, and 
any special language needs.

To promote Education for Action and the goal of empowerment, look for issues that will mot ivate 
people to act. Are there problems that are making employees angry, afraid, or excited? Do people hold 
attitudes which become barriers to working safely?

At a S an Francisco hospital, for example, a t raining was planned for radiation technicians about 
the hazards of ionizing radiation. During the needs assessment, the trainer discovered that X-ray 
technicians were angry about the multiple and con icting demands by physicians, about the bro-
ken g urneys, a nd a bout i nadequate s taffi  ng w hich t hey felt je opardized t heir s afety. D iscussion 
during the training led to proposed actions to address these safety issues.

Th e issues that emerge during the listening stage of the needs assessment form the basis of the train-
ing s ession: i ts objectives, t he c oncerns t hat re quire d ialog, a nd t he me thods to me et t he objectives. 
Listening, however, does not s top with the formal needs assessment. It continues during the training 
session (Did the topics meet people’s needs? Did other issues surface for future sessions?) and aft er the 
session (What follow-up would be helpful?).

In addition to the needs assessment, preparation includes the logistics of time; space (a comfortable 
meeting room with movable chairs); and materials (audiovisual aids, handouts). A major planning task 
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involves attendance; how to assure adequate noti cation beforehand and staff  coverage during training 
sessions. A w ritten not ice f rom hospital management which reminds administrators and supervisors 
that training is mandatory is oft en helpful in encouraging full attendance. Documentation of partici-
pant attendance and the content taught is also required by JCAHO. (A checklist of all preparation activi-
ties is included in Appendix 30.A.1.)

Training Session

Content of Training

Given the variety and complexity of hazards in the hospital work environment, the universe of potential 
training topics is extremely broad. Many hospitals include an orientation to basic health and safety pre-
cautions and hospital resources. Legal mandates require training on the life cycle of hazardous materi-
als: their purchase, storage, use, and disposal. Th e Hazard Communication Standard requires speci c 
training on the safe use of particular hazardous materials, such as ethylene oxide, asbestos, and anes-
thetic gases for employees with potential exposures. Required safety training includes topics such as  re 
and electrical safety, back care, disaster preparedness, and radiation safety. Infection control is a stan-
dard component of the training agenda. Other health and safety topics may range from working safely 
on video display terminals to occupational stress and personal safety or self-defense.

Training curricula should have certain common elements:

How to recognize the hazard• . Information should cover activities or processes that might lead to 
potential exposures; who might be exposed; routes of exposure; and how much exposure is too 
much (legal standard and dose–response relationship).
Health eff ects• . Th ey should include acute and chronic eff ects, symptoms, diagnosis, and treatment 
(if applicable).
Prevention• . It includes engineering controls (substitution, administrative controls, and rotating 
workers); safe work practices; and the proper use of protective equipment.
Obstacles to wo rking safely and s trategies for a ddressing them• . In this part of the program, the 
training moves from the ideal to the reality of how to implement health and safety standards and 
better work practices. Even with the best of intentions, it is oft en diffi  cult to make health and safety 
changes. Budgets are tight. Management may be reluctant to make the necessary  nancial com-
mitment. Hospital staff  face con icting demands of patient care and self-protection. Employees 
may a lso den y t heir e xposure to r isks. Training s essions, t herefore, m ust i nclude c urrent a nd 
potential problems, the barriers to change, and short- and long-term action steps to resolving the 
problem.
Legal rights in health and safety and resources• . Th ey are available to employees, both in-house and 
area wide. Th is section reinforces employees’ shared responsibility for protecting their health and 
safety on the job. Th e safety offi  cer or industrial hygienist cannot be everywhere and emergency 
situations can occur without warning. Employees must be aware of whom to call for help, and of 
their rights to take appropriate actions to ensure their personal protection. While the discussion 
of rights will not be all-inclusive, employees should be aware of their “basic four” rights to protec-
tion under the law:
Th e “right to k now” about hazardous substances they may be exposed to on the job a nd how to • 
work w ith t hem s afely (as well a s t heir r ight to t raining on t hese substances, monitoring, a nd 
medical examination records).
Th e “right to  le an anonymous complaint” with the Occupational Safety and Health Administration • 
and request a workplace inspection. Of course, internal resources and the in-house chain of com-
mand should be utilized  rst and reviewed in the training session.
Th e “right to refuse unsafe work” if the employee believes and can prove that doing the job would • 
be a threat to life and limb.
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Th e “right to p rotection against d iscrimination” for exercising t heir r ight to a s afe and healthy • 
workplace.
Evaluation• . Th is section should assess whether learning objectives were met and invite subjective 
feedback from participants on the training session.

Training Objectives

Aft er de  ning t he c ontent o r h azards to b e c overed (such a s c ytotoxic d rugs), t he ne xt s tep i s to  
de ne objectives or a nticipated outcomes of t he t raining. Th ese outcomes fall into four categories: 
changes i n le vel o f i nformation, at titudes/emotions, b ehaviors, a nd ac tion/problem-solving s kills. 
It is important to include objectives from each category to promote the goals of active participation 
and empowerment. Once objectives are determined, methods can be selected which best achieve the 
desired objective.

Information objectives include the knowledge you hope participants will acquire during the session. 
Examples might be the hazards of exposure to asbestos or ethylene oxide, or the phone number to call 
if a hazardous situation is identi ed.

Attitudes and emotions may in uence how people implement health and safety standards on the job. 
You may have heard comments like: “Most accidents at work are caused by careless or accident-prone 
workers,” “I’ve been working with this stuff  for years and I feel  ne,” or, “You want me to do MSDS train-
ing? Th at’s not my job. I already have enough to do.”

Attitudes in the same workplace may vary enormously and, i f they are not iden ti ed, may present 
serious ba rriers to le arning a nd positive ac tions. Supervisors who feel t hat most accidents happen at 
work because employees a re careless may not p erform a n objective accident investigation but imme-
diately blame the employee instead. Employees who feel invulnerable to hazardous materials or infec-
tion because of working for years without becoming sick may fail to take appropriate precautions. For 
empowerment education, attitudes and emotions need to be the starting point for discussion and incor-
porated throughout the training.

Behavioral skills a re t he desired competencies t hat employees w ill acquire as a re sult of t raining. 
Examples a re t he a bility to re spond to a mer cury s pill, re ad, a nd i nterpret a M aterial S afety D ata 
Sheet, or safely l ift  a patient. Training oft en f ocuses on behaviors to t he exclusion of the other three 
objectives.

Action/problem-solving s kills i nclude t he a bility to a nalyze a pa rticular p roblem, iden tify i ts 
causes, p otential s olutions, a nd ac tion s teps for re solving i t. Action ob jectives m ay i nclude t hose 
steps that employees can take in their jobs to protect their health and safety, such as identifying and 
reporting p otential h azards, re questing i nformation o n ne w m aterials i ntroduced i nto t he w ork-
place, a nd work ing w ith fe llow s taff  members a nd t heir u nion to en sure t he work environment i s 
safe. Oft en, as a result of a training, people identify multiple actions to change a situation. Th e prob-
lem cannot be easily solved and requires long-term commitment. In these instances, the eff orts of 
the trainees are not merely as problem solvers, but also problem posers (in Freire’s terms). Th ro ugh 
dialog, they are “posing” for discussion the complexity of actions necessary to address the problem 
over an extended period.

Training Methods

Th ere are many diff erent ways to conduct a training session. Th e criteria for selecting methods include 
both an understanding of how adults learn most eff ectively and the training goals and objectives you 
hope to achieve. It is important to remember that adults expect to learn information based on their real 
experiences which can help solve problems. Th ey learn best when they are actively engaged in participa-
tory activities, dialog about issues, or hands-on practice.
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To empower p eople to dem and t heir health a nd s afety r ights, a ll t raining s essions should i nclude 
action/problem-solving objectives in addition to the more common information, attitudinal, and 
behavior objectives.

In Appendix 30.A.1, a detailed description of methods is presented. Th e methods are grouped under 
the category of objective which they best achieve.

Training Evaluation

Evaluation is an essential part of the ongoing listening process: How eff ective was your training? Did 
you accomplish your classroom objectives? Did the training measure up to participants’ expectations? Is 
your program having the desired impact on work practices back on the job? Did your training uncover 
new issues and therefore new objectives to incorporate in future training sessions?

Your evaluation will attempt to answer these questions and should be developed before you train. Not 
unlike training methods, evaluation techniques are based on your objectives. A common approach for 
measuring information objectives is to administer a post test at the conclusion of training. Observation 
by the trainer in the classroom and health and safety personnel and supervisors back on the job is the 
most eff ective way to assess how well behavioral skills have been learned.

Action skill objectives must also be evaluated over time. To assist you in this process, a list of desired 
indicators of activity can be generated and assessed at proscribed intervals. Sample indicators are

Requests for information or equipment• 
Participation in health and safety committee meetings• 
Reports of potential hazards or violations• 

You a lso want subjective feedback f rom pa rticipants about what t hey l iked most a nd least about t he 
training, t he i nstructor’s p erformance, a nd re commendations f or f uture t raining. Q uestions w hich 
elicit this information can be added to the post test. When distributing the evaluation form to partici-
pants, it is helpful to remind them that their feedback will be used to shape the program. You can cite 
examples from the past where employee input has been incorporated.

Conclusion

Implementing the Education for Action approach in the hospital environment is a challenge, given the 
multiple dema nds on l imited t raining st aff , t ime, a nd re sources. However, i t i s a lso a re sponsibility. 
Training is required and essential to the success of any health and safety program. Hospital workers are 
on the front line exposed to hazards and the stresses (and rewards) of patient care. Th ey need to become 
active participants in protecting their health and safety on the job. Management needs to recognize the 
value and time commitment required for action-oriented training. Education for Action, in the context 
of a comprehensive health and safety program, can pave the way toward legal compliance, an empow-
ered work force and a safer workplace.

Appendix 30.A.1

Training Methods

Checklist for Planning a Training Session

 1. Group to be trained
Number of employees
Work shift s
Job categories
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Prior health and safety training
Special training needs (language, literacy)
Health and safety concerns or problems

 2.  Work History
Accidents and injuries, OSHA log 200
OSHA, JCAHO citations or violations

 3 . Work Environment
Hazardous materials used
Work processes, practices, and potential exposures
Personal protective equipment
Policies and procedures

Ex: Hazard Communication (inventory, MSDS binder, labels, written plan, etc.)• 
Emergency response (procedure, spill kits, and equipment)• 

Training records
 4.  Logistics

Comfortable room (movable seats)
Refreshments
Equipment and materials (handouts, AV equipment, blackboard, etc.)

Methods for Information Objectives

Th e presentation of factual information is an important component in most training sessions. Our chal-
lenge as trainers is to present this information in the most interesting and interactive way possible. Th e 
methods which follow proceed f rom t he most pa ssive ( lectures a nd certain t ypes of audiovisuals) to 
more active approaches. Teaching methods are summarized in Table 30.A.1.

Lecture

While the lecture may be appropriate for reaching large audiences, an eff ort should be made to involve 
the audience. Interesting anecdotes can enliven the session and provide examples of ideas. For example, 
lectures on the right-to-know law can begin with the retelling of the incident which led to the passage 
of the law. Workers in a pesticide-formulating plant in California discovered that many in the plant had 
been trying to have children without success. Th eir suspicions about a common cause led to an investi-
gation which revealed that their infertility was the result of a chemical in the pesticide they produced. 
Participants’ interest is maintained as they hear an example of worker-initiated investigation of the 
work environment.

In addition to tel ling stories which involve the audience, you can encourage active participation by 
posing que stions which require s tudents to app ly i nformation being presented. For example, “I f you 
thought that a product on your job was making you sick, what would you do?”

In the interest of maintaining audience interest, lecture time should be kept to a limit. Some people 
say that 20 min is the longest time anyone can assimilate lecture information.

Audiovisuals

Th e most basic use of visuals is posting a colorful, written agenda in front of the room which lists train-
ing topics to be covered and approximate time estimates.

Prepared videos and slide shows can be an entertaining way of teaching factual information which both 
maintains audience attention and are eff ective for large groups. Th e audience, however, remains passive. 
Interaction with the participants can be enhanced by preparing questions to discuss aft er the show.

There is a current trend toward the use of interactive video with individuals to encourage audi-
ence i nvolvement. I n t his me thod, t he pa rticipant w atches a v ideo p resentation w hich re quests 
answers to questions or written input from the learner at certain intervals. While this approach is 
effective for ensuring that the learner is involved, the interaction is with a machine rather than with 
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an instructor who can respond to questions or with fellow learners who raise provocative issues and 
questions.

Worksheet Questionnaires

Questionnaires can serve as excellent d iscussion starters to a ssess how much pa rticipants a lready 
know a nd to p rovide i nformation t hat w ould o rdinarily b e g iven i n a le cture. E ven i f p eople a re 
guessing t he a nswers to m any o f t he que stions, t hey en joy t he p rocess a nd b ecome i nterested i n 
knowing the information when the instructor reviews the answers. Questionnaires can also be used 
at t he end of a s ession for review a nd to e valuate how much i nformation has been re tained. Th ey  
can be administered in a variety of ways. You can invite participants to complete the questionnaire 
independently. You t hen a sk for a s how of hands a s you re ad e ach p otential re sponse. Volunteers 
with diff erent responses are encouraged to justify their response, leading to a lively discussion. Th en  
you g ive t he c orrect a nswer. Worksheets c an a lso b e c ompleted b y pa rticipants i n sm all g roups, 
encouraging consensus.

Sample information questions are

 1. Which of the following has the highest exposure to anesthetic gases?
 a . Scrub nurse
 b.  Surgeon
 c.  Anesthesiologist
 2. Asbestos is dangerous in all forms (pot holders, tiles, wallboard, etc.).
 a.  True
 b.  False

Planning Deck

Th e planning deck is an activity which involves participants in identifying and ordering the components 
of a t ask or procedure to be learned. You prepare for the activity by listing each step in the procedure 
(such as responding to a mercury spill or implementing the right-to-know law) on a large card. Steps for 
spill response might include: inform your supervisor, call the industrial hygienist, isolate the area, locate 
the spill equipment, etc. Multiple decks then need to be created to allow for working in teams. Th e task 
of each team is to reach a consensus on the order for the steps. Th e  rst team to complete the task reports 
and explains their procedure to the group. Groups with a diff erent order can justify their positions, fol-
lowed by discussion and con rmation of the desired order for the procedure.

Methods for Attitude and Emotion Objectives

Since attitudes about health and safety can eff ectively block learning and implementation, an eff ort to 
identify and explore group attitudes should be incorporated early in the training session. By bringing 
attitudes into the training session directly, people’s feelings are given recognition and learning is facili-
tated. Emotions can also emerge through the methods that promote action/problem-solving objectives. 
Two of the more straightforward approaches to exploring attitudes are described below.

Worksheet Questionnaires

Th e same questionnaire described above which is used to provide factual information can include ques-
tions which elicit attitudes. Sample attitudinal questions are

 1. Most accidents are caused by careless workers.
 a.  True
 b.  False
 2. If your job was making you sick, you would know it.
 a.  True
 b.  False
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A discussion of attitudes is encouraged by inviting participants with con icting viewpoints to present 
and justify their opinions. Your role as instructor is to ensure that participants consider all points of 
view, rather than making a de nitive statement about the “correct” attitude. For example, rather than 
concluding the discussion about accidents with the assertion that there is no suc h thing as a c areless 
worker, support the need for an accident investigation, acknowledging that accidents are caused by a 
variety of factors.

Brainstorm

A brainstorm i s a l isting exercise which c an be ut ilized to qu ickly c atalog a b ody of i nformation, a s 
well as to explore attitudes. It encourages full participation because all ideas are equally recorded. In a 
training session on infection control, you can ask participants for their opinions on why needlesticks 
continue to occur in the hospital or why universal precautions are not being observed. You record the 
items on a large sheet of paper. When all ideas have been recorded, you can help group the items. New 
approaches for de aling w ith t he i ssue c an a lso be el icited by a sking pa rticipants how t hey t hink t he 
problem should be addressed.

Brainstorms are also an excellent tool for presenting factual information, building on the group’s 
preexisting knowledge. In a training session on hazardous waste, participants can be asked to name 
the hazardous wastes generated by their department. You record the items, add a nd correct the list, 
and arrive at the complete list for the department. While brainstorms are a lively way to accomplish 
a v ariety o f ob jectives, t hey c an b ecome u nfocused. You s hould b e su re to l imit t he d iscussion to  
10–15 min.

Methods for Action/Problem-Solving Skill Objectives

Action/problem-solving methods are essential to promoting Education for Action. Th ese methods not 
only facilitate active participation, but also promote dialog leading to actions and strategies to improve 
the work environment. Th e tool for these methods (from Freire) is the use of a “ discussion trigger,” 
followed by a n inductive questioning method t hat promotes d ialog leading to ac tion. A d iscussion 
trigger can be any form: a role play, a case study, a slide or series of slides, a song, or a trigger video.

Th e content for the trigger emerges from the listening, needs assessment stage: the critical issues or 
emotions that people care about related to health and safety. A trigger brings together these issues into 
a physical form that allows trainees to project their emotional and social responses in a focused fashion. 
An eff ective trigger has the following characteristics:

It is familiar, a situation immediately recognized by the group.• 
It is presented as a problem that has both individual and environmental components (i.e., respira-• 
tors may be used infrequently because of individual attitudes and inaccessibility).
It is presented as an open-ended problem with no solution; the solutions will come from the group • 
discussion.
Problem should not be overwhelming, but should allow for people to come up with small actions • 
for change.

To lead a dialog on a trigger, there is a  ve-step questioning process guided by the acronym SHOWED 
that ena bles p eople to s hare t heir p ersonal re actions, a nalyze t heir environment, a nd c ome up w ith 
actions. People are asked to describe what they “See” in the trigger. What are people expressing on the 
surface? Th e next step is to de ne what’s really “Happening.” Th is deeper level oft en emerges with the 
question, What do diff erent people in the trigger (i.e., role play or case study) feel about their situation? 
Th e third step is to ask how this trigger relates to “Our” lives. Is it the same or diff erent from our situ-
ations on the job? By a llowing people to s hare their experiences and their own feelings, they become 
motivated to act to change the problems raised. Th e fourth step is to ask “Why is” this a problem in our 
department or in the hospital. With this step, people perceive the context of the problem and identify 
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barriers to changing hazardous conditions. Th e  nal question is, what can we as individuals or as mem-
bers or a group “Do” about the problem? Th is is the step that leads to action and to promoting the goal 
of empowerment and long-term involvement in health and safety. Examples of triggers in their diff erent 
forms and with sample follow-up discussion questions are presented below.

Role Plays

Role plays introduce problem situations dramatically and allow for analysis and discussion of solutions. 
Th ey can also provide a forum for exploring group attitudes on a particular subject. Th e content for the 
role play is drawn from listening for concerns of the trainees. Rather than using a case study or a slide 
to portray t he problem, you as i nstructor t ranslate t he t rainees’ concerns i nto a d ialog to b e read by 
participants during the class.

For example, in preparing for a training session on AIDS for a group of custodians, you may hear 
a range of attitudes and perceptions: denial of personal risk, incorrect information, skepticism about 
information being presented by authorities, hysteria, and perceived problems of lack of equipment. 
Th e following role play contains these emotions and attitudes and identi es a character to represent 
each one.

JOE: With that new AIDS ward in the hospital, I’m sure we’ll all have AIDS in no time.
SAM: What are you worried about? You’re not gay.
JOE:  Th ey say I can still get it, but who knows what’s true anymore because there’s a new study 

every day.
SARA:  All I know is that I want to have gloves on before I touch anything, anywhere in this hospital…

if I could ever  nd any!
SAM: You two are making a big deal out of nothing. I’ve got work to do.

During the training, three people can become actors and read the role p lay. Following the reading, 
you lead a d iscussion, eliciting the group’s responses to t he issues being portrayed: What’s happening 
here? How does each character feel? Have you ever felt this way? Why is there a problem getting gloves? 
What can be done about it? You may also get some important information during the session, such as 
employee suggestions for equipment access and distribution. Role plays can also be created spontane-
ously by participants. You distribute roles to volunteers, such as the skeptical employee who practices 
self-denial or t he fearful, s omewhat hysterical employee, to b e played u sing t heir own words. W hile 
spontaneous role plays foster creativity, participants are oft en self-conscious and diffi  cult to recruit. 
A written dialog is oft en less intimidating.

Audiovisuals

Some of the l iveliest additions to a t raining program are slides including the individuals who will be 
trained and their work environment. Photography should be a re gular component in the pretraining 
walk-through at the hospital. Subjects would include safe and unsafe work practices, locations of MSDS 
binders a nd s pill e quipment w ith s ome c andid s hots o f de partment em ployees. I t i s b est to i nclude 
people in the photos.

While s lides selectively organized c an present i nformation, such a s t he s teps i n i mplementing t he 
right-to-know law, t hey c an a lso t rigger a nalysis of pa rticular problems which were identi ed in t he 
needs assessment and listening phase. If back injuries from improper lift ing are a problem, for example, 
a picture of an employee lift ing a patient by himself could be used to explore the causes of the problem. 
Th e same inductive questioning process outlined in the beginning of action objectives could be utilized 
to explore the source of the problem: lack of information, time, staff , and equipment. Th e discussion will 
eventually arrive at action steps, both short- and long term.

Video can similarly be used to trigger discussions of barriers to working safely. A videotape on reduc-
ing needlestick incidents was produced at San Francisco General Hospital. Using volunteer health care 
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workers as actresses, part of the tape portrayed a nurse who, while at lunch with her coworker, admits 
that she stuck herself that morning and did not seek treatment at Employee Health. Responding to the 
concern of her coworkers, she explains that the patient was a child who could not have had HIV disease. 
In addition to eliciting a strong emotional reaction, the video provides a focus for analyzing the problem 
and exploring solutions.

Case Studies

Th e cases should be drawn from real and familiar situations that have occurred and problems that were 
identi ed during t he planning process. Pa rticipants read a nd respond to que stions about t he case in 
small groups, followed by a report-back session in the large group. When used at t he end of a session, 
case studies allow participants to apply new knowledge and skills.

Th e following case, based on a real hospital incident, was utilized in a hazardous materials training 
for nurses.

You are the charge nurse when a coworker in the dialysis unit spills a glass bottle of liquid while ster-
ilizing the equipment. She calls the Housekeeping Department to clean up the spill. Th e porters arrive 
and begin to soak up the liquid with rags. Th ey are soon overcome by the fumes.
Questions for discussion:

 1. What is the problem here?
 2. How did each person perceive the problem?
 3. Do you know of other similar incidents?
 4. Why do these incidents occur?
 5. Could this situation have been avoided? If so, how? What recommendations would you make to 

prevent problems like this from occurring in the future?

Prioritizing/Planning

Identifying potential problems in the workplace can be very overwhelming. Not all problems are equally 
hazardous, no r w ill t hey b e de alt w ith i mmediately. D uring t he t raining s ession, em ployees c an b e 
encouraged to participate in the planning process by ranking problems of concern and breaking down 
an action plan into its component steps. In this activity, the instructor asks a general question, such as 
“What is one obstacle that you will face back on the job when trying to put into practice what you have 
learned in training?” or, to be more speci c, “What is one obstacle to preventing back injuries in the 
hospital?”

Each participant writes one obstacle in large print on a p iece of paper. Th e instructor then asks for 
a volunteer to s hare his obstacle and pass the piece of paper to t he front of the room for posting. Th e 
instructor then calls for obstacles with a si milar theme, posting each piece of paper under the former 
to create a vertical column. A new column is created for each new theme. Proceeding in this manner, a 
visual representation of the most pressing problems is created—with the longest list usually re ecting 
the problem of greatest concern. Following the identi cation phase, the instructor can initiate a discus-
sion of each obstacle, barriers to resolving it and positive action steps that can be taken.

For construction of a qu ick plan for immediate action, the same process can be used by asking the 
question, “What is one step you can take back on the job to help create a safer work environment?” Th e 
steps generated by the group can then be evaluated and prioritized.

Th is activity helps the instructor get a better understanding of the problems encountered by the learners 
and provides practice in planning and problem solving skills for participants.

Methods for Behavioral Skill Objectives

Th e most eff ective way to achieve objectives for behavioral skill development is to provide the learners 
with opportunities to practice in the class.
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Hands-On Practice

Since a ll employees need to le arn how to re ad and interpret Material Safety Data Sheets (MSDSs) as 
part of the training component of the Hazard Communication Standard, they should experience read-
ing an MSDS during the training. Th e initial step in the training process is to help employees under-
stand the utility of the MSDS by analyzing one that is well written with the instructor. Th e  instructor 
asks the employees what they would want to know about this product before they started to work with 
it. Based on t he employees responses, t he c lass looks for t he i nformation on t he data sheet—and i n 
the process learns what the sheet contains, its strengths and limitations. With more time, the class is 
divided into small groups and given the task of reading diff erent MSDSs as a group. Th e group assign-
ment is to make a l ist of the most important things a new employee should know about the product. 
Back in the large group, spokespeople for the small groups deliver brief “new employee orientations” 
on each product.

Other examples of learning behavioral skills by doing include using spill kits to clean up mock spills, 
draft ing hazardous waste labels in small groups, and practicing evacuation procedures. You can evalu-
ate competency by circulating and observing the small group performances. You can also ask the small 
groups to demonstrate and explain a certain procedure for evaluation by the large group.

Demonstrations

Volunteer demo nstrations o f t he p roper u se o f p rotective e quipment, w ith add itions a nd c orrec-
tions from the large group, can be very eff ective. In a t raining session on hazardous materials for the 
Housekeeping Department, the porter’s cart of cleaning agents and protective equipment was brought 
to the classroom. Th e instructor posed hypothetical situations such as “You need to remove graffi  ti from 
the elevator walls. What product and protective equipment would you use? What about disinfecting the 
nursery?”

A Sample 1 H Agenda

Th e participatory training methods which form the core of Education for Action are more t ime con-
suming. A lthough yo u m ay not h ave t he t ime o r s taffi  ng to initiate the ideal, comprehensive train-
ing program right now, you can begin by making small, action-oriented adjustments to yo ur current 
program.

In one example from San Francisco, trainers were faced with the task of providing hazardous materi-
als training to several thousand municipal hospital employees. To maximize participation, the session 
was delivered on all shift s to groups of no more than 30 people. Th e trainers adapted some of the meth-
ods described above to create a 1 h curriculum.

Th e sessions began with a b rainstorm, asking the group, “What are some hazardous materials you 
work with?” Using this list, they continued the dialog with the question, “What is it about these products 
that make them hazardous?” A worksheet questionnaire provided the basis for discussion of symptoms, 
dose–response, a nd le gal r ights. P roceeding to t he re quirements of h azardous m aterials re gulations, 
the t rainer i ntroduced t he d iscussion b y tel ling t he s tory a bout p esticide f ormulators i n C alifornia. 
Hazardous materials regulations were reviewed by using slides of familiar people and hazardous loca-
tions to trace the path of chemicals in the hospital from purchase to disposal.

Although t he ideal t raining would use pa rticipatory methods to re view MSDS i nformation for a ll 
potentially h azardous products t hat employees work w ith, t his s horter t raining focused on t he d ata 
sheet of a c ommon product (isopropyl a lcohol). A s a lcohol u sers, pa rticipants were a sked w hat t hey 
wanted to k now about the product. Together, the instructor and the class looked for answers to t hese 
questions on the MSDS.

To clarify responsibility for cleanup of diff erent types of spills, the trainer used brief vignettes on 
spill response, such as, “For a to xic (or body substance? or unknown substance?) spill, who would 
you call?”
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A portion of this sample 1 h agenda is included in a format, which can be used for all health and safety 
training. It outlines the time allotment, objectives, activities, and materials needed for each topic, pro-
viding a useful guide for all the trainers who will teach this course.

Was 1 h a n adequate t ime a llotment to ac hieve t he t raining objectives? No, but t he pat h toward a 
comprehensive Education for Action program is a process. While lobbying for more time and resources, 
the trainers used participatory methods to reach hundreds of workers with much needed information. 
A sample format for a 1 h training session is shown in Table 30.A.2.

TABLE 30.A.2 Sample Format: Part of 1 h Hospital Training

Time Topic Objectives Activities Materials

2 min Introduction 1. Introduce training 1. Trainers introduce themselves
2. Review today’s agenda

1. A genda paper

10 min Hazardous materials 
and health safety

1.  List hazardous materials 
in their workplace

2.  De ne hazardous 
materials

1.  Ask: “What are some hazardous 
materials you work with?” (List on 
board)

2.  Ask: “What is it about these products 
that make them hazardous?” (List on 
board)

1. Board & markers
2.  Hand out: “How 

to ID hazardous 
materials”

3.  Hand out: 
“De nition of 
hazard classes”

4.  Questionnaire—
Part 1

7 min 1.  De ne how hazardous 
materials aff ect the body

1.  Use “Intro to Occupational Health 
and Safety Part 1” to provide basis 
for discussion on symptoms 
close-response, and protection

8 min Laws 1.  List requirements of 
Hazardous Materials 
Regulations

1. Introduce with DBCP story
2.  Use slide show to provide basis 

for discussion on
  a. Chemical life cycle

1. Series of slides
2.  List of 

right-to-know 
steps on paper

  b.  Right-to-know: Inventory, MSDS, 
MSDS accessibility, training, 
labeling requirements, secondary 
container labeling, labeling 
problems including unknowns, 
written plan, and personal 
protective equipment.

  c. Permit and disclosure ordinance
  d. Emergency release response
  e. Hazardous waste
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Union Perspective on Employee Education

Laura A. Job

Introduction

I worked in a  ve-and-ten, a supermarket, and a cafeteria before I worked as a laboratory technician in 
the blood bank of a major medical center in New York City. I worked in that blood bank for close 
to 9 y ears. Th e second half of those 9 ye ars diff ered from the  rst in two ways: I w orked part-time in 
another hospital and I had become a union activist.
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I left  my blood bank job to h elp develop, coordinate, and eventually direct the occupational safety 
and health program for the National Union of Hospital and Health Care Employees. Th is gave me the 
opportunity to w ork w ith health a nd s afety specialists; u nion ac tivists; a nd federal, s tate, a nd local 
offi  cials. Of much more importance, I had the opportunity to work with all kinds of health care work-
ers (HCW) throughout the United States and occasionally with their administrators or safety directors 
as well.

So, for close to 20 years, I have been involved in the health care  eld, and for more than a dozen I have 
paid particularly close attention to the injuries and illnesses of others. I have experienced a lot, learned a 
lot, and thought a lot about the whole experience. And I have come to one main conclusion the best way 
to ensure that hospital workers or any other working people are not sickened, injured, disabled, or killed 
by their jobs is to give them the information and ability to protect themselves.

Limits of Enforcement

I think of government occupational safety and health standards as “minimum wage health and safety.” 
A standard is important because it says very clearly what unacceptable working conditions are. A stan-
dard, whether wage or health, has some token penalties for violators and some modest system to enforce 
compliance. But even if government and business had a total commitment to a m aximum enforcement 
eff ort, which they do not, there could not be an industrial hygienist and safety inspector in every work-
place around the clock. We also could not expect that enforcement staff  would be experts on the speci cs 
of each workplace.

Th ere are three things I w ould l ike you to t hink about: minimum wage does not c over a ll work-
ers; plenty of employers pay workers who are covered by the standard less than the minimum wage 
anyway; and minimum wage provides a standard of living below the poverty level. Th at is, you can’t 
live on it.

When you apply the analogy to government health and safety standards, there is quite a resemblance: 
not all workers are covered by government standards and many known hazards are unregulated; plenty 
of employers k nowingly or unknowingly v iolate job s afety standards; a nd workers can be harmed at 
legal levels of exposure. Th at is, you can’t live on it.

Take it even further. Does this analogy hold up in the health care setting? Do the health and safety 
standards set by t he hospital eff ectively c over a ll workers? ( Th e word “eff ectively” i s i mportant here. 
We have all seen those dusty policy books that are never opened until aft er the injury.) Do all depart-
ment heads and supervisors enforce the safety and health standards set by the administration? And can 
workers live on it—that is, are injuries and illnesses still occurring in hospitals with safety and health 
standards? You bet they are.

Clearly, w e ne ed to ge t c omprehensive c overage, s tronger s tandards, a nd s tricter en forcement to 
improve t he survival of health care employees, but just as c learly, legal remedies and a c onscientious 
health care management cannot do the whole job either.

HCWs and Their Own Health

I am far from the  rst person to think of worker education as the solution to this problem. But because 
others did, as a worker I experienced the bene ts of worker education, and later as a labor educator and 
activist I saw it bene t many others. Education works and works well.

Training workers to recognize hazards and know how to ge t them abated is a successful protection 
strategy for many reasons, some of them obvious. Train 10 employees or supervisors and there are now 
10 more people in the hospital on the lookout for potential hazards. Train 20 and you have doubled your 
safety patrol. If you train 100 people from each shift  and department, you have round-the-clock hospital 
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wide coverage 365 days a ye ar. Your safety patrol has expert knowledge about the tasks they perform 
and conditions they work under, for they experience them every working day. And your safety patrol is 
highly motivated, for they are saving their own lives and protecting their unborn.

Both c ompliance w ith h ealth a nd s afety re gulations a nd mo rale w ill i mprove w hen em ployees, 
including managers, k now t he good reasons for t he regulations. Th is strikes at t he heart of t he issue 
of respect for t he workforce, whether t hey are working in entry-level positions or as h ighly educated 
professionals.

Rodney Dangerfi eld Is Not Alone

I can say with con dence that Mr. Danger eld has plenty of company among HCWs, who “don’t get 
no respect” either. Th e most consistent and persistent theme that has been raised by the HCWs I have 
taught and worked with was that their concern for and interest in their own health and safety was not 
taken seriously. “Don’t worry, it’s safe” was a commonly reported answer to questions about potentially 
hazardous situations, even though it oft en turned out that things were not as safe as they should have 
been. O ft en t he re sponse w as e ven mo re pat ronizing a nd pater nalistic, e specially i f t he w orker w as 
female, of color, and/or in a “less-skilled” position.

Of course, HCWs should be worried about their job exposures. Every day they work with patho-
gens, to xic d rugs a nd re agents, a nd r adioactive m aterials i n en vironments t hat a re r arely w ell 
controlled. Unless HCWs are trained and educated at work, they will bring to the job enough infor-
mation to be concerned, but not enough to diff erentiate between the truly dangerous situation and 
one that is safe.

When I worked in the lab, I used to pass a door that had one of those purple propeller radiation signs 
on it. I recognized the symbol from the old fallout shelter days of the 1950s, but had no idea what I was 
(or was not) supposed to do. Stay away from the door? Hold my breath if I had to go inside? I never knew 
and always had an eerie feeling when I went past. On the other hand, working in the blood bank and at 
high risk of contracting hepatitis B infection from the exposure to blood and blood products, I only received 
anecdotal i nformation a bout m y r isk a nd p rotective me asures f rom o ne o f t he old -timers, w ho h ad 
herself been trained in calmer, stricter days. Well, as it turns out now, I should have worried less about 
radioactivity, and more about the hepatitis B v irus. Th e point is that there are a lot o f working people 
worried when they don’t need to be and not at all worried when they should be, because the people with 
the information won’t share it.

I h ave h eard t he a rguments—and I do n’t b uy t hem—that i nformation a bout p otentially d anger-
ous substances such as asbestos or cancer drugs will just alarm employees; or that pathogens, toxics, 
and radioactive materials are too technical for the average person to u nderstand and therefore again, 
employees will be confused and upset, not enlightened. It has been my experience that when present-
ing information causes concern, it is more likely that the fault is in the presentation, not in the goal of 
educating people about self-protection. Certainly, microbiology, toxicology, radiology, a nd i ndustrial 
hygiene can be extremely technical, complicated, dry, and remote sub jects, but they don’t need to b e, 
and the basic information that workers need to protect themselves can be understood by anyone capable 
of securing a position in the health care industry. Successful and eff ective educational programs don’t 
happen easily or by chance; they take thought and commitment to the task. If you don’t think education 
will work—it won’t.

Some Successful Ideas I Didn’t Invent

Th ere is a large community of labor educators and health and safety activists who attend each other’s 
sessions, d istribute t heir m anuals, f act s heets, a nd t raining m aterials, a nd ad apt a nd mo dify e ach 
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other’s work to suit the task at hand. I am therefore indebted to others, known and unknown, for all 
of the following. I pass these ideas on because they worked for me as an educator; and the only credit 
I can take is knowing a good thing when I see it!

Be Clear about What You Want to Do

You would be surprised how many times I got myself out of a mental muddle by reestablishing my goal. 
I have found this to be a useful idea in situations other than worker education, but it is very important 
in an educational program. Aft er all, how can you get your message across if you aren’t too sure exactly 
what the message is? Once you have clari ed your goal, you can set priorities, emphasize, simplify, and 
make your material useful and relevant to your target group. Otherwise, you are just throwing out 
information, not educating.

Have the People You Want to Educate Help Plan the Session

Th is is important in several ways. On the most obvious level, it makes sure your program covers all 
their concerns. It also will keep you from trying to educate a group about safe handling of the toner 
for the photocopier when there is a r umor racing through the hospital that the patient who hemor-
rhaged all over the emergency room yesterday is infected with the AIDS virus. But most important, 
as in the session itself, you will learn a lot a nd the session will be better for it. And better received, 
because you will be responding to the needs of the group, not telling them what you think they need 
to hear.

Respect the Knowledge of Your Target Group

Working people have a lot o f knowledge about the work they do a nd about the potential hazards they 
face at work. Th e role of the health and safety educator is to help people discover how much they know 
and to a id t hem i n putting t his i nformation i n a c ontext t hat g ives t hem c on dence a bout s afe a nd 
unsafe conditions and procedures. Th ere are teaching techniques that are useful for doing this—lecture 
is not one of them. Limit your lecture time to the very small body of information that only you have, and 
that the class can’t  gure out.

Techniques t hat do w ork include asking each member of t he class to l ist t wo or t hree examples of 
“whatever” from their own experience. When the “instructor” compiles a l ist of all the examples from 
the entire class, that list is close to being comprehensive. Not only is the class not bored to tears by the 
“teacher” intoning a long list of all the whatevers, but each person will also remember the whatevers bet-
ter, especially those whatevers that apply to themselves.

Another technique is the use of problem-solving exercises. Pose a situation similar to one you wish 
the class to be able to handle on their own and give them the information they need to address it. Several 
people work on the same problem, so no one person is on the spot. Aft erward, the class can point up the 
strengths and weaknesses of each other’s solutions. By “practicing” in a class setting, participants see in 
advance where they need help and are better prepared when it counts.

Keep It Simple

Don’t clutter your message with knowledge for the sake of knowledge, or use technical or loft y language 
where the vernacular will do. A good rule that was passed on to me w hen I was  rst starting out is to 
say “Workers need to know this because…” before including a topic in a presentation. If you don’t have 
a good ending to that sentence, save the topic for an accredited course.

Make It Relevant

Class exercises, fact sheets, examples, etc. should clearly relate situations and information that the 
target group can recognize and identify with. Your planning committee can be very helpful here. 
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Want to te ach about Material Safety Data Sheets? Have the class get one on something they work 
with a nd a re w orried a bout i nstead o f s howing t hem o ne o n a c hemical t hey h ave ne ver h eard 
of! A IDS a nd herpes were t he best-researched d iseases i n my sessions on i nfection a nd i solation 
techniques.

Use Humor

Sure, t his is serious stuff . Aft er a ll, you a re l iterally saving l ives. Nevertheless, a s ession t hat i s occa-
sionally amusing is occasionally entertaining and therefore well remembered. Funny examples can be 
pulled from real life, and made funnier if exaggerated and the characters are given descriptive names 
and personalities to match. Most of my problem-solving exercises took place at Makeumwell Hospital. 
You get the picture.

Plan for Your Follow-Up

Th e expression “Use it or lose it” applies to more than just sex and algebra. If you are talking to working 
people about their occupational health, your goal is to en courage or discourage speci c behaviors on 
the job. You should plan now how to make that as easy as possible aft er your session is over. Usually this 
can be done by way of giving the class a “tool” to break down what you want into small, easy steps. Do 
you want the class to spot and report certain hazardous conditions? Design a simple form or checklist 
the class can use easily to do this. Do you want the class to change its procedure to a safer one? Aft er dis-
cussing the reason for the change and going over the new procedure in class, preferably with a hands-on 
practice session, you may have the class draw up a list of necessary supplies, etc. and develop a step-by-
step instruction plan to post at the work site.

Examples of Worker Education Success Stories

Th e stories are true; the names are false. I am not including them to brag, but to testify that occupational 
safety and health education do work, sometimes wonderfully! (OK, I am bragging just a little. But “just” 
a little.)

Eve Beattie

Eve Beattie took the  rst class I ran for the union on hazards in health care institutions. Eve was a tough, 
active, outspoken union delegate from the dietary department of a large medical center in New York City. 
We had assigned a class project for each participant to identify a hazard in his or her workplace and take 
the steps necessary to get that hazard corrected. In class, we discussed the diff erent kinds of hazards and 
the diff erent means of getting them abated. One week Eve came to class clearly angry and frustrated. 
She volunteered (Eve was not s hy!) t hat she was “not” going to b e able to h and in her project. “W hy, 
what’s the problem?” I asked, wondering if she had selected something too hard, or was having trouble 
with her supervisor, or 10 or 12 other impediments to the completion of her assignment. I just couldn’t 
wait to hear the problem so I could try out my new role as counselor. “I can’t do my assignment, because 
every time I point a hazard out to my boss, they go and  x it right away.” Eve thought she failed because 
she did not get the Occupational Safety and Health Administration (OSHA) inspector in. Getting  ve 
hazards corrected in 4 weeks sounded like success to me!

Ellen Dunston

Ellen D unston i s a n urse at o ne of t he m ajor hospitals i n C onnecticut. She at tended a s ession on 
radioactive substances in hospitals. In the session, I re commended two reference books that I h ad 
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found to b e v ery h elpful. E llen b ought t he b ooks; E llen re ad t he b ooks; E llen s tudied t he b ooks. 
Ellen hunted down and critiqued the hospital’s policy manual on radioactive materials. Ellen then 
critiqued the way radioactive materials were really handled day to day in the hospital. When she was 
 nished, Ellen had a list of 11 ways to improve the protection of HCWs and patients from unneces-
sary exposure to ionizing radiation. Ellen took this document to management, which at  rst tried 
to p ooh-pooh h er c oncerns (the old “ Don’t w orry, i t’s s afe” ro utine), a nd t hen t ried to s tonewall 
(“You a re w rong. We a re r ight.”). E llen p ersisted. Sh e k new h er s tuff . Th en management revised 
their manual, tightened their procedures, and set up a union management committee to see that the 
ALARA principle (exposures to r adiation kept As Low As Reasonably Achievable) was adhered to 
by the hospital.

Anonymous Hospital Safety Committee, Anonymous, PA

Following t he principles outlined above as “Keep it simple” and “Make it easy,” I h ad spent weeks in 
front of the word processor taking the OSHA standard on ethylene oxide (which is written in a language 
I call “federal register”) and turning it into a checklist written in English. So I was ready when I got a call 
from Susie Helper of the Anonymous Hospital for information on ethylene oxide. Susie called on behalf 
of the union safety committee members, who passed out the checklist to the workers in central supply 
where the gas is used. When the checklist was completed they had found 14 violations of the standard. 
Th is information was formally presented to the hospital management at the hospital’s safety committee 
meeting. Th e hospital was clearly wrong and began to correct the violations immediately. Some of the 
improvements took months to achieve, but Anonymous Hospital is now in compliance with the OSHA 
standard on ethylene oxide.

And then there was the AIDS checklist passed out at each workshop…but you get the idea.

Some Resources for Worker Health and Safety Training

Hopefully, you are now sold on the idea that the best way to protect workers is to educate them to protect 
themselves. Th ere are numerous sources of information, education, training, and technical assistance in 
the United States to help you do it. Labor unions, trade and other employer organizations, educational 
institutions, a nd no npro t o rganizations i ncluding “committees f or o ccupational s afety a nd h ealth” 
(COSH groups) now supplement the traditional safety councils in off ering programs, training materials, 
and assistance on dealing with job hazards.

Th is was not always the case.
In the 1970s, the OSHA created the “New Directions” grant program. Under this program over $1 

million is awarded each year to organizations to develop an occupational health and safety program 
to s erve t heir c onstituency. Th e p rogram c onsists o f a 1 ye ar p lanning g rant f ollowed b y a 5 -year 
developmental grant. Th e level of funding is set each year when the grantees submit a new proposal. Th e 
goal of the New Directions program is to create competent, self-suffi  cient health, and safety resource 
centers.

By and large, the program succeeded. Perhaps only a small number of granted programs were truly 
self-suffi  cient aft er 6 ye ars, but the New Directions program spawned not o nly a ne twork of resource 
centers and tons of training material, but also hundreds of thousands of educated people, workers, and 
employers aware of the issue of occupational health.

Once a p erson becomes aware, it is permanent. No one can undo it. Th ere developed a dem and for 
more information as everyone involved learned enough to realize how big the problem is and how eff ec-
tive worker education can be to address it. Th is demand forced the Reagan administration to keep some 
semblance of New Directions in place, although its eff ectiveness was curtailed.

In 1 985, t his dem and le d to t he pa ssage o f le gislation i n N ew Y ork St ate w hich c reated t he 
Occupational S afety a nd H ealth Training a nd E ducation Gr ant P rogram. Th is p rogram, wh ich is  
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expected to pioneer other state-funded training programs, is premised on the concept that it is bet-
ter to s pend money to e ducate workers to p revent occupational i njury a nd i llness t han i t i s to pa y 
compensation a ft er a w orker i s ha rmed. Th erefore, New York i ncreased employers’ a ssessment for 
Workers’ Compensation to fund $4.3 million in grants for worker education programs and other 
activities designed to prevent occupational illness and injury. Th is grant program trains over 50,000 
people each year.

If your organization isn’t quite ready to launch a full-blown occupational safety and health program, 
but you are ready for a modest training session, one of the best ways to get either direct help or referred 
to an appropriate resource in your community is to contact the “COSH group” in your area. COSHs are 
associations of labor unions, safety and health professionals, and individual members. COSHs provide 
training, technical assistance, and serve as a communication network on issues aff ecting occupational 
safety and health. COSHs also have committees that undertake projects such as producing a pamphlet 
on reproductive hazards found in workplaces. COSHs are usually named aft er the area they serve, for 
example: New York Committee for Occupational Safety and Health, NYCOSH. But, if you can’t  nd a 
COSH in your area, why not start one?

Conclusion

Worker education prevents occupational injuries, i llnesses, and deaths. I k now because I h ave seen it 
work. Th ere are resources available in most areas to help new worker education programs get started, 
and t here a re successful models to e stablish resources for t hose a reas where help is scarce. Th ere are 
thousands of people like myself ready to help. I think we are ready to make a successful assault against 
unsafe workplaces. I think we can do it!

Occupational and Environmental Health Training 
for Hospital House Staff

Wendy E. Shearn and Kathleen Kahler

Why does the occupational and environmental health training for house staff need to be any dif-
ferent from any other HCWs’ training? This is the question we were asked by many occupational 
and environmental health professionals. Clearly, we must establish a database of occupational and 
environmental exposure issues for this group of health care providers. By not providing hospital-
specific occupational and environmental health training, a significant risk of financial and crimi-
nal p enalties i s c reated for me dical c enter ad ministrators a nd t he c orporations w hich own suc h 
institutions.

Given traditional extreme hours of work oft en in excess of 70 h per week, there are increased risks for 
health care professionals due to s leep deprivation, including depression, substance abuse, suicide, and 
accidents. Th ey may be exposed to chemicals and physical hazards.

Chemical hazards which place the house staff  at risk include antineoplastic drugs, formalin, anes-
thetic gases, ribavirin, ethylene oxide, nitrous oxide, and lasers. Use, possible routes of exposure, health 
eff ects, engineering controls, and protective equipment need to b e addressed in the circumstances in 
which they are encountered by house offi  cers.

Historically, the house staff  have been identi ed as students, and as such house staff  have been under-
paid for the number of hours actually worked. Th is situation has resulted in confusion about the house 
staff ’s status as employees. OSHA has assisted medical centers in clarifying the status of house staff  by 
de ning physicians as employees. If a physician is employed by a health maintenance organization or a 
corporation, all OSHA standards apply to them, and compliance with regulations, including training, 
is required.
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Training Issues

Ideally, o ccupational a nd en vironmental h ealth a nd s afety i nformation s hould b e p rovided to re si-
dents at t heir orientation. C ompliance w ith OSHA’s Bloodborne Pat hogen St andard a nd t he Ha zard 
Communication Standard should be stressed. Th e initial orientation may be t he only opportunity to 
provide this type of information to the residents, because it may be the only time they are together and 
available.

Some programs rotate the house staff  through several departments, while others concentrate on only 
one. Some residents rotate through diff erent hospitals. Th is variation in programs makes it diffi  cult to 
identify w ho h as t he re sponsibility for t he house s taff ’s o ccupational a nd environmental health a nd 
safety training. Interdepartmental and interfacility policies and practices oft en vary.

Frequently, types of equipment are worn to protect against body  uid exposures. Safer needle devices 
require special training. Systems for handling biohazardous and hazardous waste should be reviewed 
by the department or a facility.

House staff  should be trained on proper disposal of specimens, needles, bodily  uids, and common 
chemicals such as formalin and alcohol. Violations of environmental and occupational health regula-
tions carry  nes, penalties, and potential criminal liability.

Clinical decisions and practices of the house staff  impact the health and safety of other staff  members. 
For example, the house staff  need to know potential health eff ects of hospital-administered aerosolized 
pentamidine on other staff  such as nurses and respiratory therapists and what precautions are needed. 
If they were informed about this, they might order alternate therapy.

Procedures such as chest drainage may create “mixed waste” when body  uids and mercury are com-
bined. Th e resulting waste requires special decontamination to avoid exposing support staff  to b odily 
 uids and mercury vapors.

Needles left  on patient tables, in bed linens, waste baskets, sleep rooms, or  oors, or on top of lock-
ers or in pockets of laboratory coats can be fatal since transmission of hepatitis B or AIDS to HCWs by 
needlesticks has been documented.

Needs Assessment

Facility-speci c i nformation o n c ommon p roblems s hould b e ob tained t hrough a su rvey o f v arious 
hospital departments including nursing, pharmacy, and environmental services.

Statistics could be reviewed to determine the type of injuries or illnesses incurred by residents in the 
recent past. Records of health and safety complaints  led by residents should be reviewed.

Based o n e xperience a nd ne eds a ssessment, a h ospital h ouse s taff  or ientation pro gram s hould b e 
developed.

Hazards in the Health Care Environment

Cytotoxic drugs are sometimes corrosive and present a reproductive hazard. Because house staff  may at 
times be required to administer them, they need to be educated regarding protective equipment, spill 
cleanup, and management of contaminated materials.

When handling specimens and at autopsies, formalin exposure may occur. Formalin must be 
disposed of properly according to environmental regulations.

Glutaraldehydes used for sterilization of instruments have been left  in open containers in procedure 
rooms, emergency departments and obstetrics, and gynecology for quick turnaround of instruments. 
Handling of glutaraldehydes in uncovered containers could result in exposure or sensitization.

Nitrous oxide is used as a cryogen in ophthalmology and obstetrics and gynecology. Exposure of the 
house staff , patients, and other staff  can occur when the nitrous oxide is vented into the room or into a 
recirculating ventilation system.
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Mercury poses occupational health and environmental hazards. Many facilities still use mercury to 
weight gastrointestinal tubes. In this circumstance, the risk of a mercury spill is signi cant. In addition, 
mercury should not be disposed of in the sewer because this method violates environmental regulations. 
A l ist of common equipment a nd locations where mercury i s found in a me dical center, a long w ith 
alternative products or work practices is in Appendix 31.A.2.

Alcohols and xylenes, which are found in pathology laboratories, should be disposed of in a speci c 
manner and not via the drain.

“Prevention Point,” a v ideotape de signed for physicians i n t raining (Altschul Group C orporation, 
Evanston, IL), has been used to demonstrate safe needle management. Th e importance of reporting an 
exposure and receiving appropriate follow-up care is stressed in the video tape.

New needle devices or “safer” needles should be addressed as part of orientation. Many new needle-
less s ystems a nd “safer” de vices a re being i ntroduced at me dical centers. S ome require new skills or 
techniques. House staff  require training using these devices.

Ergonomics and physical hazards must be addressed. Back injuries may result or be aggravated by 
improper height of an examination table. Other hazards include stress and sleep deprivation.

Emergency preparedness needs to b e included in orientation. Local hazards such as earthquake or 
 ood should be addressed.

Respirators a re no w re quired f or h ouse s taff  w orking w ith su spected o r d iagnosed t uberculo-
sis (T B) pat ients u nder c ertain c ircumstances. A nnual t raining a nd  t-testing f or re spirators a re a 
requirement.

House s taff  should be reminded of t heir r ight to re fuse to p erform hazardous work a nd to a sk for 
training in a procedure for their own protection as well as for that of the patients.

How Is This Information Provided?

Many of the new regulations aff ecting health care require the physical presence of a t rainer to en sure 
that employee questions are answered. To ensure accuracy and consistency of practices and procedures 
related to o ccupational and environmental health and safety, ut ilizing local experts f rom the depart-
ments within the medical center is important. Orientation for house staff  should be presented in accor-
dance with their educational background.

Managers a re t raditionally u sed i n orientation to d iscuss procedures for providing or ac cessing 
services from their clinical departments. Managers must communicate to those departments that infor-
mation on health and safety is essential.

Key que stions w hen p lanning t he t raining s hould i nclude: (1) top ics rele vant to t he me dical 
center; (2) time required and time available; and (3) who provides the training. See Essentials of Modern 
Hospital S afety, Volume 1, C hapter 2 0, “ Education f or ac tion: A n i nnovative app roach to t raining 
hospital employees” is an excellent resource for developing this type of training.

Monitoring compliance with policies and procedures is the key to ensuring their practice. In addition, 
mechanisms f or add ressing no ncompliance w ith o ccupational a nd en vironmental h ealth a nd s afety 
procedures should also be established.

All training records, including attendance records, and the goals and the objectives of the training 
should be maintained.

Summary

Occupational and environmental health and safety training should be required for house staff  orienta-
tion. As new risks arise and present risks are illuminated, additional training will be needed.

We anticipate further development of resources through continued educational research concerning 
house staff . Education is a critical part of an eff ective prevention plan.
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Appendix 31.A.1

“Safer” Medical Devices: Preventing Needlesticks and Sharps
Exposures Fact Sheet

Increased awareness of occupational exposures to bloodborne pathogens, speci cally hepatitis B a nd 
HIV, h as i ncreased i nterest i n t he de velopment o f s afer me dical de vices to p revent ne edlesticks a nd 
sharps e xposures. A dditionally, t he F ederal O SHA re cently i ntroduced t he Blo odborne Pat hogen 
Standard. In this standard, OSHA concludes that exposures can be minimized or eliminated by using 
provisions t hat i nclude eng ineering controls (e.g., use of self-sheathing needles), work practices (e.g., 
universal precautions), and personal protective clothing and equipment.

Selecting new devices which utilize engineering controls is a diffi  cult process for all health care facili-
ties because of the following issues:

 1.  Design
 a. Many designs are in their initial stage and therefore may not be the “best” design.
 b. Many initial designs were directed at high-use products, not at high-risk products.
 2.  Protection
 a. Advertised “safety” devices do not always consider exposures to ancillary staff .
 b. New products do not have statistical data to support their use.
 3.  Availability
 a. Manufacturers have been unable to supply quantities needed for larger facilities.
 b. Products may not be directly exchanged with nonsafety devices.
 4.  Education
 a.  Staff  may need new skills to use product correctly.
 5. Regulation
 a. CDC and OSHA encourage engineering controls, yet no regulating agency has speci cations 

for new safety designs.

Th e following s afety de vices, w hich ut ilize eng ineering c ontrols to p revent ne edlesticks/sharps i nju-
ries, h ave b een s elected f or t he M edical C enter w ith t he a ssistance o f t he N eedlestick P revention 
Subcommittee and the Product Selection and Evaluations Subcommittee:

 1 . Lancets
 a. Ames Glucolet 2™ Automatic Lancing Device
 b.  Tenderlett™

 2. IV Tubing/Medication Connections
 a. Baxter Protective Needle Lock™

 b. Baxter Needle Less IV Access System—INTERLINK™ (In-service to begin May/June)
 3. IV Catheters (Stylets)
 a.  Critikon PROTECTIV™ IV
 4. Winged Infusion (Butter y)
 a. Ryan Medical SHAMROCK™ (Currently being piloted)
 5. Safety Syringes
 a. Becton Dickenson SAFETY-LOK™ Syringe (Currently being piloted)
 6. Vacuum Collection Systems
 a. Ryan Medical SAF-T CLICK® (Currently being reevaluated)

Future evaluations of safety devices which provide eng ineering controls w ill be targeted at h igh-risk 
procedures for which work practices alone have made it diffi  cult to control exposures (e.g., blood culture 
collection, blood gas kits, scalpels, and suture needles).

Source: Kaiser Permanente Medical Center, San Francisco, Safety Offi  ce, May, 1992.
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Appendix 31.A.2

Wendy Shearn, Kathleen Kahler, and Jennifer McNary

Mercury in Health Care Settings at Kaiser Permanente

Sources of Mercury Locations Used Alternative Work Practices Alternative Products

 1  Bougie/red maloney esophageal 
dilator (up to 3 lb)

Operating rooms Inspect tubes for damage or 
deterioration before use

Use stainless steel balls 
instead of mercury to 
weight

Gastrointestinal 
laboratories

Remove from service if 
damage is noted.

Other suggestions are 
tungsten or barium

Endoscopy procedures
 2  Cantor gastrointestinal tube 

(6–9 g of mercury)
Medical surgical units Process for handling 

mercury and waste 
disposal should be speci c.

No alternative product 
available.

 3  Chest drainage unit 
(i.e., Pleur-Evac)

CVICU/ICU/medical 
surgical units

Use water and portable 
suction units to achieve 
greater suction.

Many products can achieve 
adequate suction by 
utilizing water or by 
using a vent plug with wall 
suction.

 4 Feeding tubes Medical surgical units Substitute/replace with 
tungsten weighted tube.

New products are weighted 
with tungsten instead of 
mercury.

 5 Th ermo meters Substitute/replace with 
electronic thermometers.

Electronic thermometers.

  Room All locations
  Older incubator hood Nursery/ICN
  Body 1.5 g All locations
  Laboratory 3–4 g Laboratory
 6  Sphygmomanometers (200 g 

of mercury)
All locations Substitute/replace with 

aneroid gauges for mercury 
sphygmomanometers.

Aneroid gauges.

 7  Hematology (some analyzers 
[hydraulic systems used] to 
draw mercury samples through 
counting chamber)

Laboratory Replace with newer model. Newer models do not use 
mercury in the hydraulic 
system.

 8  Strip chart recorder used in 
cardiac ultrasound dry silver 
type (7 mg of 
mercuric bromide)

CV/ICU, ICU Switch to thermal head 
recording system.

Th ermally sensitive paper.

 9 Red mercuric oxide Laboratory Substitute Not required for laboratory 
use.

10 Mercuric chloride Pathology (preparing 
tissue specimens)

Substitute reliable analytical 
methods.

Zinc can be used, but many 
pathologists state that 
results lack clarity.

11  Fluorescent tubes (40 mg 
of mercury)

All locations Correct handling in the 
disposal process. 
No rushing.

No alternative product 
available at this time. 
Designers are working to 
develop tubes with less 
mercury.

(continued)
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(continued)

Sources of Mercury Locations Used Alternative Work Practices Alternative Products

12 B arometers Laboratories Substitute electronic 
barometers for mercury 
containing devices.

Electronic barometer.

13  Alkaline batteries and mercury 
batteries

All locations Consideration should be 
given to disposal process. 
Recycle products.

Low-mercury batteries.

Note: All products containing mercury need to be disposed of as either hazardous or extremely hazardous wastes. New 
products contaminated with biohazardous material need to be decontaminated before disposing of material as haza rdous 
waste.

Appendix 31.A.3

TB, Exposures, and HCWs

TB is on the rise in the United States today. Th is fact sheet will address the concerns of HCWs with 
an explanation of what TB is and how it is spread. It will also discuss the detection and prevention 
of TB.

How Is TB Spread?

TB i s a d isease c aused by bac teria a nd i s spread by coughing. You do “ not” “catch” T B by sharing a 
glass or by touching something handled by a person with active TB. (Active TB generally means TB in 
the lungs.) Coughing people with active TB expel bacteria into the air in very small numbers. When a 
patient with active TB coughs directly in the face of a HCW, that worker can become infected if a closed 
area is shared for a prolonged period.

What Kinds of Precautions Are Taken at Kaiser Medical Center
to Prevent the Spread of TB?

Th e Kaiser Foundation Hospital uses 100% fresh air in its ventilation system. Th is means that the air 
from a patient’s room or any room is vented to the outside. Air is not reused or recycled in the hospital. 
Th erefore, HCWs not working in an enclosed area with a patient with TB are at minimal risk of con-
tracting TB.

Respiratory precautions are another method of protecting HCWs from exposure to TB. A sign stating 
“STOP—See nurse before entering” may be posted outside the door of a patient with TB. Anyone enter-
ing the room of a patient with TB should wear appropriate personal respiratory protection. In actuality, 
the “patient” should wear a mask, although compliance with this seems diffi  cult.

Respiratory precautions are recommended even though the air in the hospital rooms “gets changed” 
by the local exhaust ventilation two to three times an hour. Here’s why: it still takes from 2 to 3–1/2 h to 
remove 99.9% of the air, including the airborne bacteria.

What Is a TB Exposure and How Can It Happen?

Usually, a TB exposure occurs when someone has prolonged contact with a patient who has TB but who 
has not yet been diagnosed with it. Th e lack of a diagnosis is usually not due to an oversight or error: TB 
can be hard to d iagnose. Th e physicians have to make an evaluation of all the illnesses (including TB) 
that might cause the same symptoms that TB causes before they can make the d iagnosis. Although 
a chest x-ray can be helpful, t he preliminary d iagnosis of TB is made f rom a p ositive sputum smear. 
Depending on the patient’s condition, it may be diffi  cult to get a good sputum smear. All of these factors 
may delay the correct diagnosis of TB.
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How Will I Know If I Have Been Exposed?

You and your coworkers will be noti ed of the TB exposure by the normal means of communication in 
your department (e.g., posted memo, communication log, staff  meeting, etc.).

What Should I Do If I Have Been Exposed?

Th e I nfection C ontrol C ommittee re commends t hat ro utine a nnual T B s kin te sting (or s emiannual 
testing f or c ertain de signated a reas) i s su ffi  cient f or mo st e xposures. E xposed em ployees re questing 
testing/evaluation before their routine testing date should contact Employee Health. Employee Health 
recommends that employees who had signi cant prolonged contact and/or who are immunocompro-
mised (e.g., HIV+, taking anticancer drugs or steroids) should contact their health care practitioner or 
the Employee Health Department to d iscuss their exposure. Depending on the circumstances of your 
exposure and your state of health, you may not need follow up or you may need to get a TB skin test 
12 weeks aft er exposure to see if your test becomes positive.

What Will Happen If I Develop a Positive TB Skin Test?

A positive skin test probably means that you, like 10 million other people living in the United States, are 
infected with TB, but are not contagious or sick with it. To see if you have active TB, you will need to get 
a chest x-ray. If your skin test was positive but your chest x-ray does not show TB in your lungs and if 
you are not coughing, having drenching night sweats, losing weight or spitting up blood, then you have 
dormant or latent, not active, TB. You cannot infect anyone else.

You may need to get medication for the latent infection to reduce your chances of developing active 
TB i n t he f uture. You w ill ne ed to d iscuss t he re sults o f yo ur te st w ith yo ur h ealth c are p ractitio-
ner or with the health care practitioner in Employee Health to decide whether or not you will need 
medication.

Prevention

To prevent or minimize exposures, the Infection Control Committee recommends that you

 1. Teach all patients to cover their mouths when coughing
 2. Follow the universal precautions
 3. Observe the postings on patient doors

Prepared by: G. Denton, NP, Employee Health, K. Kahler, MPH, Safety Offi  ce, and W. Shearn, MD, Chief 
of Occupational Medicine a nd Employee Health; Kaiser Permanente Medical C enter: San Francisco, 
Employee Health Center.

Appendix 31.A.4

Scabies Fact Sheet

What Is Scabies?

Scabies is an infectious disease caused by a human parasitic mite, Sarcoptes scabiei.

What Are the Symptoms of Scabies?

Symptoms of “classic” or “typical” scabies include:

Itching: more intense at night

Skin l esions: p articularly ar ound  nger Webs, side s o f to es a nd  ngers, w rists, elb ows, k nees, 
ankles, abdomen, and thighs.
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In people with depressed immune systems, scabies may not c ause itching or lesions. Rather, the skin 
may appear scaled and crusted, most oft en on the hands, feet, elbows, and knees. Th ese symptoms are 
characteristic of “crusted” or Norwegian scabies.

What Is the Incubation Period?

In a previously unexposed individual, 2–6 weeks may elapse between exposure and onset of itching. In 
people who have had scabies in the past and are sensitized to the mite, reexposure may produce itching 
as soon as 48 h aft er exposure.

How Is Scabies Transmitted?

Scabies i s t ransmitted by skin-to-skin contact w ith “ infested persons” or, le ss commonly, by contact 
with their freshly infested clothing or other personal objects.

What Causes the Itching and the Bumps?

Th e mite and its secretions, feces, and eggs (all foreign protein material) stimulate the body’s immune 
responses, causing the symptoms of scabies.

How Is Scabies Diagnosed?

Th e d iagnosis of scabies is made by h istory taking a nd physical examination. Sometimes, a m icro-
scopic examination of a skin scraping can demonstrate the presence of the mite, its eggs or its fecal 
pellets.

How Is Scabies Treated?

Th ere are various creams or lotions that may be prescribed for scabies: Permethrin (Elimite), Lindane 
(Kwell) or Crotamiton 10% (Eurax). In general, all medication should be applied aft er a brief shower or 
bath. Th e skin should be dry and the medication applied to the body from the neck down with special 
attention to the areas around the  nger Webs, wrists, elbows, axillae, breasts, buttocks, and genitalia. It 
should be left  on for 12 h. If the medication is removed—such as by hand washing—it should be reap-
plied. Aft er 12 h, a cleansing bath or shower should be taken.

Sheets, pajamas, towels, and any clothes worn during the previous week should be washed on the hot 
cycle and dried in a clothes dryer. Non-washable items should be sealed in plastic bags and not opened 
for 2 w eeks. It i s not ne cessary to w ash your c arpets, f urniture a nd a ll t he c lothes i n t he c loset. For 
asymptomatic individuals, a single treatment is recommended. For those who are symptomatic, treat-
ment should be repeated in 1 week.

Can I Still Work?

For asymptomatic personnel, no work restrictions are necessary. If an exposed employee is symptomatic, 
he or she may return to work aft er one treatment with medication has been completed. Family members 
or close contacts generally do not need to be treated unless the employee is symptomatic was exposed to a 
patient with Norwegian or crusted scabies.

Prevention

Hand washing before and aft er pat ient contact may prevent infestation. Th e mite roams freely on the 
skin for up to 4 h before burrowing, so washing with soap and water can prevent it from making your 
body its home. When caring for patients with Norwegian scabies who have not ye t been treated with 
Elimite, keep the ends of your gown sleeves tucked in the ends of your gloves. Complaints of itching 
and/or even a minimal rash should be reported to your supervisor so that a physician can examine the 
patient to make the diagnosis.

Source: Kaiser Permanente Medical Center, San Francisco.
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Appendix 31.A.5

Hepatitis and HCWs

Introduction

Hepatitis is an in ammation of the liver that can be caused by a number of agents, including viruses, 
toxic chemicals (e.g., alcohol), certain drugs, and parasites. Th is fact sheet, which was written for HCWs, 
describes hepatitis B and hepatitis C, the most likely forms of “viral” hepatitis to which HCWs could be 
exposed. Th is fact sheet brie y addresses hepatitis A as well.

Transmission of Hepatitis A

Viral hepatitis A is spread primarily through the “fecal–oral” route, which means, for example, by eating 
contaminated food, particularly shell sh. Being an HCW does “not” make a person at increased risk of 
contracting this illness.

Transmission of Hepatitis B

Viral hepatitis B is not spread like hepatitis A (by food or feces), nor is it transmitted through everyday 
contact as with a cold. It is transmitted through contact with blood and other body  uids (saliva, semen, 
vaginal  uids, etc.). Hepatitis B i s most commonly spread through contaminated needles, sexual con-
tact, and perinatal transmission (from mother to infant around the time of delivery). HCWs are poten-
tially exposed when they work around blood and body  uids.

Symptoms

A person who contracts hepatitis B m ay not h ave any symptoms or he/she may have any or a ll of the 
following: loss of appetite, loss of taste for cigarettes, fatigue, headache, stiff  or aching joints, low grade 
fever, nausea, vomiting, abdominal pain, jaundice (yellowing of the skin and eyes), dark urine, and light 
colored stools. Similarly, a person with hepatitis A may or may not have the same symptoms. Blood tests 
can determine if someone currently has or has had either hepatitis A or B.

Incubation and Contagious Periods

Th e h epatitis B i ncubation p eriod ( the t ime f rom e xposure to t he o nset o f s ymptoms) v aries f rom 
6 weeks to 6 months. A person infected with hepatitis B is contagious as long as the virus remains in the 
blood: 1–6 months for most people but inde nitely for some.

Complications of Hepatitis

For hepatitis B, 90% of the patients recover spontaneously and develop lifelong immunity to the virus. 
However, 5%–10% continue to have symptoms for more than 6 months and may develop some degree 
of chronic hepatitis, which can cause cirrhosis or l iver cancer. Mothers can pass the virus on to t heir 
babies at delivery.

Work-Related Exposures to Hepatitis B

Every year, 200–300 HCWs die from hepatitis B or related illnesses. HCWs can be infected by hepatitis B if 
they are stuck by a needle or another sharp instrument that is contaminated with infected blood. Workers 
can also be infected through a splash of blood or other infectious body  uids to the eyes, nose, mouth, 
or op en s kin ( cuts, s ores, r ashes, e tc.). Bi tes t hat p enetrate t he s kin c an a lso t ransmit h epatitis B . 
Statistically, about 6%–30% of HCWs who are exposed to hepatitis B infected blood or body  uids will 
contract the disease. Aft er an exposure, HCWs may need gamma globulin or a s pecial hyperimmune 
globulin.
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Prevention

Th e most important ways to protect yourself from hepatitis B are the following:

 1. Get the hepatitis B vaccine. Take all three doses.
 2. Always follow universal precautions. Treat all blood and body  uids as potentially infectious and 

protect yourself.
 3. Wash your hands before and aft er physical contact with any body  uids. Even if you were wearing 

gloves, you should wash your hands aft er removing the gloves.
 4. Wear g loves a nd ot her protective equipment (goggles, masks, face shields) when you expect to 

come in contact with blood and other body  uids.
 5. Dispose o f ne edles a nd ot her s harps s afely i n t he s harps c ontainer. N ever b end, b reak, o r 

cut ne edles b efore d isposing o f t hem. I f you ne ed to re cap t hem, u se t he one-handed s coop 
technique.

Transmission of Hepatitis C

Hepatitis C is thought to be transmitted in a manner similar to that for hepatitis B: by contact with blood 
and body  uids. Intravenous drug use and sexual contact with someone who is hepatitis C positive may 
place a person at risk of contracting hepatitis C. At the present time, there are con icting reports about 
perinatal transmission of hepatitis C.

Transfusions a lso p lace t he p eople re ceiving t hem at r isk o f c ontracting t he h epatitis C v irus. 
Transfusion blood is tested for both hepatitis B and C, but hepatitis B is much easier to detect and the 
test for it is currently more accurate than the test for hepatitis C.

Symptoms and Incubation

Th e symptoms of hepatitis C are similar to those of hepatitis A and B. Hepatitis C’s incubation period of 
approximately 60 days is longer than hepatitis A’s but shorter than hepatitis B’s.

Chronic Hepatitis C

Like hepatitis B pat ients, many hepatitis C pat ients develop chronic infection; in fact, half the people 
infected with hepatitis C develop chronic hepatitis.

Work-Related Exposures to Hepatitis C

HCWs may become infected if they are stuck by a needle or another sharp, which is contaminated with 
infected blood. Splashes of body  uids to the eyes, nose or mouth or open cuts or rashes seem less likely 
to t ransmit hepatitis C t han hepatitis B. About 3%–1% out of every 27 HCWs exposed to h epatitis C 
positive blood will contract the virus.

Prevention

Although no v accine i s c urrently a vailable f or h epatitis C , ga mma g lobulin m ay b e g iven to H CWs 
aft er blood or body  uid exposure to protect them from contracting hepatitis C. In addition, the same 
prevention methods listed for hepatitis B should be followed by HCWs to protect themselves from work 
related exposures to hepatitis C.

If you think you have been exposed to any kind of hepatitis, you should notify your supervisor and 
the Employee Health Center. I f you have a ny questions regarding hepatitis, please call t he Employee 
Health Center.
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Nursing Student Health and Safety Training in the Hospital
Workplace: Risks and Responsibilities

Jolie Pearl and Marian McDonald

Introduction

How well prepared are nursing students to p rotect t hemselves f rom occupational hazards when t hey 
enter the hospital workplace? How prepared are hospitals to provide a safe environment for nursing stu-
dents? What are the potential consequences of not providing a safe workplace for nursing students—for 
students and institutions alike?

Th is chapter discusses hazards encountered by nurses in hospital settings and the special risks and 
problems faced by nursing students during clinical practicums, as well as issues faced by hospitals that 
have nursing students on site. Th e concerns raised are also relevant for new nursing graduates, many of 
whom may not be prepared to avoid hazardous exposures in the hospital environment. Current nursing 
school approaches and curriculum content regarding occupational hazards faced by nursing students 
are described and de ciencies addressed. Th is section then off ers a n overview of what an approach to 
educating nursing students about workplace hazards should include.

Hospital-based nurses continue to be at high risk for exposure to occupational hazards and workplace 
injuries and illnesses. Nurses-in-training (e.g., nursing students) are at “especially” high risk for expo-
sure to workplace hazards on the job, because of the following factors:

Widespread lack of appropriate education about avoiding exposure to workplace hazards• 
Inexperience• 
Th eir role as patient providers• 
Lack of or limited protection under existing regulations because of student status• 

Nursing students are not the only ones at risk, however. Hospitals are vulnerable as well, both because 
of their legal responsibility to protect patients and the potential legal rami cations of the provision of a 
clinical environment for student practicums with access to patients and exposure to hazards. Hospitals’ 
vulnerability to litigation is exacerbated by the fact that most nursing students receive little or no formal 
health and safety education or training, and that which they do receive is rarely monitored or evaluated 
by the hospitals in which students do their practicums.

Hospital departments of nursing, as well as other departments with responsibility for staff  education 
and/or compliance with health and safety training, have a critical role and responsibility in the preven-
tion of occupational i llnesses and injuries in hospitals and in the training, education, and protection 
of nursing staff  a nd students. Hospital nursing departments are also responsible for coordination and 
oversight of on-site nursing student clinical practicums. It is to t hese hospital departments, as well as 
educators interested in the health and safety training of nursing students and future nursing staff , that 
this chapter is addressed.

Hospital Workplace Hazards Faced by Nursing Students

Nurses are exposed to a wide variety of occupational hazards in the hospital work environment and suf-
fer high rates of injuries and illnesses on the job. Nurses encounter virtually every type of hazard present 
in the hospital environment. Th e se include

Infectious hazards, such as TB, hepatitis B, HIV, and CMV• 
Chemical hazards, such as ethylene oxide, formaldehyde, and anesthetic gases• 
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Pharmaceutical hazards, such as antineoplastic agents, ribavirin, and pentamidine• 
Physical hazards, such as lift ing, radiation, and assault• 
Psychological hazards, such as stress and shift work• 
Reproductive hazards, such as ethylene oxide, infectious agents, and ribavirin• 

Th ere is no do ubt that nursing is a h azardous profession. Unfortunately, the health care industry has 
oft en d ragged i ts feet i n re sponding to h ealth t hreats to i ts employees a nd been s low to ac t upon i ts 
responsibility to provide a safe and healthy work environment.

A c ase i n p oint i s o ccupational e xposure to h epatitis B . H epatitis B h as b een a s erious a nd w ell-
documented occupational health hazard to HCWs for many years.1 As many as 200 HCWs die each 
year from occupational exposure to hepatitis B, with many others suff ering other serious health eff ects.2 
HCWs with both frequent and infrequent blood contact were known to be at risk for acquiring hepatitis 
B infection.

Despite the availability and proven eff ectiveness of a vaccine against the virus, many health care insti-
tutions did not off er it to staff  at risk, or they required staff  to cover the cost of the vaccine themselves. 
It was not u ntil t he promulgation of t he OSHA Bloodborne Pat hogens Standard (BBPS) in 1991 t hat 
provision of the vaccine at no cost to health care employees was required by law.3

For nursing students, workplace hazards include those faced by fully trained and practicing nurses. 
Th e likelihood of workplace exposure may be even greater among nursing students, however, due to lack 
of training and experience, and the medical and  nancial implications more dire.

Little data are available on injuries and illnesses sustained by nursing students during hospital practi-
cums. In addition, few studies of occupational injuries and illnesses among nursing or other health care 
staff  include nursing students in their study cohorts. Consequently, the true magnitude of occupational 
injuries and illnesses among nursing students remains unknown.

One study of blood and body  uid exposures among HCWs in a large teaching hospital did include 
nursing students in its cohort. Th e study found that these students sustained the third highest overall 
incidence rate of needlestick and blood and body  uid exposures among all staff  categories in the insti-
tution. Nurses in the “General” and “Respiratory/Rehabilitation” areas sustained the  rst and second 
highest incidence rates, respectively. Nurses and nursing students sustained 78.8% of all reported expo-
sures in this study.4

Nursing s tudents a re at h igh r isk for acquiring hepatitis B . However, hepatitis B v accination rates 
among nursing students are low. Th e percentage of nursing schools requiring students to be vaccinated 
was as low as 4.2% in 1988,5 despite Centers for Disease Control and Prevention recommendations that 
students in the health care professions be vaccinated during their training period, prior to w orkplace 
contact with blood.6

Th e impact of the BBPS on hepatitis B vaccination rates among students in schools of nursing is not 
known. Under the standard, hospitals are not required to provide the vaccine to nursing students.

Special Risks and Problems Facing Nursing Students in Hospital Settings

Nursing students today face a number of challenges. Nursing students perform many of the same job 
functions and provide almost as many patient care activities as do nurse employees. Th ey face the same 
workplace hazards as staff  nurses. Yet nursing students may be at even greater risk than staff  nurses, for 
the following reasons:

As s tudents, t hey do not b ene t from required health and safety training that staff  nu rses a re • 
entitled to receive.
Th ey lack the protection of regulatory bodies such as the OSHA and, in many states, Workers’ • 
Compensation.
Occupational surveillance and screening data on nursing students are not b eing gat hered on a • 
systematic basis.
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Historical Background

Th e s pecial r isks a nd p roblems f acing n ursing s tudents d uring c linical p racticums a re not ne w. 
Historically, nursing students were seen as low cost or free labor. Nursing students were expected to 
function fully as staff , facing widespread and dramatic rates of occupational illness and injury.

For e xample, i n M innesota i n t he 1920s, very h igh r ates of T B were de tected a mong nursing a nd 
medical students. Th ey were particularly high among those who worked in TB sanitoria, where rates of 
active disease among nursing students ranged from 5% to 19%, and TB infection rates reached 100% in 
some instances.7

In that period, nursing students were required to t rain in TB wards. It was not u ntil the institution 
of the “contagious disease technique” in 1933 that a “serious eff ort was made to set up a barrier between 
patients and students for the protection of the latter against tubercle bacilli” in the Minnesota University 
Hospitals.8 Advocates of this approach also understood the importance of education: “It has been shown 
that no matter how cognizant the student nurse is of the presence of TB among her (sic) patients she can-
not protect herself against tubercle bacilli unless she is provided with the necessary equipment, encour-
aged to use it, and taught every necessary step in carrying out contagious disease technic.”9

Exemption from Regulation

Th e OSHAct (1970) covers only those people who are employees of a speci ed employer.10 Nursing stu-
dents are not employed and therefore are not covered. Because of this, nursing students are not covered 
under OSHA. Th is means nursing students do not bene t from a number of the OSHAct’s provisions.

Under OSHA’s Hazard Communication Standard (1983) and the BBPS (1991), hospitals are required 
to provide training to employees on the various occupational hazards they will encounter in the work-
place. Nursing students are likely to be excluded from these trainings.

When nursing students do re ceive education about hazards in t he hospital work setting, generally 
it is at t he discretion of the nursing school and individual nursing instructors. Hospitals that provide 
student practicums on site may also request or require student education on speci c workplace hazards 
prior to c oming to t heir clinical practicums. More routinely, the focal point of hospital concern is on 
prevention of disease transmission from nursing students to pat ients, with documentation of freedom 
from childhood diseases and active TB oft en required of students prior to patient contact.

Since OSHA standards do not cover unpaid students, the likelihood of nursing students being assured of 
routine and ongoing in-service training on health and safety is not high. Without adequate training, these 
students are at risk of inappropriate use of equipment, which could lead to injury to themselves and/or others. 
Devices which might seem routine to staff  in a hospital can be potentially dangerous to the untrained.

A recent episode in a B ay Area hospital provides an example. A nursing student who had not b een 
properly t rained i n t he correct d isposal of contaminated needles su stained a ne edlestick i njury (and 
exposure to HIV-infected blood) while disposing of a needle in a “sharps” container.11 While it could 
be argued that the cause of the event was the design of the container, the student was at a disadvantage. 
She had not re ceived training on the recommended usage of the device, nor had she practiced needle 
disposal techniques with a less hazardous substance.

Traditionally, hospitals a nd nursing schools have provided a c ertain a mount of si te-speci c train-
ing to n ursing students on workplace practices for infection control a nd, more recently, on practices 
designed to prevent infection transmission to employees, in the form of universal precautions. Th is  site-
speci c training is oft en provided by the nurse preceptor in conjunction with a nursing instructor from 
the nursing school, who is on site with the students. Oft en during clinical practicums, a nursing student 
will be assigned to work with a staff  nurse from the institution, who will be responsible for demonstrat-
ing to t he student techniques and practices of patient care. Th e quantity and quality of those demon-
strations will be re ective of the abilities and knowledge of the individual nurse. Th e likelihood is not 
high that a staff  nurse will be fully versed in the theoretical or conceptual underpinnings of all potential 
health hazards and the correct ways to work safely with known hazards in the work environment; and 
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such an expectation places an undue burden on the individual nurse. Nurses are not routinely trained as 
teachers in this area and are oft en overburdened with patient care duties as a result of understaffi  ng.

Nursing students are exempted from OSHA protections such as provision of the hepatitis B vaccine, 
which hospitals must now provide at no c ost to em ployees at r isk. As mentioned above, only 4.2% of 
nursing s chools re quired hepatitis B v accination of t heir s tudents i n 1988. O f t hese 2 6 s chools, 7 7% 
required students to cover the cost of the vaccine themselves.12 Th e high cost of the vaccine may be pro-
hibitive to some students.

Hospitals do not ro utinely include student nurses in ongoing staff  screening programs. Hospitals 
may require t hat student nurses be f ree f rom active TB a nd have various vaccinations. Students a re 
expected to get these services from their own private practitioners or from a student health service. If 
a student sustains an injury during a clinical practicum, she/he generally must seek consultation and 
treatment outside the facility. Th e injury may or may not b e reported to t he health care facility; and 
since follow-up treatment for the injury or i llness is generally not do ne on site, it is unlikely student 
illnesses and injuries will be included in statistical data gathering on occupational injures or illnesses 
for any given worksite.

Exemption from Workers’ Compensation

Th e de nition of who is covered by workers’ compensation varies from state to state. In California, for 
example, nursing students are considered to be volunteers under state labor law, and they are not cov-
ered by the disability provisions of workers’ compensation laws. If a student nurse were to sustain and 
appropriately document an injury or illness during the clinical practicum, he or she could, in theory, be 
eligible for only medical coverage under Workers’ Compensation.13 Nursing students may, on the other 
hand, exercise their tort law rights to sue a hospital which has been negligent and therefore contributed 
to a nursing student’s illness or injury, as will be discussed below.

Exclusion from Surveillance

It is worth noting that interns and residents (physicians-in-training) are much more likely to be included 
in hospital surveillance cohorts than are nursing students. Th e more f requent inclusion of physicians-
in-training may be due to t he extended period of time which they spend in clinical settings, or to t he 
fact that during training, they are paid and therefore aff orded employee status. Inequities in status are 
certainly a factor as well.14 In the hospital hierarchy, physicians are aff orded greater status than nurses; 
nursing students are on yet a lower rung of the prestige ladder. Th e marginalization of nursing students 
is perpetuated by their exclusion from these study cohorts.

For more insidious problems such as exposure to TB, the exclusion of nursing students from routine 
hospital s taff  s creening en sures t hat ne w c onversions a mong s tudents a re ne ver l inked to a s peci c 
worksite or patient exposure. With certain types of exposures, such as HIV, immediate evaluation and 
prophylactic t reatment are warranted. Yet because t he BBPS does not app ly to s tudents, t hey are not 
guaranteed either appropriate follow-up evaluation or prophylaxis. Additionally, without the immedi-
ate e stablishment o f a ba seline ne gative H IV te st, s tudents m ight b e i neligible f or me dical c overage 
under workers’ compensation and in danger of losing evidence for future legal recourse if they were to 
seroconvert.

Schools of nursing or student health centers may compile data on injuries and illnesses among nurs-
ing students, but these data are not easily accessible, nor are aggregate data available for the full range of 
workplace hazards encountered by student nurses.

Th ese problems are compounded by lack of communication and clear protocols between health and 
safety programs and on-site student nursing programs. For example, recently a nursing student at a 
San Francisco Bay Area hospital did an extensive (3 h) intake interview with a newly admitted patient 
who had an undiagnosed cough. Th e patient was later placed on respiratory precautions to r ule out 
active TB. Th e nursing student was not i nformed, as staff  caregivers were, of potential exposure to 
TB, but discovered the information inadvertently.15 Th is situation illustrates two critical points. First, 
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the student probably had not been adequately educated about potential symptoms of active TB, nor 
about t he protocol for i nitiating re spiratory i solation for t he pat ient. S econd, s he w as not not i ed 
of h er p otential e xposure, a nd s o w as not a lerted to t he p otential ne ed f or app ropriate f ollow-up 
evaluation.

Special Issues and Problems Facing Hospitals

Hospitals that allow nursing students on-site for clinical practicums need to be concerned about provid-
ing appropriate health and safety education of these students for several reasons:

Possible legal liability if students have occupational exposures on site• 
Hospital concern about compliance with Joint Commission on the Accreditation of Healthcare • 
Organizations (JCAHO)
Th e legal obligation to provide a safe work environment• 
Th e accurate collection of screening and surveillance data on occupational illnesses and injuries • 
on site

Hospital Liability for Occupational Injuries and Illnesses Sustained by Nursing Students

In the fall of 1992, a C alifornia nursing student sustained a ne edlestick injury while disposing of a 
needle contaminated with HIV-infected blood. As a re sult of that incident, the student has brought 
a c ivil lawsuit against t he hospital where t he event occurred, as well as against t he nursing school, 
the nursing instructor, and the manufacturer of the needle disposal box.16 Th e arguments against the 
hospital are compelling and raise the question of whether other hospitals are v ulnerable to si milar 
lawsuits if they do not change their practice regarding health and safety training and protection for 
nursing students.

Th e arguments being used against the hospital address three important issues. Th e  rst is the hospi-
tal’s liability, because it provided the clinical environment in which the student was functioning and in 
which the injury occurred. Th e second is the hospital’s failure to properly ascertain the competency of 
the nursing instructor who had oversight of the nursing student at the institution. Th e third issue con-
cerns the lack of guidelines from the hospital (or from the nursing school) to address how students are 
to be protected from exposure to communicable diseases while they are learning new skills, such as the 
proper handling and disposal of needles and other hazardous equipment.17

Th e  rst t wo a rguments a re s traightforward a nd a re si milar to t he l iability a h ospital h as for t he 
safety and appropriate care of its patients. For example, if a patient was harmed by a nursing student or 
instructor, the hospital would be held liable for the harm done to the patient (despite the fact that neither 
students nor instructors are employees of the institution), because the institution allowed them access 
to a patient who was under its care.

Th e third argument, regarding policies about student access to patients with communicable diseases, 
raises critical issues. If guidelines were developed which allow student choice regarding working with 
patients with communicable diseases, implicit in such a p olicy would be the identi cation of patients 
who have speci c diseases—namely AIDS or infection with HIV. Such a policy could easily entail the 
revelation of con dential information about patients, and could be a breach of state law, ethical guide-
lines (including providers’ duty to treat), existing hospital policy, and patient trust. Because of the “win-
dow period” in which t he A IDS v irus may be present w ithout a ntibodies being detected, t here i s no 
way to ensure that any given patient is not infected with HIV and therefore free of the infection at the 
time a student may work with that patient. In short, such a policy would be unethical, if not illegal, and 
essentially unworkable.

Th is case demonstrates a range of complex issues regarding hospital liability, which can arise when a 
nursing student is injured during a practicum. Failure to address these issues can leave a hospital open 
to lawsuits.
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Compliance with JCAHO

Despite student nurses’ exclusion from worker health and safety regulations, guidelines exist which may 
apply to students, for which hospitals could be responsible. Th e guidelines for JCAHO apply to all hospi-
tals accredited by that organization and may eventually be modi ed to address students speci cally.18

Under the 1994 JCAHO guidelines on “Orientation, Training, and Education of Staff ,” the term “indi-
vidual” (not “employee”) is used to describe those for whom the institution is responsible for providing 
appropriate “orientation.”19 “Orientation” may include discussion of speci c safety hazards and related 
policies applicable to the individual’s assigned duties. Th e hospital’s responsibility for provision of this 
orientation includes individuals from off -site agencies who provide nursing care to patients. “Whether 
done by the hospital or the off -site agency, the hospital is responsible for assuring that each individual 
from an off -site agency has completed an adequate and timely orientation to the hospital.”20 It is possible 
that “off -site agency” could be interpreted to include nursing schools.

Providing a Safe Work Environment

A hospital could be in v iolation of OSHA’s requirements for providing a s afe and healthy workplace, 
if an illness or injury sustained by an employee could be shown to have resulted from the actions of a 
student nurse. For example, a student nurse who had not been properly trained in the safe handling of 
contaminated needles could endanger hospital staff .

Accurate Surveillance

Finally, hospital-based occupational exposure screening and surveillance data will be incomplete and 
misleading if they do not include nursing and other students who have patient contact and are at risk for 
exposure to communicable diseases. It behooves hospitals to develop systems for accurately gathering 
exposure data on students. Such data would be extremely valuable to students and institutions alike.

What Nursing Students Are Currently Taught about 
Hospital Workplace Hazards

“Material for this section was developed through interviews with faculty and students in San Francisco 
Bay Area and East Coast nursing schools.”

With the advent of HIV/AIDS, a new awareness has developed about occupational hazards found in 
the health care setting. Nursing practice a nd education have begun to c hange to re  ect an increased 
understanding of hospitals as potentially hazardous environments, and new standards of practice have 
been developed which are designed to better protect nurses on the job.

Despite important advances in teaching about bloodborne hazards, the education nursing students 
receive i s s till i nadequate a nd do es not add ress t he f ull r ange of h azards t hey w ill f ace during t heir 
clinical practicums. Th e current overall approach to t his aspect of nursing education does not en sure 
that students will know how to adequately protect themselves in the clinical environment. No speci c 
standards f or h ealth a nd s afety c urriculum i n n ursing s chools e xist; t he c ontent, me thodology, a nd 
evaluation of the health and safety education nursing students receive varies considerably. Criteria are 
lacking to e valuate e xisting c urricula on t he at titudes, k nowledge, a nd b ehavior of nursing s tudents 
regarding occupational hazards.

With the growth in the theory and practice of universal precautions, nursing students have bene ted 
from a g reater emphasis in their education on avoiding needlestick injuries and exposure to pat ients’ 
bodily  uids. Universal p recautions h ave b ecome a p rimary f ocus o f h ealth a nd s afety e ducation i n 
nursing schools. However, education about other workplace hazards and other health and safety con-
cerns are generally not taught as a separate or speci c content area.

When nursing students are taught about the hazards of an infectious agent, it is in the context of the 
education they receive about a particular disease, and the related prevention of nosocomial infections, 
rather than as part of a health and safety curriculum. For example, when students are taught about the 
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pathophysiology of TB, they may also receive information about the importance of preventing its spread 
to other patients and themselves. Relatively, few links may be made between the study of the disease and 
the appropriate protective measures students should take. To compound this problem, many nursing 
schools have students begin clinical rotations during their  rst semester, before having studied disease 
pathophysiology and associated protective measures.

Because of current general concern about HIV/AIDS and TB, students bene t from relatively greater 
attention to t he prevention of t hese d iseases. Additionally, prevention of back i njuries i s u sually 
covered i n n ursing s chool c urricula. E ducation i s m inimal a bout mo st ot her o ccupational h azards 
encountered in the hospital. Protection f rom exposure to c hemical and reproductive hazards may be 
absent altogether.

Key Components of an Effective Approach to Educating 
Nursing Students about Hospital Workplace Hazards

Responsibilities regarding nursing s tudent health a nd safety education a nd t raining a re d iff erent for 
nursing schools and hospitals. Th e general parameters of what each institution should address are out-
lined below.

Responsibilities of Nursing Schools

Th e focus of nursing school education about hazards should be t he general a nd applied principles of 
occupational health and safety in the health care workplace. It should delineate the following:

Th e full range of hazards, including where and under what circumstances and work procedures • 
they will be encountering
Health risks of exposures• 
Protective measures, including the roles and limitations of engineering and administrative con-• 
trols and personal protective equipment
Medical and reporting postexposure protocols• 
Legal rights and protections, as well as resources, including clari cation of what protections are • 
“not” extended to nursing students

Such training can be based upon health and safety curricula and materials developed by nursing profes-
sionals, occupational health professionals, and unions. A n umber of such articles, training materials, 
and handbooks are available.21–26

Responsibilities of Hospitals

Hospital health and safety education and training of nursing students should address the speci cs of 
the workplace and should be as comprehensive as t hat provided to a ll hospital staff  nurses. It should 
accomplish the following:

Address t he institution’s policies a nd procedures for infection control a nd prevention of infec-• 
tious disease transmission to staff  and patients.
Provide speci c instruction on both existing and new procedures or devices utilized or practiced • 
by nursing staff  in all patient care areas where nursing students rotate.
Review the protective measures in use and/or recommended or required by the institution.• 
Delineate post-hazard exposure protocols of the institution, including screening and reporting • 
requirements.
Include all workplace hazards nurses may encounter, and review as well  re and electrical safety, • 
and personal and hospital security.
Evaluate t he e ff ectiveness of t he education a nd t raining done on si te, a s well a s de termine t he • 
baseline health and safety knowledge students have received from their school.
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Hospitals and nursing schools will need to work together to ensure that nursing students are prepared to 
enter the hospital workplace with suffi  cient knowledge and skill to protect themselves and others.

Conclusion

Nursing students are tomorrow’s healers. Yet, current health and safety education and training practices 
of both nursing schools and hospitals leave nursing students in the dark. As a result, nursing students 
are uninformed and unprotected during hospital practicums.

Because of these practices, nursing students are being forced to make unacceptable sacri ces which can 
lead to problems for them, their nursing schools and for hospitals. Nursing students deprived of health and 
safety training and education are especially vulnerable to occupational illnesses and injuries. Th ei r patients 
and coworkers may be disadvantaged as well. Hospitals off ering practicums may face liability issues.

Th ese problems can be addressed if the key institutions involved—nursing schools and hospitals—take 
heed a nd ac t up on t heir d istinct a nd i nterconnected re sponsibilities f or p roviding n ursing s tudents 
a safe learning environment. Th is can be done by adding workplace health and safety to t he nursing 
school curriculum, by including nursing students in hospital health and safety training, screening, and 
surveillance and by strengthening interinstitution communication and evaluation.

Such policy and training changes would bene t a ll parties involved. Th ese changes would serve to 
strengthen the health, quality, and commitment of future generations of nurses while enhancing patient 
care and the overall safety of the hospital environment.
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My education about workers’ compensation began in 1986 when I s tarted working for 1199, National 
Health and Human Service Employees’ Union. As Occupational Safety and Health Director, I suddenly 
became aware of i ssues I h ad previously overlooked a s a w orker. I c ould now relate t he d angerous 
incidents I had personally witnessed to issues of occupational health and safety.

I have worked in the health care  eld for 26 years in several diff erent capacities including a nurses’ 
aide, central supply packaging and sterilizing equipment worker,  le c lerk, messenger and driver, and 
also a radiology technologist. I have experienced many work-related injuries that went unreported.

My real education about workers’ compensation began when I came on staff  at 1199. I could connect 
the incidents I had personally experienced to these issues. At 1199, the need for strong advocacy in the 
prevention of injuries, illness, and diseases attributed to the work place are understood.

Th is chapter examines the experience of health care workers with the state-based workers’ compensa-
tion systems by focusing on certain salient and fairly typical problems encountered by workers sustain-
ing workplace injuries and, especially, work-related illnesses. Th e scenarios described are based on case 
studies selected from the  les of the New York workers’ compensation law  rm of Pasternack, Popish, 
and Reiff , w hich for more t han t wo de cades h as re presented t he m ajority o f workers’ c ompensation 
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claimants from the 1199 National Health and Human Service Employees’ Union. Other scenarios are 
case histories from the 1199 National Bene t Fund Disability Department.

While these case histories are from New York State, I want to provide a generic treatment of how the 
state systems too oft en fail to adequately and promptly compensate health care workers for job-related 
ailments, particularly in relation to occupational illness rather than workplace accidents.

Background

Th e workers’ compensation system is the country’s earliest forms of social insurance, introduced in most 
states over three quarters of a c entury ago. Since no federal minimum standards exist, the laws, their 
administration, and the ability of workers to re ceive adequate compensation vary f rom state to s tate. 
Generally, s tate systems i mpose “no-fault” l iability on employers for job-related d isabilities. Workers 
relinquish their common-law rights to legal action. In return, employers promise workers prompt and 
adequate c ompensation, c omplete me dical c are, a nd reh abilitation s ervices f or w ork-related i njuries 
and illness. In most states workers are compensated at a r ate pegged to t wo thirds of their gross aver-
age weekly wages up to a maximum generally at or near the state average weekly wage for the period in 
which they are temporarily totally disabled and some proportionate amount thereof if they are classi ed 
as “partially disabled.”

Medical e valuations o f t he de gree o f w orkers’ d isabilities a re t he ba sis f or b oth t he d uration a nd 
amount of wage replacement bene ts. Th ese are sometimes referred to a s the “ indemnity” portion of 
the bene ts and provide entitlement to medical and rehab care at the employer’s expense. For claims of 
occupational disease, medical evidence of the work-relatedness of i llness is the basis for determining 
whether or not the illness will be treated as compensable under workers’ compensation.

Health Care Industry and Workers’ Compensation: 
Cost-Containment through Preventing Injuries and Illness vs. 
Cost-Containment by Preventing Compensation of Claims

Since employers’ liability for the cost of both medical care and wage replacement bene ts are at stake, 
as we shall see below, employers or their insurers relentlessly pursue cost-containment policies which 
make me dical e xpenses a nd w age re placement b enefits t he sub ject o f l itigation. T hey c hallenge 
(controvert) the work-relatedness of occupational disease claims or, in respect to both accident and ill-
ness claims, seek to cut off  or reduce wage replacement bene ts as soon as possible, while workers who 
may be too disabled to return to work must struggle in the system to maintain wage replacement weekly 
payments at a level which can sustain themselves and their families.

Similarly, medical costs are supposed to be paid in full under workers’ compensation systems, but as 
medical costs have increased in recent years they too are the focus of employers’ eff orts to cut or shift  
such costs. Workers in need of diagnostic tests, surgical procedures or palliative treatment are oft en 
forced to l itigate to ob tain needed medical care or face having such costs borne by the union’s health 
bene t plan with workers picking up t he costs of copayments and deductibles. Th is economic con ict 
is manifested on the medico/legal terrain in the form of disputes about the work-relatedness of occupa-
tional illness claims, medical treatment and the degree and duration of workers’ disabilities.

While health care workers, particularly those employed at hospitals with employee health services 
and emergen cy ro oms c lose at h and, h ave le ss d iffi  culty ac cessing me dical c are t han m any ot her 
workers, it is by no means assured that the work-relatedness of their ailments will be recognized, 
diagnosed, a nd re corded s o t hat t heir en titlements u nder w orkers’ c ompensation s ystems w ill b e 
established without hardship or impediments. Doctors employed by health care institutions are oft en 
the  rst to see health care workers presenting symptoms of illness, either in employee health service 
offi  ces or emergency rooms. Like their counterparts in other practice settings they usually lack train-
ing in occupational health, fail to take thorough occupational histories and are primarily interested in 
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diagnosis and treatment rather than in determining whether the work or work environment has been 
the cause of, or a signi cant contributory factor in the origins of the illness or injury. Such shortcom-
ings play a role not only in the failure to recognize occupational diseases attributable to health care 
workers’ chemical e xposures a nd i nfectious d iseases but a lso i n failing to c onnect c ertain chronic 
diseases of the musculoskeletal system to previous incidents of workplace acute trauma or cumulative 
trauma due to repetitive tasks involving heavy lift ing, grasping, and the like.

In t he c ase o f c laims f or o ccupational d isease, em ployers—and h ealth c are i nstitutions a re not 
exceptions—have controverted a high percentage of claims on the issue of compensability, frequently 
by e xploiting me dical a nd s cienti c u ncertainty su rrounding t he e tiology o f o ccupational d isease. 
While t he c laim is contested a nd awaiting adjudication or settlement, sick a nd d isabled health care 
workers do not receive workers’ compensation wage bene ts and might not re ceive medical bene ts 
since health insurers usually do not cover work-related illness.

Th ese problems are compounded by the marked trend in recent years toward the corporatization of 
health care.1 Th e “new” medical–industrial complex is characterized by t he advent of pro t-making 
health c are i nstitutions a nd t he i mpact t hey h ave h ad o n s o-called no npro t h ealth c are p roviders 
which em ulate t heir p ro t m aximizing o rientation a nd me thods. H ospital ad ministrators a re not 
interested in establishing systems or structures to ensure that occupational injuries and illness are 
properly identi ed a nd re corded si nce costs a ssociated w ith such i njuries a nd i llnesses w ill have to 
be borne by the institutions. Indeed, the lack of such systems will facilitate the shift ing of such costs 
onto union health insurance funds, state disability systems partly funded by workers, social security 
disability systems partly funded by workers, social security disability and public assistance systems 
funded by taxpayers or onto the injured workers and their families. And the ability of the health care 
institutions to externalize such costs will tend to undermine eff orts toward prevention since less incen-
tive will exist to reduce such costs and health and safety measures cost money, at least in the short term. 
So, health care institutions can be seen as re ecting contradictory missions. Within the institutions 
are professional caregivers who are dedicated to treating their own health care workers when they are 
injured and ill, as well as administrators who are dedicated to minimizing costs, including labor costs 
like those associated with compensation and treatment of the institutions’ employees.

Politics of Workers’ Compensation

It should be noted, moreover, that the state-based nature of workers’ compensation has worked to t he 
disadvantage of workers a nd to t he advantage of employers. Unlike t he social security system which 
covers everyone in the nation and makes its entitlement structure virtually immune from the political 
depredations of those politicians who might pursue cost-cutting in the name of de cit reduction, when 
it comes to the state-based workers’ compensation systems, business forces oft en threaten to move out 
of state, pointing to cheaper workers’ compensation costs in other states or regions to induce nervous 
state legislators to enact changes in the law which have the eff ect of eroding workers’ entitlements. Th us,  
workers’ political power to defend their interests is fragmented state by state rather than concentrated 
as it is in a uniform federal system. Accordingly, most of the problems outlined below are likely to get 
worse rather than better, just as declining real wages for most segments of workers in the face of rising 
worker productivity may be attributable, in part, to declines in unionization, historically the means by 
which workers exercised some power in defense of their interests and secured a r ising portion, during 
the postwar expansion, of their contribution to production.

Health Care Work Environment Is among the Most Hazardous

According to t he industry risk index (IRI) which ranks industries by degree of hazard, hospitals, and 
health care facilities (SIC codes 8062 and 8099) are among the 50 most hazardous.2 Health care work-
ers are exposed to a wide array of illness-inducing hazardous substances. Autopsy workers are exposed 
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to f ormaldehyde, x-ray te chnicians to r adiation h azards, a nd re spiratory t herapists to p entamidine. 
Instruments are sterilized with glutaraldehyde, contaminated needles may transmit bloodborne infec-
tious d iseases l ike hepatitis B o r HIV, housekeepers may be exposed to b iohazardous medical waste. 
Approximately one-fourth of all workers’ compensation indemnity expenditures in eight states were 
for back i njuries. Nurses a nd pat ient a ides appear to b e at h igh r isk for work-related back i njury.11,12 
Multistate analyses of back injury risk among worker groups revealed that nursing aides and garbage 
collectors ranked  rst or second in each state. Nurses’ a ides, porters, and laundry workers suff er low 
back injuries and chronic diseases of the musculoskeletal system aft er long-term employment involving 
heavy lift ing, bending, and transporting tasks, while clerical workers at ergonomically unsound computer 
keyboard workstations are turning up with repetitive stress injuries like carpal tunnel syndrome, tendinitis, 
de Quervains’ syndrome, tenosynovitis, and other upper extremity disorders.

Workers’ Compensation and the Health Care Worker 
with an Occupational Disease

While h ealth c are w orkers m ay c ontract a v ariety o f o ccupationally i nduced d iseases, t here i s a  
signi cant gap between the incidence of such illness and the number of claims  led and compensated. 
Th e re cognition t hat t he s ystem, h istorically de signed a round w orkplace ac cidents a nd “ no-fault” 
principles, has broken down in relation to occupational diseases is widely shared by diverse observers 
who have examined it.3,4

No discussion of health care workers’ experience in the workers’ compensation system would be 
complete without mention of the fact that many workers who contract occupational diseases do not  le 
claims for compensation and therefore never enter the system. A variety of factors are responsible:

 1. Relatively little is known about the potential health eff ects of most synthetic chemicals. No infor-
mation is available regarding the toxicity of many chemicals in the health care setting.

 2. Doctors are not trained to consider work as a cause of disease. Surveys show that adequate work 
histories are re ected on less than ten p ercent of hospital charges.5 Accordingly, many illnesses 
of occupational origin are mistakenly diagnosed and attributed to their causes, such as smoking, 
aging, or lifestyle factors.

 3. Doctors receive little or no t raining in occupational medicine in medical school—an average of 
only four hours in four years of medical school.6

 4. Health care workers are typically exposed to more than one hazardous substance and are oft en 
not informed that they have been exposed to hazardous chemicals or substances. Symptoms may 
become manifest only aft er many years from the onset of exposure.

Controversions and Delay

Th ose health care workers who know or suspect that their illness is work related are confronted with a 
high incidence of controversions and delay. “Individual employer liability appears to provide a s trong 
incentive for employers (or their agents) to adopt a de fensive litigation strategy which results in exten-
sive litigation within a no-fault system.”7

Workers’ Compensation for Occupationally Contracted Tuberculosis

Health c are w orkers w ho c ontract t uberculosis t hrough w orkplace e xposure a re oft en t he v ictims 
of dual system failures—a failure of occupational health policy to prevent disease transmission—
oft en because of inadequate infection control procedures and lack of proper ventilation in treatment 
facilities, and a failure of the compensation system to identify and compensate claims for work-related 
tuberculosis.
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Th e failure of the workers’ compensation system should be understood not only in terms of the legal 
barriers w hich m ay i n t he end de feat a w orker’s c laim for c ompensation, but a lso a s a f ailure of t he 
system to educate workers and require health care institutions responsible for diagnosing and treating 
those who contract the disease to take occupational histories and determine whether the disease was 
“to a reasonable degree of medical certainty” the outcome of a workplace exposure.

Case of Sharon B

Sharon B was, at t he time of her illness in 1992, a 42-year-old laboratory technician who assisted in 
the p erformance o f a utopsies, i ncluding c utting op en c adavers, remo ving, w eighing, a nd ba gging 
body organs where the cause of death was determined to have been tuberculosis. She carried out such 
work without any protection other than a dust mask. Aft er becoming ill and missing work intermittently 
for some time, she was laid-off  for excessive absences. About 6 months aft er she was discharged from 
work, she was admitted to a hospital with symptoms diagnosed in June, 1992 as multidrug-resistant 
tuberculosis.

She w as t reated i n a h ospital f or 3 mo nths b efore b eing d ischarged a nd u nderwent a n e xtended 
period of convalescence. At no time during her stay in the hospital was any attention given to whether 
she might have contracted the disease through her occupation. Doctors are focused principally on the 
diagnosis and treatment of disease not on which insurers have liability for the payment of the bills. 
All bills were presented to Medicaid. In a hospital, understandably, the main objective was to restore 
the patient to health.

But from the perspective of the worker who will not necessarily be able to return to work upon dis-
charge from the hospital, and who will not necessarily have been paid while sick and unable to work, the 
issue of income maintenance is critical. Sharon B was reduced to being a recipient of public assistance.

When her plight came to t he at tention of t he u nion t hat had formerly represented her during her 
employment, she was assisted in obtaining legal representation and  led a c laim for compensation in 
January 1993. Her case was controverted by her former employer. Th e doctor who diagnosed and treated 
her in the hospital provided a report which indicated the diagnosis but expressed no opinion regarding 
whether her disease was likely caused by her work and work environment.

When the doctor’s opinion regarding the work-relatedness of Sharon B’s illness was solicited by her 
attorneys, the physician communicated to the  rm his view that she could not have contracted tubercu-
losis by assisting in autopsies in as much as tuberculosis is an airborne infectious disease which could 
not be transmitted even by infected cadavers since they “don’t breathe.”

Th e doctor was clearly ignorant of the literature regarding nosocomial transmission of tuberculosis 
during procedures such as autopsy.8–10

Th e c ase of Sharon B w ill have to b e l itigated at a h earing i n which a n expert physician t rained 
in occupational medicine will be required to overcome the uninformed opinion of the doctor who 
diagnosed and treated Sharon B. Her i llness has left  h er deaf in one ear and with permanent ner ve 
damage. In the past 6 months, a ll 21 of her coworkers have been tested, and 10 have tested positive 
for the  rst time.

Case of Ethel T

Ethel T is a hospital coding clerk who has performed data entry work for over 20 years. Over the course 
of that period of time she has worked on several computer keyboards and work stations. Recently, she 
was diagnosed with bilateral carpal tunnel syndrome aft er seeing a hospital-affi  liated doctor to whom 
she was referred by the hospital’s employee health service to which she had reported with complaints of 
persistent, severe pain in her hands, wrists, and arms.

As in the case of Sharon B., the doctor who diagnosed Ethel failed to ren der an opinion regarding 
whether or not t he disease was the result of Ethel’s long years of keyboard work. Under the New York 
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workers’ compensation law, Ethel’s work need not be the sole cause or even the main cause of the disease. 
Th e law requires that her work be a sig ni cant contributing factor in the cause, or aggravation of her 
condition. Nonetheless, her claim was controverted. Th is means that she is not eligible for wage replace-
ment bene ts and has been refused authorization for a surgical procedure known as a carpal ligament 
release to relieve the pain caused by compression of the median nerve in each wrist by in amed tendons. 
Her claim may take 1 or 2 years to resolve before the Workers’ Compensation Board.

If doctors wish to treat such patients conservatively in the hope that a period of several weeks off  the 
keyboard together with physical therapy might reverse the progress of the disease and prevent the need 
for surgery and permanent impairment, the employer’s controversion of the claim usually makes such 
a course impossible. First, the worker usually cannot stop working without a prospect of wage replace-
ment b ene ts. S econd, ph ysical t herapists w ill not t reat t he w orker b ecause t hey a re not a ssured o f 
payment by the hospital or its carrier or agent. Even if they might be paid when the claim is ultimately 
established, they are usually not w illing to w ait a ye ar or 18 months until the claim is established. 
It is ironic that an employee of a health care institution is having compensation and medical treatment 
blocked by the hospital.

Toward a Reform Agenda Linking Workers’ Compensation 
to Prevention of Workplace Injuries and Illness

Barth and Hunt recommended the dissemination of information on workplace hazards to both workers 
and employers as a means to contribute to the prevention of occupational disease. In New York, the state 
legislature, responding to an initiative of the New York Committee for Occupational Safety and Health 
(NYCOSH), established a $5 million grant program, funded by an assessment on workers’ compensa-
tion premiums, to train workers concerning occupational hazards, right to know and workers’ compen-
sation in 1985. NYCOSH led a c oalition eff ort in which labor union, COSH groups, and occupational 
health professionals strongly lobbied for the program.

New York’s Training and Education Grant Program 
Funded by Workers’ Compensation Premiums

Th is program elicited worker-training proposals totaling more than $11 million in its  rst year, attesting 
to both the need for such training and the strong interest on the part of unions, COSH groups, employers, 
and health professionals in the academic sphere.

Training courses and curricula,  lms, and ot her resource materials speci cally targeted to w orker 
populations at r isk o f o ccupational d isease h ave b een p roduced a nd d isseminated. Suc h p rograms 
constitute an approach to the prevention of occupational disease that follows up on the right-to-know 
movement of the early 1980s.

A mere le gal “right-to-know” can hardly make a sub stantial contribution to p reventing workplace 
exposures a nd i llnesses, w ithout t he t raining t hat educates workers to t he hazards t hey face a nd t he 
means to protect themselves. Th is program is likely to have an important educational impact on employers, 
particularly smaller employers, who as Barth points out, “[i]n some instances…know, little more than 
their employees about the hazards to which they are exposed.”

Occupational Health Diagnostic Clinical Centers

Under New York law, the workers’ compensation system does not pay the medical costs of occupational 
disease screenings unless such screening results in a positive diagnosis of an occupational illness. Even 
if an individual or group of workers has clearly been exposed to dangerous levels of toxic substances in 
the workplace and a screening is medically indicated, no compensation for the costs of such evaluations 
will be made.
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Th e statewide Occupational Health Diagnostic Clinical Center network is a promising eff ort toward 
the prevention of occupational illness, and it’s reasonable that the law should be amended to require that 
the workers’ compensation system contribute to the cost of such eff orts through payment for occupa-
tional disease screenings for workplace exposures associated with disease.

An ancillary and closely related element in New York’s approach to preventing occupational illness will 
be the development of a statewide data collection system incorporating workers’ compensation claims 
information to identify hazardous occupational exposures and diseases and thereby target enforcement 
and preventive eff orts toward hazardous industries with worker populations at high risk.

As the Interim Report put it, “individual employer liability appears to provide a strong incentive for 
employers (or their agents), to adopt a de fensive litigation strategy which results in extensive litigation 
within a n o-fault system.” Th at report made four important recommendations addressed to t he state 
workers’ compensation system’s treatment of occupational disease claims (pp. 99, 100).

 1. Establish the legal presumptions to reduce the diffi  culty of proving the cause of occupational disease.
 2. Establish an employer— and/or producer— nanced trust fund to pay bene ts.
 3. Eliminate the arti cial barriers to occupational disease claims in the law.
 4. Establish a neutral administrative body to administer the compensation of occupational disease 

claims.

To these I would add the following provision: insurer-mandated payment of medical expenses for claims. 
To achieve a more equitable and expeditious payment of medical expenses incurred by individuals  ling 
for workers’ compensation bene ts, a system should be developed in which health insurers are required 
initially to pay the cost of medical care for individuals seeking care for a suspected work-related illness. 
If an individual’s claim is sustained by the workers’ compensation system, the health care insurer would 
be reimbursed at the time of settlement or award. If no award is made and the worker is not  nancially 
responsible, t he i nsurer could be rei mbursed t hrough a s pecial f und. Th is s ystem would remedy t he 
present situation in which oft en neither medical insurance nor workers’ compensation coverage is avail-
able to pay the cost of health care for individuals. As a result of this lack of coverage, individuals oft en 
defer a much needed medical evaluation, and secondary prevention interventions are oft en foregone.

1199 National Benefi t Fund

Th e 1199 National Bene t Fund for hospital and health care employees grew out of a small medical plan 
whose c overage w as l imited to ba sic su rgery a nd h ospitalization. Th is pl an w hich i nitially c overed 
pharmacists was expanded to i nclude hospital workers in 1962. Th is plan, moreover, which began in 
1945, today covers over 78,000 members employed in health care and human services.

Th e fund provides disability bene ts f or i ts memb ers. I ncluded i n t he D isability B ene ts P lan i s 
an I ntervention P rogram to a ssist memb ers d uring t he i nitial s tages o f t heir d isability a nd to h elp 
them successfully return to work at the earliest possible date. Th is is best accomplished through early 
intervention.

Early i ntervention i n its broadest sense may be v iewed as t hat i nitial contact w ith t he pat ient a nd 
medical provider when the  rst disability claim is submitted. Th is intervention is essential in assisting 
the patient to return to employment at the earliest and most feasible date possible. Th e bene ts of early 
intervention are implicit in the proven belief that disabled workers overwhelmingly want to return to 
the workplace forthwith for both  nancial security and for their own sense of esteem and well being.

An i mportant c omponent of t he I ntervention P rogram i s identi cation of workers’ compensation 
claims to ensure that the costs associated with such claims are not shift ed into our fund.

Th e following are two case histories13,14 which can be used as examples of what members sometimes 
experience w hen enga ged i n t he process o f obtaining workers’ c ompensation b ene ts. Although the 
data that was collected were from actual claims that were handled in the Disability Bene ts Department, 
the na mes h ave b een c hanged to m aintain c on dentiality. In both instances, the role that the Fund 
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played was as a result of our Intervention Program which is part of the initial processing, upon receipt 
of a disability claim or notice of a potential disability claim. Th e only exception would be a claim of very 
short duration, particularly where the member has a lready returned to w ork at t he point the claim is 
being processed.

Case Study #1

A. Jones, a 55-year-old respiratory therapist, submitted a claim to the fund on January 23, 1992. A. Jones 
is a male hospital worker employed at a hospital in New York City that treats AIDS patients. Th e initial 
diagnosis on the claim form was pulmonary tuberculosis. Th e member had last worked on October 16, 
1991 a nd shortly t hereaft er  led a c laim for workers’ compensation w ith t he employer’s plan. W hen 
no bene ts were forthcoming aft er approximately two months the member  led for disability bene ts. 
Upon re view of t he c laim form at t he f und offi  ce i t w as note d t hat t he memb er, t he do ctor a nd t he 
employer failed to i ndicate that the i llness may have been job rel ated. It appears the member did not 
acknowledge t he possibility of workers’ compensation due to h is experience w ith t he compensation 
carrier up to that point. Th e employer failed to indicate the possibility of a job-related illness for obvious 
reasons. Th e doctor failed to make a connection since there may have been a relationship between the 
doctor and the hospital.

As pa rt o f our i ntervention program t he c laims e xaminer h aving c onnected t he memb er’s i llness 
with the type of job performed contacted the member to verify the type of employment and to raise the 
question of workers’ compensation. As a result, the claims examiner was able to convince the member 
that to pursue the workers’ compensation claim was in his best interest. Th e member  led a claim with 
the carrier and the board. Aft er several months a hearing was scheduled.

In the meantime, the Bene t Fund paid 26 weeks in disability bene ts and  led an appropriate notice 
with t he c arrier a nd t he board. Th e member received $5,590.00 i n d isability bene ts from the fund. 
However, it took more than six months before the member’s case was  nally adjudicated by the board. 
Th e Workers’ Compensation Board rendered a de cision that the member’s i llness was job rel ated and 
made an award. Th e fund was subsequently reimbursed by the carrier and the member received workers’ 
compensation bene ts beyond the 26 week period which the fund had paid.

Case Study #2

B. Roberts, a 3 6-year-old female nursing assistant employed at a h ospital in Brooklyn, New York was 
diagnosed with carpal tunnel syndrome with chief complaints of pain in the right wrist radiating to the 
elbow and numbness in the right hand involving all  ngers. Th e member  led a claim for disability ben-
e ts on May 26, 1992. An initial payment was made by the fund on June 10, 1992 at which time an intake 
was completed by the claims examiner, which includes pursuing the issue of workers’ compensation.

It was determined, with the assistance of a workers’ compensation attorney that this member was a 
good candidate for the Mount Sinai Occupational Health Clinic to determine if the member’s condi-
tion was job rel ated. Th e member was very reluctant at  rst due to h er perception of how she would 
be treated by the workers’ compensation carrier and the possibility of being left  w ithout funds for a 
substantial period of time. Aft er being assured that the fund would continue the payment of disability 
bene ts while her case was being adjudicated by the board, the member agreed to be examined by the 
Mount Sinai Clinic. Accordingly, a claim was  led with the workers’ compensation board on or about 
September 10, 1992. It was subsequently determined that the member’s condition was job related and 
evidence of this was submitted to t he board and the fund was reimbursed for 26 weeks of disability 
bene ts paid in the amount of $5,590.00. Th e member subsequently returned to work in November, 
1992. Th e period of disability paid by the fund was April 22, 1992 to O ctober 20, 1992. It should be 
noted that the hearing took place almost one year aft er the member  led a claim for workers’ compen-
sation bene ts.
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Had the member not returned to work aft er receiving the maximum of 26 weeks in disability payments, 
the claims examiner would have referred the member to the fund’s Members’ Assistance Department. 
Th e Members’ Assistant Department is staff ed with certi ed social workers who among other duties, 
provide counseling and assistance to members who have received maximum bene ts from the fund.

Integrating the Workers’ Compensation Medical Component 
in National Health Care System Reforms

Th e f ollowing c omments a re re garding T itle X -Coordination o f t he M edical P ortion o f W orkers’ 
Compensation and Automobile Insurance, from the Health Security Act, 1993.

Th e most signi cant areas of concern we have about the legislation in its current form are as follows:
An individual with a work-related occupational disease or injury should be guaranteed the right to 

choose the provider for both the diagnosis and treatment of his/her occupational condition.
Since both the diagnosis and the disability determination are used to decide on the bene t level for 

an aff ected worker, it i s not app ropriate for workers to b e evaluated by physicians h ired either by a n 
employer or by any other health care provider who may not be able to provide an independent assess-
ment of the diagnosis, work-relatedness and extent of disability.

Th e proposed legislative language speaks only in terms of the treatment of work-related conditions, 
failing to re cognize t hat t he d iagnosis a nd de termination o f w ork-relatedness f requently re quire 
evaluation by specialized occupational medicine physicians.

Case members should also be responsible for coordination of return to work with work place 
modi cation and exposure cessation, as this is the mainstay of treatment of occupational diseases. 
Finally, the case manager should coordinate treatment via referrals to appropriate providers. However, 
it is not appropriate that this be done in consultation with the workers’ compensation carrier; rather, 
it should be done in consultation with the occupational medicine specialist responsible for the aff ected 
workers care.

Experience rating of employers’ and workers’ compensation experience needs to be added to provide 
incentives to ward t he re duction o f t hese p reventable i llnesses a nd i njuries. Th erefore, we urge that 
incorporation o f w ording a nd re cognizing t he i mportance o f e xperience r ating i n a ssessing w orkers’ 
compensation premiums and the mechanisms by which this can be linked to disease prevention.
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16-4

Air quanti cation, 14-15
Air sampling methodology and laboratory analysis, 

ribavirin, 16-26
AIR spectrophotometric analyzers, 14-4
ALARA exposures, control measures, 23-7–23-9; 

see also Hospital, reproductive hazards
Aldehydes monitoring, hospitals; see also Health care 

worker (HCW)
analytical problem, 14-3–14-4

formaldehyde, 14-4–14-7
glutaraldehyde, 14-7–14-11

historical perspective, 14-1–14-2
Allergic contact dermatitis, see Delayed-type 

hypersensitivity
Allergy testing, glove dermatitis, 19-9–19-10; see also 

Glove dermatitis; Latex allergy
ALPHA-1 Air Sampler, 16-15–16-16
Alpha particles, properties of, 22-3; see also Radiation 

safety procedures, hospitals
American Conference of Governmental Industrial 

Hygienists (ACGIH), 12-5, 14-1, 16-24, 
27-13, 28-1

American Health Care Association, 26-9
American Hospital Association (AHA), 24-2
American Institute of Architects (AIA), 11-23, 11-30, 

11-90, 16-24
American National Standards Institute (ANSI), 12-3, 

12-40, 27-12
American Nurses Association (ANA), 3-19–3-20
American Society of Heating, Refrigerating, and Air-

Conditioning Engineers (ASHRAE), 11-34, 
11-93, 11-100, 11-104, 27-13

American Standards and Test Materials (ASTM), 20-4
Americans with Disabilities Act (ADA) of 1990, 19-12
Amputee slings/full-body sling

bariatric patients, 3-115–3-116
ceiling lift s, 3-120
hip surgery patients, 3-117–3-118
lateral transfer aids, 3-121–3-122
maneuvering  oor lift s, 3-116–3-117
matching equipment, 3-119
operating table, 3-119–3-120
patient assessment tool, 3-120–3-121
proning, 3-122
safe lift  assists outside, 3-116
safe lift ing policy statements, 3-120
transport vs. transfer, 3-121
washing instructions, 3-118–3-119

Analysis of variance (ANOVA), 16-21
Anesthesia mask gas-scavenging system

methodologies, 17-16–17-18
outcomes, 17-18–17-19

Animal studies, physiological eff ects of 
surgical smoke, 12-2–12-3

Annual limit on intake (ALI), 22-9
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ANOVA, see Analysis of variance
ANSI, see American National Standards Institute
AORN, see Association of Operating Room Nurses
Argon laser, 12-24
ASHRAE, see American Society of Heating, 

Refrigerating, and Air-Conditioning 
Engineers

Assigned PF, de nition, 16-55
Association of Operating Room Nurses (AORN), 

12-41
ASTM, see American Standards and Test Materials
ATR, see Attenuated total re ectance spectroscopy
ATSDR, see Agency for Toxic Substance and Disease 

Registry
Attenuated total re ectance spectroscopy (ATR), 12-13
Audiovisuals training, hospital employees, 30-8–30-11, 

30-13–30-14; see also Hospital employees, 
education

Automatic implantable cardioverter de brillator 
(AICD), 12-46

B

Back injuries; see also Home health care; Nursing 
home workers

amputee slings/full-body sling
bariatric patients, 3-115–3-116
ceiling lift s, 3-120
hip surgery patients, 3-117–3-118
lateral transfer aids, 3-121–3-122
maneuvering  oor lift s, 3-116–3-117
matching equipment, 3-119
operating table, 3-119–3-120
patient assessment tool, 3-120–3-121
proning, 3-122
safe lift  assists outside, 3-116
safe lift ing policy statements, 3-120
transport vs. transfer, 3-121
washing instructions, 3-118–3-119

Australia, patient-handling policy, 3-17–3-18
back pain

additional environmental factors, 3-97
assistive devices, 3-96
biomechanical stresses, 3-97–3-98
causes, 3-92
clinical areas, 3-104–3-105
ergonomic approach, 3-105–3-108
laboratory studies, 3-102–3-104
lift ing/transferring tasks, 3-97
low-back pain (LBP) episodes, 3-92
patient-handling task (PHT), 3-93–3-96
patient-transfer method, 3-96
postural stresses, 3-97
prevention, 3-92–3-95
testing approaches, 3-98–3-101

bariatric task force, 3-59–3-60
Care™, 3-122–3-125

ceiling lift 
industrial sector, 3-109–3-110
institutions, 3-112–3-114
methodology, 3-110–3-111
nursing staff , 3-112
posture and eff ort, 3-112

clinical management
atypical pressure ulcers, 3-53
continuous positive airway pressure (CPAP), 

3-54
discharge planning, 3-55–3-56
EMS services, 3-50–3-51
goals, 3-55
MRI scanner, 3-51–3-52
operating room (OR) table, 3-52–3-53
peripherally inserted central catheter (PICC), 

3-51
WLS patients, 3-50
wound healing, 3-54
x-ray beams, 3-52

home health care, 25-5–25-7
Hudson, Anne

bed frame, 3-40–3-41
degenerative disk disease, 3-39–3-40
drag, cradle and hug lift , 3-36
essential functions, 3-42
herniated lumbar disks, 3-37
lift ing patients, 3-35–3-36
lumbar fusion surgery, 3-42–3-43
lumbar strain injury, 3-39
medical care units, 3-35
monkey pole, 3-41
neurologist, 3-38–3-39
nursing skills, 3-34
physical therapy, 3-37
spine surgery, 3-43
Team Spirit Award, 3-40
voc rehab evaluation, 3-41–3-42
workers’ compensation system, 3-38

interdisciplinary team, 3-58–3-59
lift  teams

advantages, 3-10–3-11
anecdotal evidence, 3-8–3-10
biomechanics, 3-5
causes, 3-3–3-4
historical background, 3-2–3-3
implementation steps, 3-11–3-12
manual lift ing, 3-5
mechanization, 3-4
nursing schools, 3-5–3-6
strategies, 3-6–3-7
successes, 3-7–3-8

Martin Chair-A-Table®

caregivers, 3-124–3-125
game changing technology, 3-122
institutions, 3-124
risk managers and insurers, 3-124
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steps, 3-123–3-124
Nurse and Patient Safety and Protection Act of 

2007
D-MI, 3-29
HR 378, 3-30–3-31

nursing homes, 3-18–3-19
nursing home workers, 26-2, 26-7–26-8
obesity

bariatrics, 3-43–3-44
body mass index (BMI), 3-44–3-45
cardiac and metabolic treament, 3-45
clinical care, 3-46
de nition, 3-45–3-46
historical studies, 3-46–3-47
vs. overweight, 3-44
waist-to-hip ratio, 3-45
weight loss surgery (WLS), 3-43

patient-handling tasks (PHTs)
administrative controls, 3-82–3-83
back belts, 3-76–3-78
bed mover, 3-81
clinical decision-making tools, 3-81–3-82
equipment/devices, 3-78–3-81
lift  teams, 3-86–3-87
manual lift ing, 3-82
policies, 3-83
powered stretcher, 3-82
transport, 3-81–3-82
unit-based peer leaders, 3-84–3-86

patient-handling technologies
ambulatory and mobility aids, 3-73–3-74
bathing equipment, 3-74
intellidrive system, 3-74–3-75
lateral transfer aids, 3-70–3-73
mattresses and beds, 3-74
patient-transfer equipment design, 3-75
powered full-body sling lift s, 3-65–3-70

patient lift ing
manual handling, 3-13–3-15
musculoskeletal disorders (MSDs), 3-14
non-manual handling, 3-15

safe work environment
bariatric task force, 3-56–3-57
criteria-based protocol, 3-56
ergonomic assessment, 3-57–3-58

United Kingdom, patient-handling policy, 
3-16–3-17

United States, patient-handling policy
American Nurses Association (ANA), 3-19–3-20
California, 3-21–3-22
causes, solutions, and impacts, 3-20
evidence-based policy, 3-21
Florida, 3-23
Hawaii, 3-25
hazard assessments, 3-24–3-25
Illinois, 3-23

Iowa and Nevada, 3-22
Maryland, 3-26–3-27
Massachusetts, 3-21
Michigan and Ohio, 3-23
Minnesota, 3-27–3-28
Missouri and New York, 3-23
nursing homes, 3-18–3-19
Rhode Island, 3-25–3-26
safety legislation, 3-20–3-21
Texas, 3-23–3-24
Vermont, 3-23
Washington, 3-24

weight loss surgery (WLS)
deep venous thrombosis (DVT), 3-48–3-49
Minnesota Multiphasic Personality Inventory-2 

(MMMP-2), 3-48
psychosocial implications, 3-49–3-50
Roux-en-Y gastric bypass (RYGB), 3-48
wound care, 3-49

Back pain
additional environmental factors, 3-97
assistive devices, 3-96
biomechanical stresses, 3-97–3-98
causes, 3-92
clinical areas, 3-104–3-105
ergonomic approach

assistive devices, 3-106
program implementation, 3-106–3-108
study design, 3-105–3-106

laboratory studies, 3-102–3-104
lift ing/transferring tasks, 3-97
low-back pain (LBP) episodes, 3-92
patient-handling task (PHT), 3-95–3-96
patient-transfer method, 3-96
postural stresses, 3-97
prevention

education and training, 3-93
ergonomic approach, 3-93–3-95
nursing personnel, 3-92–3-93

testing approaches
Ambulift  C3, 3-101
criteria, 3-98
gait belt, 3-99
Hoyer lift , 3-100
MEDesign patient-handling sling, 3-99
Posey walking belt, 3-100
shower/toileting chair, 3-101
Trans-Aid lift , 3-100

BBPS, see Bloodborne Pathogens Standard
BEI, see Biological exposure index
Benzene solubles fraction analysis; see also Anesthesia 

mask gas-scavenging system; Health Hazard 
Evaluation Report, NIOSH

complications, 12-21–12-22
determination methods, 12-12
outcomes, 12-16–12-17
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Beta particles, properties of, 22-3; see also Radiation 
safety procedures, hospitals

BFI, see Browning-Ferris, Inc.
Binghamton Psychiatric Center, joint labor/

management experience
assault and restraint injuries

cause and month, 7-90–7-91
job title, 7-92–7-93
lost-time injuries, 7-91
repeat cases, 7-93–7-95
shift , 7-91
times of the day, 7-91–7-92

injury data analysis, 7-87–7-88
lost-time injury rates, 7-89
lost-time severity rates, 7-89–7-90
recommendations, 7-95
reducing workplace injury, 7-100
safe unit environment project, 7-87
statewide injury rate comparison, 7-88

Bioaerosols
approach, 4-64–4-65
avian in uenza viruses (AIV), 4-69
bacteria, 4-73
biological hazards, 4-61
concentrations, 4-70–4-71
criteria, 4-68
decision tree, 4-83
endotoxins, 4-73–4-74
hazards and electrocautery, 12-7
infectious doses, 4-61–4-62
measles, varicella and smallpox viruses, 4-63
medical mask, 4-69–4-70
molds, 4-72–4-73
non-infectious, 4-61–4-62, 4-70–4-71
peat moss packager, 4-76
protection factors, 4-74
research guidlines, 4-75
risk and experts’ recommendations, 4-64–4-68
risk coeffi  cient (RC) method, 4-72
SARS virus, 4-75
wastewater treatment plant, 4-75

Biological exposure index (BEI), 28-3
Biological hazards control, 27-7–27-8; see also 

Laboratory safety
Biological monitoring methodology, ribavirin, 

16-26–16-27
Bipolar electrocautery unit, 12-5
Blood aerosols exposure determination, operating 

room personnel, 17-20–17-24
Bloodborne pathogens; see also Home health care; 

Latex glove
gloves, importance, 20-2–20-3
health care workers, 25-7–25-8

Bloodborne Pathogens Standard (BBPS), 31-18
Brainstorm exercise, in hospital employees, 30-12; 

see also Hospital employees, education

Breast reduction technique, 12-11
Bremsstrahlung radiation, production, 22-3; see also 

Radiation safety procedures, hospitals
Bronchoscopy, 15-7
Browning-Ferris, Inc. (BFI), 24-6
Buff alo Psychiatric Center (BPC), joint labor/

management experience
approaches, 7-76
clinical/treatment concerns, 7-75
competitive bidding process, 7-74
decorations and/or worksite design, 7-82–7-83
doors and ceiling tiles, 7-79–7-82
environmental assessment, 7-79
managing crisis situations, 7-84
nurses station, 7-83
personal safety and security, 7-81
phase I and II, 7-74
project advisory groups (PAG), 7-75
recommendations, 7-86–7-87
satisfaction levels, 7-79
smoking, 7-81–7-82
training evaluation, 7-85–7-86
training programs, 7-78
unit observation, 7-76
workers concern, 7-77

Bureau of Labor Statistics (BLS), 2-14–2-15, 
18-1–18-2, 25-1

C

Cadavers, safe handling of, 22-20–22-21; see also 
Radiation safety procedures, hospitals

CAHD™, see Computer-Aided Health Devices™

California Department of Health Services (CDHS), 
11-109–11-112, 16-1

California Occupational Health Program (COHP), 
16-1

Cal/OSHA regulatory action, AP HCW risk, 15-8–15-9
Carbon dioxide laser, 12-24
Carcinogenic eff ects, of EtO, 13-2
Cardiopulmonary resuscitation (CPR), 25-7
Care™, 3-122–3-125
Care Cube disposable hoods, ribavirin administration, 

16-40
CDC, see Centers for Disease Control and Prevention
CDHS, see California Department of Health Services
CDRH, see Center for Devices and Radiological Health
Center for Devices and Radiological Health (CDRH), 

12-40
Centers for Disease Control and Prevention (CDC), 

14-27, 20-1, 24-4
directional  ow patterns, 11-12
epidemiological survey, 25-7
guidelines, 11-6
health care profession, 1-3
infectious waste, 24-13



I-6 Index

sputum induction booth, 11-9
tuberculosis control, 11-109
U.S. model, 3-18
UV radiation, 11-22

Chemical disinfecting/shredding technology, 
hospital waste treatment, 24-8; see also 
Medical waste

Chemical hazards control, laboratory safety, 27-5–27-7; 
see also Laboratory safety

Chemical spill cleanups, hospitals, 29-5–29-6; see also 
Hospital safety offi  ce, need assessment

Chemodrugs
American Society of Health-System Pharmacists 

(ASHP), 10-2
emerging issues

aerosol administrations and nanotechnology, 
10-18–10-19

gene therapy, 10-19–10-20
interventional radiography, chemotherapy, 

10-18
environmental monitoring

antineoplastic drugs, 10-4
limits of detection (LOD), 10-4–10-5

hazardous drugs control, workplace
administering hazardous drugs, 10-11
closed system devices, 10-14
control, administration, 10-15
drug transportation, 10-11
engineering controls, 10-12–10-13
hazard assessment, 10-8–10-9
medical surveillance, 10-16
personnel exposure, safe levels, 10-17
polices, programs and procedures, 10-9
PPE, 10-14–10-15
preparation areas, 10-10
receiving and storage, 10-9–10-10
spill management, 10-11–10-12
training, 10-15–10-16
ventilated cabinets, 10-13–10-14

hazardous drugs exposure, eff ects, 10-1–10-3
dranitsaris analysis, 10-3
International Agency for Research on Cancer 

(IARC), 10-2
Cigarette consumption, shift workers, 21-9–21-10; see 

also Shift work, health and safety hazards
Civil Rights Act of 1964, 23-3
ClestraClean room air sterilizer, 11-77–11-79
Coal tar pitch volatiles (CTPV), 12-15
COHP, see California Occupational Health Program
Committees for Occupational Safety and Health 

(COSH), 31-6
Computer-Aided Health Devices™ (CAHD™), 6-14
Contact sensitizers, de nition of, 20-10–20-11; see also 

Gloves in hospital
Continuous wave lasers, 12-24
Control technologies for EtO, selection criteria, 

14-16–14-17

COSH, see Committees for Occupational Safety and 
Health

Cost bene t analysis, in health care; see also Health 
care worker (HCW)

cost-bene t ratios, calculating formulas, 
18-2–18-3

politics, 18-2
safety culture, 18-3

Council of State Governments (CSG), 24-14
County hospital, TB engineering controls

bronchoscopy, 11-106
emergency department (ED), 11-103–11-104
negative-pressure isolation room, 11-104–11-105
outpatient clinics, 11-106–11-108
pressure diff erential monitoring, 11-106
San Francisco General Hospital (SFGH), 

11-103–11-104, 11-108
sputum induction, centralization, 11-104

CP, see Cyclophosphamide
CPR, see Cardiopulmonary resuscitation
Cross-reactive allergens, immediate-type 

hypersensitivity, 20-12–20-13; see also 
Immediate-type hypersensitivity

CSG, see Council of State Governments
CTPV, see Coal tar pitch volatiles
Cyclophosphamide (CP), 10-3–10-4
Cytotoxic drugs and gloves usage, 20-6; 

see also Latex glove

D

Delayed-type hypersensitivity, 20-10–20-12; see also 
Gloves in hospital

Demisti er™ isolation chamber, 15-22
Deutsche Forschungsgemeinschaft  (DFG), 14-1
Diagnostic imaging, ergonomic challenges

interpretation process
modi ed workstation, 9-10
picture, archiving, and collection (PAC) system, 

9-9
scanning process

sonograhers, 9-9
x-ray technologists, 9-8–9-9

DID, see Discharge ionization detector
Dilution ventilation systems, EtO exposure control, 

13-11–13-12
Discharge ionization detector (DID), 17-12
Disinfection, see Infection prevention and control 

(IPC) program
Droplet nuclei generation rates, 11-6, 11-21, 11-26
Dynamic friction coeffi  c ient (DCOF), 8-5–8-6
Dynamic simulation, health care ergonomics

design concept development
enlarged plan, 9-36
full-scale simulation, 9-38
future activity scenarios, 9-35
operating hypothesis, 9-33
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prototype, 9-38
simulation props, 9-36

enlarged plan, 9-36–9-38
full-scale simulation, 9-38
functional analysis levels, 9-26
prognosis and follow-up

model renovated room, 9-40
viability testing, 9-39

project data analysis
building implementation, 9-29
design, 9-28

prototype, 9-38
scenario activity

chronological table, 9-30
geriatric chair, 9-33
labyrinth eff ect, 9-31

E

ECRI, see Emergency Care Research Institute
Electrical hazards, lasers, 12-34–12-35; see also Health 

care
Electrical safety, hospital, 29-2–29-3; see also Hospital 

safety offi  ce, need assessment
Electrocautery smoke, 12-7
Electrochemical analyzers

formaldehyde monitoring, 14-5
glutaraldehyde monitoring, 14-8

Electroencephalography (EEG), 21-4
Electrosurgery, recommended practices, 12-41

recommended practice I, 12-42–12-43
recommended practice II, 12-43–12-44
recommended practice III, 12-44–12-46
recommended practice IV and V, 12-47

Electrosurgical knife (ESK), 12-11
Electrosurgical units (ESU), 12-3

future research, 12-8
health hazards, 12-5–12-7
history, 12-4–12-5
smoke control and RF/MW radiation, 12-7–12-8
types, 12-5

ELISA test, latex-speci c IgE, 19-4; see also Glove 
dermatitis

Emergency action plan for EtO exposure, procedures, 
13-14–13-15, 13-19; see also Ethylene oxide 
(EtO)

Emergency Care Research Institute (ECRI), 12-3, 
12-41

Emerging infectious diseases, 4-1–4-2
exposure route, 4-26–4-27
 t testing and checks

chronic toxicants, 4-33
dioctylpthalate (DOP), 4-35
limitations, 4-34
Occupational Safety and Health Administration 

(OSHA), 4-32
PortaCount®, 4-34–4-35

quantitative/qualitative, 4-31–4-35
types, 4-32

maintenance and cleaning, 4-35–4-36
personal protective equipment (PPE)

avian in uenza virus (AIV), 4-10–4-11
cholera and rota virus, 4-14
hazards, 4-16
HCW dates, 4-12–4-13
health care industry (HCI), 4-10–4-11
in uenza (avian  u), 4-20–4-22
microorganisms, 4-15
monkeypox, 4-19
multi-drug resistant (MDR) TB, 4-10
nosocomial disease, 4-13
occupational nosocomial diseases (OND), 

4-11–4-12
pathogens, 4-24–4-25
SARS, 4-16–4-19
Streptococcus pyrogenes, 4-13
transmission-borne disease, 4-14–4-15
tuberculosis–antibiotic resistance, 4-19–4-20
types, 4-12

proper selection, 4-36
protection, 4-22–4-23
respirators

aerodynamic diameter, 4-26
airborne microorganisms, 4-55
air  ltration mechanism, 4-56–4-58
air-purifying respirators (APR), 4-27
assigned protection factor (APF), 4-58
bioaerosols, 4-61–4-76, 4-83–4-84
biological weapons, 4-56
categories, 4-56
characteristics, 4-27
 l tration effi  ciency, 4-57
 t tests, 4-59
full-face respirators (FFR), 4-31
HCW, 4-30
helmet-type system, 4-31
HEPA  lters, 4-29–4-30
mechanical systems, 4-28
N95 type, 4-30–4-31
PAPRs, 4-31
powered air-purifying respirator (PAPR), 4-60
poxviruses, 4-29
program, 4-36–4-39
pulmonary TB, 4-24
requirements, 4-25
SARS event, 4-25–4-26
SAR system, 4-31
SCUBA and SAR systems, 4-30
seal checks, 4-59
self-contained breathing apparatus (SCBA), 

4-28
standards and regulations, 4-84
surgical and paper masks, 4-27–4-28
ULPA  lters, 4-25
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United States and Canada
class, 4-7–4-8
globalization and global warming eff ects, 4-7
national agencies response paradigms, 4-6–4-7
occupational health paradigms, 4-2–4-5
public health paradigms, 4-5–4-6

Employee education, union perspective on, 31-1–31-7
Employee health services (EHS) program

coordination and collaborative network, 5-19
immunization programs, 5-20
immunobiologics and schedules, 5-20–5-22
job-related illnesses and exposures, 5-20, 5-27
occupational sharps injury and exposure, 5-18–5-19
personnel health and safety education, 5-20
preemployment and periodic health evaluations, 

5-19–5-20
pregnant HCP, 5-26–5-27
record keeping, data management, and 

con dentiality, 5-27
work restrictions, 5-20, 5-23–5-25

Endotoxins and powdered gloves, 20-10; see also Latex 
glove

Engineering controls and physical design, EtO 
exposure control, 13-22–13-24

Environmental and occupational health training, for 
hospital house staff , 31-7–31-9

health care environment, hazards, 31-8–31-9
hepatitis and HCWs, 31-15–31-16
mercury, 31-11–31-12
needs assessment, 31-8
nursing student health and safety training, 

31-17–31-18
education, of nursing students, 31-23–31-24
hospital workplace hazards, 31-17–31-18, 

31-22–31-23
issues and problems facing hospitals, 

31-21–31-22
problems and risks in, 31-19–31-21

safer medical devices, 31-10
scabies fact sheet, 31-13–31-14
TB exposures and HCWs, 31-12–31-13
training issues, 31-8

Environmental monitoring, laboratory, 27-15; see also 
Laboratory safety

Environmental Protection Agency (EPA), 13-4, 24-2
federal reaction by, 24-14–24-16 (see also Medical 

waste)
infectious waste, de nition of, 24-16–24-17

Environmental regulations aff ecting hospitals, 
29-10; see also Hospital safety offi  ce, need 
assessment

Environmental services in hospital, ergonomics
cleaning, 9-2
materials handling

biohazardous waste handling, 9-4
overloaded trash cart, 9-3
soiled linen collection system, 9-5

tall linen carts, 9-3
trash chute systems, 9-4

EPINet, see Exposure prevention information 
network

Ergonomics
hospital ancillary departments

clinical laboratories, 9-10–9-14
diagnostic imaging, 9-7–9-10
environmental services, 9-2–9-7
food service, 9-17–9-21
pharmacy, 9-14–9-17

reducing occupational back pain disability
health care workers, back pain, 9-42
research study, 9-43–9-44
systems approach, 9-45–9-51

workplace design, health care facilities
dynamic simulation, 9-26–9-41
functional building analysis, 9-24–9-26
problem situation, 9-24

ESK, see Electrosurgical knife
ESU, see Electrosurgical units
Ethylene oxide (EtO); see also Aerosolized pentamidine 

(AP), occupational risks; Health care worker 
(HCW)

administrative actions, 13-20
chemical structure, 13-2–13-4
community exposure, 13-16–13-17
engineering controls and physical design, 

13-22–13-24
exposure control

emergency action plan for, 13-14–13-15
equipment designing for, 13-10–13-11
isolation and EtO control measures, 

13-13–13-14
local exhaust and dilution ventilation systems, 

13-11–13-12
maintenance and training programs, 13-14
respiratory protection equipment, 

13-15–13-16
substitution and changes in work process, 

13-12–13-13
 rst aid procedures for exposure of, 13-20
hazard evaluation of, 13-9–13-10
health eff ects of, 13-2
in medical care, 13-1–13-2
OSHA EtO standard, 13-7–13-9
peracetic acid, 5-4
short-term exposure limit (STEL), 5-3
sterilization, 5-2–5-3
sterilization mechanism of, 13-4–13-7
work practices and procedure for exposure 

prevention of, 13-21–13-22
EtO–Freon mixture, 13-3
Explosive chemicals, in laboratory safety, 27-6; see also 

Laboratory safety
Exposure prevention information network (EPINet), 

6-5
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Eye hazards; see also Ethylene oxide (EtO)
EtO in, 13-2
laser beam, 12-25

controlling of, 12-27–12-28
eye protection devices, 12-26–12-27

Eye protection, laboratories, 27-11; see also Laboratory 
safety

Eyewears, eye hazard protection, 12-26–12-27

F

FDA, see Food and Drug Administration
Fetal protection policies, 23-3
FEV1, see Forced expiratory volume in 1 s
FID, see Flame ionization detector
Film badge, role of, 22-16; see also Hospitals, radiation 

safety procedures
Fire safety, in hospital, 29-2; see also Hospital safety 

offi  ce, need assessment
First aid procedures, EtO exposure, 13-19; see also 

Ethylene oxide (EtO)
FISONeb ultrasonic nebulizers, 15-13–15-14
Flame ionization detector (FID), 12-13, 17-14
Food and Drug Administration (FDA), 12-3, 

16-3, 19-5
ASTM D5712-95, 20-14
gloves manufacturing speci cations, 20-3–20-7

Forced expiratory volume in 1 s (FEV1), 15-15
Formaldehyde; see also Aldehydes monitoring, 

hospitals
exposure control

methods, 14-19–14-20
monitoring, 14-15–14-18
variables and population exposed, 

14-14–14-15
monitoring, 14-4–14-7

Fourier transform IR spectroscopy (FTIR), 12-10
FTIR, see Fourier transform IR spectroscopy
FTIR qualitative organic analysis, 12-13, 12-19; 

see also Health Hazard Evaluation Report, 
NIOSH

Fugitive anesthetic gases, sources of, 17-9

G

Gamma rays, properties of, 22-3–22-4; see also 
Radiation safety procedures, hospitals

Gas chromatographic (GC) method, 14-5
Gas chromatography-mass spectrometry (GC-MS), 

12-7
Gas monitor, characteristics of, 14-2–14-3
Gastrointestinal function and shift work, 21-9; 

see also Shift work, health and safety 
hazards

GC-MS, see Gas chromatography-mass spectrometry
Gene mutations and EtO exposure, 13-2
Geobacillus stearothermophilus, 5-44–5-46

Glove dermatitis
diagnostic considerations, 19-2–19-4
diagnostic methods

allergy testing, 19-9–19-10
history and physical examination, 19-8–19-9
pathophysiology, 19-7–19-8
respiratory symptoms, 19-10–19-11

prevention and treatment
primary prevention, 19-11
secondary prevention, 19-11–19-12
tertiary prevention, 19-12

relationship between hand and latex dermatitis 
and, 19-1–19-2

resolution, 19-4
Gloves in hospital, 20-1

barrier protection
bloodborne pathogens, 20-2–20-3
glove pro le, 20-3–20-7

glove-associated reactions, 20-7–20-9
delayed-type hypersensitivity, 20-10–20-12
hospital protocols, 20-15–20-16
immediate-type hypersensitivity, 20-12–20-14
irritation, 20-9–20-10
respiratory complications, 20-14

in laboratory safety, 27-10
powder vs. powderfree gloves, 20-16–20-18
proper glove removal and disposal, 20-18

Glutaraldehyde; see also Aldehydes monitoring, 
hospitals

monitoring, 14-7–14-11
toxicities

case studies, 14-25–14-27
investigations, 14-25
methods of compliance, 14-27–14-28
population exposer, 14-24–14-25

Goggles, usage of, 12-26; see also Health care
Government regulation, of lasers, 12-39–12-40
Grinding/microwave technology, in hospital waste 

management, 24-8; see also Medical waste

H

Half-value layer (HVL), 22-4–22-5
Halogenated inhalation anesthesia agents; see also 

Inhalation anesthesia agents
health eff ects of, 17-5–17-6
monitoring of, 17-9–17-14

Halothane, health eff ects of, 17-6; see also Inhalation 
anesthesia agents

Hand dermatitis
case study, 19-2
etiologic agents, 19-7

Hazard Communication Standard
hospitals, 29-4–29-5
training, 30-5–30-6

Hazard evaluations and technical assistance branch, 
NIOSH, 12-10
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Hazardous drugs, workplace
administering hazardous drugs, 10-11
closed system devices, 10-14
control, administration, 10-15
drug transportation, 10-11
engineering controls, 10-12–10-13
hazard assessment, 10-8–10-9
medical surveillance, 10-16
occupational exposure limits, 10-17–10-18
permissible exposure limits, 10-17
personnel exposure, safe levels, 10-17
polices, programs and procedures, 10-9
PPE, 10-14–10-15
preparation areas, 10-10
receiving and storage, 10-9–10-10
spill management, 10-11–10-12
training, 10-15–10-16
ventilated cabinets, 10-13–10-14

Hazardous research chemicals, management, 27-7
HBV, see Hepatitis B virus
HCA Wesley Medical Center program, ribavirin 

exposure limitation, 16-41–16-42
HCFA, see Health Care Financing Administration
HCIA, see Health Care Investment Analysis
HCW, see Health care worker
Health care

business case for injury prevention in, 18-3–18-6
modeling control, 18-6–18-7
process for, 18-8–18-10
safe patient handling and bene ts, 

management, 18-8
cost bene t analysis, 18-1–18-2

cost–bene t ratios, 18-2–18-3
politics of, 18-2
safety culture, 18-3

industry, laser hazards
electrical hazards, 12-34–12-35
eye hazards, 12-25–12-28
laser  res, 12-33–12-34, 12-37
laser plumes, 12-29, 12-31–12-32
safety policy, 12-35–12-40
skin damage, 12-29

lasers types, 12-25
Health Care and Social Assistance (HCSA) sector

injury, illness and surveillance systems
Bureau of Labor Statistics (BLS), 2-14–2-15
data source limitations, 2-44
disease and cause-speci c mortality data, 

2-38–2-44
exposures and sources, 2-24–2-29
fatal occupational injuries, 2-31–2-32
infectious disease data, 2-34–2-38
key facts, 2-33
nonfatal occupation, 2-18–2-24
occupational injuries, 2-16–2-18
OSHA, 2-14
populations, 2-29–2-31

Survey of Occupational Injuries and Illnesses 
(SOII), 2-14

total nonfatal occupational injuries and 
illnesses, 2-16–2-18

underestimate, 2-33–2-34
subsectors and industry

employer and self-employed establishments, 
2-1–2-2

employment and forecast, 2-4
employment growth, 2-4–2-5
occupations and forecast, 2-4–2-9
types, 2-1
wage and salary workers, 2-2–2-3

workers, demographic characteristics
occupation, 2-12–2-13
workplace, 2-10–2-12

Health care-associated infections (HAIs)
catheter-associated urinary tract infections 

(CA-UTIs), 5-15–5-16
health care personnel (HCP), 5-16–5-17
multidrug-resistant organisms (MDROs), 5-16

Health care environment, hazards, 31-8–31-9
Health Care Financing Administration (HCFA), 26-3
Health care industry, night work, 21-3; see also 

Shift work, health and safety hazards
Health Care Investment Analysis (HCIA), 26-9
Health care professions, 1-1–1-3

antineoplastics, 1-4
associations, 1-5–1-6
governmental agencies, 1-4–1-5
growth, 1-6–1-7
hazards and engineering methods, 1-2–1-3
hospital accreditation and JCAHO, 1-5
magnetic resonance imaging (MRI), 1-4
musculoskeletal injuries, 1-3
OSHA standards, 1-2, 1-4
unions, 1-6
worker compensation acts, 1-3

Health care waste, treating, 24-18; see also Medical 
waste

Health care worker (HCW), 11-84, 11-86, 11-88, 11-90, 
16-1, 31-2, 32-1–32-2, 32-5–32-6; see also 
Shift work, health and safety hazards

aerosolized pentamidine risks, 15-1–15-2
exposures of, 15-12–15-17
health eff ects of, 15-9–15-10
inhalation hazard control, 15-7–15-11
tuberculosis transmission in, 15-6

ANSI safety standards for, 12-3
case studies of, 32-8–32-9
compensation

and health care industry, 32-2–32-3
politics of, 32-3

health care environment, 32-3–32-4
job injury protection and cost bene t analysis, 

18-1–18-2
1199 National Bene t Fund, 32-7–32-8
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New York’s training and education grant program, 
32-6

occupational disease and health care environment, 
32-4

occupational health diagnostic clinical centers, 
32-6–32-7

personal protective equipment (PPE)
avian in uenza virus (AIV), 4-10–4-11
cholera and rota virus, 4-14
hazards, 4-16
HCW dates, 4-12–4-13
health care industry (HCI), 4-10–4-11
in uenza (avian  u), 4-20–4-22
microorganisms, 4-15
monkeypox, 4-19
multi-drug resistant (MDR) TB, 4-10
nosocomial disease, 4-13
occupational nosocomial diseases (OND), 

4-11–4-12
pathogens, 4-24–4-25
severe acute respiratory syndrome (SARS), 

4-16–4-19
Streptococcus pyrogenes, 4-13
transmission-borne disease, 4-14–4-15
tuberculosis–antibiotic resistance, 4-19–4-20
types, 4-12

respirators, 4-30
ribavirin aerosol health eff ects, 16-2–16-3

acceptable exposure levels and exposure 
assessment methods, 16-3–16-4

control system validation for, 16-20–16-21
engineering and administrative controls of, 

16-13–16-18
engineering controls, 16-23
exposure levels for, 16-4–16-6
health hazard assessment data, 16-41
hospital’s written policy and shift  assignments, 

16-23
industrial hygiene survey report, 16-10–16-12
limitations of, 16-35–16-36
methodologies for, 16-24–16-28
outcomes of, 16-28–16-35
pharmacokinetics and exposure 

recommendations, 16-24
policies for recommendations implementation, 

16-8
protection policies of major teaching hospital, 

16-9–16-10
recommendations for, 16-7–16-8, 16-37–16-38, 

16-52–16-55
recommended concentration of, 16-43–16-55
room ventilation recommendations, 16-24
symptoms for, 16-6
toxicology of, 16-3, 16-23–16-24 uses of, 16-22

TB, workers compensation for, 32-4–32-5
United States and Canada, 4-1–4-8
workplace injuries and illness, prevention of, 32-6

Health Hazard Evaluation Report, NIOSH; see also 
Electrosurgical units; Health care

evaluation criteria for workplace in, 12-14–12-16
historical perspectives of, 12-11–12-12
materials and methodologies for, 12-12–12-14
outcomes of, 12-16–12-21
recommendations for, 12-22

Health Hazard Evaluations (HHEs), 14-14
Health Security Act, 1993, 32-9
Heart disease and shift work, 21-9–21-12; see also 

Shift work, health and safety hazards
Heating, ventilating, and air conditioning (HVAC) 

system duct, 11-35, 11-40, 11-57–11-59, 
11-103

HEPA, see High-effi  c iency particulate air
HEPA bed tent, 11-85–11-86
Hepatitis A virus, transmission of, 31-15
Hepatitis B virus (HBV), 20-2, 25-7

cost analysis, 6-48–6-49
needlestick-prevention devices, 6-13–6-14
occupational infections, 6-2
respiratory transmission, determination of, 

17-21
risk source, 6-15
transmission of, 31-15

Hepatitis C virus, transmission of, 31-16
Hevea brasiliensis, 19-1, 20-12
HHEs, see Health Hazard Evaluations
High-effi  ciency particulate air (HEPA), 11-18–11-20, 

11-30–11-40, 11-61–11-64, 12-32, 15-18–15-22, 
16-14, 24-8

High performance liquid chromatography (HPLC), 
12-12, 15-14, 16-4

Homecare work environment, types of, 25-4
Home health care

ergonomics and back injuries, 25-5–25-7
homecare setting, 25-4
infectious diseases in, 25-7–25-9
job injury and illness in, 

25-3–25-4
occupational hazards in, 25-4
personal safety, 25-4–25-5
trends in, 25-1–25-3

Honestly signi cant diff erence (HSD), 16-21
Hospital ancillary department, ergonomic 

challenges
clinical laboratories

phlebotomy, 9-11–9-12
pipetting, 9-12
specimen processing, analyses and storage, 

9-13–9-14
diagnostic imaging

interpretation process, 9-9
scanning process, 9-8

environmental services
cleaning, 9-2
materials handling, 9-2–9-7
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food service
MSDs, 9-17
multilevel racks, 9-20
neck pain, 9-18
recommendations, 9-21
risk factors, 9-19

pharmacy
infusion center, 9-16–9-17
inpatient, 9-14–9-15
outpatient, 9-15–9-16

Hospital employees, education, 30-1
preparation for training, 30-4–30-5
sample 1 H agenda, 30-15–30-16
training methods, 30-8–30-11

action solving skill objectives, 30-12–30-14
attitude and emotion objectives, 30-11–30-12
behavioral skill objectives, 30-14
training session, checklist for planning, 

30-7–30-8
training, purpose of, 30-2–30-3
training session, 30-5–30-7

Hospital environment, EtO
administrative actions for exposure of, 13-20
chemical structure of, 13-2–13-4
community exposure of, 13-16–13-17
engineering controls and physical design, 

13-22–13-24
exposure control

emergency action plan for, 13-14–13-15
equipment designing for, 13-10–13-11
isolation and EtO control measures, 

13-13–13-14
local exhaust and dilution ventilation systems, 

13-11–13-12
maintenance and training programs, 13-14
respiratory protection equipment, 13-15–3-16
substitution and changes in work process, 

13-12–13-13
 rst aid procedures for exposure of, 13-20
hazard evaluation of, 13-9–13-10
health eff ects of, 13-2
in medical care, 13-1–13-2
OSHA EtO standard, 13-7–13-9
sterilization mechanism of, 13-4–13-7
work practices and procedure, exposure prevention, 

13-21–13-22
Hospital house staff , occupational and environmental 

health training, 31-7–31-9
health care environment, hazards, 31-8–31-9
hepatitis and HCWs, 31-15–31-16
mercury, 31-11–31-12
needs assessment, 31-8
nursing student health and safety training, 

31-17–31-18
education, of nursing students, 31-23–31-24
hospital workplace hazards, 31-17–31-18, 

31-22–31-23

issues and problems facing hospitals, 
31-21–31-22

problems and risks in, 31-19–31-21
safer medical devices, 31-10–31-12
scabies fact sheet, 31-13–31-14
TB exposures and HCWs, 31-12–31-13
training issues, 31-8

Hospital loss runs, categories, 18-8
Hospital personnel, radiation safety, 22-15–22-17
Hospital policy statement, laser safety procedures, 

12-56–12-60
Hospital protocols and glove-associated reactions, 

20-15–20-16; see also Latex glove
Hospital, reproductive hazards, 23-1–23-2

ALARA exposures, 23-7–23-9
background of, 23-2–23-3
medical removal protection, 23-9–23-10
policy in, 23-3
program to confront reproductive hazards, 

23-4–23-6
Hospital safety, latex glove role in, 20-1; see also Latex 

glove
barrier protection

bloodborne pathogens, 20-2–20-3
glove pro le, 20-3–20-7

glove-associated reactions
delayed-type hypersensitivity, 20-10–20-12
hospital protocols, 20-15–20-16
immediate-type hypersensitivity, 20-12–20-14
irritation, 20-9–20-10
respiratory complications, 20-14

powder vs. powderfree gloves, 20-16–20-18
proper glove removal and disposal, 20-18

Hospital safety offi  ce, need assessment, 29-1–29-2
chemical spill cleanups, 29-5–29-6
chemical use, industrial hygiene monitoring 

of, 29-5
committee membership, 29-7–29-8
electrical safety, 29-2–29-3
environmental regulations aff ecting hospitals, 

29-10
 re/life safety, 29-2
hazard communication standard, 29-4–29-5
hospital waste program, 29-3
liaison, 29-6–29-7
library in, 29-11
planning and product recalls, 29-8
professional maintenance, 29-9–29-10
safety committee/accident, 29-4
safety offi  ce, administration of, 29-10
technical service, 29-9
universal precautions, 29-10
vendors and consultants, meeting with, 29-9

Hospitals, radiation safety procedures, 22-2
cadavers, safe handling of, 22-20–22-21
clinical laboratories and research facilities, 22-12
diagnostic radiology, 22-10–22-11
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dose limits, 22-7–22-9
environmental surveillance and dosimetry, 

22-9–22-10
I-131 and P-32, therapy uses of, 22-17–22-19
ionizing radiation, biological eff ects of, 

22-5–22-7
nuclear medicine, 22-11
radiation accident patient, in emergency room, 

22-21
radiation, physical properties

half life, 22-4
half-value layer, 22-4–22-5
inverse square law, 22-5
ionizing radiation, energy of, 22-4
nonionizing radiation and ionizing radiation, 

22-2
radioactive materials in hospitals, 

22-2–22-4
radiation therapy, 22-12–22-13
radioisotope policies, 22-21–22-23
radionuclides, diagnostic uses of, 22-17
radionuclide therapy of patients, 22-19

Hospital waste, 24-2–24-3
disposal technology, 24-5–24-9
EPA assessment plan, 24-21–24-22
historical activity in regulating infectious, 

24-13–24-19
infectious waste management, 24-12–24-13
management of, 24-1–24-2
PIW, 24-4–24-5
PIW management, 24-9–24-11
program, 29-3 (see also Hospital safety offi  ce, need 

assessment)
standard terminology, 24-3–24-4
warning symbol, 24-4

HSD, see Honestly signi cant diff erence
Hudson, Anne

bed frame, 3-40–3-41
degenerative disk disease, 3-39–3-40
drag, cradle and hug lift , 3-36
essential functions, 3-42
herniated lumbar disks, 3-37
lift ing patients, 3-35–3-36
lumbar fusion surgery, 3-42–3-43
lumbar strain injury, 3-39
medical care units, 3-35
monkey pole, 3-41
neurologist, 3-38–3-39
nursing skills, 3-34
physical therapy, 3-37
spine surgery, 3-43
Team Spirit Award, 3-40
voc rehab evaluation, 3-41–3-42
workers’ compensation system, 3-38

Human Immunode ciency Virus (HIV), 
20-2, 25-7

HVL, see Half-value layer

Hydrocarbons screening; see also Health Hazard 
Evaluation Report, NIOSH

determination methods, 12-13
outcomes, 12-16

I

I-131 and P-32, therapy, 22-17–22-19; see also Radiation 
safety procedures, hospitals

IARC, see International Agency for Research on 
Cancer

ICRP, see International Commission on Radiological 
Protection

ICU Medical CLAVE®, 5-44
Immediate-type hypersensitivity, 20-12–20-14; see also 

Gloves in hospital
Incineration technology, in hospital waste 

management, 24-8–24-9; see also Medical 
waste

Industrial hygiene; see also Health care worker (HCW)
monitoring, importance of, 14-15
sampling, importance of, 12-10
survey report, for ribavirin, 16-10–16-12

Industrial hygiene approach, TB control
air  ltration

HEPA  ltration unit, 11-20
ultra-low penetration air (ULPA)  lters, 11-17

dilution ventilation, concentration reduction 
control

contaminant concentration (Css), 11-14
generation rates, 11-14

directional air ow
design, TB control, 11-12
MTb sources, 11-11
multidirectional  ow rooms, 11-12

droplet nuclei generation rates, 11-26
hazard characterization, 11-3–11-4
industrial ventilation manual, 11-7, 11-9–11-10, 

11-14
Mycobacterium tuberculosis (MTb), 11-3, 11-103, 

11-111
patient isolation rooms, 11-21–11-25

American Institute of Architects (AIA) 
guidelines, 11-23

droplet nuclei concentration, 11-21
warning signs, UV radiation, 11-22

regulations and guidelines, 11-4–11-6
droplet nuclei concentration, 11-7
Mycobacterium tuberculosis, 11-6
Occupational Safety and Health Act (OSH Act), 

11-4–11-5
permissible exposure limits (PEL), 11-4
source characterization, 11-5–11-6

research needs, 11-26
source characterization, 11-5–11-6
source control, 11-6–11-11
ultraviolet irradiation
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duct irradiation, 11-20
HEPA  ltration unit, 11-19–11-20
ultraviolet germicidal irradiation (UVGI), 

11-19–11-21
ventilation

capture effi  c iency, 11-10
empirical expressions, 11-8
 anges, 11-8
industrial ventilation manual, 11-10
local exhaust systems, 11-7
slot hood, 11-8
sputum induction booth, 11-9
tracer gas decay curve, 11-15

Industrial hygiene approach, tuberculosis control
Industrial hygiene monitoring, 29-5; see also Hospital 

safety offi  ce, need assessment
Industry risk index (IRI), 32-3
Infection control risk assessment (ICRA) panels, 

5-38–5-39
Infection prevention and control (IPC) program

construction guidelines
barriers, 5-32
building protection, 5-34–5-35
commission, 5-35–5-37
dust movement, 5-33
environmental monitoring, 5-37–5-38
infection control risk assessment (ICRA) panels, 

5-38–5-39
negative pressure, 5-33
vibration, 5-34

health care construction
Aspergillus species, 5-29–5-30
building dynamics, 5-30
construction guidelines, 5-32–5-38
HVAC system, 5-30–5-32
pathobiology, 5-30
pathogenic and opportunistic environmental 

fungal ecology, 5-29
patient risk factors, 5-30

HVAC system
air movement, 5-31
Legionnaires’ disease, 5-31–5-32
purposes, 5-30–5-31

mortality and morbidity
coordination and collaborative network, 5-19
immunization programs, 5-20
immunobiologics and schedules, 5-20–5-22
job-related illnesses and exposures, 5-20, 5-27
occupational sharps injury and exposure, 

5-18–5-19
personnel health and safety education, 5-20
preemployment and periodic health evaluations, 

5-19–5-20
pregnant HCP, 5-26–5-27
record keeping, data management and 

con dentiality, 5-27
work restrictions, 5-20, 5-23–5-25

patient safety, 5-42–5-43
Geobacillus stearothermophilus, 5-44–5-46
liquid drawn, 5-44–5-45
luer-activated valve (LAV), 5-43
objectives, 5-44
syringes, 5-43–5-44

protecting personnel
central line-associated bloodstream infection 

(CLABSI) prevention, 5-17–5-18
consumers, regulators and payers response, 

5-16–5-17
health care-associated infections (HAIs), 

5-15–5-16
mortality and morbidity, 5-18–5-27
patient safety, 5-13–5-15
terms and programmatic guidance, 5-18

sterilization and disinfection
classi cation, 5-1–5-2
clean and dirty, 5-10
concentrated OPA, 5-8–5-9
diluted peracetic acid, 5-9
ethylene oxide (EtO), 5-2–5-3
glutaraldehyde, 5-6–5-7
health, 5-10
hydrogen peroxide plasma gas, 5-5
material compatibility, 5-9–5-10
ortho-phthalaldehyde, 5-7–5-8
oversight, 5-11
ozone, 5-5
peracetic acid, 5-4
proteolytic enzymes, 5-9
quality improvement, 5-11
reprocessing algorithm, 5-10
safety, 5-10–5-11
Sterilox, 5-9

Infectious diseases, in home health care, 25-7–25-9; 
see also Home health care

Infectious hospital waste; see also Medical waste
historical activity in, 24-13–24-14, 24-19

demand for protection, 24-14
federal reaction, 24-14–24-16
health care waste, treating, 24-18
problem solving, 24-16–24-18
tracking infectious waste, 24-18–24-19

management, trends in, 24-12–24-13
Infrared spectrophotometer analyzer (IR-h), 17-13

formaldehyde monitoring, 14-6–14-7
glutaraldehyde monitoring, 14-8

Inhalation anesthesia agents
anesthesia mask gas-scavenging system, 

17-16–17-19
exposure standards, 17-4–17-5
monitoring of, 17-9–17-14
physical properties of, 17-1–17-4
sources of waste/fugitive, 17-6–17-9
toxicology of

halothane and methoxy urane, 17-6
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nitrous oxide and halogenated inhalation 
anesthesia, 17-5–17-6

International Agency for Research on Cancer (IARC), 
10-2, 10-17, 12-15, 13-2

International Commission on Radiological Protection 
(ICRP), 22-7

International Labor Organization, shift work 
recommendations, 21-14

Interstitial brachytherapy, 22-13
Intracavitary brachytherapy, 22-13
Ionizing detector-based analyzers

formaldehyde monitoring, 14-5
glutaraldehyde monitoring, 14-8

Ionizing radiation; see also Hospitals, radiation safety 
procedures; Radiation safety procedures, 
hospitals

biological eff ects of, 22-5–22-7
energy of, 22-4
in radiation therapy, 22-12–22-13

IR-h, see Infrared Spectrophotometer analyzer
IRI, see Industry risk index
Isopropyl alcohol, biological eff ects of, 12-15

J

Jaeger pneumotachograph, usage of, 16-14
JCAHO, see Joint Commission on Accreditation of 

Health Care Organizations
Jewish General Hospital, glutaraldehyde study, 

14-26–14-27
Job assault, violence

employer’s responsibility, 7-50
factors, 7-49
guidelines, 7-50–7-51
posttraumatic stress disorder (PTSD), 7-51
prevention organization, 7-62–7-63
reasons and victims, 7-48
resource list, 7-54–7-62
sample assault incident report form, 7-65
sample contract language

employer’s comprehensive health and safety 
policy, 7-52

two-way radios, alarms and/or paging systems, 
7-53

union rights, 7-54
workplace design, 7-52

sample grievance/petition form, 7-66
sexual harassment, 7-49
survey, 7-64–7-65
work environment, 7-49–7-50
work-related deaths, 7-48

Job injury and illness, home health care, 25-3–25-4; see 
also Home health care

Joint Commission on Accreditation of Health Care 
Organizations (JCAHO), 12-40, 29-7, 31-21

Joint labor/management experience
assaults vs. restraints, 7-73

Binghamton Psychiatric Center
assault and restraint injuries, 7-90–7-95
injury data analysis, 7-87–7-88
lost-time injury rates, 7-89
lost-time severity rates, 7-89–7-90
recommendations, 7-95
reducing workplace injury, 7-100
safe unit environment project, 7-87
statewide injury rate comparison, 7-88

Buff alo Psychiatric Center (BPC)
clinical or treatment concerns, 7-75
competitive bidding process, 7-74
decorations and/or worksite design, 7-82–7-83
doors and ceiling tiles, 7-79–7-82
environmental assessment, 7-79
managing crisis situations, 7-84
nurses station, 7-83
personal safety & security, 7-81
phase I and II, 7-74
project advisory groups (PAG), 7-75
recommendations, 7-86–7-87
satisfaction level, 7-79
smoking, 7-81–7-82
suggestions, 7-76
training evaluation, 7-85–7-86
training programs, 7-78
unit observation, 7-76
workers concern, 7-77

focus group interviews, 7-96–7-101
national pro le, 7-71
New York State (NYS)

adult inpatient population changes, 7-72
microanalysis, 7-71

organizational culture and political will, 7-70–7-71
OSHA guidelines, 7-69–7-70
violence, 7-69

K

Kaiser Foundation Hospital
mercury, 31-11–31-12
TB prevention, 31-12

L

Laboratory safety, 27-1–27-2
biological hazards, 27-7–27-8
chemical hazards, 27-5–27-7
controlling mechanical hazards, 27-9–27-10
controlling radiation hazards, 27-8
hazards monitoring in, 27-15–27-16
information systems, 27-3–27-5
laboratory design, 27-12–27-14
organization for, 27-2–27-3
safety devices and personal protective equipment, 

27-10–27-12
spill response procedures, 27-14
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Labor Occupational Health Program, 25-8
Laminar air ow systems, 11-33–11-34
Laser

absorbent  lters, usage of, 12-28
hazards, health care industry

electrical hazards, 12-34–12-35
eye hazards, 12-25–12-28, 12-30
laser  res, 12-33–12-34
laser plumes, 12-29, 12-31–12-32
safety policy for, 12-35–12-40
skin damage, 12-29–12-30

historical information of, 12-24–12-25
maintenance, processes in, 12-35–12-36
operational guidelines, 12-36
smoke and electrosurgery smoke, diff erence of, 12-2
technology in surgery, disadvantages of, 12-2

Laser operators, training and approval of, 12-36
Laser plume

case study for, 12-52–12-55
quanti cation data of, 12-50–12-52

Laser Safety Committee (LSC), 12-35, 12-56–12-57
Laser Safety Offi  cer (LSO), 12-25
Laser Safety Personnel, 12-35
Laser safety program, 12-35
Laser safety training, 12-37–12-38
Laser users and support staff , personnel protection, 

12-36
Latex allergy, 19-1

diagnostic methods
allergy testing, 19-9–19-10
history and physical examination, 19-8–19-9
pathophysiology of, 19-7–19-8
respiratory symptoms, 19-10–19-11

epidemiology of, 19-5–19-7
prevention and treatment

primary prevention, 19-11
secondary prevention, 19-11–19-12
tertiary prevention, 19-12

relationship between hand and latex dermatitis 
and, 19-2

Latex glove, 20-1
barrier protection

bloodborne pathogens, 20-2–20-3
glove pro le, 20-3–20-7

glove-associated reactions, 20-7–20-9
delayed-type hypersensitivity, 20-10–20-12
hospital protocols, 20-15–20-16
immediate-type hypersensitivity, 20-12–20-14
irritation, 20-9–20-10
respiratory complications, 20-14

powder vs. powderfree gloves, 20-16–20-18
proper glove removal and disposal, 20-18

LFL, see Lowest feasible level
LFPM, see Linear feet per minute
Life safety, hospital, 29-2; see also Hospital safety offi  ce, 

need assessment
Lift  aid equipment, ergonomics, 9-48

Limits of detection (LOD), 12-12
Linear feet per minute (LFPM), 28-1
LOAEL, see Lowest observed adverse eff ect level
Local exhaust ventilation technique; see also Infrared 

Spectrophotometer analyzer
EtO exposure control, 13-10–13-11
for formaldehyde monitoring, 12-19–12-20
for plume control, 12-31

LOD, see Limits of detection; Lowest level of detection
LOHP, see Labor Occupational Health Program
Lowest feasible level (LFL), 12-15
Lowest level of detection (LOD), 16-16
Lowest observed adverse eff ect level (LOAEL), 23-2
LSC, see Laser Safety Committee
LSO, see Laser Safety Offi  cer

M

Magnetic resonance imaging (MRI), 1-4
MAKs, see Maximum allowable concentrations
Management of assaultive behavior (MAB), 7-23
Martin Chair-A-Table®

caregivers, 3-124–3-125
game changing technology, 3-122
institutions, 3-124
risk managers and insurers, 3-124
steps, 3-123–3-124

Material Safety Data Sheets (MSDSs), 
27-4, 29-4, 30-15

Maximum allowable concentrations (MAKs), 14-1
Maximum exposure limits (MELs), 12-40
MBTH, see 3-methyl-2-benzothiazolone hydrazone 

hydrochloride
MDL, see Minimum detection limit
Mechanical hazards control, laboratory safety, 

27-9–27-10; see also Laboratory safety
Medical laser procedures, usage of, 52
Medical removal protection, 23-8–23-10
Medical waste, 24-2–24-3

disposal technology, 24-5–24-9
EPA assessment plan, 24-21–24-22
historical activity, regulating infectious, 

24-13–24-19
infectious waste management, 24-12–24-13
management of, 24-1–24-2
PIW management, 24-9–24-11
potentially infectious waste (PIW), 24-4–24-5
standard terminology, lack of, 24-3–24-4
warning symbol, 24-4

Medical Waste Tracking Act (MWTA), 24-1
MELs, see Maximum exposure limits
Menstruation and shift work, 21-9; see also Health care 

worker (HCW); Shift work, health and safety 
hazards

Methoxy urane, health eff ects of, 17-6
3-Methyl-2-benzothiazolone hydrazone hydrochloride 

(MBTH), 14-8
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MICROCON HEPA air  ltration system
controlling bioaerosols, emergency room, 

11-74–11-77
isolation room investigation, 11-72–11-74

Microwave (MW) and radiofrequency (RF) radiation
biological eff ects, 12-5–12-6
and control of ESU smoke, 12-7–12-8

Mine Safety and Health Administration (MSHA), 
16-28

Minimum detection limit (MDL), 14-2
Miniram PDM 3, 12-50
Miran infrared spectrophotometer, 14-16, 17-17
MSDs, see Musculoskeletal disorders
MSDSs, see Material Safety Data Sheets
MSHA, see Mine Safety and Health 

Administration
Musculoskeletal disorders (MSDs), 9-1, 9-9, 9-12, 9-13, 

9-17
MWTA, see Medical Waste Tracking Act
Mycobacterium tuberculosis (MTb), 11-3, 11-103, 

11-111

N

1199 National Bene t Fund, hospital employees, 
32-7–32-8

National Council on Radiation Protection (NCRP), 
22-16

National Fire Protection Association (NFPA), 27-5
National Institute for Occupational Safety and Health 

(NIOSH), 9-9, 9-43, 10-2, 11-89–11-90, 12-3, 
23-2, 25-8, 26-8

National Institutes of Health and the Laser Institute, 
role of, 12-8

NCRP, see National Council on Radiation Protection
NDIR, see Nondispersive infrared analyzers
Nd:Yag laser, 12-24
Needlestick Safety and Prevention Act (NSPA), 6-5
Neurotoxicity in humans, EtO in, 13-2
New York Commissioner of Health, in shift work 

regulations, 21-7
New York Committee for Occupational Safety and 

Health (NYCOSH), 32-6
New York State (NYS)

acutely ill and dually diagnosed individuals, 7-15
competitive bidding process, 7-74
occupational injury and illness reporting (OIRS) 

database, 7-71
Offi  ce of Mental Health (OMH), 7-68
Public Employees Federation (PEF), 7-68

New York’s training and education grant program, 
32-6

NFPA, see National Fire Protection Association
NHZ, see Nominal hazard zone
Nightwork, 21-1–21-2; see also Health care worker 

(HCW); Shift work, health and safety 
hazards

checklist for reducing hazards of, 21-15
hidden costs of shift work, 21-2–21-3

accidents, 21-7
eff ect on workers, 21-4–21-5
gastrointestinal function and, 21-9
health care industry, night work in, 21-3
heart disease and, 21-9–21-12
nurses, 21-5–21-7
psychological eff ects of, 21-8
reproductive function, 21-8–21-9

strategies of
education, 21-14
hours limitation at night, 21-13–21-14
light control in the environment, 21-12
personal medical factors, 21-12–21-13
physical  tness and shift  rotation frequency, 

21-13
shift  rotation and napping strategies, 21-12

NIOSH, see National Institute for Occupational Safety 
and Health (NIOSH)

Nitrile gloves, role of, 20-4
Nitrosamines; see also Health Hazard Evaluation 

Report, NIOSH
air samples, results of, 12-16
biological eff ects of, 12-15
determination of, 12-12–12-13

Nitrous oxide; see also Inhalation anesthesia agents
health eff ects of, 17-5
monitoring of, 17-9–17-12
role in ophthalmology, 31-8

NOAEL, see No observable adverse eff ect level
NOEL, see No-observed eff ect level
Nominal hazard zone (NHZ), 12-28
Nondispersive infrared analyzers (NDIR), 

14-5, 14-8
Nonfatal occupational injuries and illness, HCSA 

sector
fatal occupational injuries

distribution, 2-31–2-32
incidence rates, 2-32
sex, race and ethnic origin, 2-31

incidence rates
assaults and violent acts, 2-27
back injuries, 2-26
body parts, 2-20, 2-22
events, 2-20, 2-23
 oor and ground surfaces, 2-28
health care patient, 2-27
home health care services, 2-24
hospitals, 2-19, 2-21
nature, 2-20, 2-22
nursing and residential care facilities, 2-16–2-18
overexertion and repetitive motion, 2-25
private industry employers, 2-19–2-20
skin diseases/disorders, 2-18–2-19
slips, trips and falls, 2-26
sources, 2-20, 2-23
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sprains and strains, 2-24–2-25
subsector, 2-20–2-21
worker motion, 2-28–2-29

industry level data
age category, 2-30
occupational data, 2-31
sex, race and ethnic origin, 2-29–2-30

nursing and residential care facilities, 2-16–2-18
private and service-providing industries, 2-18

No observable adverse eff ect level (NOAEL), 23-2
No-observed eff ect level (NOEL), 16-3
NSPA, see Needlestick Safety and Prevention Act
Nuclear medicine and radioactive materials, 22-11; 

see also Hospitals, radiation safety 
procedures in

Nurse and Patient Safety and Protection Act of 2007, 
3-29–3-31

Nurses, in shift work, 21-5–21-7; see also Shift work, 
health and safety hazards

Nursing home industry, 26-4–26-6, 26-10–26-12
Nursing home workers

back injuries in, 26-2, 26-7–26-8
dangers of, 26-6–26-7
injury and illness incidence rate of, 26-8
recommendations for, 26-3–26-4, 26-12–26-13
risks to, 26-8–26-10
understaffi  ng, 26-2
unsafe working conditions, 26-3

Nursing student health and safety training, hospital 
workplace, 31-17–31-18

education, of nursing students, 31-23–31-24
hospital workplace hazards, 31-17–31-18, 

31-22–31-23
issues and problems facing hospitals, 31-21–31-22
problems and risks in, 31-19–31-21

NYCOSH, see New York Committee for Occupational 
Safety and Health

NYS, see New York State

O

Occupational back pain disability reduction
back injuries prevention, 9-44
manual lift ing, 9-44
research study, 9-43–9-44
system approach

formulation recommendations, 9-46–9-50
implementation recommendations, 9-50–9-51
measurement and evaluation, 9-51
risk analysis, 9-46
risk identi cation and assessment, 9-45–9-46

Occupational exposure pathways
biological monitoring, 10-7–10-8
dermal pathways, 10-6
worker exposure pathways, 10-6–10-7

Occupational health hazards, home health care, 25-4; 
see also Home health care

Occupational injury reporting system (OIRS), 7-87
Occupational needlestick injuries

needlestick-prevention devices, 6-13–6-14
analyzing costs, 6-48–6-51
CAHDModel output, 6-50–6-51
general recommendations, 6-44–6-45
product group applications, 6-45–6-48

prevention methods, needlestick-transmitted 
infections

education and training, 6-17
needle-recapping controversy, 6-17–6-18
preventive devices, 6-19
sharps disposal, 6-18–6-19

risk, needlestick-transmitted infections
assessment, 6-14
management, 6-15–6-17
sources, 6-14–6-15

workers’ compensation, 6-3–6-4
zero risk, 6-4

Occupational reproductive hazards, 23-2–23-3
Occupational risks, of aerosolized pentamidine, 

15-1–15-2; see also Health care worker 
(HCW)

airborne tuberculosis transmission and treatment 
of, 15-5–15-7

engineering ventilation control for, 15-2–15-3, 
15-22–15-24

in health care workers, 15-9–15-10, 15-12–15-17
HEPA  ltration effi  c iency for, 15-18–15-22
inhalation hazard control for HCW in 

administration of, 15-7–15-11
tuberculosis screening, 15-4

Occupational Safety and Health Act (OSH Act), 
11-4–11-5

Occupational Safety and Health Administration 
(OSHA), 1-2, 1-4, 6-2, 12-5, 23-2, 24-2; 
see also Health care

bloodborne pathogens standard, 25-8
enforcement eff orts, in nursing home industry, 

26-4
ergonomics standard, for private sector employers, 

26-13
for ETO exposure, 13-7–13-10
formaldehyde standard for, 14-21–14-23
homecare workers, de nition of, 25-5
nursing workers, inspections of, 26-3

Occupational Safety Hazards Act in 1991, 20-1
Offi  ce of Mental Health (OMH)

environmental assessment, 7-79
New York State, 7-71
occupational health guidelines, 7-73
occupational injury and illness reporting (OIRS) 

database, 7-71
pilot projects, 7-101
planning interventions and curriculum writing, 

7-74
postincident support program, 7-87
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OIRS, see Occupational injury reporting system
Operating room personnel, blood aerosols exposure 

determination, 17-20–17-24
OSHA, see Occupational Safety and Health 

Administration
OSH Act, see Occupational Safety and Health Act

P

PAG, see Project advisory groups
Papermill workers and heart disease risk, 21-11; see 

also Shift work, health and safety hazards
PAS-h, see Photoacoustic infrared spectrophotometric 

analyzers
Passive electrochemical/solid state analyzer 

counterparts (PEC/SS-h), 17-14
Patch testing, in glove dermatitis, 19-10; see also Glove 

dermatitis
Patient-handling policy

Australia, 3-17–3-18
United Kingdom, 3-16–3-17
United States

American Nurses Association (ANA), 
3-19–3-20

California, 3-21–3-22
causes, solutions, and impacts, 3-20
evidence-based policy, 3-21
Florida, 3-23
Hawaii, 3-25
hazard assessments, 3-24–3-25
Illinois, 3-23
Iowa, 3-22
Maryland, 3-26–3-27
Massachusetts, 3-21
Michigan, 3-23
Minnesota, 3-27–3-28
Missouri, 3-23
Nevada, 3-22
New York, 3-23
nursing homes, 3-18–3-19
Ohio, 3-23
Rhode Island, 3-25–3-26
safety legislation, 3-20–3-21
Texas, 3-23–3-24
Vermont, 3-23
Washington, 3-24

Patient handling programs, features of, 18-8
Patient-handling tasks (PHTs), back injuries

administrative controls, 3-82–3-83
back belts, 3-76–3-78
bed mover, 3-81
clinical decision-making tools, 3-83–3-84
equipment/devices

ceiling lift s, 3-78–3-79
clinical trials, 3-80–3-81
 oor-based lift , 3-78–3-79
lateral transfer solutions, 3-81

PRS system, 3-79–3-80
repositioning aids, 3-79

lift  teams, 3-86–3-87
manual lift ing, 3-82
policies, 3-83
powered stretcher, 3-82
transport, 3-81–3-82
unit-based peer leaders

de nitions, 3-84
ErgoCoaches, 3-85
program implementation, 3-86
VA peer leaders, 3-85

Patient-handling technologies; see also Back injuries
ambulatory and mobility aids, 3-73–3-74
bathing equipment, 3-74
intellidrive system, 3-74–3-75
lateral transfer aids

concepts, 3-70
friction-reducing properties, 3-70–3-72
repositioning devices, 3-72
sliding boards, 3-71
transfer chairs, 3-72–3-73

mattresses and beds, 3-74
patient-transfer equipment design, 3-75
powered full-body sling lift s

advantages, 3-67
ceiling-mounted lift ing system, 3-65–3-66
 oor-based lift s, 3-67–3-68
gait/transfer belt, 3-69–3-70
powered standing lift s, 3-68
spinal cord injury/disorders (SCI/D), 3-66
standing assist and repositioning aids, 3-69

Patient injury prevention program, goal of, 18-6
Patient Safe™, 5-42
PBZ, see Personal breathing zone
PCP, see Pneumocystis carinii pneumonia
Peak expiratory  ow rates (PEFR), 15-15
PEC/SS-h, see Passive electrochemical/solid state 

analyzer counterparts
Pediatric intensive care units (PICUs), 16-2
PEF, see Public Employees Federation
PEFR, see Peak expiratory  ow rates
PEL, see Permissible exposure limits
Pentamidine, occupational risks of, 15-1–15-3

airborne tuberculosis, 15-5–15-7
engineering ventilation control for, 15-2–15-3, 

15-22–15-24
health care workers

exposures of, 15-12–15-17
health eff ects of, 15-9–15-10

HEPA  ltration effi  c iency for, 15-18–15-22
inhalation hazard control, HCW, 15-7–15-11
tuberculosis screening, 15-4

PEOSH, see Public Employees Occupational Safety and 
Health

Peracetic acid, 5-4
Percutaneous injury (PI), 6-5
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Permissible exposure limits (PEL), 11-4, 13-2, 14-1
Peroxidizable chemicals, laboratory safety, 27-6; see 

also Laboratory safety
Personal breathing zone (PBZ), 16-16
Personal protection factor (PPF), 16-15
Personal protective equipment, 20-2; see also Health 

care worker (HCW)
for ethylene oxide exposure, 13-21–13-22
for formaldehyde exposure, 14-20
for RF/MW radiation exposure, 12-5
and techniques, for blood aerosol exposure, 

17-22–17-24 (see also Anesthesia mask gas-
scavenging system)

Personal protective equipment (PPE)
avian in uenza virus (AIV), 4-10–4-11
cholera and rota virus, 4-14
hazards, 4-16
HCW dates, 4-12–4-13
health care industry (HCI), 4-10–4-11
in uenza (avian  u), 4-20–4-22
microorganisms, 4-15
monkeypox, 4-19
multi-drug resistant (MDR) TB, 4-10
nosocomial disease, 4-13
occupational nosocomial diseases (OND), 

4-11–4-12
pathogens, 4-24–4-25
severe acute respiratory syndrome (SARS)

emerging infectious diseases, 4-16–4-17
HCW, 4-17–4-18
nosocomial diseases, 4-18
novel coronavirus (SARS-CoV), 4-16–4-17
urine and feces, 4-18–4-19

Streptococcus pyrogenes, 4-13
transmission-borne disease, 4-14–4-15
tuberculosis–antibiotic resistance, 4-19–4-20
types, 4-12

Personnel health program (PHP), 5-19
Pharmacy, ergonomic challenges

infusion center
pair of pliers, 9-17
ripping open seals, 9-16

inpatient
antifatigue runners, 9-14
workstation, 9-15

outpatient
inventory bins, 9-15
step ladder, 9-16

Phlebotomy, ergonomics, 9-11–9-12
Photoacoustic infrared spectrophotometric analyzers 

(PAS-h), 17-14
Photoionization detector (PID), 17-14
PI, see Percutaneous injury
PICUs, see Pediatric intensive care units PID, see 

Photoionization detector
PIR spectrophotometric analyzers, limitation of, 14-4
PIW, see Potentially infectious waste

Plastic eyewear, 12-27; see also Health care
Plume exposures, controlling of, 12-31–12-32
PNAs, see Polynuclear aromatic compounds
Pneumocystis carinii pneumonia (PCP), 15-2
Polynuclear aromatic compounds (PNAs), 12-10, 

12-12, 12-15–12-16
Portable HEPA  ltration, TB isolation

challenge data
MICROCON®, 11-64–11-67
purge test data, 11-66
stabilization period, 11-65

 ltration, mechanics
depth  lter, 11-31
relative eff ect, 11-33
single  ber, 11-32

health care facilities, 11-33–11-34
in-room HEPA  ltration

air curtain eff ect, 11-37
antituberculous drugs, 11-36
negative pressure, 11-35
particle clearance, 11-36

interim solution, 11-40
mechanics of  ltration, 11-31–11-33
respiratory isolation, TB

isolation ventilation, 11-35
multiple drug-resistant tuberculosis (MDR-TB), 

11-34
respiratory protection, 11-38
source control

containment hood, 11-39
fugitive pentamidine, 11-38

Positron particles, properties of, 22-3; see also 
Radiation safety procedures, hospitals

Posttraumatic stress disorder (PTSD), 7-51
Potentially infectious waste (PIW), 24-1, 24-4–24-5, 

24-10–24-11
PPE, see Personal protective equipment
PPF, see Personal protection factor
Pregnancy Discrimination Act of 1978, 23-3
Pregnant women, occupational exposure, 22-9; see also 

Hospitals, radiation safety procedures
Project advisory groups (PAG), 7-11
Proper glove donning techniques, 20-8; see also Latex 

glove
Protein level, in latex gloves, 20-14; see also Latex glove
PTSD, see Posttraumatic stress disorder
Public Employees Federation (PEF)

attack insurance plan, 7-68
Binghamton Psychiatric Center, 7-87
Buff alo project conclusion, 7-85
competitive bidding process, 7-74
health & safety department, 7-72
innovative prevention programs, 7-68
planning interventions and curriculum writing, 

7-74
Public Employees Occupational Safety and Health 

(PEOSH), 7-43–7-44
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Public safety; see also Shift work, health and safety 
hazards

checklist for reducing hazards, 21-15
shift work, hidden costs of, 21-2–21-3

accidents, 21-7
eff ect on workers, 21-4–21-5
gastrointestinal function and, 21-9
health care industry, night work in, 21-3
heart disease and, 21-9–21-12
nurses, 21-5–21-7
psychological eff ects of, 21-8
reproductive function, 21-8–21-9

strategies of
education, 21-14
hours limitation at night, 21-13–21-14
light control in the environment, 21-12
personal medical factors, 21-12–21-13
physical  tness and shift  rotation frequency, 

21-13
shift  rotation and napping strategies, 21-12

Pulsed lasers, 12-24

Q

Quantitative  t testing, ribavirin exposure, 16-43

R

Radiation hazards control, laboratory safety, 27-8; 
see also Laboratory safety

Radiation safety procedures, hospitals, 22-2; see also 
Hospitals, radiation safety procedures

cadavers, safe handling of, 22-20–22-21
clinical laboratories and research facilities, 22-12
diagnostic radiology, 22-10–22-11
dose limits, 22-7–22-9
environmental surveillance and dosimetry, 

22-9–22-10
I-131 and P-32, therapy uses of, 22-17–22-19
ionizing radiation, biological eff ects of, 22-5–22-7
nuclear medicine, 22-11
radiation accident patient, 22-21
radiation, physical properties

half life, 22-4
half-value layer, 22-4–22-5
inverse square law, 22-5
ionizing radiation, energy of, 22-4
nonionizing radiation and ionizing radiation, 

22-2
radioactive materials, 22-2–22-4

radiation therapy, 22-12–22-13
radioisotope policies, 22-21–22-23
radionuclide therapy, 22-17, 22-19

Radioimmunoassay (RIA), 16-4
Radioisotope policies, usage of, 22-21–22-23; see also 

Hospitals, radiation safety procedures

RCRA, see Resource Conservation and Recovery Act
Recommended exposure limits (RELs), 14-1
Recommended Practices Committee (RPC), 12-41
Reducing occupational back pain disability, 

ergonomics
back injury prevention, 9-44–9-45
health care workers, 9-42
lift ing techniques, 9-42
manual lift ing, 9-44
NIOSH formula, 9-43
research study, 9-43–9-44
systems approach

assessment, 9-45–9-46
evaluation and measurement, 9-51
implementation, 9-50–9-51
recommendations, formulation, 9-46–9-50
risk analysis, 9-46

Reducing tuberculosis spread, workplace
air quality survey

air movement direction, 11-49–11-50
natural ventilation, 11-48

checking building ventilation, 11-48
interacting way, 11-56
move desks, chairs, and people

 oor plan, 11-57
workplace improvements, 11-56

natural ventilation, low-cost ways
installing properly position fans, 11-51–11-54
opening windows, 11-51
portable room air cleaner, 11-54–11-55

Re ective laser protective eyewear, 12-26–12-27; 
see also Health care

Registered nurses (RNs), 21-3
Registry toxic eff ects chemical substances (RTECS), 

23-4
Regulated medical waste, de nition of, 24-2; 

see also Medical waste
RELs, see Recommended exposure limits
Reproductive hazards committee, 23-5–23-6
Reproductive risk, 23-1–23-2; see also Hospital, 

reproductive hazards
ALARA exposures, 23-7–23-9
background of, 23-2–23-3
medical removal protection, 23-9–23-10
policy, 23-3
program to confront reproductive hazards, 

23-4–23-6
Reproductive toxin

eff ects of, 23-1–23-2 (see also Hospital, reproductive 
hazards)

identi cation, 23-4
policies for, 23-6

Resident transfer tasks, 9-47–9-48
Resource Conservation and Recovery Act (RCRA), 

24-13, 29-3
Respirators

aerodynamic diameter, 4-26
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airborne microorganisms, 4-55
air  ltration mechanism, 4-56–4-58
air-purifying respirators (APR), 4-27
assigned protection factor (APF), 4-58
bioaerosols

approach, 4-64–4-65
avian in uenza viruses (AIV), 4-69
bacteria, 4-73
biological hazards, 4-61
concentrations, 4-70–4-71
criteria, 4-68
decision tree, 4-83
endotoxins, 4-73–4-74
infectious doses, 4-61–4-62
measles, varicella and smallpox viruses, 4-63
medical mask, 4-69–4-70
molds, 4-72–4-73
non-infectious, 4-61–4-62, 4-70
peat moss packager, 4-76
protection factors, 4-74
research guidlines, 4-75
risk and experts’ recommendations, 

4-64–4-68
risk coeffi  cient (RC) method, 4-72
SARS virus, 4-75
wastewater treatment plant, 4-75

biological weapons, 4-56
categories, 4-56
characteristics, 4-27
 l tration effi  ciency, 4-57
 t tests, 4-59
full-face respirators (FFR), 4-31
HCW, 4-30
helmet-type system, 4-31
HEPA  lters, 4-29–4-30
mechanical systems, 4-28
N95 type, 4-30–4-31
powered air-purifying respirator (PAPR), 4-31, 

4-60
poxviruses, 4-29
programs

criteria and types, 4-37–4-39
HCW, 4-37
OSHA requirements, 4-36–4-37

plume control, 12-32
pulmonary TB, 4-24
requirements, 4-25
SARS event, 4-25–4-26
SAR system, 4-31
SCUBA and SAR systems, 4-30
seal checks, 4-59
self-contained breathing apparatus (SCBA), 4-28
standards and regulations, 4-84
surgical and paper masks, 4-27–4-28
ULPA  lters, 4-25

Respiratory protection, laboratories, 27-11; see also 
Laboratory safety

Respiratory protective equipment (RPE); see also 
Health care worker (HCW); Personal 
protective equipment

blood aerosols exposure, 17-22–17-24
EtO exposure, 14-15

Respiratory symptoms, glove dermatitis, 19-10–19-11; 
see also Glove dermatitis; Latex allergy

Respiratory syncytial virus (RSV), 16-2
Ribavirin aerosol, HCWs’ health eff ects of, 16-3; 

see also Aerosolized pentamidine (AP), 
occupational risks

acceptable exposure levels, 16-3
control system validation for, 16-20–16-21
engineering and administrative controls, 

16-13–16-14
materials and methodologies, 16-14–16-16
outcomes, 16-17–16-18

engineering controls, 16-23
exposure assessment methods, 16-4
exposure levels for, 16-4–16-6
health hazard assessment data, 16-41
hospital’s written policy and shift  assignments, 

16-23
industrial hygiene survey report, 16-10–16-12
limitations, 16-35–16-36
methodologies, 16-24–16-28
outcomes, 16-28–16-35
pharmacokinetics and exposure, 16-24
policies, recommendations, 16-8
protection policies, 16-9–16-10
recommendations for, 16-7–16-8, 16-37–16-38, 

16-52–16-55
recommended concentration, 16-43–16-55
room ventilation, 16-24
symptoms, 16-6
toxicology of, 16-3, 16-23–16-24
uses of, 16-22

RPC, see Recommended Practices Committee
RPE, see Respiratory protective equipment
RSV, see Respiratory syncytial virus
RTECS, see Registry toxic eff ects chemical substances

S

Safety Committee, hospitals, 29-4; see also Hospital 
safety offi  ce, need assessment

Safety Offi  ce, hospital, 29-1–29-2; see also Hospital 
safety offi  ce, need assessment

chemical spill cleanups, 29-5–29-6
chemical use, industrial hygiene monitoring of, 

29-5
committee membership, 29-7–29-8
electrical safety, 29-2–29-3
environmental regulations aff ecting hospitals, 

29-10
 re/life safety, 29-2
hazard communication standard, 29-4–29-5
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hospital waste program, 29-3
liaison, 29-6–29-7
library in, 29-11
planning and product recalls, 29-8
professional maintenance, 29-9–29-10
safety committee/accident, 29-4
safety offi  ce, administration of, 29-10
technical service, 29-9
universal precautions, 29-10
vendors and consultants, meeting with, 29-9

Safety policy, laboratories, 27-2; see also Laboratory 
safety

San Francisco General Hospital (SFGH), 11-103, 
11-104, 11-106, 11-108

San Francisco General Hospital memoranda, 
glutaraldehyde elimination, 
14-30–14-31

SARA, see Superfund Amendment and 
Reauthorization Act

Sarcoptes scabiei, 31-13
Scabies, 31-13

prevention of, 31-14
symptoms of, 31-13–31-14
transmission and treatment of, 31-14

SCBA, see Self-contained breathing apparatus
Security and safety, health care

clinics and outpatient facilities
engineering control, 7-30
work practice and administrative controls, 

7-30–7-31
emergency rooms and general hospitals

engineering control, 7-31
general hospitals, 7-32

hazard prevention and control
general building, workstation and area designs, 

7-27
maintenance, 7-27–7-28

home/ eld operations
engineering controls, 7-32–7-33
work practice and administrative controls, 

7-33
medical management, 7-33–7-34
occupational homicides, 7-19
prevention, 7-22–7-24
program development

commitment by top management, 7-24–7-25
employee involvement, 7-25
management commitment and employee 

involvement, 7-24
regular program review and evaluation, 7-26
written program, 7-25

program evaluation, 7-37–7-38
psychiatric hospital/in-patient facilities

administrative controls, 7-28–7-30
engineering control, 7-28
work practice controls, 7-30

recordkeeping, 7-35

risk factors
environmental factors and work practices, 

7-20–7-21
perpetrator and victim pro le, 7-21–7-22

sexual assaults with serious injury, 7-20
training and education

general, 7-35–7-36
job-speci c, 7-36–7-37
supervisors and managers maintenance and 

security personnel, 7-37
violence cost, 7-22
worksite analysis

record review, 7-26
security hazards identi cation, 7-26–7-27

SEIU, see Service Employees International Union
Self-contained breathing apparatus (SCBA), 

13-15–13-16
Service Employees International Union (SEIU), 

7-47–7-48, 25-8, 26-1
recommendations on nursing home workers, 

26-3–26-4
research on nursing home workers, 26-2
staffi  ng standards improvement, recommendations 

on, 26-12–26-13
Severe acute respiratory syndrome (SARS)

Canada, 4-3–4-4
emerging infectious diseases, 4-16–4-17
HCW, 4-17–4-18
national agencies response paradigms, 4-6–4-7
nosocomial diseases, 4-18
novel coronavirus (SARS-CoV), 4-16–4-17
personal protective equipment (PPE), 4-9–4-11
urine and feces, 4-18–4-19

SFGH, see San Francisco General Hospital
Sharps injuries prevention

Air Support Medical Sharps Pin Cushion™ 
container, 6-63–6-64

blood collection systems
Baxter/Edwards VAMP, 6-36
Becton Dickinson Vacutainer Systems, 6-59
Bio-Plexus Punctur-Guard, 6-59–6-60
Medical Safety Products Acci-Guard, 6-36–6-37
Ryan Medical Blood Adapter, 6-37–6-38
Viggo-Spectramed Safedraw, 6-60–6-61

catheter starters
Critikon ProtectIV, 6-23–6-24
Deseret Medical Intima, 6-24–6-25
Menlo Care Landmark, 6-25–6-26
Ryan Medical Shamrock, 6-26

disposable syringes
Becton Dickinson Safety-Lok Syringe, 

6-38–6-39
Concord/Portex Needle-Pro, 6-61–6-62
NeedlePoint Guard Safety Syringe, 6-39–6-40
Sherwood Medical Monoject, 6-40–6-41

EPINet sharps injury data, 6-6–6-7
health care worker protection, 6-11
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implement safety-engineered devices, 6-9–6-10
legislation and policy, 6-5
medication connectors

Baxter Healthcare InterLink IV Access System, 
6-27–6-28

Baxter Healthcare Needle-Lock, 6-28–6-29
Burron Medical Safsite, 6-29–6-30
CU Medical Piggy Lock, 6-55–6-56
Edge Medical Safe-Draw multidose drug vial 

adapter, 6-58
ICU Medical Click Lock, 6-30–6-31
IMS Stick-Gard, 6-31–6-32
L&W Technology Safeport, 6-31–6-33
Pascall Medical SPIVE, 6-33
Ryan Medical Saf-T Clik, 6-33–6-34
Tri-State Hospital Supply Kleen-Needle, 

6-34–6-35
needle guards

ICU Medical HR Needle, 6-40–6-42
North American Medical Products Safe-Site, 

6-42
needleless medication/vaccine injectors, Bioject 

Biojector, 6-19–6-20
needle-recapping devices

J & T Products, 6-62–6-63
On-Gard Systems Recapper, 6-43–6-44
Terumo Safe-Guard Shield, 6-43–6-44

NSPA impact
injury rates, 6-8–6-9
market data, 6-7–6-8

occupational needlestick injuries
education and training, 6-17
needle-recapping controversy, 6-17–6-18
needlestick-prevention devices, 6-13–6-14, 

6-44–6-51
preventive devices, 6-19
risk assessment, sources and management, 

6-14–6-17
sharps disposal, 6-18–6-19
workers’ compensation, 6-3–6-4
zero risk, 6-4

OSHA enforcement actions, 6-5
pre lled medication systems

Winthrop Pharmaceuticals Carpuject, 
6-21–6-22

Wyeth-Ayerst Tubex, 6-22–6-23
safety devices effi  cacy, 6-9

Shift work, health and safety hazards, 21-1–21-2
checklist for reducing hazards, 21-15
hidden costs of shift work, 21-2–21-3

accidents, 21-7
eff ect on workers, 21-4–21-5
gastrointestinal function and, 21-9
health care industry, night work in, 21-3
heart disease and, 21-9–21-12
nurses, 21-5–21-7

psychological eff ects of, 21-8
reproductive function, 21-8–21-9

strategies
education, 21-14
hours limitation at night, 21-13–21-14
light control in the environment, 21-12
personal medical factors, 21-12–21-13
physical  tness and shift  rotation frequency, 

21-13
shift  rotation and napping strategies, 21-12

Skin damage; see also Ethylene oxide (EtO)
EtO in, 13-2
laser beam exposure, 12-29

Skin protection, laser plume, 12-33
Skin testing, contact urticaria, 19-10
Sleep disorders, shift work workers, 21-4; see also 

Health care worker (HCW); Public safety; 
Shift work, health and safety hazards

Sliding boards, ergonomics, 9-48
Slip, trip, and fall (STF), 8-1–8-4
Small Particle Aerosol Generator® nebulizer, 16-22
Smoke evacuation systems

for plume control, 12-32
techniques for using, 12-33

SMR, see Standard mortality ratio
SOPs, see Standard operating procedures
Sorbent tubes, qualitative organic analysis; see also 

Health Hazard Evaluation Report, NIOSH
methodologies, 12-13
outcome, 12-17–12-19

SPAG-2® nebulizer, see Small Particle Aerosol 
Generator® nebulizer

Sputum induction booth, 11-86
Standard mortality ratio (SMR), 21-10–21-11
Standard operating procedures (SOPs), 12-25
Steam sterilization, infectious hospitals waste, 24-6; see 

also Medical waste
Sterilants, disinfectants and sanitizers, CDC and EPA 

classi cation schemes for, 14-29
STF hazard prevention

age group, employment length and gender, 8-3–8-4
body part and injury nature, 8-2–8-3
circumstances, 8-3–8-4
claim rates, age group and gender, 8-4
compensation claim rates, 8-3
evaluation, 8-6
friction characteristics

 ooring testing and classi cation, 8-5–8-6
shoe– oor slip resistance, 8-4–8-5

full-time equivalent (FTE), 8-2
hazard assessments, 8-7
ice and snow removal, 8-10
identi cation, 8-6–8-7
incidents distribution, 8-2
lighting, 8-10
minimize tripping hazards, 8-9
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operating rooms (OR), 8-9–8-10
stairs and handrails, 8-11
strategies

 oors clean and dry, 8-7–8-8
housekeeping program, 8-7
slip-resistant shoes, 8-8–8-9
wet  oors, 8-8

work-related injury, 8-2
Superfund Amendment and Reauthorization Act 

(SARA), 29-4
Surgical smoke

content and research, 12-2–12-3
standards and recommendations, 12-3

Surveillance systems, HCSA sector
Bureau of Labor Statistics (BLS), 2-14–2-15
data source limitations, 2-44
disease and cause-speci c mortality data

industry subsector, 2-38–2-40
National Occupational Mortality Surveillance 

(NOMS), 2-38
proportionate mortality ratio (PMR), 2-38, 

2-41–2-44
fatal occupational injuries, 2-31–2-32
industry level data, 2-29–2-31
infectious disease data

bloodborne infections, 2-37–2-38
HBV infections, 2-36–2-37
HCV, 2-37
sharps injuries, 2-34–2-36
tuberculosis, 2-37

injuries/illnesses, exposures and sources
assaults and violent acts, 2-27
back injuries, 2-26
 oor and ground surfaces, 2-28
health care patient, 2-27
overexertion and repetitive motion, 2-25
slips, trips and falls, 2-26
sprains and strains, 2-24–2-25
worker motion, 2-28–2-29

key facts, 2-33
nonfatal occupational injuries and illness

incidence rates, 2-16–2-24
nursing and residential care facilities, 2-16–2-18
private and service-providing industries, 2-18

OSHA, 2-14
Survey of Occupational Injuries and Illnesses 

(SOII), 2-14
underestimate, 2-33–2-34

T

TCD, see Th ermal conductivity detector
TDICT, see Training for Development of Innovative 

Control Technology Project
Telanar model 4000 dynamic head space concentrator, 

12-13

Teletherapy, radiation therapy, 22-12–22-13; see also 
Hospitals, radiation safety procedures

Th ermal conductivity detector (TCD), 17-12
Th ermo luminescent dosimeters (TLDs), 22-9
Th reshold limit values (TLVs), 14-1
Time-weighted average (TWA), 12-15, 28-4
Tissue biological eff ects, lasers, 12-24
TLDs, see Th ermo luminescent dosimeters
TLVs, see Th reshold limit values 
Toluene biological eff ects, case study for, 28-1–28-4
Total particulate weights, determination of, 12-12; 

see also Health Hazard Evaluation Report, 
NIOSH

Training for Development of Innovative Control 
Technology Project (TDICT), 25-8

Training programs, laboratory safety, 27-4–27-5; 
see also Laboratory safety

Tuberculosis; see also Health care worker (HCW); 
Home health care

and aerosolized pentamidine treatment, association 
of, 15-6

and bronchoscopy, endotracheal intubation, and 
tracheostomy association, 15-7

in home health care, 25-8–25-9
Tuberculosis engineering controls

ClestraClean room air sterilizer, 11-77–11-79
health care settings, control options

health care worker (HCW), 11-84
HEPA bed tent, 11-85–11-86
recovery rate tests, HEPA, 11-87
RxAIR unit, 11-88
sputum induction booth, 11-86

implementing in county hospital
bronchoscopy, 11-106
emergency department (ED), 11-103–11-104
negative-pressure isolation room, 11-104–11-105
outpatient clinics, 11-106–11-108
pressure diff erential monitoring, 11-106
San Francisco General Hospital (SFGH), 

11-103–11-104, 11-106, 11-108
sputum induction, centralization, 11-104

implementing quality assurance program
developing protocol, 11-110–11-111
negative pressure maintenance, 11-114
performing audits, 11-111
project evaluation, 11-111–11-113
project proposal, HCW, 11-109–11-110
survey results, 11-113

industrial hygiene approach, control
directional air ow, 11-11–11-13
hazard characterization, 11-3–11-4
patient isolation rooms, 11-21–11-25
regulations and guidelines, 11-4–11-6
research needs, 11-26
source characterization, 11-5–11-6
source control, 11-6–11-11
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MICROCON HEPA air  ltration system
controlling bioaerosols, emergency room, 

11-74–11-77
isolation room investigation, 11-72–11-74

portable HEPA  ltration, TB isolation
challenge data, 11-64–11-67
 ltration mechanisms, 11-31–11-33
health care facilities, 11-33–11-34
in-room HEPA  ltration, 11-35–11-37
mechanics of  ltration, 11-31–11-33
respiratory isolation, TB, 11-34–11-35
respiratory protection, 11-38
source control, 11-38–11-39

reducing spread, tuberculosis
air quality survey, 11-48–11-50
move desks, chairs, and people, 11-56–11-57
natural ventilation, low-cost ways, 11-51–11-55

RS 1000 HEPA challenge test
air scrubber, 11-62
clearance rates/decay rates, 11-61

surgical mask, droplet nuclei TB, 11-89–11-90
surgical masks ineffi  ciency, droplet nuclei TB

dust mist respirator, 11-90
mass median diameter (MMD), 11-89

TB prevention, workplace, 11-41–11-47
test method, 11-57–11-63
ultraviolet radiation

American Society of Heating, Refrigerating and 
Air Conditioning Engineers (ASHRAE), 
11-93

eff ective factors, 11-92
germicidal UV lamps, 11-91
heating, ventilating, and air conditioning 

(HVAC) system duct, 11-94
inverse square law, 11-97
NIOSH exposure limit, 11-96
reciprocity law, 11-97
recommendations, 11-97
shielded UV  xtures, 11-92
technical details, 11-97
UV-C region, 11-94

ventilation
aerosol therapy cabinet, 11-98
ASHRAE standard, 11-100
calculation, number of room air, 11-100–11-101
dilution, 11-99
local exhaust, 11-98–11-99
make-up air supply, 11-101
room air distribution, 11-99–11-100
suggestions, 11-101

TWA, see Time-weighted average

U

UCSF health eff ects study, 15-15–15-17
UIHC, see University of Iowa Hospitals and Clinics
ULPA, see Ultralow penetration air

Ultralow penetration air (ULPA), 12-3
Ultraviolet germicidal irradiation (UVGI), 11-3, 

11-19–11-21
Ultraviolet radiation, TB control

American Society of Heating, Refrigerating and Air 
Conditioning Engineers (ASHRAE), 11-93

duct irradiation, 11-20
eff ective factors, 11-92
germicidal UV lamps, 11-91
heating, ventilating, and air conditioning (HVAC) 

system duct, 11-94
HEPA  ltration unit, 11-18–11-20
inverse square law, 11-97
NIOSH exposure limit, 11-96
reciprocity law, 11-97
recommendations, 11-97
shielded UV  xtures, 11-92
technical details, 11-97
ultraviolet germicidal irradiation (UVGI), 11-20
UV-C region, 11-94

Unipolar electrocautery unit, 12-5
United States and Canada

class, 4-7–4-8
emerging infectious diseases, 4-1–4-2
globalization and global warming eff ects, 4-7
national agencies response paradigms, 4-6–4-7
occupational health paradigms

centralization, 4-4–4-5
contagious airborne diseases, 4-3
health care worker (HCW), 4-2–4-4
health/protecting HCW arena, 4-2–4-3
HVAC systems, 4-4
severe acute respiratory syndrome (SARS), 

4-3–4-4
surging population, 4-5

public health paradigms, 4-5–4-6
Universal control, laboratory safety, 27-2; see also 

Laboratory safety
Universal precautions

aim of, 17-20
of blood and body  uids, 25-8 (see also Home 

health care)
University of Iowa Hospitals and Clinics (UIHC), 24-3
University of Wisconsin Hospital, glutaraldehyde 

study, 14-25–14-26
U.S. Bureau of Labor Statistics (BLS), 26-7
Use test, procedure of, 19-10; see also Glove dermatitis; 

Latex allergy
U.S. Offi  ce of Management and Budget, 25-2
UVGI, see Ultraviolet germicidal irradiation

V

Vacuum scavenging systems, 17-7
Ventilation evaluation, ribavirin, 16-27–16-28
Ventilation, TB control

aerosol therapy cabinet, 11-98
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ASHRAE standard, 11-100
calculation, room air change, 11-100–11-101
capture effi  c iency, 11-10
dilution, 11-99
empirical expressions, 11-8
 anges, 11-8
industrial ventilation manual, 11-10
local exhaust systems, 11-8, 11-98
make-up air supply, 11-101
room air distribution, 11-99–11-101
slot hood, 11-8
sputum induction booth, 11-9
suggestions, 11-101
tracer gas decay curve, 11-15

Veterans’ Administration memorandum, 
glutaraldehyde elimination, 14-29–14-30

Violence, health care industry
barriers, 7-14–7-15
clinical history, 7-107–7-108
community, 7-109–7-110
community settings, 7-13–7-14
employee alarm systems, 7-44–7-45 history, 

7-108–7-109
injury and illness prevention program

exceptions, 7-42–7-43
history, 7-44
steps record, 7-43

institutional settings
intervention types, 7-8
mental health and emergency departments, 

7-8–7-9
psychiatric settings, 7-8

job assault
assault incident report form, 7-65
employer’s responsibility, 7-50
factors, 7-49
grievance/petition form, 7-66
guidelines, 7-50–7-51
job survey, 7-64–7-65
posttraumatic stress disorder (PTSD), 7-51
prevention organization, 7-62–7-63
reasons and victims, 7-48
resource list, 7-54–7-62
sample contract language, 7-51–7-54
sexual harassment, 7-49
work environment, 7-49–7-50
work-related deaths, 7-48

joint labor/management experience
assaults vs. restraints, 7-73
Binghamton Psychiatric Center, 7-87–7-95
Buff alo Psychiatric Center, 7-74–7-87
health care facilities, 7-69
national pro le, 7-71
New York State, 7-71–7-72
organizational culture and political will, 

7-70–7-71
OSHA guidelines, 7-69–7-70

lawsuits, staff  moral and bad publicity, 7-2
lean staffi  ng, 7-4
magnitude and severity, 7-5–7-6
memo, 7-107
observations and comments, 7-105–7-107
prevention policy and programming

critical program components, 7-9
performance-based, 7-11
posttraumatic stress disorder (PTSD), 7-10

public sector health care facilities
authority, 7-46
PEOSH reporting requirements, 7-47

recommendations, 7-15–7-16
reported staff  comments, 7-104–7-105
research, 7-7
risk factors, 7-6–7-7
security and safety

clinics and outpatient facilities, 
7-30–7-31

emergency rooms and general hospitals, 
7-31–7-32

employer cost, 7-22
evaluation, 7-37–7-38
hazard prevention and control, 7-27–7-28
home/ eld operations, 7-32–7-33
medical management, 7-33–7-34
prevention, 7-22–7-24
program development, 7-24–7-26
psychiatric hospital/in-patient facilities, 

7-28–7-30
recordkeeping, 7-35
risk factors, 7-20–7-22
training and education, 7-35–7-37
worksite analysis, 7-26–7-27

staff  survey, 7-103–7-104
state fund industries, 7-5
training and program development, 7-47 typology, 

7-4–7-5
workplace prevention, 7-3
workplace study, 7-104

W

Waste anesthetic gases, sources of, 17-7–17-8
Weight loss surgery (WLS)

deep venous thrombosis (DVT), 3-48–3-49
Minnesota Multiphasic Personality Inventory-2 

(MMMP-2), 3-48
psychosocial implications, 3-49–3-50
Roux-en-Y gastric bypass (RYGB), 3-48
wound care, 3-49

Wet chemistry (WC) analyzer
for formaldehyde monitoring, 14-6–14-7
for glutaraldehyde monitoring, 14-8
role of, 14-5

WHMIS, see Work Health Material Information 
System
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Workers’ compensation; see also Health care worker 
(HCW)

and health care industry, 32-2–32-3
in National Health Care System reforms, 32-9
New York’s training and education grant program 

by, 32-6
occupational disease and, 32-4
politics of, 32-3
for tuberculosis, 32-4–32-5
in workplace injuries and illness prevention, 32-6

Workers job performance, shift work, 21-4–21-5; 
see also Shift work, health and safety 
hazards

Work Health Material Information System (WHMIS), 
14-20

Workplace hazardous drugs control, chemodrugs
administering hazardous drugs, 10-11
administrative controls, 10-15
closed system devices, 10-14
drug transportation, 10-11
engineering controls, 10-12–10-13
hazard assessment, 10-8–10-9
medical surveillance, 10-16
personnel exposure, safe levels, 10-17
polices, programs and procedures, 10-9
PPE, 10-14–10-15
preparation areas, 10-10
receiving and storage, 10-9–10-10
spill management, 10-11–10-12

training, 10-15–10-16
ventilated cabinets, 10-13–10-14

Workplace health care facilities, ergonomics design
dynamic simulation, future activity

design concept development, 9-33–9-35
enlarged plan, 9-36–9-38
full-scale simulation, 9-38
prognosis and follow-up, 9-39–9-41
project data analysis, 9-27–9-29
prototype, 9-38
scenario activity, 9-29–9-33
simulation props, 9-36

functional building analysis
macroscopic level, 9-25
mesoscopic and microscopic level, 9-26

problem situation, 9-24
speci c approach, 9-23–9-24

Workplace PF, de nition of, 16-55
Work practices and procedure, EtO exposure 

prevention, 13-21–13-22
Work-related exposures

to hepatitis B, 31-15–31-16
to hepatitis C, 31-16

X

X-rays, properties of, 22-4; see also Radiation safety 
procedures, hospitals

Xylene biological eff ects, 28-4–28-7
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