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m2.m2.
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CCC1=CC=CC(CC)=C1N(C(CCl)=O)COC GS: glutathione residue
Gluc: glucuronic acid residue
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(H.R) (H.R)

(H.R)
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(R.)

OH

m. m.
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(H.R) (H.R)

(H.R) (H.R)

H: human, R: rat

*

4-Aminobiphenyl

(2-chloroaniline)
4,4'-Methylene-bis-

(2-chloroaniline)
4,4'-Methylene-bis-

CC=C(N)C(Cl)=C2)=C1
ClC1=C(N)C=CC(CC2=

C=C2C1=C3C=CC=C1
NC(C=C2[3H][3H]3)=C

4-Aminobiphenyl
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3,4-Dichloroaniline
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N

NO2

O

or

NH2

HO O

NO2

H
N

HO O

NH

O

O

M.

M. M. M.

M.

M.

CC1=C([N+]([O-])=O)C=C
([N+]([O-])=O)C=C1

sulfate
(bile)

(bile)

(bile)(bile)

(bile)

(bile)
(bile)

(bile)

gluc.-conj.

(bile)

(bile) (bile) (bile)
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O2N NO2

O2N NH2

HO

O2N NO2

HO OH

O2N NH2

O2N NO2

H O

M.
O2N NO2

HO

m.

O2N NO2

HO O

m.

CC1=C([N+]([O-])=O)C=C
C=C1[N+]([O-])=O

2,6-DNT

gluc.-conj.

gluc.-conj.
(bile,urine)

gluc.-conj./other
conj.

gluc.-conj.

M. (bile,urine)

M. (bile,urine)

m.

M. (bile,urine)

M. (urine)

M. (bile,urine) M. (urine)

M. (bile)

m.

M. (bile) M. (bile)

�
���
�� �
� ��	����
-�
�� ��



�,� ", ��� $,
0�������	�	���

%�� ����	
	���

���������

#
�����!�� ,��,����
�� 2��! ��� ,��2���$

�
6��� �2 !��� �
���� ���� A�� �(( 3B"

��������$ A�������B �� ������$ 8
�� 
�$�����

�2 ��������!� 5 �'( 
��C�!��)(

* F����� ��$ � 2�������
�
��� ��� ,��2�����
����

��$��@�����$ �� ��� ���� ,��
�
��" ��$ � 2�������
�
�� 
�

1��� � ��$ � ��$��@�����$ �� � �
3�
2
���� �@���� 1�

��� �
6�� !
�����!�� ��$ 
� ��� ����!,��
�$ 8
�� ��

7�� ��
2� �� 3
6� � ��$��@�� � 2�������
�
���

NH2

F

NH2

F

NH2

F

NH2

F

NH2

FOH

NH2

OH

OH

2-fluoroaniline

NH2

F

OH

m. m. m.

m.

NC1=C(F)C=CC=C1 NC1=CC(F)=CC=C1 NC1=CC=C(F)C=C1

3-fluoroaniline 4-fluoroaniline
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OH

OH

OH
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N

OH

HO

P. P.
P.

P. P.
P. P.

P.

D10 or *

C1(NC2=CC=CC=C2)=CC=CC=C1

DPA

di- or monoconjugation
with glucose

conjugates
oligosaccharide
glucose or other

       conjugates
glucosyl or glycosyl
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NO2
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OH
HO
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OH

O

HO
HO

OH

O

OH

HO
HO

OH

gal- -4-nitrophenol4-Nitrophenol

O

NO2

O

OH

HO
HO

OH

glc- -4-nitrophenol

glc- (1   6)-glc- -4-nitrophenol

P.

P.

P.

gal: galactose residue
glc: glucose residue

OC1=CC=C([N+]([O-])=O)C=C1

*

β

β

β β
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HN

H2N NO2

HN

O2N NH2

HN

O2N NHOH

HN

O2N OH

HN

O2N N
OH

HN

O2N N
OH

HN

O2N N

NH2

O2N NH2

NH2

O2N OH

NH2

O2N NO

NH2

O2N NO2

NH

O2N NH

HN

O2N NO2

N
N NO2

HN

O2N NO2

HN

O2N NO2

HO
OH

HN

O2N NO2

OH

L. L. L.

L.
L.

L.L.

L. L.
L. L.

L.

L.

B.

B.

B.

B.

or

Pendimethalin

CCC(CC)NC1=C([N+]([O-])=O)

C(C)=C(C)C=C1[N+]([O-])=O
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H2N NO2
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O2N NO2
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O2N NO2
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O2N NO2
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O2N NO2

HO

OH

HN

O2N NO2

OH

HO

OH

HO

O

HN

H2N NO2

OH

HO

O

O

HN

O2N NO2

OH

HO

O

HO

HN

O2N NO2

OH

HO O

HN

O2N NO2

HO O

HN

O2N NO2

OH

HO

N

N NO2

OH

HO O

NH2

O2N NO2

HO O

HN

H2N NO2

HO O

HNH
N NO2

HO O

O

HN

H2N NO2

OH

HO O

N

N NO2

HO O

*

*
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M. M.

M.

M.M.

M.

M.
M.

M.
M.

M.
M. M.

M.

M.

M. M.

M. M.

M. M.

Pendimethalin
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Cl
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H

Cl

Cl

OH

O

Cl

Cl

O

Cl

Cl

Cl

Cl

O

Cl

Cl

Cl

Cl

O

Cl

Cl

OHOH
OH

Cl

Cl

O

OH

Cl OH

O

OH

O

OH

Cl

2,4-D

T. T. T. T.

methylchlorobenzofuran,

chloronaphthalene,

chloronaphthol,

dichloronaphthalene

ClC1=C(OCC(O)=O)C=CC(Cl)=C1

dichlorobenzyl alcohol, 

chlorodibenzofuran

ethylchlorobenzofuran,

chloronaphthalene,

ethyldichlorophenol

ClC1=C(OC(C)C(O)=O)C=CC(Cl)=C1

2,4-DP
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O
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HO
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O

O

O

Cl

Cl

Cl

OH

Cl

P1.

P1.

P2.

P2.

P2.

*

polar metabolites

Diclofop methyl

CC(OC1=CC=C(C=C1)OC2=C

C=C(C=C2Cl)Cl)C(OC)=O
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P1.
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O
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O

P2

ClC1=CC=C2C(OC(OC3=CC=C

(OC(C)C(OCC)=O)C=C3)=N2)=C1

Polar metabolites

Fenoxapropethyl

.
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F3C

O
OH

O

O

N
F3C

O
O

O

HO

N
F3C

P.

P.

L.

CC(C(OCCCC)=O)OC1=CC=C

(OC2=NC=C(C(F)(F)F)C=C2)C=C1

More and less polar metabolites

Fluazifop butyl
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N

Cl

F3C

O

O
O

O
*

N

Cl

F3C

O

O
OH

O

N

Cl

F3C

O

OH

CO2

S. S.

S.

ClC1=C(OC2=CC=C(OC(C)C(OC)=O)

C=C2)N=CC(C(F)(F)F)=C1

Haloxyfopmethyl
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N O
OH

O

Cl

Cl Cl

N O
N
H

O

Cl

Cl Cl

N O
N
H

O

Cl

Cl Cl

O OH

OH

O

O OH

OH

O

Syst. Syst.

* *

OC(COC1=NC(Cl)=C(Cl)C=C1Cl)=O

Trichlopyr
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O

Cl

Cl Cl NO2

O

Cl

Cl Cl NH2

HO

NO2

O

Cl

Cl Cl N
H

O

Cl

Cl Cl N
H

O

HO

NH2

HO

NH

O

H

ClC1=C(OC2=CC=C([N+]([O-])=

O)C=C2)C(Cl)=CC(Cl)=C1

Chlornitrofen

Micro.(2)

Micro.(1,3)

Micro.(2)Micro.

Micro.(1,2,3) Micro.

Micro. Micro.

O

Cl

Cl Cl OH
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NO2

F3C

O

NO2

HO

NO2

NO2

F3C

S

HN

O

NH2

OH

O

O

HN
OH

O

NO2

F3C

S

HN

O

NH2

OH

O

O

OH

NO2

F3C

S

NH2

O

OH

NO2

F3C

SH

NO2

F3C

S

O

O

OH

NO2

F3C

S-glu.

NO2

F3C

S

OH

O

OH

NO2

F3C

S

O-glu.

O

OH

*

Syst.

Syst.

Syst.

Syst.

Syst.

Syst.

Syst.

Syst.

Syst.

O=[N+]([O-])C1=C(OC2=CC=C([N+]

([O-])=O)C=C2)C=CC(C(F)(F)F)=C1

glu.: glucose residue

Fluorodifen
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O2N

O

NO2

CF3
O2N

OH

NH2

CF3

HO

NO2

CF3

HO

NO2

HO

OH

O

NO2

CF3H2N

O

NO2

CF3 CF3

O

NH2

O2N

O

Cl

Cl

H2N

O

Cl

Cl

O2N

OH

Cl

Cl

HO

O2N

O

Cl

ClCl

O2N

O

Cl

ClCl

OH

H2N

O

Cl

ClCl

(w,c,m)

L. L.

(w) (w)

L.

L.(w)
L.(m)

L.(c)
L.

(m)

L. L.

(w)

L.

(w,c)

L.

(c)

L.(w)

L.(w)

O=[N+]([O-])C1=CC=C(OC2=CC=C

(C(F)(F)F)C=C2[N+]([O-])=O)C=C1

Preforan

ClC1=CC(Cl)=CC(Cl)=C1OC2

=CC=C([N+]([O-])=O)C=C2

MC-338

MC-338

Nitrofen

(w)

Preforan
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O2N

O

Cl

Cl

O

O

H2N

O

Cl

Cl

O

O

HO

O

Cl

Cl

O

O

O2N

O

Cl

Cl

O H

O

HO

Cl

Cl

L.

ClC1=CC(Cl)=CC=C1OC2=CC

(C(OC)=O)=C([N+]([O-])=O)C=C2

L.(c,m) L.(c,m)

Dichloromethoxyphenol

(structure not identified)

MC-4379

(w: water suspension,

c: cyclohexane, 

m: methanol)

(w) L.(w)

L.(w)

L.(m)
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O2N

O

Cl

Cl

O

O

Cl ON

O

Cl

Cl

HO

Cl

HO

Cl

ClCl

H2N

O

Cl

Cl

O

O

Cl H2N

O

Cl

Cl

O

Cl

O2N

O

Cl

Cl

O

O

O2N

O

Cl

Cl
O H

O

H2N

O

Cl

Cl

O

O

HO

Cl

Cl
H2N

OH
O

O

L.(w)L.(w)

MC-3761

L.(m)
L.(c)

ClC1=CC(Cl)=CC(Cl)=C1OC2=CC

(C(OC)=O)=C([N+]([O-])=O)C=C2

L.(w,m)

MC-5127

L.(w,c,m) L.(w,m) L..(w,m)

L.(w,m)L.(w,m)

ClC1=CC(Cl)=CC=C1OC2=CC(C

(OCC)=O)=C([N+]([O-])=O)C=C2

(w: water suspension,

c: cyclohexane, 

m: methanol)

L.(w,m)

nitrophen
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O2N

O

Cl

F
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O

O2N

O

F

O

O

HO

Cl

F

O2N

O

Cl

Cl

O

O

F O2N

O

Cl

ClF

HO

Cl

ClF

H2N

O

Cl

Cl

O

O

F

O2N

OH
O

O

O2N

O

Cl

O

O

F

O2N

OHHO

O H

O

O2N

O
O

O

F

L.(c) L.(m)

ClC1=CC(F)=CC=C1OC2=CC(C

(OC)=O)=C([N+]([O-])=O)C=C2

ClC1=CC(Cl)=CC(F)=C1OC2=CC

(C(OC)=O)=C([N+]([O-])=O)C=C2

(w: water suspension,

 c: cyclohexane, 

 m: methanol) 

MC-7181

L.(w)

L.(w)

L.(w)L.(w)

L.(w)

L.(w)

L.(w,c,m)

MC-6063

L.(w,c,m)
L.(w,c,m)
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N

OH

OH

OH
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O

O

O

O

O

O

O

O

O

O

O

N
H

O

O

N

H
N

O

O

N

H. H.

H. H. H.

H.

H.H.
H.

Aminocarb

O

O

O O

H. H.

CN(C)C1=C(C)C=C

(OC(NC)=O)C=C1
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I. I.

I.

I. I.

I.I.

I. I.

I.

I.

I.

I.

I.

I.

n >2
=

n >2
=

CC(C2)(C)OC1=C2C=CC=C1OC

(N(C)SN(CCC(OCC)=O)C(C)C)=O

Benfuracarb

Carbofuran
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NH2

S.S.

S.

*
Carbetamide

O=C(O[C@H](C)C(NCC)

=O)NC1=CC=CC=C1

L. (Formulated 

     carbetamide)
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*
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HO

OH

M. M.

M.

M.
M.

M.

M. M.

M.
M.M.

M.

M. M.

M. M.
M.

M. M.

M.

M. M.M.M.

M.
M. M.

M. M.

M.

N

N
N

Cl Cl

OH S

OH

CCCC(O3)COC3(C2=CC=C(Cl)

C=C2Cl)CN1C=NC=N1

Propiconazole
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CCCC(O3)COC3(C2=CC=C(Cl)

C=C2Cl)CN1C=NC=N1

Propiconazole
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O
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*

*

Fi.H.M.P.S.Sm.

*

S.Sm..

Fi.H.M.P.S.Sm.

Fi.L.M.P.S.Sm.
Pyrazolate

Fi.L.M.P.S.Sm.

Fi.L.M.P.S.Sm.

Fi.L.M.P.

Fi.L.M.P.S. Fi.L.M.P.

O=C(C2=C(Cl)C=C(Cl)C=C2)C1=C(OS

(C3=CC=C(C)C=C3)(=O)=O)N(C)N=C1C

Fi.L.M.P.S.Sm

Fi.L.M.P.S.Sm.
Sm. S.Sm.

DTP


�	 ��	������ ����



4�	��'��	�� 1?C�$�(*3 � 2���	
	��7 ��� 	� 
����� ��� ����� 
���	���	��
�	�#�� �� � �	����,����� �����
� �� 	� 
���	���	��
8	�# ��#�� 2���	
	��� �������
��

���
	

��!!�� 8�����)�

������

����K ������
�3 3����K ���
�3 �����)�

�,
��@�!
�� 
� !���1��
C�$ ��,
$�� 
� ,�����" ��
��"

8����" ��$ ��
!��� 6
� �
!
��� $�3��$��
�� ,���8����

%�� !���1��
� ,���8��� 
����$� ��$�����
� ��$

�@
$��
�� �� ��6���� ,����� 
� ��� !�������� �
$�

���
�� ��� ���� $�3��$�$ �� 6��
��� 8���� ����1��

���0�3���� 
� ��
!��� ��$ 
� ,�����" ��$ �� ��� ��$ �2

O

O

NH

O

O

HO N

O

O

N
O

O

H
N

O

O

N
O

* *

O

O

NH
HO O

O

NH

O
H

O

O

N
HO

OH

O

HO

OH

HO

O

conj.

OR

conj.

O

O

O N

O

O

O N

O

O

OH

HO
HO HO

O

HO O

O

HO
HO HO

P.

P. P.

P.

P.

P.
P.

P.

P.

P. P.

P.

P.

P.

P.

P.

P.

O

O

O

O

P.

Spiroxamine
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M.
M.

M.(rat)

M.(goat,rat)

M.(goat,rat)

M.

M.(rat)

M.

M.(goat,rat)

M.(goat,rat)

(rat)

(goat,rat)

(goat)

O

gluc.: glucuronic acid residue

M.(goat,

rat)

M.(goat,hen,rat)

M.(goat,hen,rat)
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(hen)

M.(hen)


�� ��	������ ����



4�	��'��	�� 1?C�$�(*3 1
���	����3

O

O

N
H

O

O

HO N

O

O

N

O

O

O

N
*

O

HO

O

O

CO2

S.

S.

S.
S.

S.

S.

S.

S.

S.
S.

S.

S.
S.

OSpiroxamine

gluc.: glucuronic acid residue

O

O

HO
H
N

O

O

O

H
N

*�!�6�������� ��	��������� 
��



4��2�����!��� 10(�*&3 � ���,�������� #���	
	��7 
������ �2 �����,
���
���� ����� ��� ��������2 8����

���
	

�
����,�$ A
�

� ��	��������BK ��22�� �����

A������ ������
	����B�)�

������

9�����
�3 $�
�� 3����K 8�
�� ��3���� ����K

�,��3���4�8��� ���� A;��������� �
6��

9�1�������" ����B�)'

���� ��� ���2�����C��� 
� �,,�
�$ �� ��22�� �����

��$ �
����,�$ �����3� ��� �����" ?�L �2 ��� ,�����

��!,���$ ��!�
�� 
� ��22�� ����� ���2 �
���� �2���

& � �@,����� ��$ 
� ��������" �
����,�$ ����� �,

�����
6��� ���� ���2�����C��� �����3� ��� ���� ��$

!���1��
C�� ���2�����C��� 
� ��� 2��
�3� !��� ��,
$��

���� ��22�� ������ %�� ,�
!��� $���@
2
���
�� �����
��

�,,���� �� 1� �@
$��
�� �2 ��� !����� 3���, �� ���

��
�C��
���� �
�3" ������
�3 
� ��� 2��!��
�� �2 ��� !���

,���� ��$��@�!����� $��
6��
6�� %�� ��
�
�� �����3 
�


$���
2
�$ �� � ,���� �,��
2
� !���1��
��� %�� ���������

�2 �
����,�$ �� ���2�����C��� 
� ,�
!��
�� $�� �� �

�����
6��� �
3� ���� �2 !���1��
�! �2 ���2�����C���

��!,���$ 8
�� ��22�� ������ ���� ��� ���2�����C���


� �$!
�
�����$ ������ �� ����" 3����" ��$ ���� 
� �

$�
�� $
��" �$!
�
�����$ ��$
����
6
�� 
� J����
���
6���

�@�����$ 
� ��� ��
��" 2����" �� ��� �@������ �� ��� �2

��� �,��
��" ������3�$ ���2�����C��� ��$ �8� ��� 

���0�3���$ !���1��
��� ��� 2���$" 8�
�� ��� � 

��$��@�!����� ��$ ���1�@��
� ��
$ $��
6��
6��" ���

������ �2 8�
�� $���!,���� �� �
3� ��!,������� ��

��
$
� ,� �� 3
6� ��� ������,��$
�3 $��!����� �����3

�2 ���2�����C���� �� ����" � !
��� ��$���
�� !���1��
��


� $������$ 8�
�� 
� ������
6��� ���������
C�$ �� ���

*"� $
��$�� � ��$��@�!����� $��
6��
6��

N

N

N

F

F
O Cl

Cl

HN SO2

*

N

N

N

F

F
O Cl

Cl

HN SO2

N

N

N

F

F
O Cl

Cl

HN SO2

*

HO HO

O

N

N

N

F

F
O Cl

Cl

HN SO2

N

N
H

N

F

F
O Cl

Cl

HN SO2

HO

N

N

N

F

F
O Cl

Cl

NH2

M.P.. M.P..

M.P..
M. (Rat)

P.

FC(F)N1C(C)=NN(C2=CC(NS(C)

(=O)=O)=C(Cl)C=C2Cl)C1=O

Sulfentrazone
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      C3H7

R : CH3 , C3H7

(TCCBI)

(TCI)

(TBCBI)

R = H from benzoyl also; 

BrC1=C(N(C(Br)=N1)C(C2

=CC=C(C=C2)Cl)=O)Br

R :C H ; BrC1=C(Br)N(CCC)C(Br)=N1

ClC1=C(Cl)N(C(C2=CC=

C(Cl)C=C2)=O)C(Cl)=N1

ClC1=C(Cl)NC(Cl)=N1

R :C H ; ClC1=C(Cl)N(C(Cl)=N1)CCC
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O=C2N(C3=CC(OCC#C)=C(Cl)

C=C3Cl)N=C1CCCCN12
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O-gluc.

Azafenidin
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CC1(C)[C@](C=CC(C)=CC

(O)=O)(O)C(C)=CC(C1)=O

CC1(C)[C@@](C=CC(C)=C

C(O)=O)(O)C(C)=CC(C1)=O

Syst.

Syst.
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M. M.

O=C(O4)C5=C(CCC5=O)C3=C4

C2=C(C=C3OC)OC1OC=CC12

GS: glutathione residue

Aflatoxin B1
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Syst.
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@]8(O)[C@]7(OC=C8)[H])[C@H](O)[C@H]4[C@@]1([H])

[C@@](CO4)(C(OC)=O)[C@H](OC(C)=O)C[C@H](OC

(C(C)=CC)=O)[C@]13[C@H]2[C@@](O)(C(OC)=O)OC3

3-Acetyl-1-tigloylazadilachtininAzadirachtin
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O[C@H]1[C@@H](O)C[C@@](C(OCC3C2CC

[C@@]4(C)C3CC[C@@H]4[C@H](C)[C@@H]

(O)[C@H](O)[C@H](C)C(C)C)=O)([H])C2C1

25-Hydroxy-24-epi-brassinolide

unknown glucosides
Syst.

24-epi-Brassinolide

unknown

metabolites/glucosides

Syst.

26-Hydroxy-24-epi-brassinolide

Syst.
Syst.

Syst. Syst.
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O)O)=O)[H])O)C[C@@]1(C2CC[C@@]34C)C
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CC12C(CCC3C2CCC4(C)

C3CCC4=O)=CC(CC1)=O

O=C2C=CC1=CC

=C(OCC)C=C1O2

EstradiolAndrostenedione

Syst.

7-Ethoxycoumarin

Syst.

Syst. Syst.
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COC1=C(C=C(C=C1)[C@@H]([C@H]2C)

OC([C@@]2(C=C3CC=C)OC)=CC3=O)OC

Kadsurenone

COC1=C(OC)C=C([C@H]2[C@@H](C)[C

@](C=C3CCC)(OC)C(O2)=CC3=O)C=C1

9,10-Dihydrokadsurenone

Kadsurenone

9,10-Dihydrokadsurenone

M.m.

M.m.
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S.

CC1C(N(C)C)CCC(O[C@@H]3[C@@H](C)C(C2=C[C@]4([H])[C

@](C=C[C@@]5([H])[C@@]4([H])C[C@H](OC6OC(C)C(OC)C(O

C)C6OC)C5)([H])[C@]2([H])CC(O[C@@H](CC)CCC3)=O)=O)O1

CC(C(CC2)N(C)C)OC2O[C@H]([C@H]1C)CCC[C@@H](OC(C[C

@@]3(C(C1=O)=C[C@]([C@@]3([H])C=C(C)[C@@]4(C[C@H]5O

C(OC(C6OC)C)C(C6OC)OC)[H])([C@@]4(C5)[H])[H])[H])=O)CC

Spinosyn D

Spinosyn BSpinosyn A
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ClC(C(F)(F)F)=CC1C(C)(C)C1C(O

CC2=C(F)C(F)=C(C)C(F)=C2F)=O

(Fa: Fat, Fe: Feces, Mu: Muscle, 

Ki: Kidney, Li: Liver, U: Urine)

M(Fe,Mu,Ki,Li,U).

M(Fe,U).
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M(Fa,Fe,U).
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* *
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=NC(OC)=N2)=O)(=O)=O)C=CS1

Thifensulfuron methyl
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L.(Me,

Is,Cy).
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M.S.
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Tribenuron methyl

M.P.S.

M.P.S.

M.P.S.

L.(Me).

P .
H.M.P.S.

L.(Me,Is,

Cy).

L.(Me,Is).

L.(Me,Is,Cy).

M.P.

L.(Me). L.(Me,Is).

L.(Me).

L.(Me).
L.(Me,Is).

M.P.

M.P.

Me: methanol; Is: isopropanol; 

Cy: cyclohexane

O=C(OC)C1=CC=CC=C1S(NC(N(C)

C2=NC(C)=NC(OC)=C2)=O)(=O)=O
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Cr: crayfish; Cf: catfish; 

Bg: bluegill; Cl: clams

1,3-Propanediol
Fi(Cf,Bg). Fi(Cr,Cf,Bg).

Glyceric acid
Fi(Cr).

Fi(Cf,Bg).

Glycerol

Glycidol Fi(Bg).

Fi(Cr,Cf,Cl).

Fi(Bg,Cl).

Acrolein

Fi(Cr,Cf,Bg,Cl).

Fi(Cr,Cf,Bg,Cl).

C=CC([H])=O
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