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1
2003 10 23

2003 10 29
1029001

1 55  
2003 11 6 18
2003 12 3 3
2004 6 2 56 59  
2004 6 9 12
2004 6 17 49
2004 6 17 2004 7 14
2004 7 21  
2004  7  22  55  

60   
2004  12  16  61  
2005  1  17   

 
2  

2005  11  29  62  
2007  11  22  

 
2007  12   4  

1204001
63 68  

2007  12   6  218  
2007  12  14  12  
2008  2  15  35  
2008  2  26   
2008  2  28  228  

69  
2009  6  4  70  

 
3  

2009  10  21  

 
2009  12  14  

1214 1
71 75  
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2009  12  17  314  
2010  6  28  63  
2010  7  20   
2010  7  22  341  

   76  
2011  7  19  77  

 
4  

2013  9  9  
 

2013  12  6  
1206 1  

2013  12  10  78 82  
2013  12  16  498  
2014  3  12  103  
2014  3  19   
2014  3  24  508  

   83  
2015  2  20  84  

 
5

2020  4  1  85  
2025  3  28  

 
2025  3  31   
2025  4  16  

269
86 134 136 180  

2025  4  16  
7 236

135 144 148 180  
2025  4  22  981  
2025  6  19  38  
2025  6  27  181 182  
2025  7  16  183 184  
2025  7  24  39  
2025  8  27  40  
2025  9  26  41  
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2025  12  23  1007  

2006 6 30  2006 12 20  2009 6 30  
      
     *  
      
      
      
     ** 
      

     * 2007 2 1  
     ** 2007 4 1  
      
2011 1 6  2015 6 30   

     
 *     
     
     
     
     
     
 * 2009 7 9     
     

2024 7 1   
    
    
    
    
    
    
    

 

2006 3 31    
    
    
    
  *  
    
   * 2005 10 1  

 
2007 3 31    

9



 

8 
 

    
    
    
    
    
    
    
    
    
    
    
    
    

 
2008 3 31    

    
 *  ****  
    
    
    
    
    
    
    
    
    
  *** * 2007 4 11  
  ** ** 2007 4 25  

   *** 2007 6 30  
   **** 2007 7 1  

 
2010 3 31    

   
   

   
   
   
   

   
   
 *  
   
  ** 

10



 

9 
 

   
   
   
***   

  * 2009 1 19  
  ** 2009 4 10  
  *** 2009 4 28  
   
2012 3 31    

   
   

   
   
**   
   
  ** 
   
   
 *  
   
   
   

***   
   
  * 2011 3 1  

  ** 2011 3 1  
  *** 2011 6 23  

 
2014 3 31    

   
   

*   ** 
**    
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*    

*; 
**  

  

**    
**  * 2013 9 30  

  ** 2013 10 1  

 

2024 4 1    
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CAS No.181587-01-9
5

/
2

 

/
2

 

 
2 /

18

 

90
 

B
 

0.5 mg/kg / 100
0.005 mg/kg / ADI  
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0.5 mg/kg / /

ARfD
0.5 mg/kg /

100 0.005 mg/kg
ARfD

3.0 mg/kg 100
0.03 mg/kg ARfD  
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ethiprole ISO

IUPAC 
5- -1-[2,6- -4-( ) ]-4- 
( )-1H- -3-  
5-amino-1-[2,6-dichloro-4-(trifluoromethyl)phenyl]-4- 
(ethylsulfinyl)-1H-pyrazole-3-carbonitrile 

CAS No.181587-01-9  
5- -1-[2,6- -4-( ) ]-4- 
( )-1H- -3-  
5-amino-1-[2,6-dichloro-4-(trifluoromethyl)phenyl]-4- 
(ethylsulfinyl)-1H-pyrazole-3-carbonitrile 

 

C13H9Cl2F3N4OS 
 

397.2 
 

 
 
 
 
 
 
 
 
 
 

N
N

Cl Cl

CF3

H2N

CNCH3CH2SO

15



 

14 
 

 168 87  
165 136  

 87  
165 136  

 1.55 g/cm3 20 87  
1.54 g/cm3 20 136  

 <1.67 10−6 Pa 25 87  
9.1 10−8 Pa 25 136  

87  
136  

 9.24 mg/L 20 87  
9.2 mg/L 20 136  

/  log Pow = 2.6 25 pH 7.0 87  
log Pow = 2.9 20 136  

 87  
136  

 

1994

γ  
2005 1 17
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14C 14C-

mg/kg μg/g
 

1 2

 

14C-  
1 6 136  

 

  a  
0.42 mg/kg
=1 4( ) 20 1

12  

 
( ) B E 5  

a  
 

14C-  
2 7 136  

 

  a  
0.6 mg/kg

75 5% 25 1
12

 

( ) 
B C D E F  

71  

( ) 30  
a  

 

14C-  
3 8 136  

 

17
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  a  
2 cm 0.59 mg/kg

20 1 35
118

 

 
( ) C E M 11.2  

a  
 

14C B
 

4 9 136  
 

  a  
0.53 mg/kg

20 1
1 30

365  

 
( ) D 535  

a  
 

 
5 10 136  

 

 K Koc KF KFoc 
( ) (

)  ( ) ( ) 
1.56
5.56 

50.5  
163 

1.48  
5.93 

53.9  
158 

K  
Koc K 
KF Freundlich  
KFoc KF 

 

14C-  
6 11 136  
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17 
 

    

3 mg/L 25±1
31

 

pH 4.0( )   
pH 5.0( )   
pH 7.0( )   
pH 9.0( ) C 121  

 

14C-  
7 12 136  

 

    
3 mg/L 25±1

( 730 W/m2) 16
 

 
(pH 5.0) 

N P(X ) O 6.46  
(2.0 )a 

a 35  
 

14C-  
8 13 136  

 

    
4.4 mg/L 25±0.2

( 765 W/m2)
96  

 
( ) N P 14CO2 0.2  

(1.3 )a 
a 35  

 

B C D E N
 

9 16 136 137

19
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B E 

 
B C D E 

 
 

 
 

0.2 
mg/kga 

( ) 3.9  231   

 
 

( ) 
4.6  219   

 
 

0.8 
mg/kga 

 
( ) 

25  109  254  

 
 

( ) 
9.2  82  148  

 
 

 

200 g 
ai/hab 

( ) 4.2  54   

 
 

( ) 
3.9  5.4   

600 g 
ai/hac 

( ) 1.8  2.8   

 
 

( ) 
1.8  11   

 700 g 
ai/had 

 
( ) 

18  32  39  

 
 

( ) 
28  83  88  

 
N
N  

a b 10% c 1.5% d 0.5%  
 

Gulfmont 14C- 26
14 2 670 g ai/ha 1 3,350 g ai/ha 5

1 2

 
10  

20



 

19 
 

6.27 31.5 mg/kg 2.12 11.1 mg/kg
3.95 33.5 mg/kg 0.15 2.28 mg/kg 1

66.7%TRR 0.10 mg/kg
B 20.0%TRR 0.03 mg/kg

75.0%TRR 4.70 mg/kg B 34.6%TRR 2.17 
mg/kg 3 136  

 

 1  5  

 
 

(1  
0 ) 

     

 
(mg/kg) 0.67 6.27 2.12 3.95 0.15 33.5 

 109 
(0.74) 

118 
(7.40) 

105 
(2.18) 

97.9 
(3.86) 

86.7 
(0.14) 

85.4 
(28.7) 

  109 
(0.74) 

75.0 
(4.70) 

72.6 
(1.54) 

74.1 
(2.92) 

66.7 
(0.10) 

75.5 
(25.3) 

 B  34.6 
(2.17) 

25.5 
(0.54) 

23.8 
(0.94) 

20.0 
(0.03) 

9.30 
(3.12) 

 C  0.80 
(0.05) 

0.47 
(0.01)    

 F  2.55 
(0.16) 

1.89 
(0.04)    

    2 
(<0.05) a 

<2  
(<0.06) b  

 
(<0.01) b 

0.60 
(0.20) 

 NA 3.35 
(0.21) 

2.36 
(0.05) 

7.34 
(0.29) 

6.67 
(0.01) 

4.11 
(1.38) 

( ) mg/kg NA  
a 4  
b 2  

 

14C- 600 g ai/ha
38 30 2 2 30

116
 

11  

24.0 mg/kg 5.69 mg/kg 0.28 
mg/kg  

42.2%TRR 62.3%TRR B 18.1%TRR 23.4%TRR

21



 

20 
 

C D K Z 64 136  
 

 
    

 (mg/kg) 24.0 5.69 0.28 
 96.1 (23.0) 96.5 (5.50) 93.1 (0.261) 

  42.2 (10.1) 62.0 (3.53) 62.3 (0.175) 
 B 23.4 (5.60) 19.9 (1.13) 18.1 (0.051) 
 C 11.2 (2.68) 7.7 (0.44) 8.3 (0.023) 
 D 1.9 (0.45) 1.9 (0.11) 1.8 (0.005) 
 K 0.8 (0.18) 0.3 (0.02)  
 Z 4.9 (1.17) 1.7 (0.10)  
  11.8 (2.82)a 3.1 (0.18)b 2.6 (0.007)c 

 4.0 (0.95) 3.5 (0.20) 6.9 (0.019) 
( ) mg/kg  
a 12 2.4%TRR 0.59 mg/kg  
b 5 2.0%TRR 0.11 mg/kg  
c 1  

DP 5414 14C- 61
48 2 670 g ai/ha 6,700 g ai/ha 1

2
 

12  
4.55 60.1 

mg/kg 0.07 0.57 mg/kg
1.43%TRR 7.02%TRR B 2.11%TRR 2.86%TRR

F K L W 4 136  

 670 g ai/ha 6,700 g ai/ha 

         

1  
 55.3    348    

2  
a 

4.96 
15.9    136 

256    

2  
 46.7    484    

  4.55 0.07 0.12  60.1 0.57 2.49 
 

a 1 1

22



 

21 
 

 670 g ai/ha 6,700 g ai/ha  
     

 1  
 

2  
  

 
(mg/kg) 55.3 15.9 4.55 0.07 0.57 

 106 
(58.3) 

89.4 
(14.2) 

89.1 
(4.05) 

57.9 
(0.041) 

76.1 
(0.434) 

  106 
(58.3) 

21.0 
(3.34) 

16.3 
(0.74) 

1.43 
(0.001) 

7.02 
(0.040) 

 B  14.8 
(2.36) 

26.4 
(1.20) 

2.86 
(0.002) 

2.11 
(0.012) 

 F  9.05 
(1.44) 

7.91 
(0.36) ND 2.40 

(0.014) 

 K  8.23 
(1.31) 

9.45 
(0.43) 1.43 

(0.001) ND 
 L  0.44 

(0.02) 

 W   2.42 
(0.11)   

 a  8.5  
(1.35) 

1.76 
(0.08) 

10.0 
(0.007) 

12.6 
(0.072) 

  14.7 
(2.35) 

8.79 
(0.40) 

11.4 
(0.008) 

10.5 
(0.060) 

( ) mg/kg ND  
a  

 

North Star 14C- 26
14 2 670 g ai/ha 3,350 g ai/ha 1

2
 

13
44.6 163 mg/kg 0.450 1.71 mg/kg

1 0.400 0.676 mg/kg 0.505
1.13 mg/kg 670 g ai/ha

22.2%TRR 59.8%TRR B 9.32%TRR
16.4%TRR C 5.33%TRR 18.1%TRR D E F

10%TRR 5 136  

23
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 670 g ai/ha  3,350 g ai/ha  

   
 

 
a 

 
   

 
 
a 

 
 

 
(mg/kg) 44.6 0.450 0.676 0.505 163 1.71 0.400 1.13 

 91.2 
(40.6) 

94.0 
(0.423) 

85.2 
(0.576) 

93.3 
(0.471) 

76.6 
(125) 

96.0 
(1.64) 

93.8 
(0.375) 

101 
(1.15) 

  83.3 
(37.1) 

59.8 
(0.269) 

22.2 
(0.150) 

43.2 
(0.218) 

73.9 
(121) 

89.8 
(1.53) 

48.8 
(0.195) 

83.3 
(0.945) 

 B  16.4 
(0.074) 

9.32 
(0.063) 

12.7 
(0.064)  5.27 

(0.090) 
5.75 

(0.023) 
9.08 

(0.103) 

 C 2.49 
(1.11) 

5.33 
(0.024) 

18.1 
(0.122) 

14.7 
(0.074) 

0.35 
(0.577)  9.75 

(0.039) 
3.79 

(0.043) 

 D 0.94 
(0.42)  4.14 

(0.028) 
0.99 

(0.005)   1.75 
(0.007)  

 E   1.18 
(0.008)   0.82 

(0.014)   

 F 2.93 
(1.31) 

2.67 
(0.012)   1.43 

(2.34)   0.97 
(0.011) 

 J 1.50 
(0.67)    0.93 

(1.51)    

 b  2.44 
(0.011) 

6.36 
(0.043) 

7.13 
(0.036)   9.00 

(0.036) 
1.59 

(0.018) 

 3.74 
(1.67) 

3.78 
(0.017) 

3.85 
(0.026) 

5.74 
(0.029) 

2.36 
(3.85) 

0.94 
(0.016) 

5.50 
(0.022) 

3.00 
(0.034) 

( ) mg/kg  
a 1 2 1  
b  

 

BALO 14 14C-
257 g ai/ha 1 272 g ai/ha 1

12 37  
14 15  

0.010 mg/kg 23 28
0.039 mg/kg 12 37  

51.7%TRR 100%TRR
10%TRR C 48.3%TRR 33 37

28.7%TRR
66.5%TRR 10%TRR B 20.6%TRR

C 19.1%TRR
136 138  

 

24



 

23 
 

  
( )a 

 
 

(mg/kg) 

 
 

 
 
 

 
 

B C  

 

12 14 0.003 b 100 
(0.003)    b 

15 21 0.002 b 100 
(0.002)    b 

23 28 0.002 b <LOQ <LOQ <LOQ <LOQ b 
33 37 <LOD b     b 

 12 37 0.039 92.1 
(0.036) 

66.5 
(0.026) 

9.4 
(0.004)    7.9 

(0.003) 
( ) mg/kg  
<LOD <LOQ 0.001 mg/kg 0.004 mg/kg  
a  
b HPLC  

 

  
( )a 

 
 

(mg/kg) 
 
 

 
 
 

 
 

B C  

 

12 14 0.005 b  76.4 
(0.004)  23.6 

(0.001)  b 

15 21 0.008 b 78.1 
(0.006)  21.9 

(0.002)  b 

23 28 0.010 b 77.5 
(0.007)  22.5 

(0.002)  b 

33 37 0.006 b 51.7 
(0.003)  48.3 

(0.003)  b 

 12 37 0.022 90.6 
(0.020) 

28.7 
(0.006) 

20.6 
(0.004) 

19.1 
(0.004) 

22.1 
(0.005) 

9.4 
(0.002) 

( ) mg/kg  
a  
b HPLC  

 

B C
B D

K C
Z D

B F B
K  

 

B

25



 

24 
 

3-1 3-2
21 3.45 mg/kg B

14 1.50 mg/kg
14 1.19 mg/kg  

B C
 

3-3 69
0.0129 mg/kg B

69 0.0250 mg/kg C
69 0.00672 mg/kg

14 15 65 66 74 79 80 87 99 136 139 147

1 14C- 0 1.96 16.7 
mg/ / 0 1.2 14.2 mg/kg 1 2 7

1 2
1 1 23

 
16 17

18  
8.45%TAR 15.1%TAR 62.2%TAR 68.6%TAR

0.34%TAR 0.42%TAR
 

152 1.2 mg/kg
0.009 μg/g 14.2 mg/kg 0.070 μg/g

 
4.12%TRR

28.7%TRR 10%TRR B 32.2%TRR
78.8%TRR F/E

13.1%TRR 26.1%TRR C D
E H J 10%TRR 136
148  

 

26



 

25 
 

 
1.2 mg/kg  14.2 mg/kg  
μg/g %TAR μg/g %TAR 

  15.1  8.45 
  62.2  68.6 

  0.99  0.25 
  0.34  0.42 

( )  8.06  8.31 
 0.081  0.612  
 0.094  0.659  

 0.033 0.03 0.206 0.03 
 0.094 0.58 0.685 0.47 
 0.010  0.086  
 0.000  0.087  
 0.014  0.107  
  87.3  86.5 
 

 

 
( ) 

1.2 mg/kg  14.2 mg/kg  
%TAR μg/g %TAR μg/g 

 0.00 0.000 0.00 0.000 
8 0.01 0.002 0.01 0.013 

24 0.02 0.003  0.02 0.017 
32 0.03 0.003 0.04 0.029 
48 0.05 0.004 0.06 0.027 
56 0.06 0.005 0.07 0.040 
72 0.09 0.005 0.11 0.040 
80 0.11 0.006 0.13 0.051 
96 0.14 0.006 0.17 0.045 
104 0.16 0.007 0.20 0.053 
120 0.19 0.007 0.25 0.053 
128 0.21 0.006 0.27 0.033 
144 0.25 0.008 0.31 0.055 
152 0.28 0.009 0.35 0.070 
168 0.32 0.009 0.40 0.059 
175 0.34 0.007 0.42 0.039 

 

27
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1.2 
mg/kg 

 

 67.6 
(0.062) ND 

B[35.3(0.033)] F/E
[18.2(0.017)] C[5.23(0.005)]

D[1.58(0.001)] H[1.40(0.001)]
[3.72(0.003)] a 

 81.2 
(0.027) ND 

B[42.4(0.014)] F/E 
[26.1(0.009)] J[3.76(0.001)]

[8.8(0.003)] a 

 76.8 
(0.007) 

9.70 
(0.001) 

B[59.1(0.006)] H[2.40(0.000)]
E[2.00(0.000)] [3.6(0.000)]b 

 89.4 
(0.084) 

8.81 
(0.008) 

B[76.1(0.072)] E[2.39(0.002)]  
[2.12(0.002)] b 

 94.5 
(0.076) 

10.4 
(0.008) 

B[78.8(0.064)] E[2.32(0.002)]  
[2.96(0.002)] b 

 
(  

72 ) 

91.6 
(0.004) 

21.7 
(0.001) B[66.0(0.003)] E[3.90(0.000)] 

 
(  
168 ) 

88.2 
(0.008) 

17.7 
(0.002) B[68.5(0.006)] E[2.00(0.000)] 

14.2 
mg/kg 

 

 86.8 
(0.594) ND 

B[55.4(0.379)] F/E 
[13.1(0.090)] C[5.72(0.039)] E 

[4.67(0.032)] [5.92(0.041)] a

[1.95(0.013] b 

 71.2 
(0.146) 

4.12 
(0.008) 

B[32.2(0.066)] F/E 
[20.0(0.041)] E[4.40(0.009)]
[6.78(0.014)]a 

 88.4 
(0.076) 

17.0 
(0.015) B[66.3(0.057)] E[5.12(0.004)] 

 98.6 
(0.650) 

17.3 
(0.114) B[77.2(0.509)] E[4.11(0.027)] 

 96.4 
(0.589) 

15.2 
(0.093) B[77.0(0.471)] E[4.16(0.025)] 

 
(  

72 ) 

86.5 
(0.031) 

28.7 
(0.010) 

B[51.6(0.019)] E[4.90(0.002)]
H[0.5(<0.001)] [0.80(<0.001)] a 

 
(  
168 ) 

86.0 
(0.053) 

20.5 
(0.013) B[60.5(0.037)] E[5.01(0.003)] 

( ) μg/g ND  
a  
b B  

 

1 14C-

28
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0.3 mg/kg / 17.0 mg/kg 1 1 7
24

1 2
10  

19 20
21  

10 0.060 μg/g
 

4.9%TAR 66.6%TAR
0.4%TAR  

7 8
0.083 μg/g

 
11.6%TRR

32.3%TRR 10%TRR B 38.9%TRR
67.4%TRR C E H J

10%TRR 87 100  
 

 μg/g %TAR 
 1.03 0.568 
 0.300 0.030 

( ) 0.231 0.055 
( ) 0.148 0.054 
( ) 0.857 0.415 

( ) 0.782 0.201 
( ) 0.535 0.116 

 0.116 0.002 
 3.66 0.033 

  7.2 
 0.023 0.083 0.4 
  4.9 
  66.6 

  0.8 
  81.3 

 

29



 

28 
 

 
( )  

 
( )  

24   
( )      

1   0.023  
0.023    

2  0.023  
2  0.036  

0.030   
3  0.027  
3  0.046  

0.042   
4  0.040  
4  0.045  

0.050   
5  0.052  
5  0.087  

0.069   
6  0.063  
6  0.084  

0.072 0.033  0.800  
7  0.067  
7  0.083  

0.083   
8 a  0.086  

 
a  
 

  
(μg/g)    

 

 0.982 11.6 
(0.114) 

B[41.3(0.405)] C[9.1(0.089)] E[7.3(0.071)]
H[2.6(0.025)] J[1.6(0.016)] [22.8(0.223)]a 

3.3 
(0.032) 

 0.306 24.6 
(0.075) 

B[38.9(0.119)] J[6.5(0.020)] C[5.8(0.018)]
H[5.4(0.017)] E[4.3(0.013)] [9.4(0.029)] 

3.6 
(0.011) 

 0.178 32.2 
(0.057) B[62.3(0.111)] E[2.7(0.005)] 1.7 

(0.003) 

 0.870 27.2 
(0.237) B[65.7(0.571)] E[2.9(0.025)] [2.5(0.021)] 0.9 

(0.008) 

 0.071 32.3 
(0.023) B[67.4(0.048)] 0.3 

(<0.001) 
( ) μg/g 

 
a 7.2%TRR 0.071 μg/g  

 

5 14C- 1 10 mg/kg
1 1 14

1 1 23

30
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22 23

24  
85.2%TAR 89.2%TAR 1.73%TAR 2.56%TAR

13 14 1 mg/kg 0.317 μg/g 10 mg/kg
3.79 μg/g 4

 

10 mg/kg 3.55 μg/g  
1.5%TRR

7.9%TRR 10%TRR B 1.03%TRR
92.5%TRR F/E

11.0%TRR 11.7%TRR B
38.4%TRR 52.8%TRR D 7.72%TRR 18.9%TRR

C E F H I J S
10%TRR 136 149  

 

 
1 mg/kg  10 mg/kg  
 μg/g %TAR μg/g %TAR 

 0.303 1.10 3.55 0.97 
 0.131  1.38  

 0.119 0.26 1.29 0.23 
 0.012  0.128  
 0.026  0.203  

 0.088  0.896  
 0.061  0.580  
 0.072  0.678  
  0.30  0.39 
  1.88  1.92 

  85.2  89.2 
  2.56  1.73 

  91.3  94.4 
 

 

31



 

30 
 

 
1 mg/kg  10 mg/kg  

    
 <0.001 <0.001 <0.001 <0.001 

1  0.006 0.003 0.081 0.056 
2  0.012 0.023 0.170 0.342 
3  0.018 0.064 0.214 0.617 
4  0.019 0.109 0.288 1.26 
5  0.015 0.151 0.239 1.97 
6  0.016 0.210 0.220 2.65 
7  0.016 0.262 0.228 3.12 
8  0.015 0.289 0.161 3.51 
9  0.011 0.279 0.241 3.39 

10  0.014 0.295 0.211 3.64 
11  0.014 0.274 0.218 3.57 
12  0.014 0.296 0.241 3.65 
13  0.016 0.304 0.207 3.79 
14  0.015 0.317 0.183 3.76 

 

   
   

1 mg/kg 

 

 60.6 
(0.072) ND 

B[34.9(0.042)]  
F/E [11.7(0.014)]
H[1.40(0.002)] J[0.79(0.001)]  

[4.32(0.005)]a [0.88(0.001)]b 

 
 68.2 

(0.007) 
1.5 

(<0.001) 

B[58.4(0.007)] H[1.8(<0.001)]
C[0.3(<0.001)] [2.3(<0.001)] a  

[1.8(<0.001)] b 

 87.3 
(0.022) 

2.5 
(0.001) 

B[73.2(0.019)] H[3.3(0.001)]  
[2.0(0.001)] a [1.9(0.001)] b 

 
 92.5 

(0.121) ND B[92.5(0.121)] 

 88.4 
(0.078) ND B[88.4(0.078)] 

 

 
5  

82.1 
(0.013) ND 

B [38.4(0.006)]
I[5.6(0.001)] S[4.8(0.001)]  

[17.9(0.003)] a 

 
13  

85.5 
(0.014) ND 

B [47.2(0.009)]
D[18.9(0.003)] S[7.28(0.001)]
B[1.03(<0.001)] [5.14(0.001)] a 
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5  

87.1 
(0.130) 

4.3 
(0.006) 

B[68.8(0.104)] H[4.3(0.006)]
S[2.7(0.004)] F[1.1(0.002)]  

[5.0(0.007)] a [0.9(0.001)] b  
 

13  
75.3 

(0.230) 
7.9 

(0.024) 
B[48.7(0.148)] H[6.4(0.020)]  
S[4.2(0.013)] [2.5(0.008)] a 

10 mg/kg 

 

 87.1 
(1.12) ND 

B[53.9(0.696)] F/E
[11.0(0.142)] H[4.81(0.062)]
J[2.06(0.027)] [4.76(0.061)] a  

[1.63(0.021)] b 

 

 80.1 
(0.103) ND 

B[60.4(0.077)] H[6.72(0.009)]
C[2.67(0.003)] [3.69(0.005)] a  

[3.22(0.004)] b 

 88.1 
(0.179) ND 

B[77.2(0.157)] H[4.55(0.009)]
J[1.04(0.002)] [2.71(0.006)] a  

[2.64(0.005)] b 

 

 96.8 
(1.34) ND 

B[90.6(1.25)] J[1.75(0.024)]
E[0.63(0.009)] H[0.46(0.006)]  

[1.87(0.026)] b [1.18(0.016)] a 

 90.7 
(0.813) ND 

B[78.0(0.699)] J[3.06(0.027)]
H[1.22(0.011)] E[0.88(0.008)]  

[2.63(0.024)] a [2.16(0.019)] b 

 

 
5  

88.7 
(0.213) ND 

B [50.5(0.121)]
B[12.2(0.029)] D[7.72(0.018)]
S[1.97(0.005)] J[1.56(0.004)]
F[0.90(0.002)] [6.49(0.016)] a 

 
13  

92.2 
(0.19) ND 

B [52.8(0.109)]
B[11.5(0.024)] D[7.88(0.016)]
S[2.40(0.005)] J[1.67(0.003)]  

[6.53(0.014)] a 

 

 
5  

92.2 
(1.82) 

3.58 
(0.071) 

B[72.2(1.42)] H[5.13(0.101)]
S[3.76(0.074)] F[1.81(0.036)]
J[1.24(0.024)] [2.75(0.054)] a  

[1.79(0.035)] b 

 
13  

90.5 
(3.43) 

2.57 
(0.097) 

B[70.9(2.69)] H[5.47(0.207)]
S[3.45(0.131)] J[1.07(0.041)]  

[5.31(0.201)] a [1.74(0.066)] b 
( ) μg/g ND  
a  
b B  

 

Shaver Brown 10 14C- 1.2 mg/kg
/ 19.9 mg/kg 1 1 14

24
1 2 8
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25 26

27  
2 0.655 μg/g

 
82.4%TAR 0.1%TAR

5.4%TAR 11
1.34 μg/g

2.51 μg/g  
3.1%TRR 7.3%TRR

10%TRR B 74.4%TRR 89.9%TRR
H I J 10%TRR

87 101  

 μg/g %TAR 
 2.13 0.251 

 ( ) 0.229 0.092 
 ( ) 0.430 0.193 
 ( ) 2.51 0.291 
 ( ) 1.50 0.335 

 2.33 0.001 
 5.19 0.005 

  0.1 
 0.020 1.34 2.0 

  0.8 
  82.4 

  5.4 
  91.9 
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 <0.01  

1  0.020 
2  0.175 
3  0.372 
4  0.560 
5  0.751 
6  0.892 
7  1.12 
8  1.28 
9  1.28 
10  1.29  
11  1.34 
12  1.33 
13  1.32 
14  1.32  

<0.01:  
 

  
(μg/g) 

 
    

 

 2.02 90.0 
(1.81) 

3.5 
(0.072) 

B[74.4(1.50)] H[8.8(0.178)]
J[3.2(0.065)] [7.5(0.151)]a 

2.7 
(0.055) 

 
 0.222 94.6 

(0.210) 
3.1 

(0.007) 
B[75.5(0.167)] H[7.1(0.016)]
J[3.4(0.007)] [3.9(0.009)] 

5.3 
(0.012) 

 0.423 96.0 
(0.406) 

6.2 
(0.026) 

B[81.4(0.344)] J[4.9(0.021)]
H[1.8(0.008)] 

4.0 
(0.017) 

 
 2.95 99.8 

(2.94) 
3.9 

(0.116) 

B[89.4(2.64)] J[3.6(0.106)]
H[0.7(0.021)] I[0.7(0.019)]  

[1.3(0.040)] 

0.1 
(0.003) 

 1.61 97.5 
(1.57) 

3.3 
(0.053) B[89.9(1.45)] J[3.9(0.063)] 2.5 

(0.040) 

 1.30 95.7 
(1.24) 

7.3 
(0.095) 

B[77.3(1.00)] J[5.6(0.072)]
H[5.6(0.072)] 

4.3 
(0.056) 

( ) μg/g 
11 13  

a /  
 

B B
H I

B F
J
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C
E

 
 

1 3
0 1.30 3.91 13.0 mg/kg 1 1 1 28

B
28 1 2

24  
4-1  

B 13.0 mg/kg
0.13 μg/g B 3.90 μg/g  

B
13.0 mg/kg

0.31 μg/g B 4.70 μg/g 87 102  

3 0 0.14 0.41
1.31 1.38 mg/kg 2 28

B E F
0 0.14 0.41 1.31 mg/kg 28

1 2 24
1.38 mg/kg 5 15

 
4-2  

B E
1.31 mg/kg

0.015 μg/g B 0.413 μg/g E 0.007 μg/g
F 0.005 μg/g  

B
1.31 mg/kg

 
1 1.30 3.91 13.0 mg/kg 0.5 1.4

4.7  
2 0.14 0.41 1.31 1.38 mg/kg

0.05 0.15 0.5 0.5  
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0.01 μg/g B 0.45 μg/g
E F 0.01 μg/g

136 150  

1 3
0 3 9 30 mg/kg 3 28

B E
28 1 2

24  
4-3  

B E 30 mg/kg
0.48 μg/g B 9.44 μg/g E

0.25 μg/g  
B E

30 mg/kg
0.64 μg/g B 12.4 μg/g E 0.34 μg/g

136 151  

6 18
0 0.443 1.33 4.43 mg/kg 4 28

B
28 6

 
4-4  

B 4.43 mg/kg
0.02 μg/g B

0.62 μg/g B 4.43 
mg/kg 0.64 μg/g  

0.01 μg/g B 4.43 mg/kg
0.37 μg/g 87 103  

 
3 3 9 30 mg/kg 1 3 11

 
4 0.443 1.33 4.43 mg/kg 1.4
4.2 14  
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6 9 0
0.084 0.50 2.46 2.51 mg/kg 5 28

B E F
0 0.084 0.50 2.51 mg/kg

28 24
2.46 mg/kg 5 15

 
4-5  

B 2.51 
mg/kg 0.02 μg/g
B 0.44 μg/g E F

0.01 μg/g  
B 2.51 mg/kg

0.17 μg/g E
F 0.01 μg/g 136

152  

4 12 0
1 3 10 mg/kg 6 28

28
6  

10 mg/kg
0.02 μg/g 0.01 

μg/g 136 153  

PEC BCF
 

PEC 0.94 1.70 μg/L BCF 10.2
0.0479 0.087 mg/kg

67 87 136  

 
5 0.084 0.50 2.46 2.51 mg/kg
0.3 1.6 7.9 8.0  

6 1 3 10 mg/kg 3.2 9.6 32
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SD 5 14C- 5 mg/kg
1,000 mg/kg

 
28  

T1/2 114
44.3 49.2

2 56 136  
 

 5 mg/kg 1,000 mg/kg
     

Tmax(hr) 8.00 8.00 33.6 48.0 
Cmax(μg/g) 2.11 1.63 41.7 29.8 

T1/2(hr) 48.5 114 49.2 44.3 
AUC0-t (hr μg/g) 94.9 79.4 2,620 2,240 
AUC0- (hr μg/g) 101 110 2,850 2,440 

AUC0-t -  
 

96
7

83.5% 88.6% 10.9% 14.3% 2 56 136  
 

SD 4 14C-
 

29  

168

96

 
7  

39
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2 56 136  
 

  Tmax  48  

5 
mg/kg

 
 

 

(14.5)
(11.7) (7.92)

(6.43)
(5.36)
(5.32) (4.25)

(4.10) 

(1.61) (0.81) (0.50) 

 

(13.3)
(11.4) 9.81)

7.56)
(5.87) (5.85)

(4.45)
(5.23) (2.45) 

(0.77) (0.37) (0.33)  
(0.31) (0.30) 

  Tmax  96  168  

1,000 
mg/kg

 
 

 

(208)
(192) (161)

(120) (92.9)
(65.6)

(63.3) 

(14.5)
(11.8) (7.9) 

(9.9)
(1.8) (1.8)

(1.6) 

 

(138)
(138) (123)

(86.1) (68.4)
(64.6)

(39.9) 

(56.3)
(30.7) (27.6)

(27.5)
(23.7)
(20.0) (19.7)

(16.2) (14.1) 

(3.4)
(2.3) (1.7)
(1.7) (1.3) 

5 mg/kg 8 1,000 mg/kg 48  

 
30  

I J Q R F S U
V Q S J

U I V H

I V
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I 10%TAR 22%TAR
B D H E J

0.2%TAR 0.3%TAR
72.2%TAR 77.0%TAR

E J

I
 

 

 a    

5 mg/kg  
 

 

b ND Q(7.19) R(4.94) S(3.23) J(1.68)
F(1.01) I(0.99) H(0.97) T(0.54) U(0.25) 

b ND 
I(6.77) R(6.20) Q(4.18) V(3.41)
J(3.37) T(2.36) F(1.92) H(1.74)
S(1.38) B(1.23) U(0.23) 

c 0.05 
R(4.81) F(0.81) S(0.79) Q(0.72)
H(0.71) I(0.48) T(0.46) J(0.35)
U(0.23) B(0.12) 

c ND 
R(10.6) I(5.23) J(2.84) F(2.18)
Q(1.93) H(1.84) T(1.25) S(0.89)
B(0.57) D(0.33) G(0.31) 

 

b 0.29 I(22.2) J(9.20) H(6.45) B(5.06) E(0.35) 

b 0.19 I(10.1) J(8.00) H(7.54) B(5.33)
D(0.77) E(0.52) 

c 1.53 H(2.94) B(2.35) E(2.25) J(0.51) 
c 0.44 B(4.54) H(3.29) E(2.05) J(0.37) 

 
 ND F(15.7) I(6.63) H(6.38) C(1.93)

G(0.91) J(0.89) 

 ND F(11.4) H(3.37) I(2.55) G(1.34)
C(1.03) B(0.62) 

1,000 mg/kg  
  

b ND Q(1.08) J(0.49) S(0.17) F(0.14)
R(0.12) H(0.06) U(0.05) I(0.04) T(0.02) 

b ND Q(1.31) J(0.84) I(0.82) R(0.46)
T(0.29) F(0.24) S(0.17) U(0.12) V(0.07) 

c 0.05 J(0.29) R(0.27) F(0.12) Q(0.07)
H(0.06) I(0.05) B(0.04) 

c ND J(0.34) I(0.18) F(0.10) Q(0.10)
H(0.04) T(0.04) V(0.04) R(0.03) 
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 a    

 

b 72.2 I(1.98) J(1.61) E(1.22) B(0.46) H(0.27) 
b 77.0 E(2.45) J(1.05) 
c 76.4 E(4.73) B(0.63) 
c 62.9 E(2.54) 

  ND I(0.67) F(0.58) G(0.15) J(0.15) 
 ND G(0.47) F(0.45) I(0.30) J(0.08) B(0.06) 

5 mg/kg /  
 

 

 ND 
Q(7.73) S(4.20) R(3.48) J(1.65)
F(0.97) H(0.68) U(0.52) I(0.51)
T(0.48) B(0.07) 

 ND 
I(8.70) J(5.28) R(5.23) Q(4.83)
T(2.48) F(1.65) S(1.33) V(1.24)
H(1.06) B(0.86) U(0.32) 

  1.21 I(22.4) H(8.21) J(4.43) B(1.75) E(0.31) 
 3.97 I(11.5) H(6.58) J(6.45) E(3.56) B(2.19) 

a 0 72  
b  
c  

 
C

E
G B

a H H
I I

U T
H V b B

F R
J

S Q
c D 2
56 136  
 

SD 5 14C-
14 14C-

 
168 31  

42
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0.9%TAR
 

96 54.5%TAR 66.7%TAR
51.6%TAR

67.2%TAR

23.3%TAR
11.0%TAR 36.2%TAR 30.4%TAR

2 56 136  
 

 

 5 mg/kg  
 

1,000 mg/kg  
 

5 mg/kg /  
 

       
 23.5 36.4 2.96 5.13 22.5 35.1 
 67.3 54.9 88.4 87.5 70.7 55.5 

 1.53 2.67 0.37 0.37 0.85 3.12 
 0.55 0.71 0.01 0.02 0.63 0.58 

a 0.12 0.13 0.02 0.02 0.23 0.12 
a  

 

SD 5 14C-
 

96 32
 

2 56 136  
 

 5 mg/kg  1,000 mg/kg  
     
 67.2 51.6 8.92 6.03 

 11.0 30.4 1.14 1.53 
 10.5 10.5 86.0 79.3 

 3.79 3.10 0.49 0.98 
 1.49 3.49 0.36 5.78 
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S9 14C- 1 10 
μmol/L 37 1 NADPH 8

120 in vitro
 

S9 33 34
 

120 S9 4.96% 6.22% S9
10.1% 51.9% S9 S9

8 S9 8
E

S9 S9
136 154  
 

  
( ) b 

14C-  1 μmol/L 14C-  10 μmol/L 
S9 S9 S9 S9 

        

 
0 -10.7 -7.71 -3.23 -3.61 -13.0 -8.96 -30.4 -1.04 

120 -0.19 6.22 51.9 10.1 -4.96 -3.96 38.0 15.5 

a 
0     -10.3 -5.50 -0.84 -1.08 

120     0 0 0 0 
 

a NADPH  
b  

 

 
8 NADP-2 62 mmol/L G6P 500 mmol/L G6PDH

 pH 7.4  
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-

HPLC 
  

HPLC (%)  
0  60  120  

      
            

1              
2  2.6 2.2      1.3     
3      4.6 3.0   5.7 3.3   
4              
5   0.7   3.5 7.2 37.3 9.4 4.6 11.4 53.4 13.3 
6              
7              
8  3.1 0.9       4.3 1.5   

  94.3 96.2 100 100 91.9 89.8 62.7 89.3 85.4 83.8 46.6 86.7 

8 E  
0.66% 1.29%  

 
 

HPLC 
  

HPLC (%) 
0  60  120  

      
            

1      0.6        
2  0.6  0.9 0.6 0.5 0.8 0.9 0.7  0.7  1.0 
3  1.8 1.7 0.9 1.1 5.6 4.4 1.2 1.0 9.7 5.8 1.1 1.0 
4        0.8 0.5     
5  0.7 0.9 0.9 0.8 5.5 9.6 30.8 13.5 0.9 1.0 38.8 16.5 
6              
7              
8  0.6            

  96.3 97.3 97.3 97.5 87.9 85.2 66.3 84.2 89.4 92.5 60.1 81.6 
8 E  

0.5% 0.54%  
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14C- 1 5 
μmol/L 37 240  

35 36  
82.0%TAR 107%TAR 240

36% 41%
78% 100%

AA AB AC AD B 2
136 155  

 

 

  
14C-  

1 μmol/L 5 μmol/L 
  41 36 
  54 46 
  68 68 

  100 96 
 90 78 

  100 96 
 100 98 

14C-

 
  

HPLC (%) 

 
AA 

 
AB 

 
AC 1  2 

 
AD 

 
B 

1 
μmol/L  

     36  51   13 
     5  46   48 
    16  31   54 

   17 23 4  2  60 
  5 30  10   55 

   29   3   67 
  55 10     35 

5 
μmol/L 

    35  55   10 
  2  6  53   39 
    20  30   49 

   5 13  4  3 69 
  2 17  22   58 

   13 4  4  2 77 
  36 4  2  3 55 

240  
10% 2% 20% 2% 2%  
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37 17 58 87 104 136 156  

 

 
 

LD50(mg/kg )    

Wistar a 
5  

( 17) 
>7,080 >7,080 

5,000 7,080 mg/kg  
 
5,000 mg/kg  

( 1 2 ) 
(

1 ) d 
 

5,000 mg/kg  
5,000 mg/kg  

Wistar b, c 
3  

( 156) 
 >2,000 

2,000 mg/kg  
 

 

SD a, c  
3  

( 104) 
 >2,000 

2,000 mg/kg  
 

( 2 1 ) (
1 ) ( 1 ) 

 
 

 
a 0.5%MC  
b 0.2%Tween80  
c  
d 7,080 mg/kg 1

2,000 mg/kg 5,000 mg/kg
2,000 mg/kg 5 1 5,000 mg/kg

5 2
( 58)  

 

 
38 54 136  
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/  

 
(mg/kg ) 
( ) 

 
 

(mg/kg ) 

 
 

(mg/kg ) 
 

 

 
(Irwin ) 

ICR 
 3 

0 50 120  
500 2,000 

( ) 
50 120 

2,000 mg/kg

( 6
) 1  

500 mg/kg
(

2 6 )
( 6

) 
120 mg/kg

( 0.5 6
) 

 

 ICR 
 6 

0 10 25 50
120 500

2,000 
( ) 

25 50 

50 mg/kg
30 1
 

 ICR 
 10 

0 50 120  
500 2,000 

( ) 
2,000  

 

 

 
 
 
 

 
 

( ) 

4 
0 500 1,000  

2,000 
( ) 

2,000  

 

 

 
 

 

Wistar 
 6 

0 50 120  
500 2,000 

( ) 
50 120 

120 mg/kg
 

 0.5%CMC  
 

Wistar 10 0 20 100
500 2,500 ppm 39 28

 

 20 ppm 100 ppm 500 ppm 2,500 ppm 
 

(mg/kg / ) 
 1.8 9.2 46.1 219 
 2.0 9.6 46.3 220 
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40  

100 ppm 9

 
500 ppm

100 ppm 9.2 mg/kg /
9.6 mg/kg / 136 157  

 

   
2,500 ppm (1 25 )

(1 15 )[

] 
( 1 ) 

( 1 2 ) 
Neu Neu PLT

 
Lym  
TP T.Chol ALT AST§1

 
Alb Glu  
T3  

 
 

 

( 1 ) 
( 1 ) 

Neu PLT  
Lym Lym  

 
T3  

§3 

 
 

500 ppm  PT  
T4  
TSH  

 
 
§2 

 

§2 

TP T.Chol TG ALT  
TSH  

 
§2 

 
 

 

§2 
§2 

100 ppm    
[ ]  
§1  
§2 500 ppm  
§3  

 

 
9  

49



 

48 
 

Wistar Hannover 10 0
20 500 1,500 ppm 41 90

 
 

 20 ppm 500 ppm 1,500 ppm 

 
(mg/kg / ) 

 1.30 32.0 94.7 
 1.52 37.0 114 

 
42  

500 ppm
20 ppm 1.30 

mg/kg / 1.52 mg/kg / 87 105  
 

   
1,500 
ppm 

PLT  
Glob T.Chol  
A/G  

 
 

PT  
TG  

 
 

 
 

500 ppm 
 

PT APTT  
GGT TP Alb  

 
 

 

Ht Hb MCV MCH
MCHC  
PLT  
APTT  
GGT TP Alb  
Glob T.Chol  
A/G  

 
 

 
20 ppm   

 

Wistar 10 0 5 20 500
2,500 ppm 43 90

 
 

50



 

49 
 

 

 5 ppm 20 ppm 500 ppm 2,500 ppm 
 

(mg/kg / ) 
 0.3 1.2 30.5 155 
 0.4 1.5 37.6 188 

 
44  

2,500 ppm 8 500 ppm 1 3 5 ppm
1 2,500 ppm

PT

500 ppm

500 ppm 5 ppm
 

500 ppm
20 ppm 1.2 mg/kg /

1.5 mg/kg / 30 56 136  
 

51



 

50 
 

   
2,500 
ppm 

( 3 )§1 
( 1 5 )  

( 1 3 ) 
PLT §1 
Ht Hb MCHC §1 
TG ALT §1 
T.Chol §1 
T3  

 

( 2 )§1 (
3 4 )§1 

( 1
) 

MCHC  
PLT  
TG  
T3  

 
500 
ppm

 

 
MCV MCH §2 
PT §2 
TP §2 
T4  
TSH  

§2 
§3 

( ) §4 
/  

Ht Hb MCV MCH  
TP T.Chol  

 
T4  
TSH  

 
 

( ) §5 
/  

20 ppm
 

  

§1  
§2 2,500 ppm  
§3 2,500 ppm  
§4 500 ppm  
§5  

 

C57BL/6N 15 0 50 250
1,000 2,500 ppm 45 28

P450
 

 

 
10 18
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*

 50 ppm 250 ppm 1,000 ppm 2,500 ppm 

 
(mg/kg / ) 

 9.3 47.4 186 458 
 11.8 57.9 234 513 

* 1,000 ppm 2,500 ppm 8 11
2  

 
46  

2,500 ppm 9 12 1,000 ppm
1 4 2,500 ppm 4

8 11
 

1,000 ppm P450  
250 ppm

 
250 ppm

2,500 ppm
136 158  

 

   
2,500 ppm (9 6 )[

] 
( 14 )  

(12 20 )[
] 

( 21 )  

1,000 ppm 
 

AST ALT  1,000 ppm  
 

250 ppm 
 

 
§ 

§ 
§ 

50 ppm  
[ ]  
§  

 

ICR 10 0 100 500
1,500 5,000 ppm 47 90

 
11 18

 

53



 

52 
 

 
 

 100 ppm 500 ppm 1,500 ppm 5,000 ppm 

 
(mg/kg / ) 

 12.6 66.8 214 660 
 15.6 78.0 229 737 

 
48  

1,500 ppm

 
1,500 ppm 5,000 ppm

87 182  

   
5,000 ppm (1 12 )[

] 
( 12 ) 

T.Chol TG
 

 

(1 9 ) 
ALT TP Glob T.Chol

 
A/G  

 
 

( ) 
1,500 ppm  ALT  

 
 

( ) 

1,500 ppm  
 

500 ppm   
[ ]  

 

4 0 30 90 200 
ppm 49 90

 
 

 30 ppm 90 ppm 200 ppm 
 

(mg/kg / ) 
 0.931 2.86 6.56 
 1.08 3.12 7.10 

 
50  

54



 

53 
 

200 ppm

 
200 ppm

90 ppm 2.86 mg/kg /
3.12 mg/kg / 87 106  

   
200 ppm ( )§ 

Lym  
GGT  
T.Chol  

 

T.Chol  
 

90 ppm    
§  

 

4 0 30 90 200 
ppm 51 90

 
 

 30 ppm 90 ppm 200 ppm 
 

(mg/kg / ) 
 1.0 3.2 7.6 
 1.1 3.6 8.5 

 
52  

90 ppm

 
90 ppm

6
30 90 ppm

200 ppm 1

 
30 ppm

55



 

54 
 

1
5 6

 
90 ppm 200 ppm

ALP 30 ppm 1.0 
mg/kg / 90 ppm 3.6 mg/kg /

31 56 136  

   
200 ppm §1 (1 24 )[

] 
§1 

( 1 ) 
ALP  

90 ppm  ( 2 )§2 
§1 

§1 

90 ppm  
 

30 ppm  
[ ]  
§1  
§2  

 

2 0 70 200
700 ppm 53 28

 
 

 70 ppm 200 ppm 700 ppm a 
 

(mg/kg / ) 
 2.4 5.3 9.4 
 2.5 6.4 13.2 

a 1 2  
 

 
12 90

 

56



 

55 
 

54  
700 ppm

14 15  
200 ppm

136 159  

   
700 ppm (2 14

15 )[

( 11 )] 
( 2 ) 

(2 15 )[
( 13 )] 

( 2 ) 

200 ppm   
( 5 13 )a 

(
1 8 ) 

( 8
23 )a 

(
1 8 ) 

70 ppm   
[ ]  

 
a 200 ppm  

 

5 0 9 30 90 
ppm 55 1  

1 12 T3 T4 TSH  
 

 9 ppm 30 ppm 90 ppm 
 

(mg/kg / ) 
 0.27 0.70 2.73 
 0.22 0.76 2.51 

 
T3 T4 TSH

 
90 ppm

30 ppm 0.70 mg/kg /
0.76 mg/kg / 33 136  

 

57



 

56 
 

Wistar Hannover 52
20 0 20 75 250 ppm

56 2 /  
 

 20 ppm 75 ppm 250 ppm 

 
(mg/kg / ) 

 
 0.935 3.52 11.6 
 1.16 4.48 14.9 

 
 0.811 3.10 10.6 
 1.06 4.00 13.3 

 
57  

75 ppm

 
 

75 ppm
20 ppm

0.811 mg/kg / 1.06 mg/kg /
87 107  

 

58



 

57 
 

   
250 ppm ( 104 ) 

APTT  
 

 
 

 

( 88 ) 
Hb MCHC  
PLT  
PT APTT  
GGT TP Glob T.Chol
TG  
A/G  

 
 

 
 

 
 

 
75 ppm  GGT  

§1 §2 
 

 

 

20 ppm   
§1 75 ppm  
§2 75 ppm  

 

   
250 ppm APTT  

 
 

Hb MCHC  
PLT  
PT APTT  
GGT TP Glob T.Chol
TG  
A/G  

 
 

 
 

75 ppm  GGT  
§1  

75 ppm  
 

20 ppm  
§1 75 ppm  

 

Wistar 60 10
15 0 5 20 75

59



 

58 
 

250 ppm 58 2 /
 

 

 5 ppm 20 ppm 75 ppm 250 ppm 
 

(mg/kg / ) 
 0.22 0.85 3.21 10.8 
 0.29 1.17 4.40 14.7 

 
59

60  
75 ppm

 
250 ppm

250 ppm
 

20 ppm

 
75 ppm PT

20 ppm 0.85 
mg/kg / 1.17 mg/kg / 34 136  

 
 

60



 

59 
 

   
250 ppm Hb MCHC  

TP Alb  
T4  
TSH  

 
 

 
 

 
 

 

MCV MCH MCHC  
RBC PLT  
TP T.Chol  

 
 

 
 

 
 

/  
 

75 ppm  PT  
 

PT  
T4  
TSH  

 
 

 
20 ppm    

   
250 ppm Hb MCHC  

TP Alb  
T4  
TSH  

 
 

 

MCV MCH MCHC  
RBC PLT  
TP T.Chol  

 
 

 
 

75 ppm  PT  PT  
T4 § 
TSH  

20 ppm    
§ 75 ppm  

61



 

60 
 

   
(ppm) 0 5 20 75 250 0 5 20 75 250 

 60 60 60 a 60 60 a 60 a 60 a 60 60 60 

 

 2 1 0 1 5 0 1 0 1 2 
 0 0 0 0 4 0 0 0 0 2 

 0 0 0 0 0 0 0 1 1 0 
 2 1 0 1 9 0 1 1 2 4 

  0 0 1 1 5* 0 0 0 1 1 

 

      0 0 1 1 1 
      2 0 0 0 0 

      2 5 1 6 9* 
      0 0 1 0 0 

 
Fisher * p<0.05 
a 59  

 

ICR 52 0 150 650
3,000 ppm 61 18

 
 

 150 ppm 650 ppm 3,000 ppm 
 

(mg/kg / ) 
 16.8 77.2 358 
 15.6 70.0 328 

62
63  

650 ppm

 
3,000 ppm

 
650 ppm 3,000 ppm

150 ppm 16.8 mg/kg / 650 ppm 70.0 mg/kg /

62



 

61 
 

87 108  
 

   
3,000 
ppm 

 
 

 
 

( ) 

 
 

( ) 

650 ppm
 

( 28
68 78 )a 

650 ppm  
 

150 ppm  
a 3,000 ppm 16 24 78  

 

   
(ppm) 0 150 650 3,000 0 150 650 3,000 

 52 52 52 52 52 52 52 52 
 15 15 18 27* 1 1 0 12** 

 1 2 5 8* 0 0 0 1 
Fisher * p≤0.05 ** p≤0.01 

 

C57BL/6 50 0 10 50
150 300 ppm 64 18

 
 

 10 ppm 50 ppm 150 ppm 300 ppm 
 

(mg/kg / ) 
 1.7 8.6 25.6 50.8 
 1.7 12.5 36.3 73.5 

65 66
 

150 ppm

 
300 ppm  

300 ppm ALT

63



 

62 
 

150 ppm 25.6 
mg/kg / 36.3 mg/kg / 35 136  

 
 

   
300 ppm ALT  

 
 

 

§  

150  ppm    
§  

 

   
(ppm) 0 10 50 150 300 0 10 50 150 300 

 49 50 50 50 50 50 50 50 50 50 
 5 5 4 1 1 0 2 1 2 6* 

 0 3 1 0 1 0 0 0 0 0 
* Fisher p <0.05 
 

SD 10 0 20
200 2,000 mg/kg 0.5%MC

 
67  

 
2,000 mg/kg 200 mg/kg

200 mg/kg
20 mg/kg 87 109  

64



 

63 
 

   
2,000 mg/kg  ( 3 ) 

( 3 ) 
( 3 ) 

( 3 ) 

( 3 ) 
( 1

3 ) 
( 3 ) 

( 3
) 

( 3 ) 
( 3 )  

200 mg/kg
 

200 mg/kg  
 ( 3 ) 

( 3 ) 
( 3 ) 

( 3 ) 
 ( 3 )    

20 mg/kg   
 

SD 10 0 100
500 2,000 mg/kg 0.5%MC

 
68  

 
100 mg/kg

100 mg/kg
72 136  

   
2,000 mg/kg  ( 4 ) 

( 4 ) 
( 1 ) 

( 4 ) 
( 4 ) 

( 4 ) 
500 mg/kg  

 
( 4 ) 

( 4 ) 
 

( 4 ) 
( 4 ) 

( 4
) 

100 mg/kg  
 

( 4 ) ( 4 ) 
( 4 ) 

( 4 ) 
 

65



 

64 
 

100 mg/kg

 
SD 10 0 10

25 35 250 mg/kg 0.5%MC
 

69  
25 mg/kg

25 mg/kg

 
250 mg/kg 35 

mg/kg
35 mg/kg 25 mg/kg 73 136  

   
250 mg/kg  ( 4 ) 

( 4
) 

( 4
) 

( 4 ) 

( 4 8
) 

( 4
) 

/ (
4 ) 

( 4 ) 
( 4 ) 

( 4 ) 
35 mg/kg  

 
35 mg/kg  

 
( 4 ) 

( 4
) 

25 mg/kg  
 

 

 

Wistar Hannover 10 0
20 500 1,500 ppm 70 90

 
 

66



 

65 
 

 20 ppm 500 ppm 1,500 ppm 

 
(mg/kg / ) 

 1.26 31.2 95.2 
 1.50 37.6 110 

 
1,500 ppm

500 ppm 31.2 mg/kg /
37.6 mg/kg /

87 110  
 

SD 10 0 20 100
400 ppm 71 90

 
 

 20 ppm 100 ppm 400 ppm 
 

(mg/kg / ) 
 1.4 7.2 28.7 
 1.7 8.4 33.0 

400 ppm 100 ppm
 

/

 
20 ppm 1.4 mg/kg / 100 ppm

8.4 mg/kg /
32 56 136  

 

SD 24 0 20 75 500 
ppm 72 2  

 

67



 

66 
 

 20 ppm 75 ppm 500 ppm 

 
(mg/kg / ) 

P  
 1.21 4.51 29.5 
 1.46 5.29 35.8 

F1  
 1.39 5.12 34.7 
 1.55 5.81 38.4 

 
73  

75 ppm P F1

 
500 ppm

500 ppm
75 ppm P 4.51 mg/kg /

P 5.29 mg/kg / F1 5.12 mg/kg / F1 5.81 mg/kg
/

87 111  
 

68



 

67 
 

 P F1 F1 F2 
    

 

500 ppm 

 
 

 

 

 

§ 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

75 ppm 
 

    

 

500 ppm 
§ §

§

§  

500 ppm  
 

 

§ §

§ § 

 

75 ppm 
 

   

§  
 

SD 30 0 10 75 500 
ppm 74 2  

 

 10 ppm 75 ppm 500 ppm 

 
(mg/kg / ) 

P  
 0.66 4.77 32.3 
 0.78 5.82 37.4 

F1  
 0.80 6.03 39.6 
 0.91 6.76 45.2 

 
75  

75 ppm P
 

 

69



 

68 
 

500 ppm
500 ppm

75 ppm P 4.77 mg/kg / P
5.82 mg/kg / F1 6.03 mg/kg / F1 6.76 mg/kg /

36
56 136  

 

 P F1 F1 F2 
    

 

500 ppm 

 
( 10

1 10
) 

 
§2 

§2 

 

 
§2 

§2 

 

§1

 

 

 
§2 

§2 
75 ppm 

 
    

 

500 ppm  

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

75 ppm 
 

    

§1  
§2  

 

SD 21 6 19 0 3 10
60 mg/kg / 0.5%CMC

 
60 mg/kg / 6 9
6 9

T3 T4 TSH  

70



 

69 
 

 
10 mg/kg /

60 mg/kg /
87 112  

 

SD 25 6 20 0 3 10
30 mg/kg / 0.5%MC

 
30 mg/kg / 6 8

6 12 10 mg/kg /
30 mg/kg / 1

 
3 mg/kg / 10 mg/kg /

37 136  
 

NZW 25 6 27 0 0.5
2.0 4.0 mg/kg / 0.5%MC

 
76  

2.0 mg/kg / /
4.0 mg/kg /
0.5 mg/kg / 2.0 mg/kg /

87 113  
 

71



 

70 
 

   
4.0 mg/kg /  (1 13 )

( 24 )[
] 

(6 21 24 ) 
 

( ) 

2.0 mg/kg /  
 

( 6 9 ) a 
( 6 12 ) b 

( 6 9 ) c 

2.0 mg/kg /  
 

0.5 mg/kg /   
[ ]  
a 4.0 mg/kg / 6 21  
b 4.0 mg/kg / 6 28  
c 4.0 mg/kg / 6 18  

 

NZW 30 6 28 0 0.25
0.5 2.0 4.0 mg/kg / 0.5%MC

 
2.0 mg/kg / 21 28
6 8 6 8

2.0 mg/kg / 1 /
4 5  

0.5 mg/kg /
38 136  

 

TK
in vitro

in vivo/in vitro UDS
 
77  

in vivo

39 42 59 87 114 116 136 160  
 

72



 

71 
 

    

in 
vitro 

 
 

( 39) 

Salmonella typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
Escherichia coli 
(WP2 uvrA ) 

8 5,000 μg/  
(+/-S9) 

 

 
 

( 59) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA/pKM101 ) 

39 2,500 μg/  
(+/-S9) 

 

 
 

( 114) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA ) 

8.19 5,000 μg/  
(+/-S9) 

 

TK  
( 160) 

 
(L5178Y TK+/-) 

15.6 500 μg/mL 
(+/-S9)  

 
 

( 40) 

 
253 800 μg/mL (-S9) 
(20 ) 
450 800 μg/mL (+S9) 
(3 ) 
800 μg/mL (-S9) 
(44 ) 

 

 
 

( 115) 

 
(CHL/IU) 

172 324 μg/mL(-S9) 
(6 ) 
236 292 μg/mL(+S9) 
(6 ) 
155 262 μg/mL(-S9) 
(24 ) 

 
a 

in 
vivo/ 

in 
vitro 

UDS
( 42) 

Wistar ( ) 
( 4 ) 

800 2,000 mg/kg  
( )  

in 
vivo 

 
( 41) 

ICR ( ) 
( 5 ) 

500 1,000 2,000 mg/kg  
( )  

 
( 116)  

ICR ( ) 
( 5  

500 1,000 2,000 mg/kg  
( )  

 +/-S9  
a

7.0% 6.0%  
 

73



 

72 
 

 
78 18 19 87 117 118 136 161

162  
 

 
 

 
 

LD50 (mg/kg )    

a 

Wistar  
5  

( 18) 
>2,000 >2,000  

Wistar  
5  

( 161) 
>2,000 >2,000  

SD  
3  

( 117) 
 >2,000  

b 

SD  
5  

( 19) 

LC50 (mg/L) 
/

 
 

>5.21 >5.21 

Wistar  
5  

( 162) 

1.22
2.51 

1.22
2.51 

/
 

 
2.51 mg/L  
1.22 mg/L  

SD  
3  

( 118) 
>1.44 >1.44  

 
a 24  
b 4  

 

NZW
27 28 136 163

164  

74



 

73 
 

Hartley Maximization
29 87 119 136  

 

SD 10 0 10 50 250
1,000 mg/kg / 6 / 7 / 28

 
79  

50 mg/kg /
/ 10 

mg/kg / 136 165  
 

   
1,000 mg/kg /   

 
Chol ALT  

 

 
WBC Lym Eos  

 
PT  

/  
 

250 mg/kg /  RBC Hb Ht  
PT  
GGT TP Glob  
Glu  

RBC Hb Ht  
PLT  
GGT Chol TP  
A/G  

 
50 mg/kg /  APTT  

A/G  
 
§1 

/  
 

§2 

/  

APTT  
Glob  

 
 

/ §1 

10 mg/kg /    
§1 50 mg/kg /  
§2 250 mg/kg /  

 

SD 10 0 25 100 500
1,000 mg/kg / 6 / 7 / 28

 
80  

75



 

74 
 

500 mg/kg /
100 mg/kg / TP

100 mg/kg / 25 mg/kg /
136 166  

 

   
1,000 mg/kg /  Hb  

PLT   
TG  
Chol §1 

 
  

Hb Ht  
Chol Alb§1  
A/G  

 
§1 

500 mg/kg /
 

APTT  
TP Alb  
A/G  

 
 

 

PLT  
GGT  

 
§2 

 
 

100 mg/kg /
 

100 mg/kg /  
 

TP  

25 mg/kg /   
§1  
§2 500 mg/kg /  

 

/
 

 

Wistar 24 14 0
20 mg/kg / 24 125I

KClO4
125I

PTU 200 mg/kg /  

PTU

PTU

76



 

75 
 

50 136  
 

Wistar 8 14 0 20 
mg/kg / 125I-T4 T4

80 mg/kg /
 

 
UDP-

51 136  
 

Wistar 7 14 0 20 
mg/kg / 125I-T4 T4

80 mg/kg /
 

50% 60% 125I-T4 20%
125I 125I-T4  

125I-T4

60% 125I-T4 UDP-

52 136  
 

Wistar Hannover
0.3 100 μmol/L 96

mRNA
β-  

UDP- UGT1A1
UGT1A6 UGT2B1 mRNA 4.2 14.2

T4-
T4  

77



 

76 
 

EROD CYP1A CYP1A1 CYP1A2 mRNA
1.3 4.2 PROD CYP2B CYP2B1 CYP2B2

mRNA 1.3 9.7 CYP3A1 mRNA
35 PXR

136 167  
 

UDP-
T4

TSH
 

 

 
C57BL/6 15 15

28 0 100 300 1,000 ppm

80 mg/kg /  
1,000 ppm 8 29

CYP EROD
BrdU

 
300 ppm P450 BROD

PROD  
P450 BROD

EROD PROD BROD PROD
 

300 
ppm

53 136  
 

Wistar 0 3 10 30

78



 

77 
 

100 μmol/L 96
BrdU DNA RDS  

3 μmol/L BrdU
1.6 100 μmol/L

136 168  
 

0 3 10
30 μmol/L 7 mRNA

 
 

CYP1A2 CYP2B1 CYP3A1
CYP1A2 CYP2B6 CYP3A4 mRNA  

CYP3A mRNA
CYP1A CYP2B mRNA

136 169  
 

UGT1A1 UGT1A5/6 UGT2B1
UGT1A1 UGT1A6 UGT2B7 mRNA  

UGT1A1 UGT1A5/6 mRNA
UGT2B1 mRNA

UGT1A1 mRNA UGT1A6
UGT2B7 mRNA 136 169  

 

phenacetin bupropion
midazolam CYP1A CYP2B CYP3A

 
CYP3A

7 CYP2B CYP3A
CYP3A 136 169  

 

T4- T4-
 

79



 

78 
 

T4-
5.6 T4-

2.5 T4-
0.175 

pmol/min/mg 2.03 pmol/min/mg 136 169  
 

30 μmol/L CYP3A

CYP2B6  
UGT2B1 T4-

10 μmol/L  UGT1A1 mRNA
T4-

T4-
 

 

3 0 1 3 10 30 
μmol/L 96 DNA

PROD BROD BQ CYP1A1 CYP1A2 CYP2B6
CYP3A4 mRNA  

CAR CYP2B6 PROD
PXR CYP3A4 BROD BQ AhR

CYP1A1 CYP1A2
RDS 136
170  

 

TPO

0.01 200 μmol/L 450 nm
TPO

6- -2- PTU  
TPO 15.2% 100 μmol/L

50% IC50 PTU
TPO IC50 =3.64 μmol/L

136 171  
 

80



 

79 
 

FRTL-5 /
 (NIS) 

 
FRTL-5 3.13 200 μmol/L
6.25 μmol/L 7.5

Sandell-Kolthoff 
 (IV) 

 (IV) OD420
 

IC50 163 μmol/L
IC50 0.268 μmol/L 600

NIS 136 172  
 

Wistar 10 0 20 100
500 ppm 81 28

28 3.5 
mg/kg /  

 

 20 ppm 100 ppm 500 ppm 
 

(mg/kg / ) 1.6 8.4 41.2 

 
500 ppm SRBC IgM

SRBC IgM
79 81

136  
 

NZW 15 0 0.85 1.5
3.0 mg/kg 0.5%MC

24 14  
T3 T4

 

81



 

80 
 

3.0 mg/kg
79 82 136  

 

18 0 1.5
2.2 mg/kg 0.5%MC

6 28  
1.5 mg/kg 3

 

 
2.2 mg/kg

136 173  
 

ICR 10 20
99.5% 0% 0.0003% 0.0009%

0.0027% 82 P 5
9

F1 11
 

 

 0.0003% 0.0009% 0.0027% 

 
(mg/kg / ) 

P   0.48 1.47 4.56 
 0.58 1.75 4.96 

F1   0.52 1.64 5.00 
 0.59 1.91 5.62 

 

 
13 P 8

F1 7 14
3

 
13  

 

82



 

81 
 

9 10
174  

 

ICR 10
1 5 19 0

24 28 99.4% 0%
0.0002% 0.001% 0.005% 83

 
 

 0.0002% 0.001% 0.005% 

 
(mg/kg / ) 

 0.28 1.74 7.49 
 0.83 4.12 20.7 
 1.79 8.72 42.0 

2  
3  

 

 
13 F1 14

3
9

10 175  
 

 

 
 

Agricola Biosis
2007 7 1 2022 6 30

214 3
14

 
14 3 9 22  

 

83



 

82 
 

2
176  

15

2  

 

 
15 3 3 18

 

84



 

83 
 

B C D E J K N P 1
2 3 4  

84 20 26 87 120 126 136  
 

 

 
 

 
 

LD50 

(mg/kg )  
  

 
B 

Wistar a 
5  

( 20) 
>2,000 >2,000 

2,000 mg/kg  
 

 

SD a, c 
3  

( 120) 
 >2,000 

300 2,000 mg/kg  
 
300 mg/kg

 
 

 

 
C 

Wistar a 
5  

( 22) 
>5,000 >5,000 

2,000 5,000 mg/kg  
 

 

 
D 

Wistar a 
5  

( 23) 
>5,000 >5,000 

2,000 5,000 mg/kg  
 

 

 
E 

Wistar a 
5  

( 21) 
>2,000 >2,000 

2,000 mg/kg  
 

 

SD a, c 
3  

( 121) 
 300

2,000 

300 2,000 mg/kg  
 
2,000 mg/kg  
300 mg/kg

 
 
2,000 mg/kg  

 
J 

SD a, c 
3  

( 122) 
 300

2,000 

300 2,000 mg/kg  
 
2,000 mg/kg

 
300 mg/kg

 
 
2,000 mg/kg  

85



 

84 
 

 
 

 
 

LD50 

(mg/kg )  
  

 
K 

Wistar a 
5  

( 24) 
>5,000 >5,000 

2,000 5,000 mg/kg  
 

 

 
N 

SD b 
5  

( 25) 
439 423 

100 200 300 500 800 
mg/kg  
 
500 mg/kg  

 
300 mg/kg  

 
 

300 mg/kg  
500 mg/kg  

 
P 

SD a 
5  

( 26) 
>2,000 >2,000 

2,000 mg/kg  
 

 
 

a 0.5%MC  
b  
c  

 

 
 

 
 

LD50 

(mg/kg )  
  

 

1 

SD  
3  

( 123) 
 50 300 

50 300 mg/kg  
 
300 mg/kg  
50 mg/kg  
 
50 mg/kg  
300 mg/kg  

 

2 

SD  
3  

( 124) 
 >2,000 

300 2,000 mg/kg  
 
300 mg/kg

 
 
2,000 mg/kg  

 

3 

SD  
3  

( 125) 
 >2,000 

300 2,000 mg/kg  
 

 

86



 

85 
 

 
 

 
 

LD50 

(mg/kg )  
  

 

4 

SD  
3  

( 126 
 >2,000 

300 2,000 mg/kg  
 
2,000 mg/kg

 
300 mg/kg  
 

 
 

0.5%MC  
 

 

Wistar 10 0 500 500
5,000 10,000 ppm 85 28

 
 

 50 ppm 500 ppm 5,000 ppm 10,000 ppm 
 

(mg/kg / ) 
 5.2 51.4 515 983 
 5.2 53.5 512 993 

 
86  

500 ppm

 
5,000 ppm

500 ppm 51.4 mg/kg / 53.5 
mg/kg / 136 177  

 

87



 

86 
 

   
10,000 ppm ( 1 2 ) 

( 1 3 ) 
 

 

( 1 ) 
§1 

5,000 ppm  PT  
§2 

T4  
TSH §1 

 
 

 
§3 

T.Chol TG  
§2 

 
 

 

500 ppm    
§1  
§2  
§3 10,000 ppm  

 

B D E J C
K N P

1 2 3 4 5
C  

87 43 49 87
127 133 136 178 179  

 

 
     

B 

 
 

( 43) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA ) 

4.10 5,000 μg/  
(+/-S9) 

 

 
 

( 127) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA/pKM101 ) 

313 5,000 μg/  
(+/-S9) 

 

88



 

87 
 

 
     

C 

 
 

( 45) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2/pKM101  
WP2 uvrA/pKM101 ) 

1.6 5,000 μg/  
(+/-S9) 

 

in vitro 
 

( 178) 

 100 1,250 μg/mL (-S9) 
(3 ) 
100 1,800 μg/mL (+S9) 
(3 ) 
50 200 μg/mL (-S9) 
(24 ) 

 

D 
 
 

( 46) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2/pKM101 WP2 
uvrA/pKM101 ) 

1.6 5,000 μg/  
(+/-S9) 

 

E 

 
 

( 44) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA ) 

0.16 5,000 μg/  
(+/-S9) 

 

 
 

( 128) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA/pKM101 ) 

156 5,000 μg/  
(+/-S9) 

 

J 
 
 

( 129) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA/pKM101 ) 

39.1 1,250 μg/
(+/-S9) 

 

K 
 
 

( 47) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2/pKM101 WP2 
uvrA/pKM101 ) 

1.6 5,000 μg/  
(+/-S9) 

 

N 
 
 

( 48) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2/pKM101 WP2 
uvrA/pKM101 ) 

0.32 1,000 μg/  
(+/-S9) 

 

89



 

88 
 

 
     

P 
 
 

( 49) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA/pKM101 ) 

5 5,000 μg/  
(+/-S9) 

 

 +/-S9  
 

     

1 

 
 

( 130) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA/pKM101 ) 

313 5,000 μg/  
(+/-S9) 

 

2 

 
 

( 131) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA/pKM101 ) 

313 5,000 μg/  
(+/-S9) 

 

3 

 
 

( 132) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA/pKM101 ) 

313 5,000 μg/  
(+/-S9) 

 

4 

 
 

( 133) 

S. typhimurium 
(TA98 TA100 TA1535
TA1537 ) 
E. coli 
(WP2 uvrA/pKM101 ) 

313 5,000 μg/  
(+/-S9) 

 

5 

 
 

( 179) 

S. typhimurium 
(TA98 TA100 TA102
TA1535 TA1537 ) 

10 250 μg/  
(+/-S9)   

+/-S9  
 

3 Derek Nexus: 6.1.116

QSAR
 

 
16 Derek KB 2020 ver.1.0

5α-
 

90



 

89 
 

5 Derek Nexus: 6.1.117

QSAR

87 134 136 180  
 

 
17 Derek KB 2020 ver.1.0

5α-
 

91



 

90 
 

5

/

2

 

 
14C

10%TRR
B C  

B
3.45 

mg/kg B 1.50 mg/kg
B 1.19 mg/kg

B C
0.0129 mg/kg

B 0.0250 mg/kg C 0.00672 mg/kg  
14C

10%TRR
B F/E

B B D F/E
 

B E F
0.64 μg/g

B 12.4 μg/g E 0.34 μg/g
F

0.02 μg/g B 0.62 μg/g
E F  

0.0479 0.087 mg/kg  
14C

8 34 48

92



 

91 
 

83.5% 88.6% 10.9% 14.3%

F I J Q R S U V B D
E H I J  

 
2 /

18

 

90
 

10%TRR
B C B

D F/E B C D
B

F/E
10%TRR

B
 

88
89  

0.5 mg/kg /
100 0.005 mg/kg /

ADI  

0.5 mg/kg /

93



 

92 
 

/

ARfD
0.5 mg/kg /

100 0.005 mg/kg
ARfD

3.0 mg/kg
100 0.03 mg/kg ARfD  

 
 

ADI 0.005 mg/kg /  
ADI   

  
 6 27  

  
  

ADI   
  

 6 28  
  

  
 0.5 mg/kg /  
 100 

 
ARfD 0.03 mg/kg  

 
ARfD   

  
  

  
  

 3.0 mg/kg /  
 100 

 
ARfD 0.005 mg/kg  

 
ARfD   

94



 

93 
 

  
 6 27  

  
  

ARfD   
  

 6 28  
  

  
 0.5 mg/kg /  
 100 

 
 

 
 

JMPR 2018  
ADI 0.005 mg/kg /  

ADI   
  

 6 28  
  
 0.5 mg/kg /  
 100 

 
ARfD 0.005 mg/kg  

ARfD   
  

 6 28  
  
 0.5 mg/kg /  
 100 

 
US EPA 2019  

cRfD/cPAD 0.03 mg/kg /  
cRfD/cPAD  /  

  
 2  

  
 0.85 mg/kg /  
 30 

 

95



 

94 
 

aRfD/aPAD 0.35 mg/kg  
aRfD/aPAD   

  
  

  
 35 mg/kg  
 100 

 
EFSA 2024  

ADI 0.002 mg/kg /  
ADI   

  
 1  

  
 0.22 mg/kg /  
 100 

 
ARfD 0.005 mg/kg  

ARfD   
  

 6 28  
  
 0.5 mg/kg /  
 100 

 
185 192  

 

96



 

95 
 

   
(mg/kg / ) 

 
(mg/kg / ) 

 
(mg/kg / ) 

1) 

 

28  
 
 

0 20 100 500
2,500 ppm 

9.2 
9.6 

46.1 
46.3  

0 1.8
9.2 46.1 219 

0 2.0
9.6 46.3 220 

90  
 

 

0 20 500
1,500 ppm 

1.30 
1.52 

32.0 
37.0 

 0 1.30
32.0 94.7 

0 1.52
37.0 114 

90  
 

 

0 5 20 500
2,500 ppm 

1.2 
1.5 

30.5 
37.6  

0 0.3
1.2 30.5 155 

0 0.4
1.5 37.6 188 

2  
/
 

 

0 20 75 250 
ppm 

0.811 
1.06 

3.10 
4.00  

 
 
(

) 

 
0 0.935

3.52 11.6 
0 1.16

4.48 14.9 
 

0 0.811
3.10 10.6 

0 1.06
4.00 13.3 

2  
/
 

 

0 5 20 75
250 ppm 

0.85 
1.17 

 

3.21 
4.40 

PT  

 
 
(

) 

0 0.22
0.85 3.21 10.8 

0 0.29
1.17 4.40 14.7 

97



 

96 
 

   
(mg/kg / ) 

 
(mg/kg / ) 

 
(mg/kg / ) 

1) 

90  
 
 

 

0 20 500
1,500 ppm 

31.2 
37.6 

95.2 
110  

 
(

) 

0 1.26
31.2 95.2 

0 1.50
37.6 110 

90  
 
 

 

0 20 100
400 ppm  

1.4 
8.4 

7.2 
33.0 

 

 
 
(

) 

0 1.4
7.2 28.7 

0 1.7
8.4 33.0 

2  

 

0 20 75 500 
ppm  

P 4.51  
P 5.29  
F1 5.12 
F1 5.81 

 
P 29.5 
P 35.8 
F1 34.7 
F1 38.4 

 

 
 

 
 
(

) 

P 0 1.21
4.51 29.5 
P 0 1.46
5.29 35.8 
F1 0 1.39
5.12 34.7 
F1 0 1.55
5.81 38.4 

2  

 

0 10 75 500 
ppm  

P 4.77  
P 5.82  
F1 6.03 
F1 6.76 

 
P 32.3  
P 37.4 
F1 39.6 
F1 45.2 

 

 
 

 
 
(

) 

P 0 0.66
4.77 32.3 
P 0 0.78
5.82 37.4 
F1 0 0.80
6.03 39.6 
F1 0 0.91
6.76 45.2 

 
 

0 3 10 60 10  
60 

60 
  

 
 
(

) 

 
 

0 3 10 30 3  
10  

10 
30 

 
 

 
(

) 

98



 

97 
 

   
(mg/kg / ) 

 
(mg/kg / ) 

 
(mg/kg / ) 

1) 

 

18  
 

 

0 150 650
3,000 ppm 

16.8 
70.0 

77.2 
328 

 

 
 
(

)  

0 16.8
77.2 358 

0 15.6
70.0 328 

18  
 

 

0 10 50
150 300 ppm 

25.6 
36.3 

50.8 
73.5 

ALT  

 
 
(

)  

0 1.7
8.6 25.6 50.8 

0 1.7
12.5 36.3 73.5 

 

 
 

0 0.5 2.0 4.0 0.5 
2.0 

2.0 
4.0 

/
 

( ) 
 
(

) 

 
 

0 0.25 0.5
2.0 4.0 0.5 2.0  

 
 
(

) 
 

90  
 

 

0 30 90 200 
ppm 

2.86 
3.12 

6.56 
7.10  

0 0.931
2.86 6.56 

0 1.08
3.12 7.10 

90  
 

 

0 30 90 200 
ppm 

1.0 
3.6 

3.2 
8.5 

 
ALP  

0 1.0
3.2 7.6 

0 1.1
3.6 8.5 

99



 

98 
 

   
(mg/kg / ) 

 
(mg/kg / ) 

 
(mg/kg / ) 

1) 

1  
 

 

0 9 30 90 
ppm 

0.70 
0.76 

2.73 
2.51 

 

0 0.27
0.70 2.73 

0 0.22
0.76 2.51 

ADI 
NOAEL 0.5 
SF 100 
ADI 0.005 

ADI   
ADI NOAEL SF  
1)  

 

100



 

99 
 

  
 

mg/kg  
mg/kg /  

 
1) 

(mg/kg mg/kg / ) 
 

 
5,000 7,080  

 
 

 
2,000  

 
 

 
( ) 

0 50 120 500
2,000 

50 
 

 

 

0 20 200
2,000 

200 
20 

 
 

 

 
0 100 500

2,000 
 

 
 

 

0 10 25
35 250 

35 
25 

 
 

 

 
0 3 10 60 10 

 
 

 

0 3 10 30 10 
 

 
  

( ) 
0 50 120 500

2,000 
50 

 
 

 
( ) 

0 10 25 50 120
500 2,000 

25 
 

 
 

 
0 0.85 1.5 3.0 3.0 

 
 

 
90

 

0 30 90 200 ppm 3.6 
 

 0 1.1 3.6 8.5 

ARfD 
NOAEL 3.0 
SF 100 
ARfD 0.03 

ARfD   
ARfD NOAEL SF  

 
1)  

101



 

100 
 

  
 

(mg/kg  
mg/kg / ) 

 
1) 

(mg/kg / ) 

 

 
0 0.5 2.0 4.0 0.5 

 
/  

 
0 0.25 0.5 2.0
4.0 

0.5 
 

 

( ) 

0 1.5 2.2 2.2 
 

 

ARfD 
NOAEL 0.5 
SF 100 
ARfD 0.005 

ARfD   
ARfD NOAEL SF  
1)  

 

102



 

101 
 

/ /  
  

B 5- -1-[2,6- -4-( ) ]-4-( )-1H- - 
3-  

C 5- -1-[2,6- -4-( ) ]-4-( )-1H- - 
3-  

D 5- -1-[2,6- -4-( ) ]-4-( )-1H- - 
3-  

E 5- -1-[2,6- -4-( ) ]-4-( )-1H- -3-  
F 5- -3- -1-(2,6- -4- )- -4-  
G 2-{5- -3- -1-[2,6- -4-( ) ]- -4- }  

H 5- -1-[2,6- -4-( ) ]-4-(2- )-1H- - 
3-  

I 5- -1-[2,6- -4-( ) ]-4-( )-1H- 
-3-  

J 5- -1-[2,6- -4-( ) ]-1H- -3-  
K 5- -[2- -4-( ) ]-4-( )-1H- -3-  
L 5- -1-[2,6- -4-( ) ]-1H- -3-  

M 5- -1-[2,6- -4-( ) ]-4-( )-1H- - 
3-  

N 8- -3- -6- -4H- [1,5-α] - 
2-  

O 2- -8- -6- -4H- [1,5-α] -3-  

P 3- -8- -6- -4H- [1,5-α] - 
2-  

Q J  
R 5- -3- -1-(2,6- -4- ) -4-  
S J  
T U  

U 3- -1-(2,6- -α,α,α- -p- )-1,5,6,7- - 
[4,3-b][1,4] -6- -4,4- I  

V H  
W 5- -3- -1-(2- -4- ) -4- K  
X 7- -5- -1H- -3-  
Y 7- -5-( )-1H- -3-  
Z 5- -1-[2,6- -4-( ) ]-4-( )-1H- -3-  

AA  
AB J  
AC  
AD 8- -6-( )-4H- [1,5-α] -2-  

1   
2   
3  
4  
5  

103



 

102 
 

 
  

A/G  /  
ai active ingredient  

AhR  
Alb  
ALP  

ALT  
= GPT  

aPAD acute Population Adjusted Dose 
APTT  

AST  
= GOT  

AUC -  
BCF  
BrdU 5- -2’-  
BROD -O-  

BQ -O-  
CAR constitutively active receptor / constitutive androstane receptor 
Chol  
Cmax  
CMC  
cPAD chronic Population Adjusted Dose 
CYP P450  

EFSA  
Eos  
EPA  

EROD  O-  

GGT γ-  
=γ- γ-GTP  

Glob  
Glu  
Hb  

HPLC  
Ht PCV  

IC50 50%  
IgM M 

JMPR FAO/WHO  
LC50  
LD50  

104



 

103 
 

  
Lym  
MC  

MCH  
MCHC  
MCV  

NADPH  
Neu  
NIS /  
PEC  
PHI  
PLT  

PROD  O-  
PT  

PTU  
PXR X  

QSAR  
RBC  
RDS DNA  

SRBC  
T1/2  
T3  
T4  

TAR  
T.Chol  

TG  
Tmax  
TP  

TPO  
TSH  
TRR  
UGT  
UDS DNA  
WBC  

 
 

105



 

104 
 

 
 

[ ] 
( ) 

 

 
 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 
  

 B  B 
        

 
[ ] 
( ) 

2000  

2 

200 P 

1 
14 
21 
28 

<0.005 
0.010 
0.009 

<0.005 
0.008 
0.007* 

<0.005 
0.006 
0.007 

<0.005 
0.006* 
0.006* 

<0.005 
0.005 
0.007 

<0.005 
0.005* 
0.006* 

<0.005 
<0.005 
0.007 

<0.005 
<0.005 
0.006* 

2 
14 
21 
28 

0.008 
0.012 
0.014 

0.007 
0.010 
0.011 

0.005 
0.008 
0.010 

0.005* 
0.007* 
0.008* 

<0.005 
0.008 
0.009 

<0.005 
0.007* 
0.007* 

<0.005 
0.005 
0.010 

<0.005 
0.005 
0.008* 

 
[ ] 

( ) 
2000  

2 

1 
14 
21 
28 

0.13 
0.10 
0.10 

0.10 
0.09 
0.08 

0.10 
0.17 
0.18 

0.08 
0.13 
0.13 

0.08 
0.07 
0.08 

0.07 
0.05 
0.05* 

0.09 
0.11 
0.18 

0.07 
0.09 
0.10 

2 
14 
21 
28 

0.22 
0.10 
0.07 

0.17 
0.08 
0.05 

0.19 
0.12 
0.14 

0.17 
0.09 
0.09 

0.17 
0.08 
0.07 

0.12 
0.08 
0.05 

0.18 
0.17 
0.14 

0.13 
0.16 
0.11 

 
[ ] 
( ) 

2002  

2 
1 
2 
2 
2 200 SC  

2 

14 
19 
28 
42 
56 

0.026 
0.025 
0.043 
0.015 

<0.005 

0.021 
0.025 
0.039 
0.012 

<0.005 

0.016 
0.016 
0.030 
0.017 

<0.005 

0.014 
0.016 
0.024 
0.012 

<0.005 

0.02 
0.03 
0.05 
0.01 

<0.01 

0.02 
0.03 
0.04 
0.01* 
<0.01 

0.01 
0.01 
0.03 
0.01 

<0.01 

0.01 
0.01 
0.02 
0.01* 
<0.01 

 
[ ] 

( ) 
2002  

2 
1 
2 
2 
2 

2 

14 
19 
28 
42 
56 

0.65 
0.48 
0.80 
0.28 
0.22 

0.46 
0.46 
0.55 
0.25 
0.17 

0.75 
0.52 
1.10 
0.55 
0.41 

0.58 
0.52 
0.78 
0.47 
0.31 

0.8 
0.5 
0.7 
0.2 
0.2 

0.5 
0.5 
0.6 
0.2 
0.2  

0.8 
0.4 
1.0 
0.3 
0.4 

0.5 
0.4 
0.7 
0.3 
0.3 

106



 

105 
 

 
[ ] 
( ) 

 

 
 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 
  

 B  B 
        

 
[ ] 
( ) 

2004  

2 

50 SC  

2 

7  
14 
21 
28 
42 

0.02 
0.03 
0.03 
0.02 

<0.01 

0.02* 
0.03 
0.03 
0.02 

<0.01 

  

0.02 
0.03 
0.03 
0.02 

<0.01 

0.02* 
0.02 
0.02 
0.02* 
<0.01 

  

 
[ ] 

( ) 
2004  

2 2 

7  
14 
21 
28 
42 

0.16 
0.15 
0.13 
0.06 

<0.05 

0.12 
0.12 
0.09* 
0.06* 
<0.05 

  

0.17 
0.14 
0.12 
0.05 

<0.05 

0.12 
0.13 
0.09* 
0.05* 
<0.05 

  

 
[ ] 
( ) 

2004  

2 

600 G 

2 

14 
21 

34~37 
44~48 
51~55 

<0.01 
0.02 
0.01 
0.03 
0.02 

<0.01 
0.02 
0.01 
0.02* 
0.02* 

  

<0.01 
0.01 
0.01 
0.03 
0.01 

<0.01 
0.01 
0.01* 
0.02* 
0.01* 

  

 
[ ] 

( ) 
2004  

2 2 

14 
21 

34~37 
44~48 
51~55 

0.88 
1.22 
0.49 
0.94 
0.24 

0.67 
0.74 
0.31 
0.49 
0.22 

  

0.67 
0.62 
0.39 
0.48 
0.45 

0.59 
0.45 
0.28 
0.29 
0.32 

  

 
[ ] 
( ) 

2005  

2 91~111 SC 2 

14 
21 
28 

42~47 

0.034 
0.039 
0.044 
0.007 

0.025 
0.031 
0.043 
0.006* 

  

0.026 
0.027 
0.032 

<0.005 

0.019 
0.022 
0.030 

<0.005 

  

107



 

106 
 

 
[ ] 
( ) 

 

 
 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 
  

 B  B 
        

 
[ ] 

( ) 
2005  

2 2 

14 
21 
28 

42~47 

1.79 
1.25 
1.06 
0.32 

1.37 
1.01 
0.82 
0.28 

  

1.32 
0.81 
0.62 
0.26 

1.07 
0.66 
0.58 
0.25 

  

 
[ ] 
( ) 

2009  

3 50SC 2 
14 
14 
13 

    
0.03 

<0.01 
<0.01 

0.02 
<0.01 
<0.01 

  

 
[ ] 

( ) 
2009   

3 50SC 2 
14 
14 
13 

    
0.17 
0.04 
0.08 

0.17 
0.04 
0.18 

  

 
[ ] 

( ) 
2009  

3 50SC 2 
14 
14 
13 

    
0.18 
0.05 
0.09 

0.18 
0.05 
0.09 

  

 
[ ] 

( ) 
2009   

3 50SC 2 
14 
14 
13 

    
0.58 
0.13 
0.26 

0.58 
0.13 
0.25 

  

 
[ ] 
( ) 

2018  

1 188SC 2 

14 
21 
28 
42 

0.044 
0.054 
0.086 

<0.005 

0.044 
0.054 
0.084 

<0.005 

0.014 
0.020 
0.042 

<0.005 

0.014 
0.020 
0.041 

<0.005 
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[ ] 
( ) 

 

 
 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 
  

 B  B 
        

 

1 200SC 2 

14 
21 
28 
42 

0.069 
0.064 
0.081 
0.006 

0.068 
0.064 
0.081 
0.006 

0.023 
0.026 
0.056 
0.007 

0.023 
0.026 
0.055 
0.007 

    

1 199SC 2 

14 
21 
28 
42 

0.064 
0.069 
0.071 

<0.005 

0.064 
0.067 
0.070 

<0.005 

0.037 
0.039 
0.051 
0.005 

0.036 
0.038 
0.051 
0.005 

    

1 192SC 2 

14 
21 
28 
42 

0.058 
0.053 
0.055 

<0.005 

0.056 
0.052 
0.054 

<0.005 

0.031 
0.027 
0.032 

<0.005 

0.030 
0.026 
0.032 

<0.005 

    

 
[ ] 

( ) 
2018   

1 188SC 2 

14 
21 
28 
42 

0.313 
0.380 
0.459 
0.023 

0.309 
0.377 
0.454 
0.022 

0.114 
0.136 
0.216 
0.017 

0.113 
0.136 
0.212 
0.016 

    

1 200SC 2 

14 
21 
28 
42 

0.747 
0.493 
0.595 
0.037 

0.740 
0.469 
0.578 
0.036 

0.275 
0.218 
0.337 
0.036 

0.274 
0.212 
0.325 
0.036 

    

1 199SC 2 

14 
21 
28 
42 

0.417 
0.442 
0.432 
0.015 

0.413 
0.423 
0.412 
0.015 

0.211 
0.222 
0.288 
0.026 

0.220 
0.219 
0.279 
0.026 
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[ ] 
( ) 

 

 
 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 
  

 B  B 
        

 
[ ] 

( ) 
2019  

1 188SC 2 

14 
21 
28 
42 

1.03 
0.686 
0.371 
0.039 

1.03 
0.666 
0.367 
0.038 

0.839 
0.900 
0.683 
0.155 

0.836 
0.893 
0.679 
0.152 

    

1 192SC 2 

14 
21 
28 
42 

0.147 
0.128 
0.130 
0.056 

0.143 
0.128 
0.130 
0.056 

0.244 
0.264 
0.270 
0.144 

0.240 
0.262 
0.268 
0.142 

    

1 200SC 2 

14 
21 
28 
42 

1.25 
0.504 
0.270 
0.072 

1.23 
0.484 
0.264 
0.071 

1.41 
0.860 
0.694 
0.288 

1.40 
0.846 
0.673 
0.286 

    

1 199SC 2 

14 
21 
28 
42 

0.444 
0.301 
0.247 
0.198 

0.438 
0.298 
0.242 
0.198 

0.877 
0.625 
0.704 
0.690 

0.865 
0.622 
0.700 
0.682 

    

 
[ ] 

( ) 
2006  

2 75~125 SC 2 

7 
14 
21 

34~35 

0.05 
0.01 

<0.01 
<0.01 

0.03* 
0.01* 
<0.01 
<0.01 

  

0.05 
0.01 

<0.01 
<0.01 

0.03* 
0.01* 
<0.01 
<0.01 

  

 
[ ] 

( ) 
2007  

2 50~100 SC 2 
7 

14 
21 

0.01 
0.01 

<0.01 

0.01* 
0.01* 
<0.01 

  
0.01 

<0.01 
<0.01 

0.01* 
<0.01 
<0.01 
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109 
 

 
[ ] 
( ) 

 

 
 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 
  

 B  B 
        

 
[ ] 

( ) 
2008  

2 75~125 SC 2 

1  
7 

14 
21 

0.04 
<0.01 
<0.01 
<0.01 

0.04 
<0.01 
<0.01 
<0.01 

  

0.04 
<0.01 
<0.01 
<0.01 

0.04 
<0.01 
<0.01 
<0.01 

  

 
[ ] 

( ) 
2018   

4 99~102 SC 2 
7 

14 
21 

    
<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

 
[ ] 
( ) 

2006  

2 100~ 
150 SC 2 

7 
14 
21 

0.17 
0.12 
0.04 

0.13 
0.10 
0.03 

  
0.17 
0.11 
0.03 

0.12 
0.09 
0.03 

  

 
[ ] 
( ) 

2018  

1 98~ 
102 SC 2 

7 
14 
21 

    
0.01 

<0.01 
<0.01 

0.01 
<0.01 
<0.01 

0.01 
0.01 

<0.01 

0.01 
0.01 

<0.01 

 
[ ] 
( ) 

2000  

2 400 SC 2 

21 
28 
42 
56 

0.011 
0.010 
0.007 

<0.005 

0.008 
0.008 
0.006* 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

0.017 
0.018 
0.008 

<0.005 

0.015 
0.015 
0.007 

<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

 
[ ] 
( ) 

2000  

2 400 SC 2 

21 
28 
42 
56 

0.94 
1.29 
1.20 
1.04 

0.83 
0.90 
0.82 
0.69 

0.14 
0.16 
0.19 
0.18 

0.13 
0.15 
0.18 
0.16 

1.35 
0.96 
0.85 
0.83 

1.07 
0.83 
0.66 
0.62 

0.16 
0.17 
0.17 
0.17 

0.15 
0.14 
0.15 
0.16 
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[ ] 
( ) 

 

 
 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 
  

 B  B 
        

 
[ ] 

(  
2000  

1 400 SC 2 

21 
28 
42 
56 

0.146 
0.207 
0.176 
0.115 

0.146 
0.204 
0.174 
0.112 

0.006 
0.008 
0.010 
0.008 

0.006 
0.008 
0.010 
0.008 

0.126 
0.142 
0.102 
0.078 

0.122 
0.139 
0.100 
0.078 

0.007 
0.016 
0.007 
0.009 

0.006 
0.016 
0.006 
0.008 

1 400 SC 2 

20 
27 
42 
56 

0.047 
0.100 
0.038 
0.039 

0.047 
0.099 
0.038 
0.039 

<0.005 
0.006 

<0.005 
<0.005 

<0.005 
0.006 

<0.005 
<0.005 

0.036 
0.071 
0.048 
0.018 

0.036 
0.070 
0.046 
0.018 

0.005 
0.005 
0.005 
0.005 

0.005 
0.005 
0.005 
0.005 

 
[ ] 

( ) 
2000  

1 400 SC 2 

21 
28 
42 
56 

    

0.059 
0.067 
0.025 

<0.005 

0.058 
0.064 
0.022 

<0.005 

0.013 
0.015 
0.006 

<0.005 

0.013 
0.015 
0.006 

<0.005 

 
[ ] 

( ) 
2000  

1 400 SC 2 

21 
30 
42 
58 

    

0.076 
0.037 
0.009 
0.013 

0.075 
0.036 
0.009 
0.012 

0.017 
0.013 
0.007 
0.011 

0.016 
0.012 
0.007 
0.010 

 
[ ] 
( ) 

2000  

2 400 SC 2 

14 
21 
28 
42 
56 

0.219 
0.093 
0.025 
0.022 
0.012 

0.136 
0.063 
0.021 
0.021 
0.010 

0.019 
0.019 
0.012 
0.011 
0.007 

0.017 
0.016 
0.010 
0.011 
0.007 

0.398 
0.145 
0.031 
0.035 
0.011 

0.235 
0.085 
0.030 
0.030 
0.008 

0.031 
0.020 
0.011 
0.013 

<0.005 

0.021 
0.014 
0.009 
0.012 

<0.005 
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[ ] 
( ) 

 

 
 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 
  

 B  B 
        

 
[ ] 

( ) 
2015  

1 450 SC 2 
14 
21 
28 

0.16 
0.12 
0.08 

0.16 
0.12 
0.08 

0.04 
0.04 
0.04 

0.04 
0.04 
0.04 

    

1 444 SC 2 
14 
21 
28 

0.19 
0.18 
0.14 

0.18 
0.18 
0.14 

0.03 
0.03 
0.03 

0.03 
0.03 
0.03 

    

 
[ ] 

( ) 
2015   

1 450 SC 2 
14 
21 
28 

0.22 
0.10 
0.07 

0.22 
0.10 
0.07 

0.05 
0.04 
0.04 

0.05 
0.04 
0.04 

    

1 444 SC 2 
14 
21 
28 

0.15 
0.18 
0.11 

0.14 
0.18 
0.11 

0.03 
0.03 
0.03 

0.03 
0.03 
0.02 

    

 
[ ] 
( ) 

2008  

2 200 SC 2 

7 
14 
21 
28 

0.05 
0.03 
0.02 
0.02 

0.04 
0.03 
0.02 
0.02 

  

0.04 
0.02 
0.04 
0.02 

0.04 
0.02 
0.03 
0.02* 

  

 
[ ] 
( ) 

2017  

1 209 SC 2 
7 

14 
21 

0.02 
0.02 
0.01 

0.02 
0.02 
0.01 

      

 
[ ] 

( (

)) 
2010  

1 250 SC 2 

7 
14 
21 
28 

0.14 
0.06 
0.05 
0.05 

0.14 
0.06 
0.05 
0.05 
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[ ] 
( ) 

 

 
 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 
  

 B  B 
        

 
[ ] 

( (

)) 
2011  

1 250 SC 2 

7 
14 
21 
28 

    

0.03 
0.05 
0.02 

<0.01 

0.03 
0.05 
0.02 

<0.01 

  

 
[ ] 
( ) 

2000  

2 200 SC 1 
7 

14 
21 

3.06 
2.45 
0.35 

2.13 
1.42 
0.22 

0.77 
1.05 
0.43 

0.56 
0.64 
0.25 

3.18 
2.20 
0.20 

2.29 
1.30 
0.15 

0.88 
1.19 
0.28 

0.63 
0.70 
0.18 

 
[ ] 

( ) 
2000  

2 200 SC 1 
7 

14 
21 

 
 
 
 

 
 
 

 
 
 

2.28 
1.59 
0.13 

1.61 
0.98 
0.10 

0.51 
0.72 
0.12 

0.37 
0.44 
0.09 

G P SC

*  
<  
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113 
 

 
[ ] 
( ) 

 

 

 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 

 B 
a 

    
 

[ ] 
( ) 

2021  

4 190 200SC 2 

14 
14 
14 
14 

0.034 
0.089 
0.102 
0.068 

0.034 
0.088 
0.101 
0.067 

0.012 
0.033 
0.043 
0.031 

0.012 
0.032 
0.042 
0.031 

0.046 
0.119 
0.141 
0.097 

 
[ ] 

( ) 
2021  

4 190 200SC 2 

14 
14 
14 
14 

0.296 
0.454 
0.581 
0.446 

0.295 
0.444 
0.573 
0.445 

0.109 
0.162  
0.259 
0.212 

0.108 
0.162  
0.254 
0.210 

0.399 
0.600 
0.817 
0.647 

 
[ ] 

( ) 
2021  

4 190 200SC 2 

14 
14 
14 
14 

1.69 
0.579 
0.930 
0.892 

1.67 
0.576 
0.926 
0.876 

1.22 
0.578 
1.28 
1.14 

1.20 
0.576 
1.28 
1.10 

2.82 
1.13 
2.16 
1.94 

 
[ ] 
( ) 

2021  

1 197SC 2 

14 
30 
45 
60 

0.092 
0.118 

<0.005 
<0.005 

0.092 
0.116 

<0.005 
<0.005 

0.052 
0.100 
0.007 

<0.005 

0.051 
0.098 
0.007 

<0.005 

0.141 
0.210 
0.012 

<0.010 
 

[ ] 
( ) 

2021  

1 197SC 2 

14 
30 
45 
60 

0.646 
0.607 
0.025 
0.007 

0.624 
0.576 
0.024 
0.007 

0.317 
0.387 
0.032 
0.005 

0.310 
0.374 
0.032 
0.005 

0.922 
0.935 
0.055 
0.012 

 
[ ] 

( ) 
2021  

1 197SC 2 

14 
30 
45 
60 

0.980 
0.194 
0.079 
0.034 

0.970 
0.188 
0.079 
0.034 

1.06 
0.400 
0.266 
0.072 

1.06 
0.392 
0.262 
0.072 

1.99 
0.565 
0.331 
0.103 

 
[ ] 
( ) 

2021  

1 196SC 2 

14 
30 
45 
60 

0.080 
0.087 

<0.005 
<0.005 

0.080 
0.087 

<0.005 
<0.005 

0.066 
0.082 

<0.005 
<0.005 

0.065 
0.082 

<0.005 
<0.005 

0.142 
0.166 

<0.010 
<0.010 

 
[ ] 

( ) 
2021  

1 196SC 2 

14 
30 
45 
60 

0.391 
0.398 
0.010 
0.008 

0.382 
0.394 
0.010 
0.008 

0.280 
0.326 
0.018 
0.010 

0.273 
0.326 
0.018 
0.010 

0.644 
0.707 
0.027 
0.018 

 
[ ] 

( ) 
2021  

1 196SC 2 

14 
30 
45 
60 

0.197 
0.148 
0.045 
0.034 

0.196 
0.145 
0.044 
0.034 

0.276 
0.355 
0.133 
0.068 

0.274 
0.350 
0.132 
0.067 

0.459 
0.481 
0.171 
0.098 

 
[ ] 
( ) 

2021  

4 600G 2 

14 
14 
14 
14 

<0.005 
0.005 

<0.005 
0.018 

<0.005 
0.005 

<0.005 
0.018 

<0.005 
<0.005 
<0.005 
0.006 

<0.005 
<0.005 
<0.005 
0.006 

<0.010 
0.010 

<0.010 
0.024 
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114 
 

 
[ ] 
( ) 

 

 

 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 

 B 
a 

    
 

[ ] 
( ) 

2021  

4 600G 2 

14 
14 
14 
14 

0.041 
0.033 
0.032 
0.160 

0.041 
0.033 
0.031 
0.159 

0.012 
0.012 
0.012 
0.062 

0.012 
0.012 
0.012 
0.062 

0.053 
0.045 
0.043 
0.219 

 
[ ] 

( ) 
2021  

4 600G 2 

14 
14 
14 
14 

1.25 
0.321 
1.85 
2.86 

1.24 
0.314 
1.80 
2.81 

0.448 
0.149 
0.585 
1.50 

0.442 
0.148 
0.566 
1.48 

1.67 
0.456 
2.34 
4.23 

 
[ ] 
( ) 

2021  

1 600G 2 

14 
30 
45 
60 

<0.005 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

<0.010 
<0.010 
<0.010 
<0.010 

 
[ ] 

( ) 
2021  

1 600G 2 

14 
30 
45 
60 

0.015 
0.020 
0.019 
0.018 

0.015 
0.020 
0.018 
0.018 

0.007 
0.012 
0.013 
0.012 

0.007 
0.012 
0.012 
0.012 

0.022 
0.032 
0.030 
0.030 

 
[ ] 

( ) 
2021  

1 600G 2 

14 
30 
45 
60 

0.764 
0.158 
0.133 
0.100 

0.748 
0.158 
0.131 
0.100 

0.204 
0.171 
0.143 
0.097 

0.201 
0.170 
0.140 
0.096 

0.941 
0.321 
0.266 
0.192 

 
[ ] 
( ) 

2021  

1 600G 2 

14 
30 
45 
60 

<0.005 
0.006 

<0.005 
<0.005 

<0.005 
0.006 

<0.005 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

<0.010 
0.011 

<0.010 
<0.010 

 
[ ] 

( ) 
2021  

1 600G 2 

14 
30 
45 
60 

0.014 
0.029 
0.023 
0.024 

0.014 
0.028 
0.022 
0.024 

0.005 
0.018 
0.015 
0.017 

0.005 
0.018 
0.015 
0.017 

0.019 
0.045 
0.036 
0.040 

 
[ ] 

( ) 
2021  

1 600G 2 

14 
30 
45 
60 

0.305 
0.251 
0.227 
0.203 

0.303 
0.250 
0.227 
0.202 

0.194 
0.201 
0.169 
0.177 

0.194 
0.197 
0.166 
0.175 

0.489 
0.439 
0.387 
0.370 

 
[ ] 
( ) 

2021  

1 

120G(
1 )

190SC(
2 ) 

3 

3 
7 

14 
30 
45 

0.339 
0.021 
0.011 

<0.005 
0.008 

0.329 
0.020 
0.011 

<0.005 
0.008 

0.057 
0.032 
0.030 
0.019 
0.022 

0.056 
0.031 
0.030 
0.019 
0.022 

0.383 
0.050 
0.040 
0.023 
0.029 

 
[ ] 
( ) 

2021  

1 

120G(
1 )

170
180SC(

2 ) 

3 

3 
7 

14 
30 
45 

0.122 
0.074 
0.012 

<0.005 
<0.005 

0.122 
0.072 
0.012 

<0.005 
<0.005 

0.013 
0.014 
0.014 
0.011 
0.005 

0.012 
0.014 
0.014 
0.010 
0.005 

0.134 
0.085 
0.025 
0.015 
0.010 
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[ ] 
( ) 

 

 

 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 

 B 
a 

    

 
[ ] 
( ) 

2021  

1 

120G(
1 )

200SC(
2 ) 

3 

3 
7 

14 
30 
45 

0.215 
0.084 
0.040 
0.010 
0.005 

0.211 
0.080 
0.039 
0.010 
0.005 

0.038 
0.056 
0.036 
0.044 
0.044 

0.037 
0.051 
0.036 
0.043 
0.043 

0.247 
0.129 
0.074 
0.051 
0.046 

 
[ ] 
( ) 

2021  

1 

120G(
1 )

180SC(

2 ) 

3 

3 
7 

14 
30 

0.172 
0.045 
0.031 
0.028 

0.164 
0.044 
0.030 
0.028 

0.144 
0.103 
0.084 
0.082 

0.140 
0.100 
0.083 
0.080 

0.299 
0.140 
0.110 
0.105 

 
[ ] 
( ) 

2021  

1 

120G(
1 )

190SC(

2 ) 

3 

3 
7 

14 
30 

0.220 
0.137 
0.056 
0.037 

0.204 
0.132 
0.055 
0.036 

0.271 
0.204 
0.133 
0.104 

0.260 
0.204 
0.132 
0.102 

0.454 
0.328 
0.182 
0.134 

 
[ ] 
( ) 

2021  

1 

120G(
1 )

180SC(

2 ) 

3 

3 
7 

14 
30 

0.337 
0.160 
0.035 
0.023 

0.336 
0.158 
0.034 
0.022 

0.081 
0.073 
0.044 
0.040 

0.079 
0.072 
0.044 
0.040 

0.412 
0.227 
0.076 
0.060 

 
[ ] 
( ) 

2021  

1 500SC 2 21 <0.005 <0.005 <0.005 <0.005 <0.010 

 
[ ] 
( ) 

2021  

1 600SC 2 21 0.008 0.008 <0.005 <0.005 0.013 

 
[ ] 
( ) 

2021  

1 667SC 2 21 0.018 0.017 <0.005 <0.005 0.022 

 
[ ] 
( ) 

2021  

1 640SC 2 21 <0.005 <0.005 <0.005 <0.005 <0.010 

 
[ ] 
( ) 

2021  

1 500SC 2 21 0.524 0.521 0.098 0.098 0.615 

 
[ ] 
( ) 

2021  

1 600SC 2 21 0.962 0.935 0.063 0.060 0.993 
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[ ] 
( ) 

 

 

 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 

 B 
a 

    
 

[ ] 
( ) 

2021  

1 667SC 2 21 1.49 1.45 0.145 0.143 1.59 

 
[ ] 
( ) 

2021  

1 640SC 2 21 1.04 1.02 0.228 0.220 1.23 

 
[ ] 
( ) 

2021  

1 500SC 2 

21 
30 
45 
60 

0.010 
0.008 

<0.005 
0.008 

0.009 
0.008 

<0.005 
0.008 

<0.005 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 
<0.005 

0.014 
0.013 

<0.010 
0.013 

 
[ ] 
( ) 

2021  

1 640SC 2 

21 
30 
45 
60 

0.016 
0.013 
0.006 

<0.005 

0.016 
0.013 
0.006 

<0.005 

<0.005 
<0.005 
0.005 
0.005 

<0.005 
<0.005 
0.005 
0.005 

0.021 
0.018 
0.011 
0.010 

 
[ ] 
( ) 

2021  

1 500SC 2 

21 
30 
45 
60 

3.06 
2.73 
2.02 
1.78 

3.05 
2.59 
2.00 
1.69 

0.343 
0.378 
0.355 
0.363 

0.341 
0.368 
0.351 
0.362 

3.38 
2.94 
2.34 
2.04 

 
[ ] 
( ) 

2021  

1 640SC 2 

21 
30 
45 
60 

3.45 
2.60 
1.59 
1.40 

3.38 
2.58 
1.54 
1.34 

0.589 
0.635 
0.544 
0.464 

0.586 
0.630 
0.535 
0.443 

3.94 
3.19 
2.05 
1.77 

 
[ ] 

( ) 
2021  

1 664SC 2 

21 
30 
45 
60 

0.119 
0.082 
0.038 
0.030 

0.118 
0.080 
0.036 
0.029 

0.031 
0.026 
0.014 
0.013 

0.031 
0.026 
0.014 
0.013 

0.148 
0.105 
0.049 
0.041 

 
[ ] 

( ) 
2021  

1 600SC 2 

21 
30 
45 
60 

0.114 
0.103 
0.040 
0.028 

0.112 
0.097 
0.038 
0.028 

0.074 
0.080 
0.036 
0.032 

0.074 
0.079 
0.036 
0.032 

0.183 
0.173 
0.073 
0.059 

 
[ ] 

( ) 
2021  

1 600SC 2 

21 
30 
45 
60 

0.403 
0.223 
0.403 
0.366 

0.390 
0.222 
0.398 
0.362 

0.028 
0.028 
0.055 
0.058 

0.028 
0.028 
0.054 
0.058 

0.417 
0.249 
0.450 
0.418 

 
[ ] 

( ) 
2021  

1 210SC 2 7 0.110 0.110 0.017 0.017 0.126 

 
[ ] 

( ) 
2021  

1 240SC 2 7 0.074 0.073 0.013 0.012 0.085 
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[ ] 
( ) 

 

 

 

 
(g ai/ha) 

 
( ) 

PHI 
( ) 

(mg/kg) 

 B 
a 

    
 

[ ] 
( ) 

2021  

1 250SC 2 7 0.059 0.056 0.007 0.007 0.063 

 
[ ] 

( ) 
2021  

1 226SC 2 7 0.084 0.082 0.032 0.032 0.113 

 
[ ] 

( ) 
2021  

1 240SC 2 

7 
14 
21 
30 

0.077 
0.059 
0.031 
0.049 

0.076 
0.058 
0.030 
0.049 

0.011 
0.012 
0.009 
0.013 

0.011 
0.012 
0.008 
0.012 

0.087 
0.070 
0.038 
0.061 

 
[ ] 

( ) 
2021  

1 200SC 2 

7 
14 
21 
30 

0.061 
0.025 
0.017 
0.010 

0.060 
0.024 
0.017 
0.010 

0.019 
0.017 
0.014 
0.014 

0.018 
0.016 
0.014 
0.014 

0.077 
0.039 
0.030 
0.023 

G SC  
<

a B( )
 

119



 

118 
 

 
[ ] 
( ) 

 

 
 

(  
) 

 
( ) 

 
 

(g ai/ha) 

PHI 
( ) 

 (mg/kg) 

 B C 

 
[ ] 
( ) 

2014  

1 
(

) 
3 750SC 

40 0.00317 
0.00328 

0.00312 
0.00294 

<0.0020 
<0.0020 

50 0.00280 
0.00365 

0.00360 
0.00338 

<0.0020 
0.00217 

60 0.00265 
0.00260 

0.00333 
0.00365 

0.0020 
<0.0020 

70 0.00272 
0.00284 

0.00478 
0.00515 

0.00262 
0.00265 

79 0.00258 
0.00265 

0.00646 
0.00658 

0.00331 
0.00371 

 
[ ] 
( ) 

2014  

1 
(

) 
3 750SC 

40 0.00300 
0.00389 

0.00419 
0.00514 

0.00213 
0.00272 

49 0.00424 
0.00426 

0.00744 
0.00790 

0.00366 
0.00394 

60 0.00346 
0.00376 

0.00900 
0.00857 

0.00407 
0.00387 

70 0.00285 
0.00265 

0.00931 
0.00869 

0.00419 
0.00394 

80 0.00222 
0.00299 

0.00949 
0.00957 

0.00444 
0.00473 

 
[ ] 
( ) 

2013  

1 
(

) 
3 750SC 

39 0.00516 
0.00680 

0.00511 
0.00729 

<0.0020 
<0.0020 

48 0.00449 
0.00392 

0.00241 
0.00230 

<0.0020 
<0.0020 

59 0.00727 
0.00657 

0.00791 
0.00694 

<0.0020 
<0.0020 

69 0.00476 
0.00559 

0.00435 
0.00538 

<0.0020 
<0.0020 

79 0.00493 
0.00456 

0.00432 
0.00402 

<0.0020 
<0.0020 

 
[ ] 
( ) 

2013  

1 
(

) 
3 750SC 

40 0.00686 
0.00612 

0.00309 
0.00313 

<0.0020 
<0.0020 

50 0.00444 
0.00495 

0.00541 
0.00283 

<0.0020 
<0.0020 

60 0.00449 
0.00501 

0.00621 
0.00313 

<0.0020 
<0.0020 

70 0.00287 
0.00311 

<0.0020 
0.00203 

<0.0020 
<0.0020 

78 0.00276 
0.00290 

0.00230 
0.00258 

<0.0020 
<0.0020 

120
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[ ] 
( ) 

 

 
 

(  
) 

 
( ) 

 
 

(g ai/ha) 

PHI 
( ) 

 (mg/kg) 

 B C 

 
[ ] 
( ) 

2013  

1 
(

) 
3 760SC 

40 0.00273 
0.00310 

0.00231 
0.00331 

<0.0020 
<0.0020 

50 0.00263 
0.00250 

0.00281 
0.00219 

<0.0020 
<0.0020 

60 <0.0020 
<0.0020 

0.00201 
<0.0020 

<0.0020 
<0.0020 

70 <0.0020 
<0.0020 

<0.0020 
0.00215 

<0.0020 
<0.0020 

80 <0.0020 
<0.0020 

0.00269 
0.00228 

<0.0020 
<0.0020 

 
[ ] 
( ) 

2015  

1 
(

) 
2 1,000SC 

40 0.00676 
0.00798 

0.00290 
0.00399 

0.00275 
0.00295 

49 0.00798 
0.00704 

0.00582 
0.00513 

0.00456 
0.00256 

60 0.00785 
0.00751 

0.00730 
0.00701 

0.00446 
0.00418 

70 0.00697 
0.00621 

0.00906 
0.00847 

0.00508 
0.00446 

80 0.00583 
0.00485 

0.01059 
0.00807 

0.00486 
0.00409 

 
[ ] 
( ) 

2015  

1 
(

) 
2 1,000SC 

40 0.00369 
0.00306 

<0.0020 
<0.0020 

<0.0020 
<0.0020 

48 0.00343 
0.00510 

0.00303 
0.00466 

0.00210 
0.00291 

60 0.00393 
0.00349 

0.00574 
0.00495 

0.00308 
0.00390 

69 0.00340 
0.00366 

0.00695 
0.00640 

0.00546 
0.00489 

80 0.00266 
0.00344 

0.00619 
0.00696 

0.00424 
0.00464 

 
[ ] 
( ) 

2016  

1 
(

) 
2 1,000SC 

40 0.00410 
0.00504 

0.00222 
0.00244 

<0.0020 
<0.0020 

50 0.00274 
0.00467 

<0.0020 
0.00253 

<0.0020 
<0.0020 

59 0.00579 
0.00476 

0.00295 
0.00230 

<0.0020 
<0.0020 

68 0.00459 
0.00492 

0.00262 
0.00262 

<0.0020 
<0.0020 

78 0.00543 
0.00514 

0.00345 
0.00320 

<0.0020 
<0.0020 

121



 

120 
 

 
[ ] 
( ) 

 

 
 

(  
) 

 
( ) 

 
 

(g ai/ha) 

PHI 
( ) 

 (mg/kg) 

 B C 

 
[ ] 
( ) 

2015  

1 
(

) 
2 1,000SC 

40 0.00529 
0.00621 

0.00327 
0.00471 

0.00297 
0.00278 

49 0.00864 0.00750 0.00383 

59 0.0101 
0.0120 

0.0162 
0.0199 

0.00505 
0.00583 

69 0.0129 
0.0112 

0.0250 
0.0233 

0.00649 
0.00672 

80 0.00492 
0.00529 

0.00855 
0.01163 

0.00528 
0.00608 

 
[ ] 
( ) 

2016  

1 
(

) 
2 1,000SC 

38 0.00844 
0.00573 

0.00424 
0.00297 

<0.0020 
<0.0020 

48 0.00447 
0.00677 

0.00259 
0.00277 

<0.0020 
<0.0020 

58 0.00508 
0.00679 

0.00565 
0.00693 

<0.0020 
0.00278 

69 0.00427 
0.00542 

0.00452 
0.00584 

<0.0020 
<0.0020 

78 0.00504 
0.00461 

0.00383 
0.00468 

<0.0020 
<0.0020 

SC

 
<  

122



 

121 
 

 
B μg/g  

 
(mg/kg

) 
 a b b 

1.30 
(1 ) 

 
 <0.01 <0.01 <0.01 
 <0.01 <0.01 <0.01 

B c 
 0.03 <0.01 0.29 
 0.02 <0.01 0.27 

d 
 0.04 <0.02 0.30 
 0.03 <0.02 0.28 

3.91 
(3 ) 

 
 <0.01 <0.01 0.03 
 <0.01 <0.01 0.03 

B c 
 0.10 0.03 0.91 
 0.09 0.02 0.85 

d 
 0.11 0.04 0.94 
 0.10 0.03 0.88 

13.0 
(10 ) 

 
 0.01 <0.01 0.13 
 0.01 <0.01 0.11 

B c 
 0.28 0.06 3.90 
 0.27 0.05 3.33 

d 
 0.29 0.07 4.03 
 0.28 0.06 3.44 

B <0.01 μg/g  
a 10 28 n=6  
b 14 21 28 n=3  
c 0.961  
d B

 
 

123



 

122 
 

B μg/g  
 

(mg/kg

) 

     
   

 

1.30 
(1 ) 

 
 <0.01 <0.01 <0.01 0.01 0.01 0.02 
 <0.01 <0.01 <0.01 <0.01 0.01 0.02 

B a 
 0.04 0.16 0.06 0.29 0.28 0.40 
 0.03 0.14 0.05 0.28 0.25 0.37 

b 
 0.05 0.17 0.07 0.30 0.29 0.42 
 0.04 0.15 0.06 0.29 0.26 0.39 

3.91 
(3 ) 

 
 <0.01 <0.01 <0.01 0.05 0.08 0.07 
 <0.01 <0.01 <0.01 0.04 0.07 0.06 

B a 
 0.12 0.43 0.18 1.46 1.69 1.41 
 0.09 0.38 0.16 1.36 1.35 1.28 

b 
 0.13 0.44 0.19 1.51 1.77 1.47 
 0.10 0.39 0.17 1.40 1.42 1.34 

13.0 
(10 ) 

 
 0.02 <0.01 0.02 0.21 0.31 0.26 
 0.01 <0.01 0.02 0.14 0.20 0.18 

B a 
 0.50 1.56 0.60 4.31 4.70 4.10 
 0.35 1.27 0.57 4.16 3.92 3.75 

b 
 0.52 1.57 0.62 4.52 5.01 4.36 
 0.37 1.28 0.59 4.31 4.12 3.93 

B <0.01 μg/g  
a  ( 0.961) 
b B

 
 

 

124



 

123 
 

B E F  
 

(mg/kg
) 

 
 

( )a 

(μg/g) 
 B E F 

        

0.14 
(1 ) 

1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
3 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
4 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
7 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
9 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

11 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
14 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
16 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
18 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
21 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
23 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
29 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 

0.41 
(3 ) 

2 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
3 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
4 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
7 <0.005 <0.005 0.007 0.006 <0.005 <0.005 <0.005 <0.005 
9 <0.005 <0.005 0.007 0.007 <0.005 <0.005 <0.005 <0.005 

11 <0.005 <0.005 0.007 0.007 <0.005 <0.005 <0.005 <0.005 
14 <0.005 <0.005 0.008 0.007 <0.005 <0.005 <0.005 <0.005 
16 <0.005 <0.005 0.007 0.007 <0.005 <0.005 <0.005 <0.005 
18 <0.005 <0.005 0.008 0.008 <0.005 <0.005 <0.005 <0.005 
21 <0.005 <0.005 0.007 0.006 <0.005 <0.005 <0.005 <0.005 
23 <0.005 <0.005 0.007 0.007 <0.005 <0.005 <0.005 <0.005 
30 <0.005 <0.005 0.008 0.007 <0.005 <0.005 <0.005 <0.005 

1.31 
(10 ) 

3 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
4 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 
7 <0.005 <0.005 0.019 0.016 <0.005 <0.005 <0.005 <0.005 
9 <0.005 <0.005 0.023 0.021 <0.005 <0.005 <0.005 <0.005 

11 <0.005 <0.005 0.027 0.023 <0.005 <0.005 <0.005 <0.005 
14 <0.005 <0.005 0.031 0.024 <0.005 <0.005 <0.005 <0.005 
16 <0.005 <0.005 0.027 0.025 <0.005 <0.005 <0.005 <0.005 
18 <0.005 <0.005 0.028 0.024 <0.005 <0.005 <0.005 <0.005 
21 <0.005 <0.005 0.026 0.024 <0.005 <0.005 <0.005 <0.005 
23 <0.005 <0.005 0.030 0.026 <0.005 <0.005 <0.005 <0.005 
30 <0.005 <0.005 0.026 0.025 <0.005 <0.005 <0.005 <0.005 
31 <0.005 <0.005 0.036 0.028 <0.005 <0.005 <0.005 <0.005 

125



 

124 
 

 
(mg/kg

) 

 
 

( )a 

(μg/g) 
 B E F 

        

1.38 
(10 ) 

31 <0.005 <0.005 0.037 0.034 <0.005 <0.005 <0.005 <0.005 
35 <0.005 <0.005 0.015 0.014 <0.005 <0.005 <0.005 <0.005 
38 b <0.005 <0.005 0.006 0.006 <0.005 <0.005 <0.005 <0.005 
45 c <0.005 <0.005 <0.005 <0.005 

0.005 μg/g 
B E F <0.005 μg/g

a 1 3 10 1 2 3  
b 2  
c 1   

 
B E F  

 
(mg/kg

) 
  

(μg/g)a 

 B E F 

1.31 
(10 ) 

 
 

 
0.011 
0.010 
0.015 

0.311 
0.322 
0.413 

0.005 
<0.005 
0.007 

<0.005 
<0.005 
<0.005 

 
<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 

<0.005 
<0.005 
<0.005 

0.005 μg/g  

a  
 
 

126



 

125 
 

B E F  

 
(mg/kg

) 

 
 
 

( )a 

 

 (μg/g) 
 B E F 

        

0.14 
(1

) 
1 

 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 0.02 0.02 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 

 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

0.41 
(3

) 
1 

 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 0.06 0.05 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 0.07 0.07 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 0.08 0.08 <0.01 <0.01 <0.01 <0.01 

 <0.01 <0.01 0.06 0.06 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 0.02 0.02 <0.01 <0.01 <0.01 <0.01 

1.31 
(10

) 
1 

 <0.01 <0.01 0.04 0.03 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 0.18 0.15 <0.01 <0.01 <0.01 <0.01 
 0.01 0.01 0.42 0.29 <0.01 <0.01 <0.01 <0.01 
 0.01 0.01 0.45 0.32 <0.01 <0.01 <0.01 <0.01 

 <0.01 <0.01 0.24 0.22 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 0.08 0.07 <0.01 <0.01 <0.01 <0.01 

1.38 
(10

) 

5b 

 <0.01 0.01 <0.01 <0.01 
 <0.01 0.13 <0.01 <0.01 
 <0.01 0.14 <0.01 <0.01 
 <0.01 0.13 <0.01 <0.01 

 <0.01 0.10 <0.01 <0.01 
 <0.01 0.03 <0.01 <0.01 

8b 

 <0.01 <0.01 <0.01 <0.01 
 <0.01 0.05 <0.01 <0.01 
 <0.01 0.06 <0.01 <0.01 
 <0.01 0.05 <0.01 <0.01 

 <0.01 0.05 <0.01 <0.01 
 <0.01 0.01 <0.01 <0.01 

15b 

 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 <0.01 <0.01 

 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 <0.01 <0.01 

0.01 μg/g 
B E F <0.01 μg/g  

a   
b 1  

127
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B E  
 

(mg/kg
) 

a 
( ) 

(μg/g) 
 B E 

      

3 
(1 ) 

0 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
3 <0.01 <0.01 0.06 0.04 <0.01 <0.01 
6 <0.01 <0.01 0.06 0.04 <0.01 <0.01 
9 <0.01 <0.01 0.05 0.05 <0.01 <0.01 
12 <0.01 <0.01 0.07 0.06 <0.01 <0.01 
15 <0.01 <0.01 0.08 0.07 <0.01 <0.01 
18 <0.01 <0.01 0.08 0.07 <0.01 <0.01 
21 <0.01 <0.01 0.08 0.07 <0.01 <0.01 
24 <0.01 <0.01 0.08 0.07 <0.01 <0.01 
27 <0.01 <0.01 0.07 0.06 <0.01 <0.01 

9 
(3 ) 

0 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
3 0.01 0.01 0.11 0.09 <0.01 <0.01 
6 <0.01 <0.01 0.10 0.09 <0.01 <0.01 
9 <0.01 <0.01 0.19 0.15 <0.01 <0.01 
12 0.02 0.01 0.26 0.21 <0.01 <0.01 
15 0.01 <0.01 0.23 0.22 <0.01 <0.01 
18 0.01 0.01 0.24 0.24 <0.01 <0.01 
21 0.01 0.01 0.33 0.26 <0.01 <0.01 
24 0.01 0.01 0.30 0.25 <0.01 <0.01 
27 <0.01 <0.01 0.24 0.23 <0.01 <0.01 

30 
(10 ) 

0 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
1 <0.01 <0.01 0.05 0.03 <0.01 <0.01 
3 0.04 0.03 0.37 0.30 0.02 0.01 
6 0.04 0.03 0.60 0.44 0.02 0.01 
9 0.04 0.03 0.63 0.48 0.01 0.01 
12 0.06 0.04 0.78 0.57 0.02 0.01 
15 0.05 0.04 0.70 0.58 0.02 0.01 
18 0.05 0.04 0.94 0.76 0.02 0.01 
21 0.05 0.04 0.84 0.75 0.02 0.01 
24 0.05 0.04 0.94 0.75 0.02 0.01 
27 0.06 0.05 0.94 0.80 0.02 0.01 
0.01 μg/g 

B E <0.01 μg/g  
a 0  

128



 

127 
 

B E  
 

(mg/kg
) 

a 
(μg/g) 

 B E 
      

3 
(1 ) 

 <0.01 <0.01 0.03 0.02 <0.01 <0.01 
 0.04 0.02 0.82 0.73 0.02 0.01 

9 
(3 ) 

 <0.01 <0.01 0.11 0.10 <0.01 <0.01 
 0.09 0.08 2.79 2.67 0.02 0.01 

30 
(10 ) 

 0.03 0.03 0.52 0.36 <0.01 <0.01 
 0.48 0.36 9.44 8.69 0.25 0.15 

0.01 μg/g 
B E <0.01 μg/g  

a  
 

B E  
 

(mg/kg

) 

a 

(μg/g) 
 B E 

      

3 
(1 ) 

 <0.01 <0.01 0.10 0.08 <0.01 <0.01 
 0.04 0.03 0.98 0.92 0.02 0.01 
 0.04 0.03 1.18 1.09 0.02 0.01 
 0.03 0.03 1.02 0.87 0.02 0.02 

 <0.01 <0.01 0.38 0.30 <0.01 <0.01 
 <0.01 <0.01 0.16 0.14 <0.01 <0.01 

9 
(3 ) 

 <0.01 <0.01 0.25 0.23 <0.01 <0.01 
 0.12 0.11 3.32 3.16 0.02 0.01 
 0.14 0.13 3.75 3.66 0.02 0.01 
 0.13 0.13 3.32 3.16 0.02 0.02 

 <0.01 <0.01 1.50 1.32 <0.01 <0.01 
 0.01 0.01 0.55 0.48 <0.01 <0.01 

30 
(10

) 

 0.05 0.04 1.02 0.89 0.02 0.01 
 0.64 0.49 12.4 11.0 0.30 0.16 
 0.52 0.45 11.4 11.2 0.25 0.15 
 0.58 0.43 11.0 10.5 0.34 0.18 

 0.04 0.02 4.62 4.21 0.01 0.01 
 0.08 0.05 1.75 1.64 0.03 0.02 

0.01 μg/g 
B E <0.01 μg/g  

a  
 

129
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B μg/g  

 
(mg/kg

) 

 a a a,b c 
 
 
 

 

0.443 
(1 ) 

 
 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Bd 
 0.08 <0.01 0.03 <0.01 0.03 0.04 
 0.07 <0.01 0.03 <0.01 0.03 0.04 

e 
 0.09 <0.02 0.04 <0.02 0.04 0.05 
 0.08 <0.02 0.04 <0.02 0.04 0.05 

1.33 
(3 ) 

 
 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Bd 
 0.19 0.01 0.07 0.02 0.09 0.13 
 0.17 0.01 0.07 0.01 0.08 0.13 

e 
 0.20 0.02 0.08 0.03 0.09 0.14 
 0.18 0.02 0.08 0.02 0.09 0.14 

4.43 
(10 ) 

 
 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 
 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 

Bd 
 0.62 0.04 0.23 0.04 0.29 0.37 
 0.57 0.04 0.21 0.04 0.26 0.33 

e 
 0.64 0.05 0.27 0.05 0.30 0.38 
 0.58 0.05 0.22 0.05 0.27 0.34 

B <0.01 μg/g  
a 7 28 n=7  
b  
c  
d 0.961  
e B
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B E F  

 
(mg/kg 

) 
 

( )a 

(μg/g) 
 B E F 

        

0.084 
(1 ) 

1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
3 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
4 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
7 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
9 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

11 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
14 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
16 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
18 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
21 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
23 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
29 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

0.50 
(6 ) 

2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
3 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
4 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
7 <0.01 <0.01 0.02 0.02 <0.01 <0.01 <0.01 <0.01 
9 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 

11 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 
14 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 
16 <0.01 <0.01 0.04 0.03 <0.01 <0.01 <0.01 <0.01 
18 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 
21 <0.01 <0.01 0.04 0.03 <0.01 <0.01 <0.01 <0.01 
23 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 
30 <0.01 <0.01 0.04 0.03 <0.01 <0.01 <0.01 <0.01 

2.51 
(30 ) 

3 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
4 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
7 <0.01 <0.01 0.07 0.06 <0.01 <0.01 <0.01 <0.01 
9 <0.01 <0.01 0.12 0.11 <0.01 <0.01 <0.01 <0.01 

11 0.01 <0.01 0.15 0.14 <0.01 <0.01 <0.01 <0.01 
14 0.01 <0.01 0.17 0.15 <0.01 <0.01 <0.01 <0.01 
16 0.01 <0.01 0.17 0.15 <0.01 <0.01 <0.01 <0.01 
18 0.01 <0.01 0.18 0.15 <0.01 <0.01 <0.01 <0.01 
21 <0.01 <0.01 0.17 0.15 <0.01 <0.01 <0.01 <0.01 
23 0.01 <0.01 0.18 0.16 <0.01 <0.01 <0.01 <0.01 
31 <0.01 <0.01 0.16 0.15 <0.01 <0.01 <0.01 <0.01 

2.46 
(30 ) 

21 <0.01 <0.01 0.16 0.14 <0.01 <0.01 <0.01 <0.01 
23 <0.01 <0.01 0.15 0.14 <0.01 <0.01 <0.01 <0.01 
31 <0.01 <0.01 0.15 0.14 <0.01 <0.01 <0.01 <0.01 
35 <0.01 <0.01 0.08 0.07 <0.01 <0.01 <0.01 <0.01 
38b <0.01 <0.01 0.02 0.02 <0.01 <0.01 <0.01 <0.01 
45c <0.01 <0.01 <0.01 <0.01 

0.01 μg/g 
B E F <0.01 μg/g  

a 1 6 30 1 2 3  
b 2  
c 1  
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B E F  
 

(mg/kg 
) 

  
(μg/g)a 

 B E F 

2.51 
(30

) 
 
 

 
0.01 

<0.01 
0.02 

0.31 
0.25 
0.44 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

 
<0.01 
<0.01 
<0.01 

0.03 
0.03 
0.03 

<0.01 
<0.01 
<0.01 

<0.01 
<0.01 
<0.01 

0.01 μg/g 
a  

 
B E F  

 
(mg/kg

) 

 
 
 

( )a 
 

(μg/g) 
 B E F 

        

0.084 
(1 ) 1 

 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

 
<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

0.50 
(6 ) 1 

 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

 
<0.01 <0.01 0.04 0.03 <0.01 <0.01 <0.01 <0.01 

 <0.01 <0.01 0.03 0.03 <0.01 <0.01 <0.01 <0.01 

2.51 
(30

) 
1 

 <0.01 <0.01 0.02 0.02 <0.01 <0.01 <0.01 <0.01 

 
<0.01 <0.01 0.17 0.15 <0.01 <0.01 <0.01 <0.01 

 <0.01 <0.01 0.13 0.11 <0.01 <0.01 <0.01 <0.01 

2.46 
(30

) 

5b 

 <0.01 <0.01 <0.01 <0.01 

 
<0.01 <0.01 <0.01 <0.01 

 <0.01 <0.01 <0.01 <0.01 
 <0.01 <0.01 <0.01 <0.01 

15b 

 <0.01 <0.01 <0.01 <0.01 

 
<0.01 <0.01 <0.01 <0.01 

 <0.01 <0.01 <0.01 <0.01 
0.01 μg/g 

a  
b 1   
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1 15 6 19

 
2 14C GLP

Inveresk Research 1999  
3 GLP Rhone-Poulenc Ag Company 2000

 
4 GLP Rhone-Poulenc Ag Company 2000

 
5 GLP Rhone-Poulenc Ag Company

1999  
6 GLP Rhone-Poulenc Ag Company

1999  
7 GLP Rhone-Poulenc Ag Company 1999

 
8 GLP Rhone-Poulenc Ag Company

1999  
9 RPA097973[B] GLP Aventis Crop 

Science 2001  
10 GLP 2002  
11 GLP PTRL West, inc. 1998  
12 GLP Aventis Crop Science

2000  
13 GLP RCC Ltd. 2002

 
14 2003  
15 2003

 
16 

2002  
17 GLP Rhone-Poulenc Agro

1997  
18 GLP Rhone-Poulenc Agro

1997  
19 GLP Safepharm Laboratories 

Limited 1998  
20 RPA097973 B

GLP Rhone-Poulenc Agro 1999  
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21 RPA107566 E
GLP Rhone-Poulenc Agro 1999  

22 RPA112916 C
GLP Aventis Crop Science 2001  

23 RPA112917 D
GLP Aventis Crop Science 2001  

24 RPA115369 K
GLP Aventis Crop Science 2001  

25 RPA157925 N
GLP 2002  

26 AE0764815 P
GLP 2002  

27 GLP Rhone-Poulenc Agro
1997  

28 GLP Rhone-Poulenc Agro 1997
 

29 GLP CIT 1998
 

30 90 GLP
Aventis Crop Science 2000  

31 90 GLP
Aventis Crop Science 2001  

32 90 GLP
Huntingdon Life Science 2001  

33 1 GLP CIT
2001  

34 1
GLP Aventis Crop Science 2001  

35 78 GLP CIT 2001
 

36 GLP Research Triangle Institute
2001  

37 GLP Aventis Crop Science 2000
 

38 GLP Aventis Crop Science 2000
 

39 GLP Covance Laboratories Limited
1998  
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40 in vitro GLP
Covance Laboratories Limited 1998  

41 GLP Covance Laboratories Limited
1999  

42 GLP Covance 
Laboratories Limited 2001  

43 RPA097973 B
GLP Covance Laboratories Limited 1999

 
44 RPA107566 E

GLP Covance Laboratories Limited 1999
 

45 RPA112916 C
GLP Covance Laboratories Limited 2001

 
46 RPA112917 D

GLP Covance Laboratories Limited 2001
 

47 RPA115369 K
GLP Covance Laboratories Limited 2001  

48 RPA157925 N
GLP Covance Laboratories Limited 2001  

49 AE0764815 P GLP
Huntingdon Life Science Ltd. 2002  

50 (GLP
Huntingdon Life Science Ltd. 2001  

51 GLP
Huntingdon Life Science Ltd. 2001  

52 GLP
Huntingdon Life Science Ltd. 2001  

53 GLP Bayer Crop Science 2002
 

54 GLP 2002
 

55 15 10 29
1029001  

56 
2004  
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57 16 5 27
 

58 
2004  

59 GLP
2004  

60 16 7 22 771
 

61 16 426
 

62 34 370
17 11 29 17 499  

63 
2007  

64 GLP Bayer CropScience AG
2004  

65 
2006  

66 2006
 

67  
68 19 12 4

1204001  
69 20 2 28 217

 
70 34 370

21 6 4 21 325  
71 21 10 1

 
72  RNP 558/982938 GLP Huntingdon 

Life Science Ltd. 2001  
73  RNP 608/994084 GLP Huntingdon 

Life Science Ltd. 2001  
74 

2000 2008  
75 21 12 14 1214

1  
76 22 7 22 565
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77 34 370

23 7 19 23 241  
78 25 12 6 1206

1  
79 25 8 6

 
80 

2010 2011  
81 GLP

2010  
82 GLP

2011  
83 26 3 24 245

 
84 34 370

27 2 20 27 30  
85 2 4 1

704  
86 7 4 16 269  
87 2023

OAT  
88 OAT-0912  GLP

2022  
89 OAT-0912  GLP

2022  
90 OAT-0912  GLP

2022  
91 OAT-0912  GLP

2022  
92 OAT-0912  OAT-0912  GLP

2022  
93 OAT-0912  GLP

2022  
94 OAT-0912  GLP

2022  
95 OAT-0912   

2021  
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96 OAT-0912   
2021  

97 OAT-0912   
2022  

98 OAT-0912  GLP
2022  

99 OAT-0912  GLP
2022  

100 The Metabolism of [14C]-OATZN in the Lactating Goat GLP
Charles River Laboratories Edinburgh Ltd. 2021  

101 The Metabolism of [14C]-OATZN in the Laying Hen GLP Charles 
River Laboratories Edinburgh Ltd. 2021  

102 OATZN: Residue Study in Lactating Cow GLP Research Institute 
for Animal Science in Biochemistry and Toxicology 2022  

103 OATZN: Residue Study in Laying Hen GLP Research Institute for 
Animal Science in Biochemistry and Toxicology 2022  

104 Acute Oral Dose Toxicity Study of OATZN in Sprague-Dawley Rats (Acute 
Toxic Class Method) GLP Biotoxtech Co., Ltd. 2019

 
105 OATZN: Repeated Dose 90-Day Oral Toxicity Study in Rats GLP

The Institute of Environmental Toxicology 2019  
106 OATZN: Repeated Dose 90-Day Oral Toxicity Study in Dogs GLP

The Institute of Environmental Toxicology 2019  
107 OATZN: Combined Chronic Toxicity and Carcinogenicity Study in Rats GLP

The Institute of Environmental Toxicology 2022  
108 OATZN: Carcinogenicity Study in Mice GLP The Institute of 

Environmental Toxicology 2021  
109 OATZN: Acute Oral Neurotoxicity Study in Rats GLP The Institute 

of Environmental Toxicology 2021  
110 OATZN: Repeated Dose 90-Day Oral Neurotoxicity Study in Rats GLP

The Institute of Environmental Toxicology 2021  
111 OATZN: Reproduction Toxicity Study in Rats GLP The Institute of 

Environmental Toxicology 2021  
112 OATZN: Developmental Toxicity Study in Rats GLP The Institute 

of Environmental Toxicology 2020  
113 OATZN: Developmental Toxicity Study in Rabbits GLP The 

Institute of Environmental Toxicology 2020  
114 A Bacterial Reverse Mutation Test of OATZN GLP BioSafety 
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Research Center Inc. 2019  
115 Chromosome Aberration Test of OATZN in Cultured Mammalian Cells GLP

Biosafety Research Center Inc. 2019  
116 Micronucleus Test of OATZN in Mice GLP BioSafety Research 

Center Inc. 2019  
117 Acute Dermal Dose Toxicity Study of OATZN in Sprague-Dawley Rats (Fixed 

Dose Procedure) GLP Biotoxtech Co., Ltd. 2019  
118 OATZN: Acute Inhalation Toxicity Study in Sprague-Dawley Rats GLP

Jeonbuk Department of Inhalation Research, KIT, KRICT 2019
 

119 Skin Sensitization Study of OATZN in Hartley Guinea Pigs (Maximization 
Test) GLP Biotoxtech Co., Ltd. 2019  

120 Acute Oral Dose Toxicity Study of OJ-003 in Sprague-Dawley Rats (Acute 
Toxic Class Method) GLP Biotoxtech Co., Ltd. 2019

 
121 Acute Oral Dose Toxicity Study of OJ-002 in Sprague-Dawley Rats (Acute 

Toxic Class Method) GLP Biotoxtech Co., Ltd. 2019
 

122 Acute Oral Dose Toxicity Study of OJ-004 in Sprague-Dawley Rats (Acute 
Toxic Class Method) GLP Biotoxtech Co., Ltd. 2019

 
123 Acute Oral Dose Toxicity Study of impurity 1 in Sprague-Dawley Rats (Acute 

Toxic Class Method) GLP Biotoxtech Co., Ltd. 2019
 

124 Acute Oral Dose Toxicity Study of impurity 2 in Sprague-Dawley Rats (Acute 
Toxic Class Method) GLP Biotoxtech Co., Ltd. 2019

 
125 Acute Oral Dose Toxicity Study of impurity 3 in Sprague-Dawley Rats (Acute 

Toxic Class Method) GLP Biotoxtech Co., Ltd. 2019
 

126 Acute Oral Dose Toxicity Study of impurity 4 in Sprague-Dawley Rats (Acute 
Toxic Class Method) GLP Biotoxtech Co., Ltd. 2019

 
127 Bacterial Reverse Mutation Test of OJ-003 GLP Biotoxtech Co., 

Ltd. 2019  
128 Bacterial Reverse Mutation Test of OJ-002 GLP Biotoxtech Co., 

Ltd. 2019  
129 Bacterial Reverse Mutation Test of OJ-004 GLP Biotoxtech Co., 
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Ltd. 2019  
130 Bacterial Reverse Mutation Test of impurity 1 GLP Biotoxtech Co., 

Ltd. 2019  
131 Bacterial Reverse Mutation Test of impurity 2 GLP Biotoxtech Co., 

Ltd. 2019  
132 Bacterial Reverse Mutation Test of impurity 3 GLP Biotoxtech Co., 

Ltd. 2019  
133 Bacterial Reverse Mutation Test of impurity 4 GLP Biotoxtech Co., 

Ltd. 2019  
134 Toxicity Prediction of impurity 3 Chemicals Evaluation and Research 

Institute, 2022  
135 7 4 16 7 236  
136 2023

 
137 

2004  
138 Nature of the residues of [phenyl-UL-14C] Ethiprole in bee-relevant matrices 

of phacelia GLP Bayer AG, Crop Science Division 2018
 

139 2010
 

140 1
GLP 2019

 
141 GLP

2019  
142 1

GLP 2018  
143 GLP

2016  
144 GLP

2017  
145 Ethiprole 200 SC (Ethiprole + Imidacloprid; 100+100) magnitude of the 

Residue in/on Coffee: U.S., Canada and E.U. Import Tolerances GLP
SynTech Research Laboratory Services 2015  

146 CURBIX (EPR SC 200) (Ethiprole) - Magnitude of the Residue in/on Coffee: 
U.S., Canada and E.U. Import Tolerances GLP International 
Agricultural Research 2017  

140



 

139 
 

147 
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148 The Distribution and Metabolism of [14C]-RPA 107382 in the Lactating Goat
GLP Inveresk Research 1999  

149 The Distribution and Metabolism of [14C]-RPA 107382 in the Laying Hen
GLP Inveresk Research 1999  

150 Ethiprole: Feeding Study with Dairy Cows GLP Bayer CropScience 
AG BCS-R&D-D-HS-RA 2016  

151 Ethiprole: Feeding Study with Dairy Cows GLP Shokukanken Inc.
2020  

152 Ethiprole: Feeding Study with Laying Hen GLP Bayer AG - Crop 
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153 
2009  

154 Metabolic Stability and Profiling of [phenyl-UL-14C] Ethiprole in Liver S9 
fractions from human and rat for Inter-species Comparison GLP
Bayer AG, Crop Science Division Environmental Safety Testing 2017

 
155 Comparative in vitro metabolism of [phenyl-UL-14C] Ethiprole in Hepatocytes 

from Human, Rat, Dog, Rabbit and Mouse GLP Bayer AG, Crop 
Science Division Environmental Safety Testing 2021  

156 Acute oral toxicity study of Ethiprole (AE0316423) in Rat GLP
INTOX PVT. LTD. 2016  

157 Ethiprole (RPA 107382): 28-day toxicity study in the rat by dietary 
administration GLP Aventis CropScience 2001   

158 RPA 107382: PRELIMINARY 28-DAY TOXICITY STUDY IN THE C57 B1/6N 
MICE BY DIETARY ADMINISTRATION GLP Rhone-Poulenc Agro

1999  
159 RPA 107382: 28-DAY TOXICITY STUDY IN THE DOG BY DIETARY 

ADMINISTRATION GLP Rhone-Poulenc Agro 1998
 

160 RPA 107382: Mutation at the thymidine kinase (tk) locus of mouse lymphoma 
L5178Y cells (MLA) using the microtitre fluctuation technique GLP
Covance Laboratories Ltd. 1999  

161 Acute Dermal Toxicity Study of Ethiprole (AE0316423) in Rat GLP
INTOX PVT. LTD. 2016  

162 Acute Inhalation Toxicity Study (Nose-only) in the Rat with Ethiprole 
technical GLP CiToxLAB Hungary Ltd. 2016  
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163 Primary Skin Irritation / Corrosion Study of Ethiprole (AE0316423) in Rabbit
GLP INTOX PVT. LTD. 2016  

164 Acute Eye irritation / Corrosion Study of Ethiprole (AE0316423) in Rabbit
GLP INTOX PVT. LTD. 2016  

165 Ethiprole (RPA 107382): A 28-day dermal toxicity study in rats GLP
Huntingdon Life Sciences 2002  

166 Ethiprole (RPA 107382): Toxicity study by dermal administration to CD rats 
for 4 weeks GLP Huntingdon Life Sciences Ltd. 2003

 
167 Ethiprole - Enzyme and mRNA induction in cultured male han wistar rat 

hepatocytes GLP Concept Life Sciences 2018  
168 Ethiprole - Effects on Cell Proliferation in Cultured Male Han Wistar Rat 

Primary Hepatocytes GLP Concept Life Sciences 2021
 

169 In vitro CYP and UGT induction in human and Wistar rat hepatocytes by 
Ethiprole KALY-CELL 2021  

170 Ethiprole - Evaluation of the Human Relevance of Rodent Hepatocellular 
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