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2013  6  6   
2013  6  17  

 
2013  8  19  

0819 5  
2013  8  20  1 89  
2013  8  26  486  
2013  12  10  31  
2014  2  28  33  
2014  4  23  104  
2014  5  13  513  
2014  5  14  6 12  
2014  7  30  108  
2014  7  30  109  
2014  8  5  525  
2014  8  6  9 4  
2014  10  8  114  
2014  10  14   
2014  10  21  534  
2014  10  29   

2012 7 1  
 

 
 
 

 
 

 
 
 

2014 3 31    
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**    
**  * 2013 9 30  

  ** 2013 10 1  
 

2014 4 1    
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CAS No. 946578-00-3

 

/ 2

 

 

 

 

 
2 /

4.25 mg/kg /
100 0.042 mg/kg / ADI  

25 mg/kg
100 0.25 mg/kg

ARfD  



8 

 
 

 
sulfoxaflor ISO  

 

IUPAC 
[ ( ){1-[6-( )-3- ] }- 6- 

]  
 
[methyl(oxo){1-[6-(trifluoromethyl)-3-pyridyl]ethyl}- 6- 
sulfanylidene]cyanamide 

 
CAS No. 946578-00-3  

N-[ [1-[6-( )-3- ] ] 
- 4- ]  
 
N-[methyloxido[1-[6-(trifluoromethyl)-3-pyridinyl]ethyl] 
- 4-sulfanylidene]cyanamide 

 

C10H10F3N3OS 
 

277.3 
 

 
A B 1:1  
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2 14C
14C- D

2 14C 14C- D

mg/kg g/g
/ 1 2  

 

Fischer 4 14C- 5 mg/kg
100 mg/kg

14 14C-
14C-

 
 

1
2  

 

   
 

(mg/kg ) 
 5 100 5 
 5.28 5.13 111 111 4.04 3.84 

       

 

Tmax (hr) 1.63 0.50 2.33 1.33   
Cmax ( g/g) 4.73 5.35 84.3 89.8   

T1/2 (hr)  5.07 4.59 5.91 4.16 5.25 4.60 
 39.1 39.6 39.4 44.9 42.3 44.1 

AUC0-168 (hr g/g) 48.7 44.7 1,010 888 39.6 35.7 

 

Tmax (hr) 1.75 0.75 2.00 1.33   
Cmax ( g/g) 4.15 4.70 74.0 78.8   

T1/2 (hr)  5.03 4.60 5.53 4.97 5.22 4.54 
 52.7 64.8 50.8 75.3 74.7 74.3 

AUC0-168 (hr g/g) 45.1 41.4 925 839 36.2 33.8 
/  
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168
92.0% 94.0% 2  

 

168
2  

168 0.18 1.17%TAR
0.57 1.29%TAR

1.12%TAR 1 0.12%TAR
2  

 

 
 

 
(mg/kg )  168 a 

 
 

5 

 (0.012) (0.011) (0.010) (0.010)
(0.009) 

 
(0.014) (0.013) (0.012) (0.011) (0.010)
(0.009) (0.009) (0.008) (0.008)

(0.008) (0.008) 

100  (4.61) (0.303) (0.269) (0.254)
(0.235) (0.206) 

 (0.358) (0.304) (0.209) (0.200) 
 
 5  (0.183) (0.024) (0.018) (0.018) 

 (0.049) (0.022) (0.013) 

 5 
 (0.187) (0.014) (0.013) (0.011)

(0.010) (0.010) 

 (0.080) (0.014) (0.009) (0.008)
(0.008) 

a 168  
 

24
3  

C B
C 2  

                                            
1  
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(mg/kg )    

 
 

5 
  88.1 C(2.88) 

 3.97 - 

  87.9 C(2.66) 
 4.03 - 

100 
  88.1 C(3.42) 

 5.92 - 

  88.9 C(3.52) 
 3.55 - 

 
 5 

  92.2 C(3.26) 
 4.29 - 

  89.9 C(3.25) 
 4.54 - 

 5 
  92.0 C(3.80) 

 7.09 - 

  94.9 C(4.07) 
 5.29 - 

-   
 

168
4  

2  
 

    
mg/kg  5 100 5 5  

         

12   a 68.8 70.7 62.1 71.1 70.6 73.7 72.2 78.5 

 
24  

 a 84.6 85.4 83.4 86.5 88.7 89.2 88.7 95.2 
 5.00 4.24 5.41 3.69 5.36 5.30 7.01 4.39 

 
168  

 a 92.4 91.8 93.8 93.8 96.8 94.6 97.1 101 
 6.73 6.46 7.98 5.23 6.75 7.11 8.80 6.13 

b 0.18 0.19 1.17 0.19 0.94 0.30 1.29 0.57 
c 0.44 0.62 1.20 0.91 9.92 0.42 0.21 0.39 

a b 168 c  
 

Fischer 4 14C-
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Cmax 0.5 2 1/2Cmax 6 8
 

Cmax 82 92%TAR 1/2Cmax 42 57%TAR
19.3 46.5%TAR 5.41

15.2%TAR 2.51 6.58%TAR 1.11
2.81%TAR  

3  
 

1 14C- 12.2 mg/kg /
1 1 5

 
5 6  

 

K 18.3%TRR 0.095 g/g B G
4  

 

   
 

1 ~5  
41.0 

 13.3 
 3.69 

 

6  

0.35 
 0.55 
 0.09 

 0.35 
 13.5 

 0.35 



14 

   
  

 5  87.1 B(0.9) 
 3  114 ND 
 5  94.1 G(0.9) 

  

 
6  

96.5 ND 
96.3 ND 

 60.4 K(18.3) B(3.3) G(1.8) 
 88.8 G(1.1) 

 
 94.7 G(0.6) 
 96.6 ND 

93.8 G(1.1) 
ND  

1 14C- D 11.4 mg/kg / 1
1 5

 
7  

3 0.17 g/g
90%TRR

69%TRR D
5  

 

   
 

1 ~5  
34.8 

 4.42 
 1.14 

 

6  

0.28 
 0.26 
 0.06 

 0.05 
 14.9 

 2.77 
 

10 14C- 10.9 
mg/kg / 1 1 7



15 

 
8 9  

6 0.06 g/g

K 14.6%TRR 0.020 g/g G
6  

 

   
 1 ~7  0.14 

 37.2 

  

6~8  

0.13 
 0.14 

 0.065 
 0.011 

 0.047 

   

 7  90.6 G(3.1) 
 6  125 ND 

  

 
6~8  

89.8 G(3.2) 
 96.2 G(1.6) 

 67.6 K(14.6) G(3.9) 
 91.7 G(6.8) 

 83.5 ND 
ND  

10 14C- D 11.8 mg/kg /
1 1 7

 
10  

4 0.275 g/g

85.7%TRR D 7  
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 1 ~7  0.95 

 92 

  

6.5~8.5

0.570 
 0.565 

 0.116 
 0.016 

 0.129 
 

14C-
227 205 145 g ai/ha 578 g ai/ha

3 4 14C- 474 g ai/ha
1

15 3 14
14 28 138

 
11 12  

10%TRR E 11.2%TRR
B D F  

D 36.9%TRR B E
F 8  
 

 
( ) 

 
 

 a 
 

B D E F 

 
( 1 15 ) 

%TRR 100 73.7 5.7 7.4 2.1 ND 8.7/8.6 
mg/kg 2.84 2.10 0.161 0.211 0.059 ND  

 
( 3

14 ) 

 %TRR 100 43.9 4.1 9.7 5.3 2.9 7.9/7.8 
mg/kg 5.63 2.47 0.231 0.547 0.301 0.163  

 %TRR 100 33.4 3.5 7.7 7.6 ND 11.9/5.8
mg/kg 3.67 1.23 0.128 0.281 0.278 ND  

 %TRR 100 35.2 1.6 8.2 11.2 ND 11.3/9.5
mg/kg 0.243 0.086 0.004 0.020 0.027 ND  

ND a 2  
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( )  

 
 

 a 
 

B D E F 

 
( 14 ) 

%TRR 100 3.7 
~5.4 

1.8 
~4.2 

51.7 
~55.5

3.6 
~5.5 

ND 
~1.8 14.4/12.5/7.5

mg/kg 12.5 0.463
~0.679

0.229
~0.530

6.48 
~6.95

0.453
~0.687

ND 
~0.221  

 
( 28 ) 

%TRR 100 1.1 5.5 62.9 4.3 0.2 14.6/16.0 
mg/kg 6.13 0.066 0.340 3.86 0.262 0.015  

 
( 138

) 

 %TRR 100 ND 6.3 31.1 5.5 ND 27.2/26.7 
mg/kg 1.79 ND 0.112 0.558 0.098 ND  

 %TRR 100 ND 5.3 40.2 4.8 ND 24.6/23.7 
mg/kg 0.489 ND 0.026 0.196 0.023 ND  

 %TRR 100 ND 0.6 36.9 ND ND 15.3/15.2 
mg/kg 0.049 ND <0.001 0.018 ND ND  

ND a 2 3  
 

Envy 14C-
200 g ai/ha 600 g ai/ha

14C- 225 g ai/ha
450 g ai/ha

1 14 3 7
1 14 2 14

 
13  

D D 30.8%TRR
B E F G H  

D
49.0%TRR B E F G

H 9  
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( )  

 
 
 

 
B D E F G H 

 
 

 
( 1

14 ) 

%TRR 100 17.2 0.2 26.6 5.1 5.1 ND 0.2 9.1 

mg/kg 0.182 0.031 <0.001 0.048 0.009 0.009 ND <0.001  
 

( 3
7 ) 

%TRR 100 16.6 0.9 30.8 2.7 5.5 0.6 0.2 9.5 

mg/kg 4.39 0.729 0.041 1.36 0.119 0.241 0.027 0.009  

 
 

 
( 1

14 ) 

%TRR 100 ND 0.2 59.8 4.6 2.7 ND ND 7.9 

mg/kg 0.135 ND <0.001 0.081 0.006 0.004 ND ND  
 

( 2
14 ) 

%TRR 100 0.9 1.2 49.0 1.3 3.8 0.1 0.2 10.6 

mg/kg 1.41 0.013 0.017 0.691 0.018 0.054 0.002 0.002  
ND  

 

1 5
60% 80% 14C-

200 200 125 75 g ai/ha 600 g ai/ha
5 80% 14C-

225 g ai/ha 450 g ai/ha
1 14

2 14 4 1 7
4 14 1 14

2 14 21 2 28
 

14  

D F D 28.3%TRR
F 14.8%TRR B

E  

D D 72.6%TRR
B E F 10  
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( ) 

 
 

 a 
 

B D E F 

 
 

 
( 1 14 ) 

%TRR 100 12.8 3.2 16.1 3.5 11.0 12.4/7.6 
mg/kg 0.578 0.074 0.018 0.093 0.020 0.063  

 
( 2 14 ) 

%TRR 100 25.1 2.5 17.5 4.1 8.6 17.9/18.5
mg/kg 0.799 0.201 0.020 0.140 0.033 0.069  

 
( 4 1 ) 

%TRR 100 30.3 ND 24.1 2.7 10.9 4.9/5.2 
mg/kg 0.038 0.012 ND 0.009 0.001 0.004  

 
( 4 7 ) 

%TRR 100 26.5 ND 28.3 8.3 13.6 5.4/5.1 
mg/kg 0.033 0.009 ND 0.009 0.003 0.004  

 
( 4 14 ) 

%TRR 100 34.7 ND 20.5 2.7 14.8 8.6/7.1 
mg/kg 0.030 0.010 ND 0.006 0.001 0.004  

 
( 4 14 ) 

%TRR 100 28.6 2.2 15.5 3.7 8.9 8.6/8.2 
mg/kg 1.34 0.384 0.029 0.208 0.050 0.120  

 
 

 
( 1 14 ) 

%TRR 100 13.0 ND 27.5 3.7 9.6 18.9/18.6
mg/kg 0.836 0.109 ND 0.230 0.031 0.081  

 
( 2 14 ) 

%TRR 100 11.4 ND 69.7 0.9 1.2 5.8/5.5 
mg/kg 0.023 0.003 ND 0.016 <0.001 <0.001  

 
( 2 21 ) 

%TRR 100 12.9 ND 72.6 2.1 ND 5.3/4.6 
mg/kg 0.026 0.003 ND 0.019 0.001 ND  

 
( 2 28 ) 

%TRR 100 18.3 ND 60.1 2.6 3.2 5.5/5.8 
mg/kg 0.029 0.005 ND 0.017 0.001 0.001  

a 
( 2 28 ) 

%TRR 100 7.9/ 
4.7 

3.2/ 
3.0 

19.1/ 
20.9 

1.9/ 
1.8 

7.7/ 
7.4 

18.7/10.2/
10.8/11.1

mg/kg 2.79 0.185/
0.10 

0.075/
0.065

0.446/
0.445

0.043/ 
0.038 

0.179/ 
0.158  

ND a 2 4  
 

Sugar Ann 3 30%
14C- 200 g ai/ha 600 g 

ai/ha 30% 14C-
225 g ai/ha 450 g ai/ha

1
14 2 14 3 14

1 14 2 14
 

15  



20 

D E D E 13.3
10.1%TRR B F  

D E
D 81.9%TRR B F

E 10.2%TRR
11  
 

 
 

( ) 

 
 
 

 
B D E F 

 
 

a 
( 1 14 ) 

%TRR 100 34.4 ND 30.4 22.0 0.6 0.9 
mg/kg 0.348 0.120 ND 0.106 0.077 0.002  

a 
( 2 14 ) 

%TRR 100 30.3 1.4 32.0 18.1 0.9 1.7 
mg/kg 0.592 0.180 0.009 0.190 0.107 0.005  

 ( ) 
( 3 14 ) 

%TRR 100 59.4 0.8 13.3 10.1 2.9 1.5 
mg/kg 1.05 0.621 0.008 0.139 0.106 0.030  

 ( ) 
( 3 14 ) 

%TRR 100 71.1 1.4 11.7 6.7 1.2 1.7 
mg/kg 5.48 3.898 0.079 0.639 0.365 0.067  

 
 

a 
( 1 14 ) 

%TRR 100 14.2 ND 81.9 10.2 ND 1.5 
mg/kg 0.036 0.005 ND 0.030 0.004 ND  

 ( ) 
( 2 14 ) 

%TRR 100 4.7 ND 89.7 3.2 ND 1.6 
mg/kg 0.042 0.002 ND 0.037 0.001 ND  

 ( ) 
( 2 14 ) 

%TRR 100 ND ND 89.9 7.5 ND 1.3 
mg/kg 0.146 ND ND 0.131 0.011 ND  

ND a  

D
B B E

/ F
D H G B

14C- 0.3 mg/kg 300 g ai/ha
25 6

 
16  
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D
D CO2

1 7
2 D 109 671

12  
 

 

   

 D  D  D 14CO2  
 

0 94.1 0.0 3.9 0.0 98.0 0.0  0.1 
96.3 0.0 4.7 0.0 101 0.0 0.1 

1 39.9 17.9 27.4 10.4 67.4 28.3 0.0 1.4 
43.6 14.8 31.1 8.2 74.6 23.0 0.0 1.9 

7 8.2 34.6 17.3 36.4 25.5 71.0 0.0 3.9 
5.1 36.7 13.4 41.4 18.5 78.1 0.1 3.7 

14 0.9 31.8 8.4 53.8 9.3 85.6 0.0 5.4 
1.5 31.2 10.2 52.4 11.7 83.7 0.0 5.5 

182 ND 14.6 ND 65.4 ND 80.0 0.9 17.0 
ND 16.4 ND 63.4 ND 79.8 0.2 17.1 

2 ND /  
 

14C-
0.064 mg/kg 48 g ai/ha

20 4
14C-

2
20 4 /

10
 

17 /
18  

D G H D G H
CO2  

4 0.04 0.26
D 85 370

0.06 D 184  
/

D /
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0.22 D 579
15 D

337 13  
 

   
 

 
14CO2  

  D G H 

 
20  

 
 

0 102 0.0 0.0 0.0  0.0 
103 0.0 0.0 0.0 0.0 

14 0.0 99.1 0.0 0.0 0.8 1.2 
0.0 99.3 0.0 0.0 0.9 1.3 

123 0.0 72.4 4.9 4.5 6.8 3.9 
0.0 76.7 2.7 5.7 6.2 4.1 

 
 

0 103 0.0 0.0 0.0  1.1 
103 0.0 0.0 0.0 0.9 

14 0.0 85.0 1.1 2.6 2.2 4.8 
0.0 88.3 1.1 3.4 2.5 4.8 

123 0.0 34.8 9.6 2.6 32.2 14.9 
0.0 36.0 12.2 2.6 28.4 14.2 

 
 

0 102 0.0 0.0 0.0  1.1 
101 0.0 0.0 0.0 1.0 

14 0.0 94.3 0.0 0.0 2.0 4.8 
0.0 93.5 0.0 0.0 1.6 3.5 

123 0.0 79.6 0.9 0.0 6.7 8.0 
0.0 74.6 3.8 0.0 8.7 8.2 

 
 

0 96.1 0.0 0.0 0.0  0.1 
102 0.0 0.0 0.0 0.1 

14 0.0 95.5 0.0 0.0 1.0 2.1 
0.0 99.0 0.0 0.0 1.1 2.0 

123 0.0 71.7 0.8 6.9 5.3 6.8 
0.0 74.9 0.0 9.2 5.3 6.3 

 
 

10  

 
 

0 a 98.3 0.0 0.0 0.0  
 0.5 

14 0.0 87.4 1.9 3.6 0.0 5.0 
0.0 86.1 2.0 6.0 1.2 3.9 

120 0.0 61.8 6.7 5.8 5.6 9.2 
0.0 67.8 6.7 6.6 1.8 8.3 

2 a 1 /  
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( )

+ ( )
14CO2 

 
  D 

/ 
 

 

 
 

( ) 

0 22.8 71.0 26.8 67.1  3.2 
28.4 67.3 30.5 64.0 3.1 

14 47.0 48.8 0.0 95.0 0.0 2.0 
46.2 49.8 0.0 96.0 0.0 1.8 

120 35.2 49.1 0.0 84.3 0.1 12.0 
33.9 49.7 0.0 83.1 0.1 12.1 

 
   

  
 ( ) 

14CO2 
 
  

 D 

 
 

 
 

( ) 

0  99.5 99.5 0.0  0.4 
98.5 98.5 0.0 0.5 

14  41.2 41.2 55.9 0.0 3.1 
43.8 43.8 53.3 0.0 3.3 

120  16.1 16.1 77.3 0.3 6.4 
15.6 15.6 77.1 0.2 6.3 

2 /  
 

4 14C-
0.205 mg/kg 400 g ai/ha

25 1
 

19  

D 14CO2

0.32 0.56 D 1,000
14  
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14CO2  

D 

 

0 97.2 0.0  0.3 
97.5 0.0 0.3 

14 0.0 96.9 0.6 2.4 
0.0 97.6 0.7 2.3 

364 0.0 84.9 2.5 10.4 
0.0 84.0 2.5 10.5 

 

0 98.7 0.0  0.3 
98.6 0.0 0.3 

14 0.0 98.4 0.8 2.5 
0.0 97.1 0.7 2.3 

364 a 0.0 85.9 3.3 7.6 

 

0 98.9 0.0  0.6 
98.8 0.0 0.6 

14 0.0 97.5 0.7 2.1 
0.0 96.6 0.7 2.2 

364 a 0.0 89.8 1.3 6.8 

 

0 98.5 0.0  0.5 
98.9 0.0 0.5 

14 0.0 96.7 0.7 2.5 
0.0 97.8 0.7 2.4 

364 0.0 83.6 1.7 13.2 
0.0 82.5 1.9 12.5 

2 a 1 /  
 

14C- 1.07 mg/kg 400 g ai/ha
8

25 2 113
/  

/ 20  
D

14CO2 11.9
51.3 D

320 15  



25 

 

  14CO2   D 
 93.0 0.00  2.02 

 7 61.7 33.4 0.04 2.73 

 
 

1  31.5 61.7 0.07 0.67 
7  4.49 87.7 0.08 1.31 

113 0.00 75.4 0.40 22.3 
/  

 

2 pH 7.5 7.8
14C- 0.019 mg/L

D 0.015 mg/L 25 100
 

D
21 22  

D  
71 190 108 382

D
16  

 

  

   

 D D  D 14CO2  
 

 

0 100 0.0   100 0.0   
99.8 0.0   99.8 0.0   

14 85.3 3.4 10.4 0.0 95.8 3.4 0.0 0.9 
82.5 0.0 13.7 0.0 96.2 0.0 0.0 1.4 

100 63.6 0.0 15.9 0.7 79.5 0.7 0.1 12.4 
66.3 0.0 16.6 0.1 82.9 0.1 0.1 10.9 

 

0 100 0.0   100 0.0   
100 0.0   100 0.0   

14 75.7 0.0 13.3 0.0 88.9 0.0 0.0 7.1 
78.1 0.0 12.4 0.0 90.5 0.0 0.0 6.8 

100 37.4 6.6 13.5 1.9 50.9 8.4 0.2 36.8 
38.4 1.4 12.2 1.3 50.6 2.7 0.0 36.7 

2 /  



26 

 

  
   

D D D 14CO2  

 

0 99.6  99.6   
100  100   

14 86.6 13.2 99.7 0.0 0.6 
86.3 11.7 98.0 0.1 0.5 

100 80.3 15.2 95.5 0.0 1.6 
83.5 13.5 97.0 0.0 1.4 

 

0 99.6  99.6   
99.3  99.3   

14 86.3 10.6 96.9 0.0 3.2 
86.7 10.9 97.6 0.0 2.5 

100 75.7 18.4 94.0 0.1 5.3 
75.4 18.0 93.4 0.1 5.1 

2 /  
 

17 D
6 G 7

H  
Freundlich 23

17  
 

  Kads Kadsoc Kdes Kdesoc 

 

 
 

 
3

 

0.16~1.28 12~71 1.20~7.24 55~613 

D 0.18~1.24 7~74   

G  
2  0.01~0.39 1~25   

H  
2

 

0.13~0.79 2~44   

Kads Freundlich Kadsoc  
Kdes Freundlich Kdesoc  
/  



27 

 

 
Freundlich Kads 2.51

Kadsoc 28.8 18  
 

pH 5 pH 7 pH 9
14C- 0.1 mg/L 25

32  

19  

pH 7 14C- 14C- D 0.36 
mg/L 25 14 300 
W/m2 290 nm  

D 24
 

D
B 2.5%TAR D

B 4.4%TAR J 8.6%TAR  
D

489 136 1,483 413
20  

   
0 7 14 

14C-  
 

 99.5 98.9 98.4 97.6 97.3 97.6 
B 0.0 0.3 1.6 1.9 2.5 2.0 

 0.5 0.8 0.0 0.5 0.2 0.4 

14C- D 

D 98.2 98.3 96.8 95.5 93.0 86.6 
B 0.2 0.4 1.6 1.3 3.7 4.4 
J 1.4 1.3 1.6 2.7 2.5 8.6 

 0.2 0.0 0.0 0.5 0.8 0.4 
2  

 



28 

pH 8.2 8.7 14C- 0.39 
mg/L 14C- D 0.36 mg/L 25 14

300 W/m2 290 nm
 

D 25
 

D
3%TAR

D 1%TAR  
D

162 392 491 1,000
21  

 

   
0 7 14 

14C-  
 

 98.7 94.7 95.1 91.9 93.4 
 0.5 1.8 1.2 3.0 1.9 

 0.8 3.5 3.7 5.1 4.8 
14C- D D 99.7 98.1 97.5 96.4 96.6 

 0.3 1.9 2.5 3.6 3.4 
7 14 2  
 

D
26 22  

 a  
 

D 

 150 g ai/ha 
2.4 40.5 
2.2 18.8 

 285 g ai/ha 
2.3 62.1 

 2.4 17.5 
a 20% 9.5%  

 



29 

B D
G 3

 
1

5.01 mg/kg B 7 0.06 mg/kg
0.05 mg/kg D 7

0.64 mg/kg G 1 0.12 mg/kg
23  

4  
3

3.26 mg/kg 24  
 

/ 3 4
B D 0.2 15 29 30

5  

B D 27
25  

 

      
 1.43 1.18 1.01 1.47 0.637 3.69 2.23 

B LOQ a <0.003 <0.003 0.010 0.016 0.012 0.081 
D 0.043 0.036 0.020 0.041 0.011 0.069 0.089 

a  
 

3 4
0.2 15 B D 0.25 15 29 30

6  
1



30 

B D 28
26  

 

     
 0.633 0.516 1.14 0.167 

B LOQ a <0.003 0.073 0.007 
D 0.022 0.018 0.024 0.003 

a  
 

3
29 7

 

 
 

  
55.1 kg  

1 6  
16.5 kg

 
58.5 kg  

65
56.1 kg

 
g/ /  145 80.5 122 169 

 

30
27  
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/  

 
(mg/kg ) 
( ) 

 
(mg/kg ) 

 
(mg/kg )  

 

SD  6 
6 

0 250 500
750 

( ) 
250 500 

500 mg/kg

 
750 mg/kg

 
 

500 mg/kg

 
750 mg/kg

 

ICR 
 

4 
4 

0 125 250
500  

( ) 
125 250 

250 mg/kg

 
500 mg/kg

 
 

250 mg/kg

 
500 mg/kg
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/  

 
(mg/kg ) 
( ) 

 
(mg/kg ) 

 
(mg/kg )  

 

 ICR 
 6 

0 125 250
500  

( ) 
125 250 

 

 
 

ICR 
 6 

0 125 250
500  

( ) 
125 250 

 
250 mg/kg

 

 

 SD  6 
0 250 500

750 
( ) 

750 
250 

250

 
500 

500 

 

 
pH  

 
SD  6 

 
0 250 500

750 
 

0 10 50 
( ) 

50 250 

pH
 

SD  6 
0 250 500

750 
( ) 

750  

0.5%MC  
 

 
 

31 28 31  
 

 
  LD50 mg/kg     

 

Fischer  
1~2  
1~3  

1,410 1,000 

 
1,000 mg/kg  

ICR  
1~3  750  

 
750 mg/kg  
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 Fischer  
5  >5,000 >5,000  

 Fischer  
5  

LC50 mg/L   
 

>2.09 >2.09 
 

B D G H K
32 32 36  

 

  LD50 mg/kg     

B Fischer  
1~3   2,000  

2,000 mg/kg  

D Fischer  
1~3   >5,000 

/ /

 
 

G Fischer  
1~3   566  

1,000 mg/kg  

H Fischer  
5   >2,000 

K Fischer  
5   >2,000 

 

Fischer 10 0 7.5 75
750 mg/kg  

33  
750 mg/kg 1

7.5 mg/kg 75 mg/kg
7.5 mg/kg

 
7.5 mg/kg

Fischer 10 0 2.5
7.5 25 mg/kg

7.5 mg/kg



34 

7.5 mg/kg

 
75 mg/kg

25 mg/kg
37  

 

   
750 mg/kg   

 
 

 
 

 

 
 

 
 
 

 
 

 
75 mg/kg  

 
 

 
 

25 mg/kg §   
7.5 mg/kg    
§  
 

NZW
CBA/J  

38 39 40  
 

D NZW Fischer
CBA/J

 

41 42 43  
 

Fischer 10 0
100 750 1,500 ppm 34 90

0
1,500 ppm 90 4  
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100 750 1,500 ppm AUC
-AUC

 
 

ppm  100 750 1,500 
 

mg/kg /  
 6.36 47.6 94.9 
 6.96 51.6 101 

 
35  

SRBC AFC 1,500 
ppm AFC 26%

1,500 ppm
AFC

 

FOB 1,500 ppm

 
1,500 ppm

 
750 ppm

100 ppm 6.36 mg/kg / 6.96 mg/kg /

44  
 



36 

   
1,500 ppm Chol§  §  

Chol§  
/  

 
750 ppm  §  

 
/  

 
 

/  
 

2  
/  

 

100 ppm    
 

§  
 

ICR 10 0 100 750
1,250 ppm 0 100 1,500 3,000ppm 36

90  

100 ppm 750 ppm 100 ppm 1,500 
ppm
1,250 ppm

2 3,000 ppm

 

ppm  100 750 1,250 1,500 3,000 
 

mg/kg /
 12.8 98.0 166   
 16.2   247 489 

 
37  

750 ppm 1,500 ppm
100 ppm 12.8 

mg/kg / 16.2 mg/kg / 45  

                                            
2  
 



37 

   
3,000 ppm  Chol  

 
 

1,500 ppm 
 

ALT§ AST§§ TG  
Hb Ht  

 
/  

 
/  

 
 

 
1,250 ppm ALT AST ALP  

 
 

 

750 ppm 
 

Chol  
 

/  
 

/  
 

/  
 

100 ppm   
 

§ 3,000 ppm  
§§  

 

4 0 1 3 10/63 mg/kg
/ 90 10 

mg/kg / 1

5 6 mg/kg /  

6 mg/kg /
46  

 

                                            
3 10 mg/kg / 1

5 6 mg/kg /  



38 

Fischer 10 0 100 500
1,000 mg/kg / 28

1,000 
mg/kg /

2.67 6.15

 
1,000 mg/kg / Chol

Chol
 

1,000 mg/kg /
/

500 mg/kg /
1,000 mg/kg / 47  

 

Fischer 5 B B 0
1,000 3,000 8,000 ppm 38 28

 
 

ppm  1,000 3,000 8,000 
 

mg/kg /  
 79 236 622 
 82 244 649 

8,000 ppm 622 mg/kg / 649 mg/kg
/ 48  

 

Fischer 5 G G 0
100 300 1,000 2,000 ppm 39 28

 

AUC
 

 



39 

ppm  100 300 1,000 2,000 
 

mg/kg /  
 7.7 23.1 74.0 140 
 8.5 24.9 77.2 152 

 
40  

100 ppm
 

100 ppm
100 ppm

7.7 mg/kg / 8.5 mg/kg /
49  
 

   
2,000 ppm GGT  

 
 

 
 

 
 

1,000 ppm   
ALT AST §  

pH  
§§ 

 
 

 

 
GGT Glob  

pH  
§§ 

 
 

 
 

300 ppm  RBC Hb Ht  
PLT  
TP Alb T.Chol  

 
 
 

RBC Hb Ht  
PLT  
TP Alb T.Chol  

 
 

 
 

100 ppm  
 

/  
 

 
 

 
 

/  

 
§  
§§ 2,000 ppm  

 



40 

Fischer 10 D D 0
500 1,000 5,000 ppm 41 90

 

AUC
 

 

ppm  500 1,000 5,000 
 

mg/kg /  
 32.2 65.3 327 
 35.2 71.8 352 

42  

 
5,000 ppm /

1,000 ppm 65.3 mg/kg /
71.8 mg/kg / 50  

 
 

   
5,000 ppm Chol  

 
 

 
/  

 
 

Chol  
/  

1,000 ppm    
 

 

4 D D 0 10
25 50 mg/kg / 90  

AUC
 

50 mg/kg / 51  



41 

 

4 0 1 3 6 mg/kg
/ 1  

AUC

 
6 mg/kg / 2 /

2 /
 

6 mg/kg /
52  
 

Fischer 50 10
0 25 100 500 ( )/750 ( ) ppm

43 2 /  

 
 

ppm  25 100 500( )/750( )

 
mg/kg /  

~ 
52  

1.19 4.81 24.1 
1.40 5.68 43.0 

~ 
104  

1.04 4.25 21.3 
1.28 5.13 39.0 

44
45 46  

500 ppm
 

500 ppm
F344

32/50 39/50



42 

 
100 ppm

10%

100 ppm

 
100 ppm

 
500 ppm 750 

ppm 100 
ppm 4.25 mg/kg / 5.13 mg/kg /

53  

 

   
500 ( )/750 ( ) 
ppm 

 
Chol  

 
 

 
/

/  
 

 
/  

 

 
 

 

 
Chol  

 
/  

 
 

/  
 

100 ppm    



43 

   
500 ( )/750 ( ) 
ppm 

Chol  
 

/  
 

/  
 

 
/  

 
Chol  

 
/  

 
§ 

/ §

100 ppm    
§  
 

   
 (ppm) 0 25 100 500 0 25 100 750 

 50 50 50 50 50 50 50 50 
 4 2 5  16 3 2 2 2 

 3 1 1 0 0 0 0 0 

 7 3 6 16 3 2 2 2 
p<0.05 Yates 2  
 

 (ppm) 0 25 100 500 
 50 50 50 50 

 12 8 5   2  
 32 38 40  44  

 44 46 45 46 
p<0.05 Yates 2  

 

ICR 50 0 25 100
750 ppm 0 25 250 1,250 ppm 47

18  

3 750 ppm
3 100 750 ppm

12
 

 



44 

ppm  25 100 250 750 1,250 
 

mg/kg /
 2.54 10.4  79.6  
 3.43  33.9  176 

 
48

49  
750 ppm

1,250 ppm
 

750 ppm 1,250 ppm
100 ppm 10.4 mg/kg /

250 ppm 33.9 mg/kg / 54  
 

 

   
1,250 ppm   

 
/  

 
 
 

§ 
/ § 

750 ppm  
§

/  
 
 
 

 
/  

§ 
 
 

§ 

 

250 ppm 
 

  

100 ppm 
 

  

§



45 

   
 (ppm) 0 25 100 750 0 25 250 1,250

 50 50 50 50 50 50 50 50 
 12 6 10  24 1 1 0 2 

 2 0 4  17 0 1 0 4 

 13 6 12  30 1 2 0 5 
p<0.05 Yates 2  

SD 27 0 25 100 400 ppm
50 2  

F1 4 F2

 
 

 25 ppm 100 ppm 400 ppm 

 
(mg/kg / ) 

P   1.52 6.07 24.6 
 1.91 7.82 30.5 

F1   1.74 6.86 28.1 
 2.11 8.39 34.3 

 
51  

400 ppm F2 /
1 4

97.4% 96.0 99.7% F1

500 ppm

 
400 ppm P F1

400 ppm F1 F2

100 ppm P
6.07 mg/kg / F1 6.86 mg/kg / 400 ppm

P 30.5 mg/kg / F1 34.3 mg/kg / 100 ppm
P 6.07 mg/kg / P 7.82 mg/kg / F1 6.86 mg/kg
/ F1 8.39 mg/kg /

55  



46 

 
 

 P F1 F1 F2 
    

 

400 ppm 
 

 

400 ppm §  
 

 
 

 
 

400 ppm

100 ppm 
 

  

 

400 ppm   
1 4 § 

100 ppm 
 

  

 
§  
 

SD 26 6 21 0 25 150
1,000 ppm 52

21

 
 

ppm  25 150 1,000 
 

mg/kg /  1.95 11.5 70.2 

 
53  

1,000 ppm 12.3 13.3
11.0 13.0

13.5 14.1

5.2% 1.2 8.2%
 

1,000 ppm



47 

 
1,000 ppm

150 ppm 11.5 mg/kg
/

56  
 

 

   
1,000 ppm  

 
 

 
 

 
 

 
150 ppm    

 

NZW 26 7 28 0 30 150
750 ppm 54

 
 

ppm  30 150 750 
 

mg/kg /  1.33 6.55 31.9 

 
750 ppm

150 ppm 6.55 mg/kg /
750 ppm 31.9 mg/kg /

57  

SD 25 6 21 0 25 100



48 

400 ppm 55
4 11

50% 11 21 40%  
 

 25 ppm 100 ppm 400 ppm 

mg/kg /  
 1.8 7.1 27.7 

 1.9 7.6 29.8 
 

400 ppm 4
1 4

400 ppm 27.7 mg/kg /
29.8 mg/kg / 100 ppm 7.1 mg/kg /

7.6 mg/kg /
58  

SD 12 D D 0 1,000
2,000 5,000 ppm 56 1

2 22 24  
 

 1,000 ppm 2,000 ppm 5,000 ppm 
 

(mg/kg / ) 
 80.8 162 396 
 95.1 183 468 

5,000 ppm
/

2,000 ppm 162 
mg/kg / 183 mg/kg / 5,000 ppm

396 mg/kg / 468 mg/kg /
59  

SD 26 6 21 D D 0
1,000 2,000 5,000 ppm 57

 



49 

 

ppm  1,000 2,000 5,000 
 

mg/kg /  74.4 152 368 

 
5,000 ppm

2,000 ppm 152 mg/kg /
5,000 ppm 368 mg/kg /

60  

 
58

61 64  
 

   

 
 

 (TA98 TA100 TA1535
 TA1537 ) 

 (WP2 A ) 

100~5,000 g/  (+/-S9) 

 
 

 693.3~2,773 g/mL (+/-S9) 
 (4 ) 
173.3~693.3 g/mL (-S9) 
 (24 ) 

 
  (CHO-K1-BH4) 

173.3~2,773 g/mL (+/-S9) 
 

 
 

ICR  ( ) 
 ( 5 ) 

100 200 400 mg/kg /  
 (2 ) 

+/- S9  
 

B D G
H

K



50 

59
65 77  

 
 

 
     

B 

 
 

(TA98 TA100 TA1535
 TA1537 ) 

 (WP2 A ) 

50~5,000 g/  (+/-S9) 

 

 
 

 480~1,920 g/mL (+/-S9) 
 (4 ) 
120~480 g/mL (-S9) 
 (24 ) 

 

 
  (CHO-K1-BH4)

120~1,920 g/mL (+/-S9) 
  

D 

 
 

(TA98 TA100 TA1535
 TA1537 ) 

 (WP2 A ) 

100~5,000 g/  (+/-S9) 

 

 
 

 738.25~2,953 g/mL (-S9) 
 (4 24 ) 
369.1~2,953 g/mL (+S9) 
 (4 ) 

 

 
  (CHO-K1-BH4)

184.6~2,953 g/mL (+/-S9) 
  

G 

 
 

(TA98 TA100 TA1535
 TA1537 ) 

 (WP2 A ) 

50~5,000 g/  (+/-S9) 

 

 
 

 635~2,540 g/mL (+/-S9) 
 (4 ) 
158.8~635 g/mL (-S9) 
 (24 ) 

 

 
  (CHO-K1-BH4)

158.8~2,540 g/mL (+/-S9) 
  

H 

 
 

(TA98 TA100 TA1535
 TA1537 ) 

 (WP2 A ) 

50~5,000 g/  (+/-S9) 

 

 
 

 631.3~2,525 g/mL (+/-S9) 
 (4 ) 
631.3~2,525 g/mL (-S9) 
 (24 ) 

 

 
  (CHO-K1-BH4)

157.8~2,525 g/mL (+/-S9) 
  



51 

K  
 

(TA98 TA100 TA1535
 TA1537 ) 

 (WP2 A ) 

15~5,000 g/  (+/-S9) 

 

+/- S9  
 

2 /
18

/
78  

 

ICR 5 7
0 500 750 ppm 0 1,000 1,500 ppm 60

/  
 

ppm  500 750 1,000 1,500 
 

mg/kg /  
 89 128   
   211 323 

 
ALT AST Chol

TG  
90

28
61

 

PROD BROD EROD 7

P450 mRNA
 

 



52 

 
 
 
 

( ) 

 
(ppm) 

 c  c  

 

 
 

d
  EROD PROD BROD   

7 500  42.1* 1.6 1.2 1.49# 4.17# 6.76# - - 0/5 0/5 0/5  
750  54.8*  2.7* 1.0 1.64# 4.41# 7.40# -  5/5 0/5 0/5  

28 a 
300  61.7* 1.5 -1.6 1.42# 4.94# 9.49# - - 0/5 0/5 0/5 - 

1,500       -  0/5 5/5 0/5  
3,500        0/5 0/5 5/5  

90 b 
100       - - 9/10 0/10 0/10  
750  56.5*  2.8* -3.6 1.23# 3.86# 4.22#  0/10 9/10 1/10  

1,250        0/10 1/10 9/10  
a 28  
b 90  
c  
d 7 BrdU 28 90 Ki-67

 
/ -  
* p<0.05 Wilcoxon # p<0.05 p<0.05 Dunnett  

 

Fischer 5 3 7
0 100 750 1,500 ppm 62
/  

 

 3  7  
ppm  100 750 1,500 100 750 1,500 

 
mg/kg /  

 8.85 60.3 99.2 8.02 58.6 102 
 7.83 50.6 83.3 7.74 53.1 94.4 

3 7 1,500 ppm
 

63
 

 

PROD BROD
3 1,500 ppm 7 750 ppm

90
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28
0 300 1,000 2,000 ppm 1,000 ppm 90

750 ppm 7
1,500 ppm 7

750 ppm
P450

mRNA  
 

 
 
 
 

( ) 

 
(ppm) 

 a  a  
 
 
 

b  
 

EROD PROD BROD 

3 
100 1.70  9.65* 1.29 -1.09 1.26# 1.26 1.25 - - 
750  2.76* 586*  3.38* -1.46 1.61#  8.38#  2.30# - - 

1,500 12.2* 1,060*  8.83* -1.33 1.55# 10.9  1.58#  - 

7 
100 1.08  7.19* 1.16 -1.29 1.11 1.29 1.31 - - 
750  3.15* 558*  3.29*  -1.85* 1.11  9.57#  4.76#   

1,500 12.3* 848*  9.32*  -2.05* 1.00 10.2#  3.73#   
a  
b Ki-67  
-  
* p<0.05 Wilcoxon # p<0.05 p<0.05 Dunnett  

 

CAR/PXR CARKO/PXRKO CAR/PXR
hCAR/hPXR 10 7

0 750 ppm 64
C57BL/6J /

 
 

  CARKO/PXRKO hCAR/hPXR 

ppm  750 750 750 

 
mg/kg /  116 120 99.3 

 
65  

ALT AST
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ALP Chol TG  
PROD BROD

CARKO/PXRKO

hCAR/hPXR
 

CAR PXR
 

 

 
( ) 

 
 

a   
 a 

(BrdU )PROD BROD    

 
(750 ppm) 

 
  33.3   3.61    2/10 8/10 3.65  

CARKO/PXRKO 
(750 ppm) 

 
 1.02 1.64 - - 0/10 0/10 1.39 

hCAR/hPXR 
(750 ppm) 

 
  2.49   2.91  -  3/10 7/10 1.52 

a  
p<0.001 Student t -  
 

CAR
PXR  
 

D
D

 
Fischer 6 D 7 D 0 8,000 

ppm 583 mg/kg / CAR
 

8,000 ppm /

PROD
3
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79  
 

2 /
Fischer SD

15 8 0 25
100 500 ppm 66

500 ppm  
 

ppm  25 100 500 
 

mg/kg /
Fischer  1.41 5.58 27.8 

SD  1.37 5.59 27.7 
 

500 ppm
 

2 3 14C-
14C-

 
2 4 8 3 12 17 -

LH

25 ppm LH
E2

 
Fischer 4 4 LH

LH
LH

PCR 500 ppm
4 LH

80  
 

SD
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400 M 2 mM
DOPAC HVA

K+ 50mM  

DOPAC HVA
HVA

DOPAC 88  
 

 

LH
LH

 
 

2

 
SD 32 2

0 1,000 ppm
2

21

2 8
21

 
1,000 ppm

81.2 74.5 59.5 mg/kg / 1,000 ppm
21

0
0 1/2 67  

4



57 

68

81  

 21  0  

  ( g/g) 27.0 22.4 
 ( g/g)  13.3 

  ( g/g)  24.8 25.3 
 24.8 25.9 

 

  (  
)  

   
1,000 ppm 4  

1,000 ppm   
1,000 ppm 4  

 

2

 
NZW 12 7 28

0 750 ppm 4
 

750 ppm

82  
 

nAChR
83  

 

SD NZW
nAChR nAChR

3H-epibatidine 30 nM



58 

0.3 M 30 mM
 

3H-epibatidine
3H-epibatidine 3H-epibatidine

IC50 69

 
 

  2  
 0.2 - 

 0.4 - 
 2.3 0.01 8.9 

 

nAChR
ACh

D
 

nAChR
70  

 

nAChR   D 
 39  
   

   
   

 
nAChR

nAChR
nAChR

 
 



59 

 
SD 12 6 16 16

16

0 1,000 ppm 4
 

71  

0
1 3 4

72 0 4 5
21  

1,000 ppm
/ 4

16
84  

 

   

ppm  1,000 1,000 
 6 ~16  16 ~  

mg/kg /  65.7~86.1 20.8~53.8 
g/g  35.4~40.9 16  32.1~43.2 21  

  
 

 
 

 
  

 
0~3  

 

 0  1  2  3  4  

   50/143  
(11/12) 

  38/119  
(9/12) 

  6/71  
(4/12) 

0/68 
(0/12) 

0/67 
(0/12) 

   19/143  
(8/12) 

  8/119  
(6/12) 

2/71 
(2/12) 

1/68 
(1/12) 

0/67 
(0/12) 

( ) p<0.05 Wilcoxon  
 



60 

-1
16 48  

SD 10 16 18
18 20 20

0 1,000 ppm
4  

73  
0

2
74 -1

6 7 0 2
4 /

 

20
85  

 

    
ppm  1,000 1,000 1,000 
 16 ~18  18 ~20  20 ~  

 
mg/kg /  63.9 42.5 35.7 

 
g/g  

16.4~33.3 
18  

23.0~30.2 
20  

16.1 22  
5.41~6.69 0

  
 

 
 

 
 

 
   

 
0 1  

 

 0  1  2  3  4  

   7/96  
(4/8) 

4/96 
(3/8) 

0/86 
(0/8) 

0/86 
(0/8) 

0/86 
(0/8) 

   11/96  
(6/8) 

5/96 
(2/8) 

0/86 
(0/8) 

0/86 
(0/8) 

0/86 
(0/8) 

( ) p<0.05 Wilcoxon  
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-1 -2

nAChR
 

 

nAChR
nAChR

-
 

SD 0

ACh
 

86  
 

1,000 
ppm

87  
 

 

nAChR

20 22
21 22

nAChR
nAChR



62 

nAChR
 

 



63 

 
14C

168
92.0%

C
K 10%TRR

 
14C

10%TRR D E F  
B D G

5.01 mg/kg
0.05 mg/kg B 0.64 mg/kg

D 0.12 mg/kg G

3.26 mg/kg  

3.69 g/g 1.14 g/g  

 

 

 
D E F K 10%TRR

D K
E F B B



64 

 
75

76

 

2 / 4.25 mg/kg /
100 0.042 mg/kg / ADI

 

25 mg/kg
100 0.25 mg/kg

ARfD  
 

ADI 0.042 mg/kg /  
ADI  /  

  
 2  

  
 4.25 mg/kg /  
 100 

 
ARfD 0.25 mg/kg  

ARfD   
  

  
  
 25 mg/kg  
 100 

 



65 

   
(mg/kg / ) 

 
(mg/kg / )

 
(mg/kg / ) 

1) 

 

90  
 

 
 

0 100 750 1,500 
ppm 

6.36 
6.96 

47.6 
51.6  

 
 

 
0 6.36 47.6

94.9 
0 6.96 51.6

101 
 

 

2  
/ 
 
 

0 25 100
500 ppm 

0 25 100
750 ppm 

4.25 
5.13 

21.3 
39.0  

 
 

  

 
0 1.04 4.25

21.3 
0 1.28 5.13

39.0 
 

 

2  
 

0 25 100 400 
ppm 

 
P 6.07 
P 30.5 
F1 6.86 
F1 34.3 
 

 
P 6.07 
P 7.82 
F1 6.86 
F1 8.39 

 
P 24.6 
P - 
F1 28.1 
F1 - 
 

 
P 24.6 
P 30.5 
F1 28.1 
F1 34.3 

 

 
 

 

 
 

 

 

 
P 0 1.52
6.07 24.6 
P 0 1.91
7.82 30.5 
F1 0 1.74
6.86 28.1 
F1 0 2.11
8.39 34.3 
 

 

 
 

0 25 150 1,000 
ppm 

11.5 
11.5 

70.2 
70.2  

 
 
  

 
0 1.95 11.5
70.2 
 

 

 
 

0 25 100 400 
ppm 

 
27.7
29.8

 
 

7.1 
7.6 

 
- 
- 

 
 

27.7 
29.8 

 

4
 

 
 

 

 

 
0 1.8

7.1 27.7 
0 1.9

7.6 29.8 
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(mg/kg / ) 

 
(mg/kg / )

 
(mg/kg / ) 

1) 

 

90  
 
 

0 100 750
1,250 ppm 

0 100 1,500
3,000 ppm 

12.8 
16.2 

98.0 
247  

 

 

 
0 12.8 98.0

166 
0 16.2 247

489 

 

18  
 

 

0 25 100
750 ppm 

0 25 250
1,250 ppm 

10.4 
33.9 

79.6 
176  

 
 

  

 
0 2.54 10.4

79.6 
0 3.43 33.9

176 

 

 
 

0 30 150 750 
ppm 

6.55 
31.9 

31.9 
-  

 

 

 

 
0 1.33 6.55
31.9 

 
90  

 
 

0 1 3 10/6 2) 6 10 
 

 1  
 

0 1 3 6 6 
 

- 
 

-  
1)  
2) 10 mg/kg / 1  

 5 6 mg/kg /  
 



67 

  
 

mg/kg
mg/kg /  

 
1) 

mg/kg mg/kg /  
 

 
 

0 250 500 750 250 
 

 

 
 

 

0 2.5 7.5 25 75
750 
 

25 
 

 
  

 

0 125 250 500 125 
 

 

ARfD 
NOAEL 25 
SF 100 
ARfD 0.25 

ARfD   
ARfD SF NOAEL  
1)  
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1 /
   

B X11721061 
 

1-[6-( ) -3- ] 
 

C B  
 

1-[6-( ) -3- ]  
 

D X11719474 
 

1-[ ( ){1-[6-( ) 
-3- ] }- 6- ]  

N-( ) {1-[6-( ) 
-3- ] }- 4- )  

E X11863595 
B  

1-[6-( ) -3- ]   
 

F 
X11889781 
B / 

 

1-[6-( ) -3- ]  
6-O-( )  

G X11519540 5-[1-( ) ]-2- ( )
 

H X11579457 5-[1-(S- ) ]-2- 
( )  

J X11718922 1-[6-( ) -3- ]  

K X11556066 5- -2-( )  
1-[6-( ) -3- ]

 



69 

2  
  

ACh  
AhR  

ai active ingredient  
Alb  
ALP  

ALT  
= GPT  

AST  
= GOT  

AUC  
BrdU 5- -2'-  
BROD  -  

CAR constitutively active 
receptor  

Chol  
Cmax  
CYP P450  
E2 -  

EROD  -  
FOB  

GGT -  
= - -GTP  

Glob  
Hb  
Ht PCV  

LC50  
LD50  
LH  
MC  

nAChR  
PHI  
PLT  

PPAR   
PROD  -  
PXR X  
RBC  
T1/2  
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TAR  
T.Chol  

TG  
TP  

Tmax  
TRR  
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4  
 

  
 

  
mg/kg     

 
( ) 9 240 g/L 

 
0.048 kg a.i./ha 

( 0.096 a.i. kg/ha) 2 

8, 16, 28 A 0.02 
7, 14, 28, 

33, 47 B 0.04 
17 C 0.05 
17 0.03 
23 D 0.01 
14 E 0.02 

0, 8, 16, 28 F 0.02 
50, 64 G <0.006 

0, 7, 14, 28, 
33, 47 H 0.04 

17, 75, 89 I 0.05 

 
( ) 6 240 g/L 

 
0.048 kg a.i./ha 

( 0.096 a.i. kg/ha) 2 

7, 14 A 0.06 
15 B 0.037 
14 C 0.08 
14 D <0.01 

0, 7, 14, E 0.06 
15, 61, 75 F 0.37 

 
( ) 2 240 g/L 

 
0.096 g a.i./ha  

( 0.384 kg a.i./ha) 4 0, 3, 7, 14 A 0.24 
3 B 0.01 

 
( ) 2 240 g/L 

 
0.096 g a.i./ha  

( 0.384 kg a.i./ha) 4 3 A <0.005
0, 4, 7, 14 B 0.07 

 
( ) 2 240 g/L 

 
0.096 g a.i./ha  

( 0.384 kg a.i./ha) 4 0, 3, 7, 14 A 0.07 
3 B 0.09 

 
( ) 1 240 g/L 

 
0.096 g a.i./ha  

( 0.384 kg a.i./ha) 4 0, 3, 7, 14 A 0.04 
4 B 0.03 

 
( ) 2 240 g/L 

 
0.096 kg a.i./ha  

( 0.384 kg a.i./ha) 4 0, 1, 3, 7 A 0.01 
1 B 0.01 

 
( ) 4 240 g/L 

 
0.096 kg a.i./ha  

( 0.384 kg a.i./ha  4 

1 A 0.09 
1 B 0.44 

0, 1, 3, 7 B 0.46 
1 A 0.08 

 
(  2 240 g/L 

 
0.096 kg a.i./ha  

( 0.384 kg a.i./ha  4 0, 3, 7, 14 A 0.41 
3 B 0.66 

 
( ) 8 240 g/L 

 

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 3, 7, 14, 28 

A 

0.23 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 3, 7, 14, 28 0.21 

0.096 kg a.i./ha  
( 0.192kg a.i./ha) 2 187 <0.005

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 7 

B 

0.28 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 7 0.13 

0.096 kg a.i./ha  
( 0.192kg a.i./ha) 2 157 <0.005
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mg/kg     

 
( ) 8 240 g/L 

 

0.192 kg a.i./ha 
( 0.384kg a.i./ha) 2 7 

C 

0.16 

0.096 kg a.i./ha 
( 0.384kg a.i./ha) 4 7 0.18 

0.096 kg a.i./ha 
( 0.192kg a.i./ha) 2 86 <0.005

0.192 kg a.i./ha 
( 0.384kg a.i./ha) 2 7 

D 

0.15 

0.096 kg a.i./ha 
( 0.384kg a.i./ha) 4 7 0.11 

0.096 kg a.i./ha 
( 0.192kg a.i./ha) 2 180 <0.005

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 

7 E 0.02 
3, 7, 14 F 0.11 

8 G 0.12 
7 H 0.11 

 
( ) 5 240 g/L 

 

0.192 kg a.i./ha 
( 0.384kg a.i./ha) 2 3, 7, 14, 28 

A 

0.17 

0.096 kg a.i./ha 
( 0.384kg a.i./ha) 4 3, 7, 14, 28 0.13 

0.096 kg a.i./ha 
( 0.192kg a.i./ha) 2 117 <0.005

0.192 kg a.i./ha 
( 0.384kg a.i./ha) 2 7 

B 

0.12 

0.096 kg a.i./ha 
( 0.384kg a.i./ha) 4 7 0.13 

0.096 kg a.i./ha 
( 0.192kg a.i./ha) 2 157 0.005 

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 7 

C 

0.11 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 7 0.20 

0.096 kg a.i./ha  
( 0.192kg a.i./ha) 2 86 0.04 

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 7 

D 

0.17 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 7 0.12 

0.096 kg a.i./ha  
( 0.192kg a.i./ha) 2 138 <0.005

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 7 E 0.16 

 
( ) 2 240 g/L 

 

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 0, 3, 7, 10 

A 

0.45 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 0, 3, 7, 10 0.26 

0.096 kg a.i./ha  
( 0.192kg a.i./ha) 2 117 <0.005
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mg/kg     

 
( ) 2 240 g/L 

 

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 7 

B 

0.14 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 7 0.18 

0.096 kg a.i./ha  
( 0.192kg a.i./ha) 2 103 <0.005

 
( ) 1 240 g/L 

 
0.192 kg a.i./ha  

( 0.384kg a.i./ha) 2 3, 7, 14, 
28 A 0.02 

 
( ) 1 240 g/L 

 

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 3, 7, 11, 

14, 25 

A 

0.37 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 3, 7, 11, 

14, 25 0.40 

0.096 kg a.i./ha  
( 0.192kg a.i./ha) 2 61 <0.005

 
( ) 3 240 g/L 

 
0.096 kg a.i./ha  

( 0.384kg a.i./ha) 4 
1 A 0.14 

0, 1, 3, 7 B 0.50 
1 C 0.21 

 
( ) 10 240 g/L 

 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 3, 7, 14, 

21 A 
0.12 

0.072 kg a.i./ha  
( 0.144kg a.i./ha) 2 94 <0.01 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 7 

B 
0.10 

0.072 kg a.i./ha  
( 0.144kg a.i./ha) 2 125 <0.01 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 7 

C 
0.16 

0.072 kg a.i./ha  
( 0.144kg a.i./ha) 2 111 <0.01 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 7 

D 
0.16 

0.072 kg a.i./ha  
( 0.144kg a.i./ha) 2 125 <0.01 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 

7 E 0.27 
7 F 1.90 
7 G 0.03 

4, 7, 14, 
21 H 0.01 

7 I 0.56 
7 J 0.59 

 
( ) 4 240 g/L 

 
0.048 kg a.i./ha 

( 0.096 kg a.i./ha) 2 

14 A 0.06 
14 B 0.007 
13 C 0.02 
14 D 0.09 
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mg/kg     

 
( ) 7 240 g/L 

 
0.048 kg a.i./ha  

( 0.096 a.i. kg/ha) 2 

7, 14, 28 A <0.01 
7, 14, 28 B 0.01 

13 C 0.007 
0, 8, 16, 28 D 0.009 

50, 64 E <0.006
0, 7, 14, 

28, 33, 47 F 0.04 

17, 75, 89 G 0.05 

 
( ) 4 240 g/L 

 
0.048 kg a.i./ha  

( 0.096 a.i. kg/ha) 2 

7, 14, 28 A 0.06 
13 B 0.11 

0, 7, 14, 28 C 0.03 
13, 69, 82 D 0.11 

 
( ) 1 240 g/L 

 

0.192 kg a.i./ha  
( 0.384kg a.i./ha) 2 7 

A 

0.40 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 7 1.60 

0.096 kg a.i./ha  
( 0.192kg a.i./ha) 2 109 <0.005

 
( ) 1 240 g/L 

 
0.096 kg a.i./ha  

( 0.384kg a.i./ha) 4 0, 1, 3, 7 A 0.03 

 
( ) 2 240 g/L 

 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 3, 7, 14, 21 

A 
0.23 

0.072 kg a.i./ha  
( 0.144kg a.i./ha) 2 96 <0.01 

0.096 kg a.i./ha  
( 0.384kg a.i./ha) 4 7 

B 
0.37 

0.072 kg a.i./ha  
( 0.144kg a.i./ha) 2 125 <0.01 



78 

 

  
 

  
mg/kg     

 
( ) 4 240 g/L 

 
0.048 0.05 kg a.i./ha 

( 0.096~0.100 a.i. kg/ha) 2 

3, 7, 14, 
21, 28 A 0.0082 

3, 7, 14, 
21, 28 B 0.0337 

14 C 0.0102 
14 D 0.0066 

 
(  

) 
4 240 g/L 

 

0.0996 0.1013 kg ai/ha
( 0.4021 kg a.i./ha) 

4 

3, 7, 14, 21 A 0.0094 
0.0963 0.1051 kg ai/ha
( 0.4106 kg a.i./ha) 7 B 0.0332 

0.1000 0.1040 kg ai/ha
( 0.4075 kg a.i./ha) 7 C 0.0410 

0.0986 0.1068 kg ai/ha 
( 0.4139 kg a.i./ha) 7 D <0.003 

Dry Bean 
(  

) 
4 240 g/L 

 

0.0915 0.0962 kg ai/ha
( 0.3730 kg a.i./ha) 

4 

0, 3, 7, 14, 
21, 28 A 0.0811 

0.0950 0.1020 kg ai./ha
( 0.3816 0.4028 kg ai/ha) 

3, 7, 14, 
21, 28 B 0.0877 

0.0915 0.1032 kg a.i./ha 
( 0.3808 0.4106 kg a.i./ha) 7, 14 C 0.0942 

0.0953 0.1033 kg a.i./ha 
( 0.3885 0.4024 kg a.i./ha) 7, 14 D 0.0511 
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mg/kg     

 
( ) 2 240 g/L 

 

0.0527 0.0538 kg a.i./ha  
( 0.1065 kg a.i./ha) 2 

7, 14, 21, 
28 A 0.024 

0.0483 0.0544 kg a.i. /ha 
( 0.0944~0.1088 kg a.i./ha)

15, 28, 42, 
55 B 0.023 

 
( ) 3 240 g/L 

 

0.0524 0.0525 kg a.i./ha  
( 0.1049 kg a.i./ha) 

2 

7, 15, 20, 
28 A 0.052 

0.0522~0.0550 a.i. kg/ha  
( 0.1072 kg a.i./ha) 12 B <0.003 

0.0494 0.0539 a.i. kg/ha  
( 0.1033~0.1072 kg a.i./ha)

15, 29, 44, 
57 C 0.097 

Green 
Bean 
(  

) 
1 240 g/L 

 
0.0992~0.1017 kg a.i./ha  
( 0.4026 kg a.i./ha) 4 1, 3, 7, 9, 

13 A 0.112 

 1 240 g/L 
 

0.0941 0.1163 kg a.i./ha  
( 0.4185 kg a.i./ha) 4 1, 3, 7, 9, 

14 A 0.377 

 
( ) 1 240 g/L 

 
0.0998 0.1031 kg a.i./ha  
( 0.4091 kg a.i./ha) 4 3, 7, 14, 

21, 28 A 0.008 

 
( ) 1 240 g/L 

 
0.0900 0.1089 kg a.i./ha  
( 0.3994 kg a.i./ha) 4 

7, 14, 21 A <0.003 

( ) 7, 14, 21 A 0.969 

 
( ) 1 240 g/L 

 
0.0984~0.1024 kg a.i./ha  
( 0.4008 kg a.i./ha) 4 1, 3, 7, 11 A 0.400 

 
( ) 2 240 g/L 

 

0.097 0.105 kg 
a.i./ha  

( 0.401 kg a.i./ha) 
4 1, 3, 7, 10 A 0.023 

0.0878 0.0971 kg a.i./ha  
( 0.3669 kg a.i./ha) 4 1, 3, 7, 10 B 0.014 

 
( ) 1 240 g/L 

 
0.1011 0.1111 kg a.i./ha  
( 0.4222 kg a.i./ha) 4 3 A 0.074 

 
( ) 1 240 g/L 

 
0.0978 0.1033 kg a.i./ha  
( 0.4089 kg a.i./ha) 4 4, 7, 15, 28 A <0.003 

 
( ) 1 240 g/L 

 
0.1971 0.1988 kg a.i./ha  
( 0.3959 kg a.i./ha) 2 7 A 0.278 

 
( ) 

2 240 g/L 
 

0.1892 0.1988 kg a.i./ha  
( 0.3830 kg a.i./ha) 

2 

3, 7, 14, 21 A 1.300 

0.1880 0.1909 kg a.i./ha  
( 0.3789 kg a.i./ha) 7 B 0.850 

 
( ) 

0.1892 0.1988 kg a.i./ha  
( 0.3830 kg a.i./ha) 3, 7, 14, 21 C 1.56 

0.1880 0.1909 kg a.i./ha  
( 0.3789 kg a.i./ha) 7 D 0.929 
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mg/kg     

 
(  3 240 g/L 

 

0.0928 0.1041 kg a.i./ha  
( 0.3889 kg a.i./ha) 

4 

3, 7, 14, 21 A 0.297 

0.0968 0.1011 kg a.i./ha  
( 0.3935 kg a.i./ha) 7 B 0.237 

0.1000 0.1042 kg a.i./ha  
( 0.4099 kg a.i./ha) 7 C 0.063 

 
 2 240 g/L 

 

0.0514 0.0525 kg a.i./ha  
( 0.1039 kg a.i./ha) 

2 

7, 14, 20, 
27 A 0.040 

0.0486 0.0497 kg a.i./ha  
( 0.0983 kg a.i./ha) 14, 21, 28 B 0.224 

0.0544 0.0564 kg a.i./ha  
( 0.108 kg a.i./ha) 13 C 0.082 

 
 

  
 

  
mg/kg     

 
( ) 4 240 g/L 

 

0.0508 0.0509 kg a.i./ha  
( 0.1017 kg a.i./ha) 

2 

14 A 0.038 

0.0521 0.0529 kg a.i./ha  
( 0.105 kg a.i./ha) 20, 27 B 0.007 

0.0486 0.0544 kg a.i./ha  
( 0.1030 kg a.i./ha) 

7, 14, 21, 
28 C 0.014 

0.0449 0.0537 kg a.i./ha  
( 0.0925 0.1063 kg a.i./ha)

15, 30, 42, 
57 D 0.012 

 
( ) 2 240 g/L 

 

0.0512 0.0537 a.i. kg/ha  
( 0.1049 kg a.i./ha) 2 

14 A 0.057 

0.0501 0.0512 a.i. kg/ha  
( 0.1049 kg a.i./ha) 

7, 14, 21, 
28 B 0.065 

 
( ) 2 240 g/L 

 

0.0980 0.1060 kg a.i./ha  
( 0.4060 kg a.i./ha) 4 

7 A <0.003 

0.0996 0.1054 kg a.i./ha  
( 0.4076 kg a.i./ha) 7 B <0.003 

 
( ) 

2 240 g/L 
 

0.1005 0.1021 kg a.i./ha 
( 0.4061 kg a.i./ha) 

4 

7 A 0.0090 

0.0961 0.1005 kg a.i./ha 
( 0.3930 kg a.i./ha) 3, 7, 14, 21 B 0.0110 

( ) 

0.1005 0.1021 kg a.i./ha 
( 0.4061 kg a.i./ha) 7 A 0.888 

0.0961 0.1005 kg a.i./ha 
( 0.3930 kg a.i./ha) 3, 7, 14, 21 B 0.767 

 
( ) 2 240 g/L 

 

0.105 0.110 kg a.i./ha 
( 0.4300kg a.i./ha) 4 

3 A 0.034 

0.1006 0.1095 kg a.i./ha  
( 0.4155 kg a.i./ha) 1, 3, 7, 10 B 0.076 
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mg/kg     

 
( ) 2 240 g/L 

 

0.100 kg a.i./ha 
 ( 0.400 kg a.i./ha) 4 

3 A 0.022 

0.0969 0.1011 kg a.i./ha  
( 0.3977 kg a.i./ha) 1, 3, 7, 10 B 0.009 

 
( ) 2 240 g/L 

 
0.1032 0.1095 kg a.i./ha  
( 0.4246 kg a.i./ha) 4 0, 3, 7, 10 A 0.318 

 
( ) 1 240 g/L 

 
0.0973 0.1067 kg a.i./ha  
( 0.4087 kg a.i./ha) 4 7 A 0.015 

 
( ) 1 240 g/L 

 
0.0993 0.1053 kg a.i./ha  
( 0.4093 kg a.i./ha) 4 0, 1, 3, 7 A 0.109 

 
 ( ) 1 240 g/L 

 
0.2003 0.2062 kg a.i./ha  
( 0.4065 kg a.i./ha) 2 7 A 0.570 

 
( ) 1 240 g/L 

 
0.1941 0.2029 kg a.i./ha  
( 0.3970 kg a.i./ha) 2 

7 
A 

0.773 

 
( ) 7 0.890 

 
(  3 240 g/L

 

0.0947 0.1010 kg a.i./ha 
 ( 0.3914 kg a.i./ha) 

4 

7 A 0.166 

0.1006 0.1017 kg a.i./ha  
( 0.4084 kg a.i./ha) 3, 7, 14, 21 B 0.129 

0.1050 0.1120 kg a.i./ha 
 ( 0.4377 kg a.i./ha) 3, 7, 14, 21 C 0.276 

 
 2 240 g/L

 

0.0533 0.0539 kg a.i./ha  
( 0.1072 kg a.i./ha) 

2 

14 A 0.027 

0.0484 0.0509 kg a.i./ha 
 ( 0.0993 kg a.i./ha) 14 B 0.058 

0.0428 0.0453 kg a.i./ha 
 ( 0.0811 kg a.i./ha) 

0, 7, 15, 
21, 28 C 0.047 

 
 

  
 

  
mg/kg     

 
( ) 2 240 g/L 

 

0.0501 0.0511 kg a.i./ha  
( 0.1012 kg a.i./ha) 2 

14 A 0.018 

0.0482 0.0500 kg a.i./ha  
( 0.0982 kg a.i./ha) 

7, 14, 21, 
28 B 0.032 

 
( ) 2 240 g/L 

 

0.051 0.0526 a.i. kg/ha  
 ( 0.1036 kg a.i./ha) 2 

14 A 0.065 

0.0468 0.0511 a.i. kg/ha  
( 0.0979 kg a.i./ha) 

7, 13, 20, 
27 B 0.065 

 1 240 g/L 
 

0.0975 0.1050 kg a.i./ha  
( 0.4083 kg a.i./ha) 4 7 A 0.123 

 
( ) 1 240 g/L 

 
0.0963 0.1050 kg a.i./ha  
( 0.4038 kg a.i./ha) 4 7 A 0.008 

 
( ) 1 240 g/L 

 
0.0978 0.1033 kg a.i./ha  
( 0.4089 kg a.i./ha) 4 7 A 0.023 
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mg/kg     

 1 240 g/L 
 

0.0977 0.1050 kg a.i./ha  
( 0.4091 kg a.i./ha) 4 1, 3, 7, 10, 

15 A 0.085 

( ) 1 240 g/L 
 

0.0997 0.1083 kg a.i./ha  
( 0.4173 kg a.i./ha) 4 

7 A <0.003 

( ) 7 A 0.933 

 
( ) 1 240 g/L 

 
0.1027 0.1077 kg a.i./ha  
( 0.4227 kg a.i./ha) 4 7 A 0.011 

 
( ) 1 240 g/L 

 
0.1971 0.1988 kg a.i./ha  
( 0.3959 kg a.i./ha) 2 

3, 8, 14, 21 
A 

0.644 

8, 14, 21 0.348 
 

( ) 1 240 g/L 
 

0.1930 0.1954 kg a.i./ha  
( 0.3884 kg a.i./ha) 2 7 A 

0.852 

 
( ) 0.949 

 
( ) 1 240 g/L 

 
0.0964 0.1030 kg a.i./ha  
( 0.3922 kg a.i./ha) 4 8 A 0.158 

 
 

  
 

  
mg/kg     

 
( ) 1 240 g/L 

 
0.0503 0.0508 kg a.i./ha  
( 0.1011 kg a.i./ha) 2 7, 14, 21, 

28 A 0.014 

 
( ) 2 240 g/L 

 

0.0503 0.0505 a.i. kg/ha  
( 0.1049 kg a.i./ha) 2 

14, 21, 28 A 0.068 

0.0490 a.i. kg/ha  
( 0.0980 kg a.i./ha) 

7, 14, 21, 
28 B 0.086 

 
( ) 1 240 g/L 

 
0.1013 0.1017 kg a.i./ha 
 ( 0.4049kg a.i./ha) 4 7 A 0.009 

( ) 1 240 g/L 
 

0.1001 0.1053 kg a.i./ha  
( 0.4092 kg a.i./ha) 4 

7 A 0.012 

( ) 7 A 1.69 

 
( ) 1 240 g/L 

 
0.1010 0.1058 kg a.i./ha  
( 0.4152kg a.i./ha) 4 3 A 0.109 

 
( ) 1 240 g/L 

 
0.097 0.105 kg a.i./ha 

( 0.401 kg a.i./ha) 4 3 A 0.014 

 
( ) 1 240 g/L 

 
0.1006 0.1008 kg a.i./ha  
( 0.4029 kg a.i./ha) 4 0, 3, 7, 10 A 1.600 

 
( ) 1 240 g/L 

 
0.1031 0.1063 kg a.i./ha  
( 0.4179 kg a.i./ha) 4 7 A 0.012 
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mg/kg     

 
( ) 2 240 g/L 

 

0.0496 0.0506 kg a.i./ha  
( 0.1002 kg a.i./ha) 2 

36 A 0.006 

0.0481 0.0491 kg a.i./ha  
( 0.0980 kg a.i./ha) 

7, 14, 21, 
28 B 0.029 

 
( ) 2 240 g/L 

 

0.0494 0.0506 a.i. kg/ha  
( 0.1000 kg a.i./ha) 2 

14, 21, 28 A 0.046 

0.0494 0.0542 a.i. kg/ha  
( 0.1000 0.1084 kg a.i./ha)

15, 28, 45, 
58 B 0.069 

Green 
Bean 

( ) 
1 240 g/L 

 
0.1000 0.1037 kg a.i./ha  
( 0.4096 kg a.i./ha) 4 1, 3, 7 A 0.023 

 1 240 g/L 
 

0.100 0.1022 kg a.i./ha  
( 0.4074 kg a.i./ha) 4 1, 3, 7, 10, 

14 A 0.033 

 
( ) 1 240 g/L 

 
0.0905 0.1063 kg a.i./ha  
( 0.4004kg a.i./ha) 4 7 A 0.006 

( ) 1 240 g/L 
 

0.1017 0.1055 kg a.i./ha  
( 0.4194kg a.i./ha) 4 

7 A 0.006 

( ) 7 A 0.437 

 
( ) 1 240 g/L 

 
0.1006 0.1019 kg a.i./ha  
( 0.4057 kg a.i./ha) 4 7 A 0.005 

 
( ) 2 240 g/L 

 

0.0994 0.1046k g a.i./ha  
( 0.4070 kg a.i./ha) 4 

0, 1, 3, 7, 
10 A 0.109 

0.0991 0.1089k g a.i./ha 
 ( 0.4124 kg a.i./ha) 1 B 0.118 

 
( ) 1 240 g/L 

 
0.2013 0.2031 kg a.i./ha  
( 0.4044 kg a.i./ha) 2 3, 8, 14, 21 A 0.313 

 
( ) 1 240 g/L 

 
0.1990 0.2021 kg a.i./ha  
( 0.4011 kg a.i./ha) 2 7 A 

0.504 

 
( ) 0.556 

 
( ) 2 240 g/L 

 

0.0928 0.1041 kg a.i./ha  
( 0.3889 kg a.i./ha) 4 

7 A 0.402 

0.0961 0.1144 kg a.i./ha  
( 0.4050 kg a.i./ha) 7 B 0.495 

 
( ) 2 240 g/L 

 

0.0506 0.0527 kg a.i./ha  
( 0.1033 kg a.i./ha) 2 

21, 28 A 0.078 

0.0491 0.0509 kg a.i./ha  
( 0.1000 kg a.i./ha) 

7, 13, 21, 
28 B 0.190 
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mg/kg     

 
( ) 2 240 g/L 

 

0.0504 0.0547 kg a.i./ha  
( 0.1051 kg a.i./ha) 2 

14 A 0.021 

0.0505 0.0523 kg a.i./ha  
( 0.1028 kg a.i./ha) 

7, 14, 21, 
27 B 0.067 

 
( ) 1 240 g/L 

 
0.446 0.528 a.i. kg/ha 

( 0.0974 kg a.i./ha) 2 6, 13, 22 A 0.052 

 1 240 g/L 
 

0.0979 0.1022 kg a.i./ha  
( 0.4024 kg a.i./ha) 4 1, 3, 7, 10, 

14 A 2.25 

 
( ) 1 240 g/L 

 
0.0994 0.1008 kg a.i./ha  
( 0.4021kg a.i./ha) 4 7 A <0.003 

( ) 1 240 g/L 
 

0.0989 0.1091 kg a.i./ha  
( 0.4118kg a.i./ha) 4 

7 A 0.005 

( ) 7 A 0.764 

 
( ) 1 240 g/L 

 
0.0869 0.0945 kg a.i./ha  
( 0.3600 kg a.i./ha) 4 1, 3, 7, 10 A 0.031 

 
( ) 1 240 g/L 

 
0.0994 0.1017 kg a.i./ha  
( 0.4012 kg a.i./ha) 4 4, 7, 15, 28 A 0.032 

 
( ) 1 240 g/L 

 
0.0951 0.1004 kg a.i./ha  
( 0.3910kg a.i./ha) 4 1 A 0.228 

  
( ) 1 240 g/L 

 
0.1860 0.2088 kg a.i./ha  
( 0.3948 kg a.i./ha) 2 7 A 0.205 

 
( ) 2 240 g/L 

 

0.101 0.1056 kg a.i./ha  
( 0.4099 kg a.i./ha) 4 

7 A 1.070 

0.1000 0.1042 kg a.i./ha  
( 0.4099 kg a.i./ha) 3, 7, 14, 21 B 0.096 
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mg/kg     
 

( ) 1 240 g/L 
 

0.04792 0.04833 kg a.i./ha 
( 0.09625 kg a.i./ha) 2 14 A 0.014 

 
( ) 1 240 g/L 

 
0.0500 a.i. kg/ha  

( 0.1000 kg a.i./ha) 2 14 A 0.015 

 1 240 g/L 
 

0.0979 0.1022 kg a.i./ha  
( 0.4024 kg a.i./ha) 4 7 A 0.154 

 
( ) 1 240 g/L 

 
0.0973 0.1007 kg a.i./ha  
( 0.3993 kg a.i./ha) 4 3, 7, 14, 

21, 28 A 0.003 

( ) 1 240 g/L 
 

0.0976 0.1018 kg a.i./ha  
( 0.4012kg a.i./ha) 4 

7 A 0.005 

( ) 7 A 0.639 

 
( ) 1 240 g/L 

 
0.0973 0.1027 kg a.i./ha  
( 0.3980kg a.i./ha) 4 3 A 0.024 

 
( ) 1 240 g/L 

 
0.09733 0.1000 kg a.i./ha  
( 0.4222 kg a.i./ha) 4 3 A 0.167 

 
( ) 1 240 g/L 

 
0.0993 0.1020 kg a.i./ha  
( 0.4039 kg a.i./ha) 4 7 A 0.032 

 
( ) 2 240 g/L 

 

0.1000 kg a.i./ha  
( 0.4000 kg a.i./ha

4 
1 A 0.262 

0.0993 0.1033 kg a.i./ha  
( 0.3910kg a.i./ha) 

0, 1, 3, 7, 
10 B 0.284 

 
( ) 1 240 g/L 

 
0.2017 0.2169 kg a.i./ha  
( 0.4186 kg a.i./ha) 2 7 A 0.082 

 
( ) 1 240 g/L 

 
0.2015 0.2018 kg a.i./ha  
( 0.4033 kg a.i./ha) 2 

3, 7, 14, 21 
A 

0.850 

 
( ) 3, 7, 14, 21 1.010 

 
( ) 1 240 g/L 

 
0.1000 kg a.i./ha 

 ( 0.4000 kg a.i./ha) 4 7 A 0.169 
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mg/kg     

 
( ) 

11 240 g/L 
 

0.0504 kg a.i./ha  
( 0.1009 kg a.i./ha) 

2 

14 A 0.0149 

0.0516 0.0527 kg a.i./ha  
( 0.1042 kg a.i./ha) 14 B 0.0400 

0.0512 kg a.i./ha  
( 0.1024 kg a.i./ha) 

8, 14, 22, 
28 C 0.0102 

0.0489 0.0516 kg a.i./ha  
( 0.1004 kg a.i./ha) 14 D 0.0212 

0.0494 0.0497 kg a.i./ha  
( 0.0991 kg a.i./ha) 14 E 0.0093 

0.0504 0.0516 kg a.i./ha  
( 0.1020 kg a.i./ha) 14 F <0.003 

0.0501 0.0507 kg a.i./ha  
( 0.1008 kg a.i./ha) 14 G 0.0126 

0.0492 0.0507 kg a.i./ha  
( 0.0999 kg a.i./ha) 14 H 0.0372 

0.0493 0.0504 kg a.i./ha  
( 0.0998kg a.i./ha) 

10, 14, 21, 
28 I 0.0071 

0.0493 0.0504 kg a.i./ha  
( 0.0998kg a.i./ha) 14 J 0.0626 

0.0516 kg a.i./ha  
( 0.1031 kg a.i./ha) 14 K 0.0069 

3 500 g/kg 
 

0.0493 0.0504 kg a.i./ha  
( 0.0998kg a.i./ha) 

10, 14, 21, 
28 I 0.0061 

0.0482 0.0504 kg a.i./ha  
( 0.0986kg a.i./ha) 14 J 0.0633 

0.0516 0.0527 kg a.i./ha  
( 0.1042kg a.i./ha) 14 K <0.003 

 
( ) 6 240 g/L 

 

0.0504 kg a.i./ha (
0.1009 kg a.i./ha) 

2 

14 A 0.0464 

0.0504 kg a.i./ha  
( 0.1009 kg a.i./ha) 

7, 14, 21, 
28 B 0.0448 

0.0504 kg a.i./ha  
( 0.1009 kg a.i./ha) 14 C 0.0344 

0.0516 kg a.i./ha  
( 0.1031 kg a.i./ha) 17 D 0.0516 

0.0493 kg a.i./ha  
( 0.0986 kg a.i./ha) 14 E 0.0898 

0.0516 kg a.i./ha  
( 0.1031 kg a.i./ha) 14 F 0.0726 
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mg/kg     

 
(  

) 

15 240 g/L 
 

0.1008 kg a.i./ha  
( 0.4035 kg a.i./ha) 

4 

7 A 0.0101 

0.1008 kg a.i./ha  
( 0.4035 kg a.i./ha) 7 B 0.0168 

0.1009 0.1054 kg a..i../ha  
( 0.4102 kg a.i./ha) 7 C <0.003 

0.0986 0.1031 kg a..i../ha  
( 0.4001 kg a.i./ha) 7 D 0.0065 

0.0975 0.1031 kg a..i../ha  
( 0.4001 kg a.i./ha) 8 E 0.2130 

0.0975 0.1020 kg a.i../ha  
( 0.4001 kg a.i./ha) 2, 8, 14, 22 F 0.0349 

0.0998 0.1009 kg a.i./ha  
( 0.4035 kg a.i./ha) 7 G 0.0171 

0.0998 0.1020 kg a.i./ha  
( 0.4034 kg a.i./ha) 7 H 0.0154 

0.1009 0.1020 kg a.i./ha  
( 0.4147 kg a.i./ha) 7 I <0.003 

0.0986 0.1020 kg a.i./ha  
( 0.4035 kg a.i./ha) 6 J <0.003 

0.1008 kg a.i./ha  
( 0.4035 kg a.i./ha) 7 K 0.0082 

0.0998 0.1065 kg a.i./ha  
( 0.4136 kg a.i./ha) 7 L 0.0420 

0.1008 kg a.i./ha  
( 0.4035 kg a.i./ha) 3, 7, 14, 21 M 0.0191 

0.1008 kg a.i./ha  
( 0.4035 kg a.i./ha) 7 N <0.003 

0.1009 0.1011 kg a.i./ha  
( 0.4136 kg a.i./ha) 13 O 0.0918 

3 500 g/kg 
 

0.1008 kg a.i./ha  
( 0.4035 kg a.i./ha) 3, 7, 14, 21 M 0.0292 

0.1008 kg a.i./ha  
( 0.4035 kg a.i./ha) 7 N <0.003 

0.1009 0.1011 kg a.i./ha  
( 0.4037 kg a.i./ha) 13 O 0.0812 
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mg/kg     

 
( ) 7 240 g/L 

 

0.0975 0.1042 kg a.i./ha  
( 0.3996 kg a.i./ha) 

4 

7 A <0.003 

0.1009 kg a.i./ha 
( 0.4035 kg a.i./ha) 7 B <0.003 

0.0975 0.1020 kg a.i./ha  
( 0.3990 kg a.i./ha) 

3, 7, 14, 
21, 28 C <0.003 

0.1009 0.1042 kg a.i./ha  
( 0.4136 kg a.i./ha) 7 

D 

<0.003 

0.0998 0.1031 kg a.i./ha  
( 0.4057 kg a.i./ha) 7 <0.003 

0.1002 0.1022 kg a.i./ha  
( 0.4074 kg a.i./ha) 7 <0.003 

0.1009 0.1054 kg a.i./ha  
( 0.4113 kg a.i./ha) 6 E <0.003 

1.009 kg a.i./ha  
( 0.4035 kg a.i./ha) 7 F <0.003 

0.0998 0.1031 kg a.i./ha  
( 0.4091 kg a.i./ha) 7 G <0.003 

 
( ) 

5 240 g/L 
 

0.0975 0.1009 kg a.i./ha  
( 0.3990 kg a.i./ha) 

4 

3, 7, 14, 21 A 0.0039 

0.0996 0.1037 kg a.i./ha  
( 0.4065 kg a.i./ha) 7 B <0.003 

0.1020 0.1042 kg a.i./ha  
( 0.4102 kg a.i./ha) 7 C <0.003 

0.0946 0.1009 kg a.i./ha  
( 0.3967 kg a.i./ha) 7 D 0.01 

0.1000 0.1028 kg a.i./ha  
( 0.4042 kg a.i./ha) 7 E <0.003 

( ) 

0.0975 0.1009 kg a.i./ha  
( 0.3990 kg a.i./ha) 3, 7, 14, 21 A 0.579 

0.0996 0.1037 kg a.i./ha  
( 0.4065 kg a.i./ha) 7 B 0.452 

0.1020 0.1042 kg a.i./ha  
( 0.4102 kg a.i./ha) 7 C 0.440 

0.0946 0.1009 kg a.i./ha  
( 0.3967 kg a.i./ha) 7 D 1.66 

0.1000 0.1028 kg a.i./ha  
( 0.4042 kg a.i./ha) 7 E 0.163 
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mg/kg     

 
( ) 

6 

240 g/L 
 

0.0905 0.1028 kg a.i./ha  
( 0.3964 kg a.i./ha) 

4 

7 A 0.0123 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 0, 3, 7, 10 B 0.0055 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 

7 C 0.0088 
7 D 0.0034 

0.1004 0.1022 kg a.i./ha  
( 0.4050 kg a.i./ha) 7 E 0.0106 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 7 F 0.0126 

500 g/kg  
 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 

7 C 0.0083 
7 D 0.0035 

0.1007 0.1030 kg a.i./ha  
( 0.4074 kg a.i./ha) 7 E 0.0155 

 
( ) 

240 g/L 
 

0.0905 0.1028 kg a.i./ha  
( 0.3964 kg a.i./ha) 7 A 0.156 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 

0, 3, 7, 10 B 0.273 
7 C 0.412 
7 D 0.257 

0.1004 0.1022 kg a.i./ha  
( 0.4050 kg a.i./ha) 7 E 0.246 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 7 F 0.228 

500 g/kg  
 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 

7 C 0.465 
7 D 0.256 

0.1007 0.1030 kg a.i./ha  
( 0.4074 kg a.i./ha) 7 E 0.459 

 
( ) 6 240 g/L 

 

0.1009 0.1054 kg a.i./ha  
( 0.4169kg a.i./ha) 

4 

2 A 0.118 

0.1009 kg a.i./ha  
( 0.4035 kg a.i./ha) 

0, 1, 3, 7, 
10 B 0.0436 

0.1009 kg a.i./ha  
( 0.4035 kg a.i./ha) 3 C 0.101 

0.1009 kg a.i./ha  
( 0.4035 kg a.i./ha) 3 D <0.003 

0.1020 kg a.i./ha  
( 0.4080 kg a.i./ha) 3 E 0.277 

0.1009 0.1031 kg a.i./ha  
( 0.4080kg a.i./ha) 3 F 0.0244 
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mg/kg     

 
( ) 6 240 g/L 

 

0.1009 0.1020 kg a.i./ha 
( 0.4057 kg a.i./ha) 

4 

3 A 0.003 

0.0998 0.1015 kg a.i./ha 
( 0.4015 kg a.i./ha) 1, 3, 7, 14 B 0.408 

0.0984 0.0996 kg a.i./ha 
( 0.3960 kg a.i./ha) 3 C 0.0747 

0.1009 kg a.i./ha 
( 0.4057 kg a.i./ha) 3 D 0.120 

0.1018 0.1042 kg a.i./ha 
( 0.4112 kg a.i./ha) 3 E 0.0584 

0.0975 0.1020 kg a.i./ha 
( 0.4001 kg a.i./ha) 3 F 0.0339 

Mustard 
Greens 
( ) 

8 240 g/L 
 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 

4 

0, 1, 3, 7 A 0.797 
3 B 0.934 
3 C 0.606 

0.0905 0.1028 kg a.i./ha  
( 0.3964 kg a.i./ha) 2 D 0.720 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 3 E 0.521 

0.1020 0.1031 kg a.i./ha  
( 0.4113 kg a.i./ha) 3 F 0.972 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 4 G 0.295 

0.0986 0.1020 kg a.i./ha  
( 0.3968 kg a.i./ha) 3 H 1.17 

 
( ) 6 240 g/L 

 

0.0894 0.1030 kg a.i./ha  
( 0.4014kg a.i./ha) 

4 

7 A <0.003 

0.0998 0.1042 kg a.i./ha 
( 0.4080kg a.i./ha) 

0, 3, 7, 14, 
21 B <0.003 

0.1008 0.1031 kg a.i./ha 
( 0.4091kg a.i./ha) 7 C <0.003 

0.0988 0.1042 kg a.i./ha  
( 0.4074kg a.i./ha) 7 D <0.003 

0.0989 0.1011 kg a.i./ha  
( 0.3998kg a.i./ha) 7 E 0.0051 

0.0986 0.1032 kg a.i./ha 
( 0.4069kg a.i./ha) 7 F <0.003 

Green 
onion 
( ) 

6 240 g/L 
 

0.1020 0.1031 kg a.i./ha  
( 0.4102kg a.i./ha) 

4 

7 A 0.116 

0.1009 kg a.i./ha  
( 0.4035 kg a.i./ha) 

1, 3, 7, 14, 
21 B 0.05 

0.1009 kg a.i./ha  
( 0.4035 kg a.i./ha) 7 C 0.147 

0.1009 kg a.i./ha  
( 0.4035 kg a.i./ha) 8 D <0.003 

0.1020 0.1031 kg a.i./ha  
( 0.4102kg a.i./ha) 7 E 0.440 

0.1009 kg a.i./ha  
( 0.4035 kg a.i./ha) 7 F 0.153 
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mg/kg     

 
( ) 4 240 g/L 

 

0.1009 0.1031 kg a.i./ha  
( 0.4091 kg a.i./ha) 

4 

7 A 0.0136 

0.1009 0.1020 kg a.i./ha  
( 0.4046 kg a.i./ha) 3, 7, 14, 21 B <0.003 

0.1009 0.1042 kg a.i./ha  
( 0.4102 kg a.i./ha) 7 C 0.0102 

0.0986 0.1031 kg a.i./ha  
( 0.4046 kg a.i./ha) 7 D 0.0095 

 
( ) 6 240 g/L 

 
0.1009 kg a.i./ha  

( 0.4035 kg a.i./ha) 4 

2 A 0.748 
3 B 0.804 

1, 3, 7, 10 C 0.174 
3 D 0.177 
3 E 0.212 
3 F 0.128 

 
( ) 8 240 g/L 

 

0.1009 0.1020 kg a.i./ha  
( 0.4046kg a.i./ha) 

4 

0, 1, 4, 7 A 0.0149 

0.0998 0.1020 kg a.i./ha  
( 0.4024kg a.i./ha) 1 B 0.0933 

0.0998 0.1020 kg a.i./ha  
( 0.4035kg a.i./ha) 0, 1, 4, 7 C 0.0237 

0.0998 0.1031 kg a.i./ha  
( 0.4035kg a.i./ha) 1 D 0.0183 

0.0998 0.1031 kg a.i./ha  
( 0.4046kg a.i./ha) 0, 1, 4, 7 E 0.0609 

0.1009 0.1031 kg a.i./ha  
( 0.4080kg a.i./ha) 0, 1, 4, 7 F 0.222 

0.0998 0.1020 kg a.i./ha  
( 0.4046kg a.i./ha) 1 G 0.282 

0.1009 0.1031 kg a.i./ha  
( 0.4091kg a.i./ha) 1 H 0.0990 

 
( ) 6 240 g/L 

 

0.1009 0.1020 kg a.i./ha  
( 0.4046kg a.i./ha) 

4 

3 A 3.2558 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 0, 3, 7, 14 B 1.10 

0.1009 0.1031 kg a.i./ha  
( 0.4080kg a.i./ha) 3 C 0.0430 

0.1009 0.1031 kg a.i./ha  
( 0.4091kg a.i./ha) 3 D 0.480 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 3 E 1.57 

0.0986 0.1031 kg a.i./ha  
( 0.4046kg a.i./ha) 3 F 2.08 
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mg/kg     

 
( ) 6 240 g/L 

 

0.2017 kg a.i./ha  
( 0.4035kg a.i./ha) 

2 

7 A 0.0977 
4, 7, 10, 14 B 0.0333 

7 C 0.0618 
7 D 0.243 

0.2006 0.2051 kg a.i./ha  
( 0.4057 kg a.i./ha) 7 E 0.141 

0.2017 0.2040 kg a.i./ha  
( 0.4057 kg a.i./ha) 6 F 0.121 

 
( ) 6 240 g/L 

 

0.2017 0.2130 kg a.i./ha  
( 0.4147 kg a.i./ha) 

2 

1, 3, 7, 14 A 0.295 

0.2026 0.2043 kg a.i./ha  
( 0.4070 kg a.i./ha) 

7 B 0.0678 
7 C 0.0497 

0.1995 0.2017 kg a.i./ha  
( 0.4013 kg a.i./ha) 7 D 0.0490 

0.2006 0.2017 kg a.i./ha  
( 0.4024 kg a.i./ha) 7 E 0.0390 

0.2017 kg a.i./ha (
0.4035 kg a.i./ha) 7 F 0.114 

 
( ) 6 500 g/kg  

 

0.2017 kg a.i./ha  
( 0.4035 kg a.i./ha) 

2 

1, 3, 7, 14 A 0.362 

0.2011 0.2021 kg a.i./ha  
( 0.4032 kg a.i./ha) 7 B 0.0969 

0.2019 0.2051 kg a.i./ha  
( 0.4071 kg a.i./ha) 7 C 0.0672 

0.2029 0.2040 kg a.i./ha  
( 0.4069 kg a.i./ha) 7 D 0.0549 

0.2051 kg a.i./ha  
( 0.4102 kg a.i./ha) 7 E 0.0196 

0.1995 0.2017 kg a.i./ha  
( 0.4069 kg a.i./ha) 7 F 0.115 

  
( ) 6 240 g/L 

 

0.2051 kg a.i./ha  
( 0.4102g a.i./ha) 

2 

6 A 1.35 

0.2017 kg a.i./ha  
( 0.4035g a.i./ha) 7 B 1.37 

0.2017 kg a.i./ha  
( 0.4035g a.i./ha) 7 C 1.14 

0.2017 kg a.i./ha  
( 0.4035g a.i./ha) 3, 7, 14, 21 D 0.794 

0.2017 kg a.i./ha  
( 0.4035g a.i./ha) 7 E 0.755 

0.2029 0.2046 kg a.i./ha  
( 0.3970 kg a.i./ha) 6 F 0.584 
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mg/kg     

 
( ) 9 240 g/L 

 

0.0975 0.0998 kg a.i./ha  
( 0.3968 kg a.i./ha) 

4 

0, 1, 3, 7, 
14 A 0.0670 

0.0986 0.1009 kg a.i./ha  
( 0.4010 kg a.i./ha) 1, 3 B 0.150 

0.1020 0.1043 kg a.i./ha  
( 0.4136 kg a.i./ha) 1, 3 C 0.263 

0.0998 0.1040 kg a.i./ha  
( 0.4065 kg a.i./ha) 1, 2 D 0.216 

0.1009 kg a.i./ha (
0.4035kg a.i./ha) 1, 3 E 0.214 

0.1009 kg a.i./ha  
( 0.4035kg a.i./ha) 1, 3 F 0.164 

01009 0.1020 kg a.i./ha  
( 0.4057 kg a.i./ha) 1, 3 G 0.205 

0.0998 0.1054 kg a.i./ha  
( 0.4091 kg a.i./ha) 1, 3 H 0.219 

0.1009 0.1031 kg a.i./ha  
( 0.4080 kg a.i./ha) 1, 3 I 0.203 

 
( ) 9 240 g/L 

 

0.0998 0.1020 kg a.i./ha  
( 0.4053 kg a.i./ha) 

4 

7, 14 A 0.127 

0.1031 0.1054 kg a.i./ha  
( 0.4158 kg a.i./ha) 7, 14 B 0.108 

0.0998 0.1020 kg a.i./ha  
( 0.4025 kg a.i./ha) 3, 7, 14, 21 C 0.0506 

0.10118 0.1021 kg a.i./ha  
( 0.4066 kg a.i./ha) 7, 14 D 0.0509 

0.1002 0.1013 kg a.i./ha  
( 0.4029 kg a.i./ha) 7, 14 E 0.105 

0.1007 0.1015 kg a.i./ha  
( 0.4041 kg a.i./ha) 7, 14 F 0.361 

0.0998 0.1020 kg a.i./ha  
( 0.4016 kg a.i./ha) 7, 14 G 0.112 

0.1005 0.1020 kg a.i./ha  
( 0.4051 kg a.i./ha) 7, 14 H 0.181 

0.1003 0.1020 kg a.i./ha  
( 0.4041 kg a.i./ha) 7, 14 I 0.122 

 
( ) 6 240 g/L 

 

0.202 a.i. kg/ha  
( 0.404 a.i. kg/ha) 

2 

7 A 0.007 

0.205 0.206 a.i. kg/ha 
( 0.411 a.i.kg/ha) 3, 7, 14, 21 B <0.003 

0.200 a.i. kg/ha  
( 0.399 a.i.kg/ha) 7 C 0.003 

0.197 0.201 a.i. kg/ha 
( 0.398 a.i.kg/ha) 7 D 0.013 

0.203 0.203 a.i. kg/ha 
( 0.405 a.i.kg/ha) 7 E <0.003 

0.202 0.206 a.i. kg/ha 
( 0.402 a.i.kg/ha) 7 F <0.003 
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mg/kg     

 
( ) 6 240 g/L 

 

0.202 a.i. kg/ha  
( 0.404 a.i. kg/ha) 

2 

7 A 3.12 

0.205 0.206 a.i. kg/ha 
( 0.411 a.i.kg/ha) 3, 7, 14, 21 B 2.32 

0.200 a.i. kg/ha  
( 0.399 a.i.kg/ha) 7 C 0.046 

0.197 0.201 a.i. kg/ha 
( 0.398 a.i.kg/ha) 7 D 1.40 

0.203 0.203 a.i. kg/ha 
( 0.405 a.i.kg/ha) 7 E 1.61 

0.202 0.206 a.i. kg/ha 
( 0.402 a.i.kg/ha) 7 F 2.45 

 
( ) 6 240 g/L 

 

0.202 a.i. kg/ha  
( 0.404 a.i. kg/ha) 

2 

3, 7, 14, 21 A <0.003 

0.202 a.i. kg/ha  
( 0.404 a.i. kg/ha) 7 B <0.003 

0.202 a.i. kg/ha  
( 0.404 a.i. kg/ha) 7 C 0.004 

0.200 0.204 a.i. kg/ha 
( 0.404 a.i.kg/ha) 7 D <0.003 

0.203 0.203 a.i. kg/ha 
( 0.407 a.i.kg/ha) 7 E <0.003 

0.202 0.205 a.i. kg/ha 
( 0.407 a.i.kg/ha) 7 F <0.003 

 
( ) 8 240 g/L 

 

0.050 kg a.i./ha  
( 0.1000 kg a.i./ha) 

4 

15 A 0.0704 

0.0482 0.0493 kg a.i./ha  
( 0.09751 kg a.i./ha) 

7, 14, 21, 
28 B 0.0887 

0.05044 0.05156 kg a.i./ha 
( 0.1020 kg a.i./ha) 14 C 0.0379 

0.05033 0.05044 kg a.i./ha 
( 0.1001 kg a.i./ha) 14 E 0.0107 

0.04976 0.05077 kg a.i./ha 
( 0.1005 kg a.i./ha) 14 F 0.0172 

0.05044 0.05066 kg a.i./ha 
( 0.1011 kg a.i./ha) 13 G 0.0477 

0.05122 0.05156 kg a.i./ha 
( 0.1028 kg a.i./ha) 14 H 0.0731 

0.04965 0.05010 kg a.i./ha 
( 0.09975 kg a.i./ha) 14 I 0.0425 

 
 
  

 
  

mg/kg     
 

( ) 1 240 g/L 
 

0.1007 0.1022 kg a.i./ha  
( 0.4046 kg a.i./ha) 4 7 A <0.003 
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5  
 

 0.2  1  3  15  

 
(mg/kg ) 

 0.450 2.37 6.75 35.2 
D 0.045 0.237 0.675 3.52
B 0.180 0.949 2.70 14.1

 
(mg/kg ) 

 0.013 0.052 0.171 0.944 
D 0.001 0.005 0.017 0.095
B 0.005 0.021 0.068 0.378

 
 

  (mg/kg) 
 0.2  1  3  15  

-1  - <0.003 <0.003 <0.003 (0.004) <0.003 
2  - <0.003 0.019 0.058 0.151 0.782 
6  - <0.003 0.027 0.087 0.220 1.10 
8  - (0.005) 0.027 0.086 0.240 1.12 
10  - <0.003 0.027 0.088 0.251 1.18 
14  - <0.003 0.029 0.095 0.255 1.43 
16  - <0.003 0.027 0.095 0.247 1.28 
20  - <0.003 0.020 0.082 0.205 1.25 
24  - <0.003 0.021 0.090 0.247 1.17 
28  - - - 0.079 - 1.24 
29  1  - 0.0180 - 0.251 1.14 
30  2  <0.003 - - - 0.588 
31  3  - - - - 0.361 
33  5  - - - - 0.096 
35  7  - - - - 0.028 
37  9  - - - - (0.010) 
41  13  - - - - <0.003 
44  16  - - - - <0.003 
46  18  - - - - <0.003 
48  20  - - - - <0.003 

14~28/29  - 0.023 0.088 0.241 1.23 
( ) 0.01 mg/kg 0.003 mg/kg -  
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D  

  D (mg/kg) 
 0.2  1  3  15  

-1  - <0.003 <0.003 <0.003 <0.003 <0.003 
2  - <0.003 <0.003 (0.004) (0.007) 0.034 
6  - <0.003 <0.003 (0.005) (0.008) 0.039 
8  - <0.003 <0.003 (0.003) (0.008) 0.038 
10  - <0.003 <0.003 (0.004) 0.011 0.039 
14  - <0.003 <0.003 (0.003) (0.009) 0.043 
16  - <0.003 <0.003 (0.004) (0.010) 0.039 
20  - <0.003 <0.003 (0.004) (0.008) 0.043 
24  - <0.003 <0.003 (0.004) (0.007) 0.034 
28  - - - (0.003) - 0.037 
29  1  - <0.003 - (0.009) 0.029 
30  2  <0.003 - - - (0.006) 
31  3  - - - - <0.003 
33  5  - - - - <0.003 
35  7  - - - - <0.003 
37  9  - - - - <0.003 
41  13  - - - - <0.003 
44  16  - - - - <0.003 
46  18  - - - - <0.003 
48  20  - - - - <0.003 

14~28/29  - <0.003 (0.004) (0.008) 0.039 
( ) 0.01 mg/kg 0.003 mg/kg -  

 
D B  

 
  

(mg/kg) 
  

22  26  22  26  

 
 

 <0.003 <0.003 <0.003 <0.003 
0.2  0.014 0.017 0.015 0.013 
1  0.075 0.090 0.067 0.062 
3  0.212 0.244 0.190 0.161 

15  1.05 1.18 1.01 0.863 

D 

 <0.003 <0.003 <0.003 <0.003 
0.2  <0.003 <0.003 <0.003 <0.003 
1  (0.003) (0.004) <0.003 <0.003 
3  (0.007) (0.007) <0.003 (0.005) 

15  0.036 0.031 0.020 0.017 

B 

 <0.003 <0.003 <0.003 <0.003 
0.2  <0.003 <0.003 <0.003 <0.003 
1  <0.003 <0.003 <0.003 <0.003 
3  <0.003 <0.003 <0.003 <0.003 

15  <0.003 <0.003 <0.003 <0.003 
( ) 0.01 mg/kg 0.003 mg/kg -  
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D B  

 
   (mg/kg) 

    

 
 

 - <0.003 (0.003) <0.003 <0.003 
0.2 - 0.021 0.012 0.054 0.033 
1  - 0.115 0.043 0.299 0.178 
3  - 0.273 0.107 0.712 0.480 

15  

- 1.47 0.637 3.69 2.23 
3  0.355 0.211 0.840 0.567 
7  0.021 0.015 0.059 0.036 
14  (0.003) (0.005) (0.005) (0.003) 
21  <0.003 (0.004) (0.003) 0.011 

D 

 - <0.003 <0.003 <0.003 <0.003 
0.2 - <0.003 <0.003 <0.003 <0.003 
1  - (0.005) <0.003 (0.006) (0.009) 
3  - (0.008) <0.003 0.014 0.019 

15  

- 0.041 0.011 0.069 0.089 
3  <0.003 <0.003 (0.004) (0.003) 
7  <0.003 <0.003 <0.003 <0.003 
14  <0.003 <0.003 <0.003 <0.003 
21  <0.003 <0.003 <0.003 <0.003 

B 

 - (0.003) <0.003 <0.003 <0.003 
0.2 - <0.003 (0.003) (0.003) <0.003 
1  - <0.003 (0.003) (0.003) <0.003 
3  - <0.003 (0.004) (0.003) (0.003) 

15  

- (0.010) 0.016 0.012 0.081 
3  <0.003 <0.003 <0.003 (0.003) 
7  <0.003 <0.003 (0.004) (0.003) 
14  (0.003) (0.003) (0.003) (0.004) 
21  <0.003 <0.003 <0.003 (0.004) 

( ) 0.01 mg/kg 0.003 mg/kg -  
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6  
 

 0.2/0.25 a 1  3  15  

 
(mg/kg ) 

 0.145 0.757 2.10 10.7 
D 0.0103 0.043 0.120 0.611 
B 0.023 0.097 0.269 1.38 

 
(mg/kg ) 

 0.0088 0.044 0.132 0.659 
D 0.0006 0.0025 0.0075 0.038 
B 0.0014 0.0056 0.017 0.085 

a 0.2 D B 0.25  
 

 

  
 

(mg/kg) 
 0.2  1  3  15  

 - <0.003 <0.003 <0.003 <0.003 <0.003 
1  - <0.003 <0.003 0.011 0.040 0.170 
3  - <0.003 (0.004) 0.021 0.058 0.362 
5  - <0.003 (0.006) 0.023 0.075 0.452 
7  - <0.003 (0.005) 0.027 0.079 0.633 
10  - <0.003 (0.004) 0.027 0.079 0.471 
14  - <0.003 (0.006) 0.026 0.083 0.454 
16  - <0.003 (0.005) 0.029 0.076 0.333 
18  - <0.003 (0.006) 0.032 0.075 0.436 
20  - <0.003 (0.007) 0.030 0.085 0.444 
22  - <0.003 (0.007) 0.041 0.086 0.389 
24  - <0.003 (0.007) 0.028 0.085 0.426 
27  - - - 0.032 - 0.496 
28  - - (0.008) - 0.075 - 
29  1  <0.003 - - - - 
30  2  - - - - 0.286 
31  3  - - - - 0.184 
32  5  - - - - 0.132 
34  7  - - - - 0.051 
36  9  - - - - 0.017 
39  13  - - - - (0.009) 
41  16  - - - - (0.007) 
45  18  - - - - 0.010 
47  20  - - - - (0.006) 
48  21  - - - - (0.005) 

10~27  - (0.006) 0.031 0.080 0.431 
( ) 0.01 mg/kg 0.003 mg/kg -  
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D  

  
 

D (mg/kg) 
 0.25  1  3  15  

 - <0.003 <0.003 <0.003 <0.003 <0.003 
1  - <0.003 <0.003 <0.003 (0.004) (0.009) 
3  - <0.003 <0.003 <0.003 (0.005) 0.015 
5  - <0.003 <0.003 <0.003 (0.003) 0.022 
7  - <0.003 <0.003 <0.003 (0.004) 0.021 
10  - <0.003 <0.003 <0.003 <0.003 0.018 
14  - <0.003 <0.003 <0.003 (0.005) 0.019 
16  - <0.003 <0.003 <0.003 (0.004) 0.013 
18  - <0.003 <0.003 <0.003 (0.004) 0.015 
20  - <0.003 <0.003 <0.003 (0.005) 0.016 
22  - <0.003 <0.003 <0.003 (0.004) 0.015 
24  - <0.003 <0.003 <0.003 (0.004) 0.017 
27  - - - <0.003 - 0.017 
28  - - <0.003 - (0.004) - 
29  1  <0.003 - - - - 
30  2  - - - - (0.005) 
31  3  - - - - (0.005) 
32  5  - - - - (0.004) 
34  7  - - - - <0.003 
36  9  - - - - <0.003 
39  13  - - - - <0.003 
41  16  - - - - <0.003 
45  18  - - - - <0.003 
47  20  - - - - <0.003 
48  21  - - - - <0.003 

10~27  - <0.003 <0.003 (0.004) 0.016 
( ) 0.01 mg/kg 0.003 mg/kg -  
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D B  
 

  (mg/kg) 
   

 
 

 - <0.003 <0.003 <0.003 
0.2  - (0.006) 0.018 <0.003 
1  - 0.034 0.104 0.012 
3  - 0.090 0.185 0.036 

15  

- 0.516 1.14 0.167 
3  0.017 0.023 <0.003 
7  0.014 0.017 (0.003) 
14  0.013 0.020 (0.007) 
21  (0.007) <0.003 <0.003 

D 

 - <0.003 <0.003 <0.003 
0.25  - <0.003 <0.003 <0.003 

1  - <0.003 <0.003 <0.003 
3  - (0.004) (0.004) <0.003 

15  

- 0.018 0.024 (0.003) 
3  <0.003 <0.003 <0.003 
7  <0.003 <0.003 <0.003 
14  <0.003 <0.003 <0.003 
21  <0.003 <0.003 <0.003 

B 

 - <0.003 <0.003 <0.003 
0.25  - <0.003 <0.003 <0.003 

1  - <0.003 (0.008) <0.003 
3  - <0.003 0.015 (0.003) 

15  

- <0.003 0.073 (0.007) 
3  <0.003 <0.003 <0.003 
7  <0.003 <0.003 <0.003 
14  <0.003 <0.003 (0.003) 
21  <0.003 <0.003 <0.003 
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7  

  
(mg/kg) 

 
55.1 kg

1~6  
16.5 kg

 
58.5 kg  

65  
56.1 kg

ff 
(g/ / ) 

 
( g/ / ) 

ff 
(g/ / ) ( g/ / ) 

ff 
(g/ / )

 
( g/ / ) 

ff 
(g/ / ) 

 
( g/ / ) 

 0.45 164.2 73.89 85.7 38.57 105.3 47.39 180.2 81.09 

 0.05 33 1.65 11.4 0.57 20.6 1.03 45.7 2.29 

 4.86 1.7 8.26 0.6 2.92 3.1 15.07 2.8 13.61 

 0.21 24.1 5.06 11.6 2.44 19 3.99 23.8 5.00 
 0.42 9.6 4.03 4.4 1.85 11.4 4.79 9.2 3.86 
 0.94 32.1 30.17 19 17.86 32 30.08 36.6 34.40 

 0.28 20.7 5.80 9.6 2.69 14.2 3.98 25.6 7.17 

 0.05 17.8 0.89 16.4 0.82 0.6 0.03 26.2 1.31 

 0.89 1.3 1.16 0.7 0.62 4.8 4.27 2.1 1.87 

 0.56 5.9 3.30 2.7 1.51 2.5 1.40 9.5 5.32 

 0.28 24.2 6.78 30.9 8.65 18.8 5.26 32.4 9.07 
 0.50 6.4 3.20 3.4 1.70 9.1 4.55 7.8 3.90 
 3.38 0.1 0.34 0.1 0.34 0.1 0.34 0.1 0.34 

  145  80.5  122  169 

3  
ff 17 19 90 g/

/  
g/ /  

 
 

 
 
 



102 

 
1. 25 4 2

 
2. 14C GLP

The Dow Chemical Company 2009  
3. 14C

GLP The Dow Chemical Company 2010  
4. GLP Dow AgroSciences 

LLC Southwest Bio-Labs, Inc. 2010  
5. X11719474 GLP Dow AgroSciences 

LLC Southwest Bio-Labs, Inc. 2010  
6. GLP Dow AgroSciences 

LLC Southwest Bio-Labs, Inc. 2009  
7. X11719474 GLP Dow AgroSciences 

LLC Southwest Bio-Labs, Inc. 2010  
8. 14C GLP Dow 

AgroSciences LLC Research For Hire ABC Laboratories, Inc.
2010  

9. 14C GLP Dow 
AgroSciences LLC Research For Hire ABC Laboratories, Inc

2010  
10. 14C GLP Dow 

AgroSciences LLC Research For Hire ABC Laboratories, Inc.
2010  

11. 14C GLP Dow 
AgroSciences LLC Research For Hire ABC Laboratories, Inc.

2010  
12. GLP Dow AgroSciences LLC 2009

 
13. GLP Dow AgroSciences LLC

2009  
14. GLP Dow AgroSciences LLC 2010

 
15. GLP Battelle UK 2010  
16. GLP Dow AgroSciences LLC 2010

 
17. GLP Dow AgroSciences LLC 2010
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18. GLP 2012  
19. GLP Dow AgroSciences LLC 2009

 
20. GLP Dow AgroSciences LLC

2010  
21. GLP Dow AgroSciences LLC

2010  
22. 2011 2012  
23. 2011 2012  
24.  
25. X11719474 X11721061 GLP

CEM Analytical Services Ltd. 2010  
26. GLP CEM Analytical 

Services Ltd. 2010  
27. GLP 2012  
28. GLP

2008  
29. GLP

2008  
30. GLP Eurofins PSL 2008

 
31. GLP

2009  
32. B GLP Eurofins PSL

2010  
33. D GLP Eurofins PSL

2010  
34. X11519540 G GLP

Eurofins PSL 2010  
35. H GLP Eurofins PSL

2010  
36. K GLP Eurofins PSL

2010  
37. GLP

2010  
38. GLP Eurofins PSL 2008

 
39. GLP Eurofins PSL 2008
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40. LLNA GLP

2008  
41. D GLP

2008  
42. D GLP

2008  
43. D GLP

2010  
44. 90 29

GLP
2009  

45. 90 GLP
2009  

46. 90 GLP
MPI Research Inc. 2010  

47. 28 GLP
2009  

48. B 28 GLP MPI 
Research, Inc. 2010  

49. X11519540 G 28
GLP 2010  

50. D 90 GLP
2010  

51. D 90 GLP MPI 
Research, Inc. 2010  

52. 1 GLP
MPI Research Inc. 2010  

53. 2
GLP 2010  

54. GLP
2010  

55. 2 GLP
2010  

56. GLP
2010  

57. GLP
2009  
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58. GLP WIL Research Laboratories, 
LLC 2010  

59. D GLP
2010  

60. D GLP
2010  

61. GLP 2007
 

62. GLP
2007  

63. CHO GLP
2007  

64. GLP
2009  

65. B GLP BioReliance
2009  

66. D GLP
2008  

67. X11519540 G GLP
BioReliance 2010  

68. H GLP BioReliance
2010  

69. K GLP BioReliance
2010  

70. B GLP
2010  

71. D GLP
2008  

72. X11519540 G
GLP 2010

 
73. H GLP

2010  
74. B CHO GLP

2010  
75. D CHO GLP

2008  
76. X11519540 G CHO
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GLP 2010  
77. H CHO GLP

2010  
78.

CXR Biosciences Ltd.Medical School Resource Unit 2008~2010
 

79. D GLP
2010  

80. GLP
2010  

81. GLP
2010  

82. GLP WIL Research 
Laboratories, LLC 2009  

83. University 
College London 2010  

84.
1 GLP 2010

 
85.

2 GLP 2010
 

86. University College 
London 2010  

87.
2010  

88. microdialysis RenaSci 
Consultancy Ltd University of Nottingham Medical School
2011  

89. 25 8 19 0819
5  

90. 17 19
2014 2 20  
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