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2005  11  29  1  
2011  10  6  

1006 23  
2011  10  13  403  
2014  3  5   
2014  7  1  

0701 3  
2014  7  2  2 81  
2014  7  8  521  
2014  10  10  38  
2014  11  14  39  
2015  1  21  118  
2015  2  3  547  
2015  2  4  3 5   
2015  3  12  120  
2015  3  17   
2015  3  24  554  
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-S- CAS No. 135158-54-2

 

/ 2

 
-S-

 
 

 

 
-S-

 
2 /

7.77 mg/kg /
100 0.077 mg/kg / ADI  

-S-
50 

mg/kg / 100 0.5 
mg/kg ARfD  
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-S-  
acibenzolar-S-methyl ISO  

 
 

IUPAC 
-  [1,2,3] -7-  
-methyl benzo[1,2,3]thiadiazole-7-carbothioate 

 
CAS No. 135158-54-2  

1,2,3- -7- -  

1,2,3- benzothiadiazole-7-carbothioic acid -methyl ester 
 

 

C8H6N2OS2 
 

 

210.27 
 

 

 
 

 
 

 

-S-

1998
2006
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.1 4 -S- 14C
[phe-14C] -S-

/ B 14C [phe-14C] B

-S- mg/kg g/g
/ / 1 2

 
 

 

 

  

a.  

SD 2 [phe-14C] -S- 0.5 
mg/kg [1.] 100 mg/kg
[1.]

 
0.25 0.5 Cmax 0.186 g/g

0.264 g/g T1/2 1 2 2 4

2 3  
 
b.  

[1.(1) ] 168
1 92.3% 91.8%

 
 

  

SD [phe-14C] -S- 3  
5 SD

5 14 1.(1)

 
1  

Tmax

1  
9 

 

                                            



 
168

0.02 g/g  
0.01 

g/g 2 3  
 

1 g/g  

 
(mg/kg )  Tmax * 168  

0.5 

 
(3.15) (0.685)

(0.527) (0.342)
(0.218) (0.149) 

(0.0060) (0.0011)
(ND) 

 
(3.55) (1.35)

(0.832) (0.733)
(0.455) (0.313) 

(0.0123) (0.0020)
(ND) 

100 

 

(63.2) (30.9) 
(16.8) (10.8) (9.59)

(7.24) (5.51)
(5.05) 

(0.321) (0.224)
(0.0724) (0.0073) (0.0057) 

 
(44.7) (25.8)

(15.1) (13.7) (8.14)
(7.46) (3.28) 

(1.09) (0.205)
(0.166) (0.0154) (0.0139) 

* 0.25 0.5 8 4  
ND   
 

  

[1.(1) ]

 
2  

-S-
B 78.6 92.0%TAR C  

-S- B
 

-S-
B B C

2 4  
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2 %TAR  

  
(mg/kg )   -S-

 
 

 

0.5 
 

 ND B(81.6) C(2.2) 
 0.24 B(0.96) 

 
 ND B(78.6) C(1.5) 
 0.23 B(1.47) 

100 
 

 ND B(92.0) C(0.4) 
 0.99 B(2.80) 

 
 ND B(87.2) C(0.7) 
 0.09 B(2.61) 

 0.5 
 

 ND B(89.1) C(1.2) 
 0.63 B(0.73) 

 
 ND B(82.3) C(1.2) 
 0.28 B(2.22) 

ND  
 

  

SD 5 [phe-14C] -S-

 
168 3  

48 92%TAR
2 3  

 

3 168 %TAR  

   
 

mg/kg  0.5 100 0.5 

       
 90.6 91.0 96.4 93.3 95.5 92.2 
 3.34 4.29 5.04 4.40 3.16 4.93 
   <0.01 <0.01   

 1.43 0.50 0.31 0.27 0.22 0.82 
 0.07 0.10 0.02 0.06 0.02 0.07 

 0.16 0.14 0.25 0.20 0.13 0.13 
 95.4 95.8 102 98.0 98.9 97.9 

 
 

11 
 



  

  

SD 5 [phe-14C] -S-
48 48

 
4 5  

B C D
1.0%TAR 0.02N

E F G  
-S- B

 
0.05 0.14%TAR

 
-S-

B B C
D B G

B E F
2 5  

 
4 %TAR  

  
(mg/kg )   -S-

 
 

 100 
 

 ND B(91.1) D(1.0) C(0.5) 
 1.4 B(3.0) 

 
 ND B(91.4) C(0.6) D(0.4) 
 1.3 B(2.4) 

ND  
 

5 %TRR  

  
(mg/kg )  a)  

 

 -S-
 

B 

 100 
 0.05 

(0.665) 11.4 ND 1.7 88.6 

 0.14 
(2.40)    88.3 

12 
 



a) %TAR mg/kg 
ND   

 
  

SD 5 [phe-14C] -S-
48

 
48 6  

48 99%TAR
2 5  

 

6 48 %TAR  

  
 

(mg/kg ) 100 

   
 94.0 94.4 
 5.29 4.87 

 2.27 1.68 
 102 101 

 
  

  

Besso 15 3 4
20 cm [phe-14C] -S- 50 g ai/ha

1 1 3 7 14
 

7  
14 -S-

30%TRR B 61%TRR
-S- B 1

2 7  
 

7 mg/kg  

 0 1 3 7 14 
 1.60 1.01 0.514 0.312 0.468 
 1.54 0.659 0.208 0.0661 0.0711 

  -S-  1.37 
(89) 

0.560 
(85) 

0.173 
(83) 

0.036 
(55) 

0.021 
(30) 
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B 0.048 
(3.1) 

0.057 
(8.6) 

0.014 
(6.6) 

0.021 
(31) 

0.043 
(61) 

 0.0608 0.355 0.306 0.246 0.397 

 

 

 

 

(23.4) (38.4) (36.0) (22.1) 
 (11.6) (21.2) (42.7) (62.7) 

 

-S-  0.033 
(14) 

0.015 
(7.5) 

0.007 
(6.0) 

0.007 
(7.0) 

B 0.144 
(61) 

0.079 
(40) 

0.029 
(26) 

0.029 
(28) 

( ) %TRR 
 

 
 

Besso 65
10 [phe-14C] -S- 50 g 
ai/ha 1 1 14 28 75

 
8  

0 5 cm 0.041 
ppm 1 0.013 ppm 75

30.5%TRR 1 94.4%TRR 75
 

-S- 1 92.8%TRR
 

75 B
E  

/ B 8.4%TRR 0.001 
mg/kg E 3.7%TRR 0.001 mg/kg /

NaOH B E 23.5%TRR
0.003 mg/kg 4.8%TRR 0.001 mg/kg

8.5%TRR 5.8%TRR
8.7%TRR 2 7  

 
8 mg/kg  

 
( )  

 
 

(mg/kg) -S-  

  

Ba) E 
 

B b)  

14 
 



1   1.85 1.71 
(92.8) 0.063(3.4) ND ND 

 
 

0.037 
(2.0) 

14   0.290 ND 0.045(15.4) 0.008(2.6) 0.200 
(68.7) 

0.038 
(13.0) 0.168(57.9) 0.007(2.4) 

28  
 0.227 ND 0.009(4.1) 0.003(1.2) 0.158 

(69.5) 
0.051 
(22.3) 0.103(45.5) 0.006(2.7) 

 0.183 ND 0.013(7.1) 0.004(2.1) 0.133 
(72.8) 

0.031 
(16.8) 0.103(56.3) 0.009(4.9) 

75  
 

 0.328 ND 
0.047(14.4) 0.006(1.7) 0.038 

(11.8) 0.076(23.1) 0.223 
(67.9) 0.073(22.2) 0.004(1.3) 

 0.233 ND 0.028(12.1) 0.004(1.9) 0.048 
(20.6) 0.041(17.4) 0.132 

(56.6) 0.055(23.5) 0.005(2.0) 

 0.014 ND 0.001(8.4) 0.001(3.7) 0.003 
(24.4) 0.002(15.8) 0.008 

(59.7) 0.003(23.5) 0.001(4.8) 
a) / / NaOH  
b) / NaOH  
ND  
( ) %TRR 

 
  

56 Xanthi
[phe-14C] -S- 20 g ai/ha 7 1

1 21 50 g ai/ha 2 1
34 100 g ai/ha 3 1 1

21 1 1 2 13
3 3 17 52

 
9  

1.39 
0.434 0.022 mg/kg

-S- B E F 24.3 1.7
1.3%TRR  

/ B E
F 13.5 2.4 2.9%TRR 71.7%TRR

/ NaOH
B E F 69.5 3.2 6.4%TRR

B E F
-

2 8  
 

15 
 



9 mg/kg  

   
(mg/kg) -S-  

  
  

B E F 

1
1

 
 8.85 

8.64 
(97.6) 

0.363 
(4.1) 

0.018 
(0.2) ND   

1
21
 

 0.031 
0.001 
(3.1) 

0.000 
(0.2) 

0.000 
(1.2) 

0.000 
(0.6)   

 0.596 
0.053 
(8.9) 

0.085 
(14.3) 

0.018 
(3.1) ND  0.038 

(6.3) 

3
1

 

 2.14 
1.50 

(70.2) 
0.325 
(15.2) 

0.015 
(0.7) ND 0.011 

(0.5) 
0.034 
(1.6) 

3
 

3.21 
0.683 
(21.3) 

0.593 
(18.5) 

0.061 
(1.9) 

0.080 
(2.5) 

0.038 
(1.2) 

0.350 
(10.9) 

1
44
 

2
 

1.88 
0.449 
(24.7) 

0.430 
(22.9) 

0.045 
(2.4) ND 0.011 

(0.6) 
0.066 
(3.5) 

3
17

52
c) 

 

a) 
1.39 

0.079 
(5.7) 

0.125 
(9.0) 

0.024 
(1.7) 

0.018 
(1.3) 0.011 

(0.8) 
0.069 
(5.0) 0.977 

(70.4) 
0.037 
(2.7) 

0.067 
(4.8) 

 

b) 
0.434 

0.026 
(6.1) 

0.028 
(6.4) 

0.004 
(0.9) 

0.003 
(0.7) 0.006 

(1.3) 
0.020 
(4.5) 0.319 

(73.4) 
0.011 
(2.5) 

0.028 
(6.4) 

 0.022 
0.002 
(11.2) 

0.005 
(24.3) ND ND 0.001 

(3.2) 
0.005 
(21.7) 

 11.6 
0.326 
(2.8) 

1.57 
(13.5) 

0.279 
(2.4) 

0.337 
(2.9) 0.547 

(4.7) 
1.09 
(9.4) 7.70 

(66.2) 
0.372 
(3.2) 

0.593 
(5.1) 

 2.72 
0.035 
(1.3) 

0.239 
(8.8) 0.076 (2.8) 0.103 

(3.8) 
0.198 
(7.3) 1.89 

(69.5) 
0.033 
(1.2) 

0.174 
(6.4) 

a) 3 17 48  
b) 3 52  
c) / / NaOH
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ND  
( ) %TRR 

 
  

Mont Favet
[phe-14C] -S- 91 g ai/ha 69 9

14 28 3 1 3
1 1 1 2

 
10  

B 64.3%TRR
-S- 0.8%TRR E 7.9%TRR F

6.8%TRR 2 9  
 

10 mg/kg (%TRR)  

   
(mg/kg) -S-  

  
 B E F 

1
1  

 

 
 1.29 

(92.1) 
ND ND ND 

 
 

0.031 
(2.2) 

0.024 
(1.7) ND ND 

 1.40 
1.32 

(94.3) 
0.024 
(1.7) ND ND 0.003 

(0.2) 

 6.83 
6.19 

(90.5) 
0.622 
(9.1) ND ND   

(0.4) 

3
1  

 

 
 0.242 

(31.9) 
0.004 
(0.5) ND ND 

 
 

0.014 
(1.8) 

0.167 
(22.0) 

0.022 
(2.9) ND 

 0.759 
0.256 
(33.7) 

0.171 
(22.5) 

0.022 
(2.9) ND 0.017 

(2.3) 

 3.49 
2.59 

(74.3) 
0.265 
(7.6) ND ND 0.112 

(3.2) 

3
1   

 
 0.083 

(12.0) 
0.001 
(0.2) ND ND 

 
 

0.018 
(2.6) 

0.101 
(14.7) 

0.017 
(2.5) ND 
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 0.689 
0.101 
(14.6) 

0.103 
(14.9) 

0.017 
(2.5) ND 0.033 

(4.8) 

 2.99 
1.37 

(46.0) 
0.072 
(2.4) 

0.460 
(15.4)b) 

0.164 
(5.5) 

3
1  

  

 
 0.002 

(0.8) 
0.000 
(0.1) ND ND 

 
 ND 0.025 

(8.0) 
0.020 
(6.5) 

0.001 
(0.4) 

 0.312 
0.002 
(0.8) 

0.025 
(8.1) 

0.020 
(6.5) 

0.001 
(0.4) 

0.011 
(3.4) 

a) 0.312 
0.002 
(0.8) 

0.201 
(64.3) 

0.025 
(7.9) 

0.021 
(6.8) 

0.011 
(3.4) 

3
2  

 0.719 ND 0.138 
(19.2) 

0.011 
(1.5) 

0.044 
(6.1) 

0.053 
(7.4) 

ND  
a) NaOH  
b) E F 2  

 
 

   

6 3 5 / 1
3 [phe-14C] 

-S- 200 g ai/ha 1 11
50 78 119

 
11  

-S- 1 0.251 mg/kg 
1.7%TRR  

10%TRR 2 10  
 
 

11 mg/kg (%TRR)  

  
(mg/kg) 

-S- 
 

a)  
 B H  

1   14.8 
0.251 
(1.7) 

12.7 
(86.1) ND 1.51 

(10.2) 
0.310 
(2.1) 

11   22.3 ND 2.47 
(11.1) 

0.378 
(1.7) 

12.7 
(56.9) 

6.77 
(30.4) 

18 
 



12.7 
(57.0) ND 2.81 

(12.6) 

 0.308 ND 0.100 
(32.5) 

0.056 
(18.2) 

0.152 
(49.3) ND 

50  
 1.29 ND 

0.086 
(6.7) 

0.004 
(0.3) 

0.838 
(65.2) 0.395 

(30.7) 0.647 
(50.3) 

0.023 
(1.8) 

0.257 
(20) 

 0.063 ND 0.029 
(45.6) 

0.005 
(8.6) 

0.029 
(45.5) ND 

78  
 0.425 ND 

0.045 
(10.6) 

0.003 
(0.6) 

0.238 
(56) 0.136 

(32.0) 0.201 
(47.4) ND 0.061 

(20.1) 

 0.007 ND 0.004 
(56.6) ND 0.003 

(43.4) ND 

119  

 0.085 ND 

0.001 
(1.7) 

0.001 
(0.6) 

0.002 
(4.1) 0.033 

(39.3) 0.003 
(3.7) 

ND 0.003 
(2.8) 

 0.159 ND 

0.006 
(3.7) 

0.006 
(3.7) 

0.058 
(36.6) 0.005 

(3.1) 0.009 
(5.5) 

0.001 
(0.6) 

0.042 
(26.4) 

 1.99 ND 

0.203 
(10.2) 

0.020 
(1.0) 

1.02 
(51.1) 0.01 

(0.5) 0.556 
(27.9) 

0.020 
(1.0) 

0.246 
(12.3) 

 0.136 ND 
0.026 
(19.0) 

ND 0.030 
(22.1) 

0.081 
(59.2) 

ND  
a) / / NaOH  

 
  

Nabucco 4 7 9
[phe-14C] -S- 140 g ai/ha 420 g ai/ha

1 4 140 g ai/ha 1 1
4 1 29 420 g ai/ha 4 1

29  

19 
 



12  
20.2 23.0%TRR 74.2

83.2%TRR 4.6 14.9%TRR  
-S- 16.5

19.3%TRR B 12.8
24.5%TRR F 20.0 22.3%TRR  

140 g ai/ha 420 g ai/ha
22.4 19.9%TRR

B F G 2 11  
 

12 mg/kg  

 1 140 g ai/ha  3 420 g ai/ha  
       

 (mg/kg) 0.204 0.810 1.01 0.844 2.82 3.67 

-S- a) 
0.167 
(16.5) 

0.004 (0.4) 0.171 (16.9) 0.708 
(19.3) 

ND 0.708 (19.3) 
ND 0.167 (16.5) ND 0.708 (19.3) 

a) 

B 0.006 
(0.6) 

0.045 (4.4) 0.051 (5.0) 0.022 
(0.6) 

0.048 (1.3) 0.070 (1.9) 
0.248 (24.5) 0.255 (25.1) 0.470 (12.8) 0.492 (13.4) 

E 0.001 
(0.1) 

0.009 (0.9) 0.010 (1.0) 0.004 
(0.1) 

0.018 (0.5) 0.022 (0.6) 
0.005(0.5) 0.006 (0.6) ND 0.004 (0.1) 

F 0.001 
(0.1) 

0.010 (1.0) 0.011 (1.1) 0.004 
(0.1) 

0.029 (0.8) 0.033 (0.9) 
0.203 (20.0) 0.204 (20.1) 0.818 (22.3) 0.822 (22.4) 

G ND 0.007 (0.7) 0.007 (0.7) ND ND ND 
0.048 (4.7) 0.048 (4.7) 0.077 (2.1) 0.077 (2.1) 

 
 

0.047 
(4.6) 

0.547 
(14.9) 

a) / / NaOH  
ND  
(  ) %TRR 
 

-S-
B B E F

B G B E F
 

 
  

 

30 60% [phe-14C] 

20 
 



-S- 0.1 1 mg/kg 10 20
182  

-S- 13  
-S- 1

 
B 1 87.0 90.9%TAR

10%TAR  
47.1 55.5%TAR

182 21 45%TAR  
-S-

B CO2

2 12  
 

13 -S-  

( ) (%) (mg/kg) ( ) 

20 60 1.0 0.26 

20 30 1.0 0.54 

10 60 1.0 0.98 

20 60 0.1 0.26 
 

 

[phe-14C] 
-S- 1.17 mg/kg 20±2 120

 
-S- B 14  
-S- 1

 
B 1 3 92.8 98.2%TAR

19.3 106 45 59 10
12%TAR 2 10%TAR

 
31.0 44.1%TAR  

14CO2 120 9.93 48.5%TAR  
-S-

B CO2

2 13  
 

21 
 



14 -S- B  

 -S-  B 
 0.21 23.1 

 0.52 106 
 0.37 19.3 

 
 

4
[phe-14C] -S- 0.143 mg/kg 

0.151 mg/kg
20±2 125 189

 
15  

-S- 2
0.073 0.380  

0 66.2 84.1%TAR 18.7 39.1%TAR
 

14CO2  

58 26.6 32.0%TAR 92 21.9% TAR
 

14CO2 4 46.0% 62.5%TAR  
B 4 2 92.0 94.1%TAR

K 125 21.8 33.6%TAR  
-S-

B B K
CO2 2 14  

 
15 (%TAR) 

 
-S-  

B K 
 

a) 0.00 0.00 18.7 0.00 
a) 0.00 0.00 20.2 0.00 

b) 0.00 5.48 33.6 0.00 
b) 0.00 0.69 23.8 0.00 

a) 189  
b) 125  

22 
 



 
  

[phe-14C] -S- 2 mg/kg
20±2 1

28 360 120

 
-S- 0.22

B 16.5  
-S-

B
 

-S- 344
-S-

 
-S- B

CO2 2 15  
 

  

[phe-14C] -S- 2

22.2 mg/kg 19.8 mg/kg 24±1
30 35.0 W/m2 290 nm

 
-S- 16  

-S-
1.19 1.29 B

4 68.5%TAR
B 720 4.38%TAR

B  
14CO2

720 33 61%TAR 2 4%TAR  
-S- 654

B 10%TAR 720
14CO2 8 20%TAR 1%TAR  

-S-
B CO2

2 75%  
23 

 

                                            



2 16  
 

16 -S-  

  35  

 1.19 5.36 
 1.29  

 654 2,950 
 3,480  

 
 

  

 -S-  

[phe-14C] -S- 6

 
17 2 17  

 

17 -S-  

       
KFads 22.5 3.6 49.6 13.2 12.0 3.7 
KFdes 1,620 1,040 3,290 2,840 2,080 492 

KFocads 31.6 5.0 67.7 27.0 14.5 5.4 
KFocdes 2,270 1,450 4,490 5,830 2,490 723 

KFads KFdes Freundlich  
KFocads KFocdes  

 
 B 

[phe-14C]B 6
 

18 2 18  
 

18 B  

       
KFads 0.9 0.6 2.3 1.4 0.5 0.3 
KFdes 65 174 150 312 89 40 

KFocads 3.4 2.0 5.8 5.1 8.9 3.6 
KFocdes 244 561 383 1,090 1,530 474 

KFads KFdes Freundlich  
KFocads KFocdes  

 

24 
 



  

  

pH 1 pH 5 pH 7 pH 9
pH 13 [phe-14C] 

-S- 3.5 mg/L 25 50 70
450  

19  
pH B -S-

pH 5 2 19  
 

19  

pH 1 5 7 9 13 
( ) 20 25 

 57.5  3.8  23.1  19.4  < 5  
 

 

pH 5.12 [phe-14C] -S-
1.91 mg/L 25±1 30

26.9 W/m2 290 nm
 

20  
0.86 0.92 1.48 1.59  

B
3.44%TAR 2 6.66%TAR 30  

-S- B
CO2 2 20  

 
20 %TAR  

 

  

-S-
 

B  -S-
 

B  

0  96.7 ND ND    
30  67.1 ND 7.70 96.3 ND ND 
4  7.32 ND 68.6 94.2 ND 0.68 
2  1.63 3.44 79.8 91.3 0.95 3.63 
7  1.25 2.06 73.0 89.0 2.47 2.58 

15  6.24 1.28 67.9 82.4 5.35 4.45 
30  ND 1.46 68.7 90.5 6.66 2.92 

25 
 



 
ND  

 
  

 
 

  

-S-
3 -S-
0.088 mg/kg  

 
 

-S-
21 2 21  

 
21  

   
( / ) 

 
(mg/kg ) 
( ) 

 
 

(mg/kg
) 

 
 

(mg/kg
) 

 

 

Irwin  

ICR 

 3 
0 150 500
1,500 5,000 
( ) 

1,500 5,000 

5,000 mg/kg
2 6

 
5,000 mg/kg

 

Wistar
 6 

0 150 500
1,500 5,000 
( ) 

5,000   

 ICR 

 8 0 150 500
1,500 ( ) 1,500   

 
 

ICR 

 10 0 150 500
1,500 ( ) 1,500   

 Wistar
 6 0 500 1,500

5,000 ( ) 5,000   

26 
 



 

 

Wistar
 6 0 500 1,500

5,000 ( ) 

5,000   

 

 5,000   

 

 

ICR 

 8 0 150 500
1,500 ( ) 

1,500   

 
 1,500   

 

 Wistar
 6 0 500 1,500

5,000 ( ) 

5,000   

 5,000   

0.1% 80 0.5%CMC  
 

 
 

  

-S-
22 2 22~25  

 

22  

 
  LD50 mg/kg     

 

SD  
5  >5,000 >5,000  

 

ICR  
5  >5,000 5,150 

27 
 



 
5,000 mg/kg  
4,000 mg/kg  

 SD  
5  >2,000 >2,000  

 

 SD  
5  

LC50 mg/L   
 >5 >5 

 
/   

-S- B/ 1 E F H
23 2

26~29  
 

23 /  

 
 
  LD50 mg/kg     

B/

1 

 

SD  
5  >2,000 >2,000 

 

 
 

E 
SD  

5  >2,000 >2,000  

F 
SD  

5  >2,000 >2,000  

H 
SD  

5  >2,000 >2,000  
 

 
  

SD 10 0 2,000 mg/kg
 

2,000 mg/kg 2 2 9 2
1

9 8
2

28 
 



 

2,000 mg/kg
2 30  

 
 

NZW
1 24

48 24
48  

Pirbright White Maximization
-S-

2 31~33  
 

 

28  

SD 10 0 10 100 800 
mg/kg / 28  

24  
800 mg/kg / TP Glob

100 mg/kg /
2 34  

 

24 28  

   
800 mg/kg /  T.Bil A/G  

TP Glob  
 

3 1  

1  
RBC Ht Hb MCH MCV  
MCHC  
RDW  
Eos Mon  
T.Bil A/G  
TP Glob  

3

 

3  
29 

 

                                            



 
 

100 mg/kg /  
 

   

 
90  

SD 10 10
0 40 400 2,000 8,000 ppm 25
90 0 8,000 ppm

90 4  
 

25 90  

(ppm) 40 400 2,000 8,000 
 

(mg/kg / ) 
 2.42 24.6 126 516 
 2.64 26.3 131 554 

 
26  

4  
8,000 ppm

2,000 ppm 126 mg/kg / 131 mg/kg
/ 2 35  

 
26 90  

   
8,000 ppm 

2  
Hb MCHC  
WBC  
Cre  
A/G  

§  
 

 

1  
WBC  
Cre  
TP Glob  
A/G  

§

 
§ 

§ 
2,000 ppm    
§  
 

30 
 



90 4   

ICR 10 0 200 1,000 4,000 
ppm 27 90

 
 

27 90  

(ppm) 200 1,000 4,000 
 

(mg/kg / ) 
 30.6 152 624 
 47.4 220 803 

 
28  

1,000 ppm
200 ppm

36  
 

28 90  

   
4,000 ppm HDW  

 
 

 

RBC Ht  
MCHC HDW  

 

1,000 ppm    
 

200 ppm   
 

 
90  

4 2
0 10 50 200 mg/kg / 90

0 200 ppm 90
4  

29  
200 mg/kg 4

 
200 mg/kg /

50 mg/kg /  
2 37  

4  
31 

 

                                            



 

29 90  

   
200 mg/kg /  RBC Hb Ht MCHC

 
MCV RDW Ret  
Chol TG PL  
TP§ Alb§ Glob  

 
 

§ 
§ 

§

2 6  
RBC Hb Ht§ MCHC

 
MCV RDW Ret  
Chol TG§  
TP Alb§ Glob  

 
§  

 
§ a)

a) 
a) 

50 mg/kg /    
§  
a) 1  
  

 
90  

SD 10 0 400 2,000 8,000 
ppm 30 90

 
 

30 90  

(ppm) 400 2,000 8,000 
 

(mg/kg / ) 
 24.4 126 575 
 26.0 143 628 

 
8,000 ppm 2

1 1
2,000 ppm 126 mg/kg / 143 mg/kg /

2 38  
 
28   

SD 5 0 10 100 1,000 mg/kg
/ 6 / 28  

1,000 mg/kg /

32 
 



2 39  

 

28 B   

SD 5 B 0 10 100 300
1,000 mg/kg / 28  

31  
300 mg/kg /

100 mg/kg / 2
80  

 

31 28 B  

   
1,000 mg/kg /

a) 
10

[

]  

 
 

/  
 

 
 

 

3 9 [

]  

 
RBC Ht Hb PLT§  
RDW HDW § 
Glob  
A/G  

 
§ 

 
 

 
 

300 mg/kg /  
 

PLT  
Glob  

A/G  
pH  

 
 

§ 
 

100 mg/kg /  
 

   

§  
a) 1,000 mg/kg /

 
 
 
 

33 
 



28 B  5  

SD 10 B 0 100 400
800 mg/kg / 28  

32 2 81  
 
32 28 B  

  
800 mg/kg / a) 5 8 [

§

§

] 
 

400 mg/kg /  1 13 [

] 
RBC Ht Hb MCH  
HDW  
T.Bil§ Glu A/G  

 
100 mg/kg /    

§  
a) 800 mg/kg /  

 
 

 

1  

4 0 5 25 200 mg/kg
/ 1  

33  
25 mg/kg / 52 RBC Hb Ht

 
200 mg/kg /

25 mg/kg /
2 40  

5  
34 

 

                                            



 
33 1  

   
200 mg/kg /  RBC Hb Ht MCHC

 
RDW Ret PLT  
Neu Baso  
Chol§ TG T.Bil  
Alb TP Na Ca  

§

 
 

§ a) 

a) 

 
RBC Hb Ht MCHC 

 
RDW Ret PLT§  
WBC Neu Baso  
PT  
Chol TG T.Bil  
Alb  

 
 

a) 

a) 
25 mg/kg /    
§  
a)  

 
2 /  

SD 50 12 10
6 20 0 20 200 2,500

7,500 ppm 34 2 /
 

 
34 2 /  

(ppm) 20 200 2,500 7,500 
 

(mg/kg / ) 
 0.77 7.77 96.9 312 
 0.90 9.08 111 388 

 
35  

 
2,500 ppm 

200 ppm 7.77 mg/kg / 9.08 mg/kg
/ 2 41  

6 13 26 53 78 105 20
10  

35 
 

                                            



 
35 2 /  

 

   
7,500 ppm  

1  
RBC Hb MCHC HDW

 
MCV MCH Reta)  
T.Bil A/G  
TP Glob  

 
 

 
 

 
1  

RBC Hb Ht MCHC HDW
 

MCV RDW Reta)  
T.Bil A/G  
TP Glob  

 
 

 
 

2,500 ppm    
200 ppm    
a) 7,500 ppm  
 

18  

ICR 50 53 79
10 0 10 100 2,000 6,000 ppm

36 18  
 

36 18  

(ppm) 10 100 2,000 6,000 
 

(mg/kg / ) 
 1.14 11.1 237 698 
 1.14 10.8 234 696 

 
37  

 
2,000 ppm

100 ppm 11.1 
mg/kg / 10.8 mg/kg /

2 42  
 
 
 
 

36 
 



37 18  
   

6,000 ppm 1  
RDW MCH MCHC HDW

 
 

 
 

§ 

22  
RDW Retb) MCHC  

a)  
 

 
  

 
2,000 ppm  a) 

a)  
  

a) 
 
 

RBC Hb Ht  
HDW  

 
a) 

a) 
 

100 ppm    
§  
a)  
b) 6,000 ppm  
 

 

2  

SD 30 0 20 200 2,000
4,000 ppm 38 2

 
 

38 2  

 (ppm) 20 200 2,000 4,000 

 
(mg/kg / ) 

P   1.5 15.3 155 306 
 1.6 16.2 167 321 

F1   1.7 17.2 169 356 
 1.7 17.5 173 364 

 
39  

2,000 ppm
2,000 ppm

200 ppm P 15.3 mg/kg /
P 16.2 mg/kg / F1 17.2 mg/kg / F1 17.5 mg/kg
/ 2
43  

 

37 
 



39 2  

 P F1 F1 F2 
    

 

4,000 ppm 
 

 
  

 
 

15  

 
 

 
  

2,000 ppm 
 § a)  

§ a) 

 

§ a) 

 

§ a)  
200 ppm 

 
    

 

4,000 ppm   
2,000 ppm 

 
4  7  

200 ppm 
 

  

§  
a)  
 

 

SD 24 6 15 0 10 50 200
400 mg/kg / 0.5%CMC

 
40  

400 mg/kg / 5 13
200 mg/kg

/ 1 2  
200 mg/kg /

50 mg/kg /
2 44  

14.(5) (6)  
 

40  

   
400 mg/kg /   

 
 

 
 

 
 

 

38 
 



 

200 mg/kg /  §

a) 1
 

§ 

 
50 mg/kg /    
§  
a) 400 mg/kg / 6  

 
 

SD 22 6 15 0 10 75 150
350 mg/kg / 0.5%CMC

12.(2)

 

350 mg/kg /
350 mg/kg / 150 mg/kg

/ 2 45  
 

7   

SD 24 6 15 0 10 100
500 mg/kg / 0.5%CMC 6 /

 

2 46  
 

 
[12.(2)]

[12.(3)]

5
2 [14.(5) (6)]

 

 

7  
39 

 

                                            



 
 

17 7 19 0 10
50 300 600 mg/kg / 0.5%CMC

 
41  

300 mg/kg /
7 600 mg/kg /

50 mg/kg / 300 
mg/kg /

2 47  
 

41  

   
600 mg/kg /  6 a) 

 
 

300 mg/kg /  
 

1  

300 mg/kg /
 

300 mg/kg /  
 

50 mg/kg /  
 

 

a) 6 3  
 

 

Wistar 30 7 22 0 100
1,000 4,000 ppm 42 63

 
 

42  

ppm  100 1,000 4,000 

mg/kg /  
 8.2 82.0 326 

 15.5 154 608 
 

43  
1,000 ppm 63

12

40 
 



100 ppm
 

4,000 ppm
4,000 ppm 326 

mg/kg / 608 mg/kg / 1,000 ppm
82.0 mg/kg / 154 mg/kg /

4,000 ppm
1,000 ppm 82.0 mg/kg /

154 mg/kg / 2 48  
 

43  

   
4,000 ppm 4,000 ppm  

 
18 22  

23  

63  

63  
1,000 ppm 

 
 

 
  

-S-
V79

UDS
UDS

 
44

-S- 2 49~57  
 

44  

    

 
 

 (TA98 TA100 TA1535  
 TA1537 ) 

 (WP2 A ) 

312.5~5,000 g/  (+/-S9) 

 

41 
 



 
 

 (TA98 TA100 TA1535  
 TA1537 ) 

 (WP2 A pKM101  
 WP2 pKM101 )

3~5,000 g/  (+/-S9) a) 

 

 
 V79

37.04~1,000 g/mL (+S9) 
3.70~100 g/mL (-S9) 
 

 

 
 

 
 (L5178Y TK) 

4.4~70.0 g/mL (-S9) b) 
8.8~140 g/mL (+S9) c) 
 

 

UDS  
SD  9.77~312.5 g/mL 

15.63~500 g/mL 
 

 

 
 

 (CHO-K1) 
7.5~30 g/mL (-S9) 

  (18 ) 
  7.5~30 g/mL (+S9) 
   (3 15 ) 

15~60 g/mL (-S9) 
   (18 42 ) 
  15~60 g/mL (+S9) 
   (3 15 39  
    ) 

 

 UDS  Wistar  ( ) 
 ( 4 ) 

1,000 2,000 mg/kg  
 ( ) 

 

 
 ICR  ( ) 

 ( 5 ) 
1,000 2,000 4,000 mg/kg  
 ( ) 

 

 
NMRI  ( ) 
 ( 7 ) 

312.5 625 1,250 mg/kg  
 ( ) 

 

+/- S9  
a) 1,000 g/ b) 35.0 g/mL c) 70.0 g/mL  
 

B/ 1
V79

UDS
E F

H
45 B/ 1

E F H
2 58~67  

 

42 
 



45 /  

 
     

B/

1 

 

 
 

(TA98 TA100 TA102
TA1535 TA1537 ) 

 (WP2 A ) 

312.5~5,000 g/  
(+/-S9)  

 
 

(TA98 TA100 TA102
TA1535 TA1537 ) 

 (WP2 A )

312.5~5,000 g/  
(+/-S9) 1) 

 
 

 
V79  

55.6~1,500 g/mL (+S9) 
  18.5~500 g/mL (-S9) 

66.7~1,800 g/mL (+S9) 
  125~1,000 g/mL (-S9) 
 

 

UDS   7.82~250 g/mL 
0.98~250 g/mL  

 
 

 
(CHO-K1) 

31.25~125 g/mL (-S9) 
   (21 ) 
  125~500 g/mL (+S9) 
   (3 18 ) 

93.75~187.5 g/mL (-S9) 
   (21 ) 
  375~750 g/mL (+S9) 
   (3 18 ) 

62.5~125 (-S9) 
   (45 ) 
  500~1,000 g/mL (+S9) 
  (3 42 ) 

 

 
 

 
(CHO-K1) 

187.5~375 g/mL (-S9) 
   (21 ) 
  500~1,000 g/mL (+S9) 
   (3 18 ) 

187.5~375 g/mL (-S9) 
   (21 ) 
  500~1,000 g/mL (+S9) 
   (3 18 ) 

187.5~375 g/mL (-S9) 
   (45 ) 
  500~1,000 g/mL (+S9) 
  (3 42 ) 

500~1,000 g/mL (+S9) 
  (3 18 ) 

2) 

43 
 



  ICR  ( ) 
( 5 ) 

250 500 1,000 mg/kg  
( )  

E 

 

 
 

(TA98 TA100 TA102
TA1535 TA1537 ) 

 (WP2 A ) 

312.5~5,000 g/  
(+/-S9)  

F 
 
 

(TA98 TA100 TA102
TA1535 TA1537 ) 

 (WP2 A ) 

312.5~5,000 g/  
(+/-S9)  

H 
 
 

(TA98 TA100 TA102
TA1535 TA1537 ) 

 (WP2 A ) 

312.5~5,000 g/  
(+/-S9)  

+/- S9  
1) TA98(+/-S9)  
2) +S9  
 

 

  

SD -S-
 
46  

-S-

-S-
B-

2 68  
 

46 nmoL/ /mg  

   
 64.0 409 
 41.0 11.2 
a) 0.15 0.04 

a)  
 

 

28 [10.(1)] 90
[10.(2)] 90 [10.(3)] Glob

[9.]

44 
 



-S-
B

28 [10.(1)] 1
ELISA

 

-S-

2 69  
 

 

SD
2 70  

  

-S- B -S-
0.9%

5 mM pH 7.4 10%
37 4

577 nm
 

 
   

-S- B
0.1% 0.45% 5 mM pH 

7.4 4×107 /mL 37 30
540 nm

-S- B
300 M pH pH 

7.0 1,000 M  
 
 -6- G-6-PD  

-S- B
0.9% 5 mM pH 7.4

10% 37 4
0.025%(w/v) G-6-PD

G-6-PD  
45 

 



 
  

-S- 0.9% 5 mM
pH 7.4 37

1%

-S-
B B

 
 
   

-S- 0.9%
5 mM pH 7.4 1%

37 2

-S-
-S-

-S-
 

 
   

-S- B
0.9% 5 mM pH 7.4

1% 37 2 20%
2-

-S- 2.5
2

B  
 

   

-S- B
0.9% 5 mM pH 7.4

10% 37 2
540 700 nm

-S- 620 630 nm

46 
 



B  
 

   

 
 

 -S-  

[phe-14C] -S- 0.9%
5 mM pH 7.4 100 M

10% 10% 10% 10% 37
1 -S-

B 10% B
10% 10% B 57.5 M 41.3 M

10% 1%
-S- 4 B 41.2 M  

 
-S-

 
-S-

B
-S- -S-

B
 

 
28  

ICR 10 0 100 500 2,000 ppm
47 28

 
 

47 28  

(ppm) 100 500 2,000 
 

(mg/kg / )  15 75 406 

47 
 



 

2,000 ppm 406 mg/kg /
2 71  

 

 

12.(2) 200 400 mg/kg
/

2 5
 

SD 8 6 7 8 9 10 11 12 13
14 15 2 0 400 mg/kg / 0.5%CMC

 
48  

400 mg/kg / 6 7 8 9
12.(2)

2 72  
 

48  

   
6~7  1 a) 

1 a) 
 

 
 

8~9  4 b) 
4 b) 

 

 
 

10~11  1 c) 
1 c) 

 

 
1 d) 

1 d) 
12~13    
14~15    

a) b) c)  
d)  

 
 

12.(2) 200 400 mg/kg
/

2 5
 

SD 12 6 7 8 9 10 11 12 13

48 
 



14 15 2 0 300 mg/kg / 0.5%CMC

6 15 10  
49  

6 15 1 1
1 2  

300 mg/kg / 6 7 8 9 10 11
12 13

2 73  
 

49  

   
6~7    
8~9   1 1  
10~11    
12~13    
14~15    
6~15   

1  
11~16  

 

 
 

 
1 1 a) c) 
1 5 a) b) c) 

1 2 a) b) c) 
a) b)  
c)  

[14.(5) (6)]

 [12.(2)]

 

49 
 



  

-S-
 

14C -S-
168 92.3% 91.8%

48
92%TAR B

C D E F G  
14C -S-

-S-
B B F F

64.3%TRR 22.4%TRR
 

-S-
0.088 mg/kg  
-S-

 
 

 

 
B B F F

10%TRR B F
-S-

 
50

51  

2 / 7.77 mg/kg /
100 0.077 mg/kg / ADI

 
-S-

50 
mg/kg / 100 0.5 
mg/kg ARfD  

50 
 



 
 

ADI 0.077 mg/kg /  
ADI  /  

  
 2  

  
 7.77 mg/kg /  
 100 

 
ARfD 0.5 mg/kg  

ARfD   
  

 6 ~ 15  
  
 50 mg/kg /  
 100 

 

51 
 

















51  

  
 

mg/kg  
mg/kg /  

 
1) 

mg/kg mg/kg /  
 

 

0 2,000 2,000 
 

 

28
 

0 10 100 800 100 
 

1  

90
 

0 40 400 2,000
8,000 ppm 

131 
 

1  
 

0 2.42 24.6
126 516 

0 2.64 26.3
131 554 

90
 

0 400 2,000 8,000 
ppm 

143 
 

1  
 

0 24.4 126 575 
0 26.0 143 628 

2  
/ 
 
 

0 20 200 2,500
7,500 ppm 

96.9 
111 

 

1  

 
0 0.77 7.77

96.9 312 
0 0.90 9.08

111 388 

 

0 10 50 200 400 50 
50 

 

1  
 

 

0 10 75 150 350 150 
 

 

 

0 8.2 82.0
326 

0 15.5 154
608 

 82.0 

 

  

0 150 500 1,500
5,000 

1,500 
 

59 
 



2 6
 

18  
 

 

0 10 100 2,000
6,000 ppm 

237 
 

1  
 

 
0 1.14 11.1

237 698 
0 1.14 10.8

234 696 

ARfD 
NOAEL 50 
SF 100 
ARfD 0.5 

ARfD   
ARfD  SF  NOAEL  
1)  
 

60 
 



1 / /  
   

B/ 1   

C 
2U 

B  
[( [1,2,3] -7-

)- ]  

D 5U 
B  

[1,2,3] -7-
2- -3,5,6-

- - -2-
 

E 
CGA324041 

B
5  

5- - [1,2,3]
-7-  

F 
CGA323060 

B
4  

4- - [1,2,3]
-7-  

G 
CGA243093 

B  
[1,2,3] -7- -

 

H 
CGA379019 

B
/  

3- -  

K 
SYN546642 

B
6  

6- - [1,2,3]
-7-  

 

61 
 



2  
  

ai active ingredient  
A/G  /  

Alb  
AUC  
Baso  
Bil  

Chol  
CMC  
Cre  
Cmax  
Eos  
Glob   
Glu  
Hb  

HDW  
HPLC  

Ht  
LC50  
LD50  
LUC  
MCH  

MCHC  
MCV  

MetHb  
Mon  
Neu  
PHI  
PL  

PLT  
PT  

RBC  
RDW  
Ret  
T1/2  

TAR  
T.Bil  
TG  
Tmax  
TP  

62 
 



  
TRR  
UDS DNA  
WBC  

 

63 
 



 
3  

 

 
( ) 

 

 

 

PHI 
( ) 

mg/kg  

 
 

(g ai/ha) 
 

 
( ) 

 
(g ai/ha) 

-S-
 

 
( ) 

2008  
10 50%WG

 

25.4 26.0 8 205 0 A 0.033 
25.5 28.2 8 213 0 B 0.036 
25.0 26.5 8 207 0 C 0.050 
25.9 27.5 8 215 0 D 0.069 

25.9 27.0 8 212 0 3 7
10 14 E 0.064 

25.7 27.6 9 240 0 F 0.046 
26.1 27.3 8 212 0 G 0.080 
25.3 27.2 8 211 0 H 0.088 
24.8 27.2 8 210 0 I 0.022 
25.7 29.2 8 220 0 J 0.026 

WG  
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1. 34 370

17 11 29 17 499  
2.  -S- 2014

 
3. [phe-14C] -S-

GLP 1995  
4. [phe-14C] -S-

GLP 1995  
5. [phe-14C] -S-

GLP 2000  
6. [phe-14C] -S-

GLP 1995
 

7. [phe-14C] -S- GLP
1995  

8. [phe-14C] -S- GLP
1996  

9. [phe-14C] -S- GLP
1996  

10. [phe-14C] -S- GLP
1996  

11. [phe-14C] -S- GLP
1998  

12. [phe-14C] -S- GLP
1996  

13. [phe-14C] -S- GLP
1995  

14. [phe-14C] -S- GLP
 2012  

15. [phe-14C] -S- / /
GLP 1994  

16. [phe-14C] -S- GLP
1995  

17. [phe-14C] -S- GLP
1996  

18. [phe-14C] B GLP

65 
 



1996  
19. [phe-14C] -S- GLP

1994  
20. [phe-14C] -S- GLP

1995  
21. GLP 1996

 
22. -S- GLP

1995  
23. -S- GLP

1996  
24. -S- GLP

1993  
25. -S- GLP

1993  
26. B/ GLP

1996  
27. D GLP

1996  
28. E GLP

1996  
29. F GLP

1996  
30. -S- GLP

1997  
31. -S- GLP

1993  
32. -S- GLP

1993  
33. -S- GLP

1993  
34. -S- 28 GLP

1993  
35. -S- 90

GLP 1993  
36. -S- 90

GLP 1993  

66 
 



37. -S- 3 GLP
1994  

38. -S- 90
GLP 1997  

39. -S- 28 GLP
1994  

40. -S- 1 GLP
1996  

41. -S- 1
/ GLP 1996
 

42. -S- GLP
1996  

43. -S- 2 GLP
1995  

44. -S- GLP
1994  

45. -S- GLP
1998  

46. -S- GLP
1994  

47. -S- GLP
1994  

48. -S-
GLP CTL 2002  

49. -S- GLP
1993 1997  

50. -S- GLP Harlan 
CCR 2011  

51. -S- V79
GLP 1993

1996 1997  
52. -S- L5178Y

GLP Harlan CCR 2011  
53. -S-

DNA UDS GLP 1993
1997  

67 
 



54. -S- DNA
UDS GLP 1998  

55. -S- CHO-CCL 61 GLP
1993 1997  

56. -S- GLP
1993 1997  

57. -S- GLP Harlan CCR
2011  

58. B GLP
1996  

59. B GLP
1996  
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