CAS No. 71-43-2

CHe
78.1
5.5
80.1
= 0.88
1800mg/L 25
log Pow 2.13
kPa 26.1 13.3
H4
2,4-D
PCP PCD

13901 2003*




mg/L 0.01
mg/L 0.01
0.001 mg/L
1 ppm
5%

WHO mg/L 0.01 3
EU mg/L 0.001
US EPA mg/L  0.005 Maximum Contaminant Level

2000%% 6><10"° pg/cm?

30 50%

100% 1%

WHO 2003%

1 12 14%

50%



ACGIH 1997+

Benzene

1’450 LIE1 l /

Oxcpm

/\M]
Fe /| OHs l:

trans, trans = Muconaldehyde

WHO 2003%

IARC 1982%, ACGIH 1997*

U.S. EPA 2000%

OH
Q

OH

NHCOCH 4 ) .
rrans.irans - Muconic acid

|
'%—L—-f!,— COOH

Benzene L
epoxide = . _ .
§-Phenylmercapturic acid
EPOXIDE HYDROLASE
REARRANGEMENT OH
Benzene
oH dihydrodiol _
Phenol — OH o-Benzoquinone
DIHYDRODIOL 0 ) oH
DEHYDROGENASE NQOI1 —
P450
P450 11E1 OH 0 a OH OH
— @Catechol Catechol
OH ; OH |'| ‘oo @
—== | e
PEROXIDASES /
HO Hydroquinone AUTOXIDATION ‘

P450

L
HO [0

-

Benzene triol p-Benzoquinone

Q

O Hydroquinone

OH OH

4.4-Biphenol
—

OFH

4.4'-Diphenoquinone

NQO1

U.S. EPA 2002 # (Source: Ross 2000)



u.

AML
EPA 20002
Aksoy 19742 28,500
9.7 1 15
34.2 210 650 ppm
26
6/100,000 13/100,000
8
Aksoy 1980%  EPA
U.S. EPA 2000%
Infante 19774
748
1940 1949 1975
1.38 7 p<0.002 Infante 75%
Infa
Infante et al. 19772
- EPA
EPA 20002
Rinsky 19812 Infante 19774

S.

nte

U.S.



98% 1975 6 7
40 4
SMR 1.25 7 560
p < 0.001 437 58% 1 5
SMR 0.23 5
2100 7 Rinsky
2
ppm
8 8hr-TWA
Rinsky et al . 1981* - U.S. EPA 2000%
Rinsky 19812 1987
1965 12 1 1,165
1981 12 31 98.6%
9 2.7
ppm-year SMR
40 ppm-year 40 200 200 400 400ppm-year
109 322 1,186 6,637
10 ppm 40
Rinsky et al. 1987%
McCraw 1985
SMR =213 95% Cl =117 358
SMR =394 CI =172 788 1973
1982 14 8



ott 1978%

594 32

9

2 ott

Bond

4

1986b*

Wong 1987b*

ppm-month

p 0.02

McCraw et al. 19858

1982

1946 1975

3,074

2 ppm

Bond

18 ppm-month

4,602

3
Bond 1986b*
362
SMR 194
e ICD
4 0.9 p<0.011

4211 ppm-month

Bond et al . 1986b*

EPA Bond

U.S. EPA 2000%

720

3.93

Wong



Mantel-Haenszel x? Wong 1987b*

EPA
7
U.S. EPA 2000%
Yin 1987a* 12 233 83
28,460 178,556 -1972 1981
28,2758 199,201 - 30
25 5 4
14/100,000 - 2/100,000
- 5.74 Utest p 0.01 30
11.4 76%
10 1,000mg/m? 50 500 mg/m?
25 7
Yin et al. 1987a*
National Cancer Institute
Chinese Academy of Preventive Medicine 12 672
1972 1987 74,828
Dosemeci et al. 1994° Yin et al. 1987a*,1989%,1994%,1996° 35,805
69 40
12 0.3%
Dosemeci et al. 1994° Yin et al. 1996%
Dosemeci et al.
1994° 10 ppm
RR 2.2 95%CI 1.1 4.2
ANLL MDS



3.2 95%CI 1.0 10.1 25 ppr ANLL MDS

7.1 95%ClI 2.1 23.7

10
RR 4.2 95%ClI 1.1 15.9 “
10 ppm
i U.S. EPA 2000%
EPA
3%
U.S. EPA 2000%
Rothman 1996a* 44
44
44 21 [ 1 6.3[4.4]
0.7 16 1 2
8 8hr-TWA
31 ppm U.S. EPA 2000% 99 mg/m® 22
2
8hr-TwA 13.6 ppm U.S. EPA 2000%
43.4 mg/m? 91.9 ppm U.S. EPA 2000% 294 mg/m?
6 WBC ALC RBC
MCV
> 31 ppm ALC WBC RBC Ht MCV
ALC ALC
1.9>10%/uL 31 ppm 1.6>10%/uL p<0.01 31 ppm
1.3x<10%/pL  p<0.001 ALC 11
5 31ppm 11
1.6>10%/uL, p=0.03 8 TWA 7.6 ppm U.S. EPA 2000%
24 mg/m® Rothman et al. 1996a%



2.8 LC;, 15 60 g/m®
17
F344 10
600 mg/kg / 17
17
0 200
5 60
10%
25 mg/kg
400 mg/kg
B
120 5 4 5
NTP 1986
EPA 17
mg/kg 7 18 mg/kg /
mg/kg / U.S.EPA 2002%
6
Wistar 10
6 5

LDsg

WHO 2003*

1 10g9/kg

0 25 50 100 200 400

5
5
600 mg/kg /
200 mg/kg
200 600 mg/kg 60
p<0.05 120
600 mg/kg 60 120
600 mg/kg
3
LOAEL 25
LOAEL 200 mg/kg 7 143
0 1 10 50 100 mg/kg /
10 mg/kg /



1956%

10mg/kg / 7

2002%

17
B6C3F,;
600 mg/kg /

17

400 mg/kg

400 mg/kg

EPA 17

18 mg/kg /

/ LOAEL

104

Sprague- Dawley

500 mg/kg

4 10%

400 mg/kg

50mg/Kkg

1mg/Kkg /

NOAEL 1.0 7

7.1mg/kg /
60
10
17

Wolf et al.
U.S.EPA 2002%
0.7 mg/kg / LOAEL

Wolfetal. 1956% U.S.EPA

0 25 50 100 200 400

5

0 200 600mg/kg /

600 mg/kg 60

120

LOAEL 50 mg/kg 7
NOAEL

7 286 mg/kg

40 7

104 4 5

92

500 mg/kg 84

10

400mg/kg

200 mg/kg 7

100mg/kg

50 mg/kg
p <0.05
NTP 1986
NOAEL 25 mg/kg 7
36 mg/kg / 17
143 mg/kg

/ U.S.EPA 2002%

0 500 mg/kg

RBCs



WBC Maltoni et al. 1983% Maltoni et al.

1985%
LOAEL NOAEL U.S_EPA
2002?"
103
F344 60 0 50 100 200 mg/kg
/ 0 25 50 100mg/kg / 103 5
p <0.05
9.5% 3 6 9 12
15 18 21
24
0/44 4/42
8/41 10/34
0/49 0/50
19/48 11/50 8/47 8/49 23/47 10/49

NTP 1986, Huff et al. 1989%

EPA LOAEL 25 mg/kg

7 18 mg/kg / 50 mg/kg 7 36 mg/kg /
NOAEL U.S.EPA
20027
103
B6C3F, 60 0 25 50 100 mg/kg /
103 5
p <0.05
103 81% 85%

3 6 9 12 15 18

3 6 9 12 15 18 21

11



12 18
50 100 mg/kg 36 9 12 15 18 21
25 mg/kg
12 25 mg/kg 12 18
3 100 mg/kg 15 50 mg/kg
0 25 50 100 mg/kg 0/49 11/48 10/50 25/49
3/49 14/45 8/50 13/49 0 25 50 100 mg/kg
5/49 9/48 19/49 24/47 9/49 10/45 6/50 14/49
12/47 39/44
31/49 29/48 2 15/47

35/44 32/49 22/48 NTP 1986'° Huff et al. 1989%°
EPA LOAEL 25 mg/kg
7 18mg/kg 7/ LOAEL NOAEL

U.S.EPA 20027

28
CD-1 5 :0 40 200 1,000mg/L
0 8 40 180 mg/kg 7/ 28
B T
SRBC
Hsieh et al. 1988b°
EPA LOAEL 8
mg/kg  / NOAEL U.S.EPA 20027

12



6 15
Sprague-Dawley 20 22 0 50 250 500
1,000 mg/kg / 6 15 50 mg/kg
/ 2 250 mg/kg / 1
250 mg/kg /
500 mg/kg /
1,000 mg/kg / p <0.05
500 mg/kg / p<0.05
Exxon Chemical Company 1986°
U.S. EPA 2002%
EPA NOAEL 50 mg/kg / LOAEL 250 mg/kg /
NOAEL 250 mg/kg /  LOAEL 500 mg/kg / U.S.EPA 2002%
8 12
Chernoff/Kavlock
54
ICR/SIM 30 1,300mg/kg 7/
8 12
1 3 p
< 0.05 Seidenberg et al. 1986%
1
U.S.EPA 2002%
B6C3F, 0 25 50 100 mg/Kg / 2

13



0 25 50 100mg/kg

32% 79% 65% 46%

60% NTP 1986%
17 2
NTP 1986%°
in vivo
DNA
WHO 2003%

Whysner 2004%

1 4
52
Sprague-Dawley 30 35 13
250 mg/kg 52 4 5
Zymbal
2/30 250 mg 8/32 1/58 2/58 5/65
4/30 7/32 250 mg

0/30 0/30 2/32 Maltoni et al. 1983

104

Sprague- Dawley 40 7

104 4 5

14

26%

89% 63%

invitro

0/30 50 mg

:3/30

0 500 mg/kg



Zymbal 1/94 500 mg 34/79

0/94 41/78 Maltoni
et al. 1985%
103
F344 60 0 50 100 200 mg/kg
/ 0 25 50 100mg/kg / 103 5
Zymbal 2/32 6/46 10/42 17/42
1/50 9/50 16/50 19/50
0/50 2/50 1/50 5/50 0/50 5/50 3/50 8/50
Zymbal 0/45 5/40 5/44 14/46
1/50 5/50 12/50 9/50
F344/N NTP 1986 Huffetal.
1989%
103
B6C3F, 60 0 25 50 100 mg/kg /
103 5
Zymbal 0/43 1/34 4/40 21/39 4/49
9/48 9/50 15/49 10/49 16/48 19/50
21/49 0/49 9/46 13/49 11/48 0/21 3/28
18/29 28/35 Zymbal
0/43 0/32 1/37 3/31 1/47 1/44 6/49 8/48
0/49 2/45 5/50 10/49 4/49 5/42

10/50 13/49
B6C3F,

NTP 1986 Huff et al. 1989%

15



International Agency for Research on Cancer (I1ARC)

carcinogenic to humans

1ARC 1987*

1982%

1ARC 1987

IARC 1982%?
8
198518
28,460
28,257 83 4 30
Yin et al. 1987a®
IARC 1982'? Maltoni et al. 1983, 19857

198212

Maltoni et al. 1983%, 1985

1ARC

McCraw et al.

233

23 7

NTP 1986%°

1ARC

Joint Expert Committee on Food Additives (JECFA) Monographs and Evaluations

1979 ADI

1979

16

JECFA



WHO

3 WHO 20043 3 WHO 2003%: 2 1996
WHO
2 NTP 1986%°
WHO
20043 10* 10° 10°
100 800 pg/L 10 80 pg/L 1 8 pg/L WHO 20033
WHO
EHC 1993% 10°® 10 80 ug/L
0.01 mg/L WHO 2004%*
US EPA
Integrated Risk Information System (IRIS)  U.S.EPA 2000/2003%
EPA/IRIS TDI RTD
RTD
BMC
BMD RfD Rothman 1996a%*
ALC
1
BMC 13.7ppm 8 - (8hr-TWA) ~ BMCL BMC  95%
7.2 ppm 8hr-TWA
Rothman et al.1996a* BMDL RfD 4.0><10" mg/kg /
* UF
Critical Effect MF RfD

17



ALC BMCL = 7.2 ppm

8hr-TWA
= 23.0 mg/m?
Rothman et BMCL,,; = 8.2 mg/m?
al. 1996a % BMDL 5, 300 1 4.0><107
= 1.2 mg/kg  / 3%10>3>3 ** mg/kg
/
* BMCL [mg/m] = 7.2 [ppm] >< MW 24.45 = 7.2 > 78.11 24.45 = 23.0 mg/m* 25 , 760
mmHg 10%
EPA 2002%
BMCL 7 BMCL = 23.0 mg/m® > 10 m* 20 m® >< 5 7 = 8.2 mg/m?
10m =28
20 m* = 24
BMDL,, 7 BMDL = 8.2 mg/m® >< 20 m¥/ > 0.5 70 kg = 1.2 mg/kg  /
20 m¥/ =
0.5 = BMC 50%
100%
70 kg =
** 3 ALC
3
10
3 6.3 0.7 16
3 2
270 UF300
RfD
LOAEL RTD
Rothman et al. 1996a* 7.6 ppm  8hr-TWA LOAEL RfD
RfD  1><107mg/kg / BMDL BMD  95% 4>107 mg/kg
/
* UF
Critical Effect RfD
ALC LOAEL = 7.6 ppm
8hr-TWA
LOAEL,,, 1000%** 1><10
Rothman et = 8.7 mg/m* * 10><10><3><3 mg/kg
al. 1996a% = 1.2 mg/kg / /
*%*
* 5 7
*x 8.7 mg/m*><20 m3/day><0.5+70 kg 1.2 mg/kg /
*** | OAEL NOAEL 10> 10> 3>
3
900 UF1000
BMDL RfD
NTP 1986 ALC BID

18



BMDL 2 3 1mg RfD
RfD 7><107* mg/kg / Rothman 1996a
2 4>10"* mg/kg / 1
UF
Critical Effect RfD
ALC BMDL = 1 mg/kg
* BMDL ,, 1000** 7>10
= 0.7 mg/kg / 3><10><10>=3 mg/kg /
NTP 1986%
* 5 7
*x 3> 10> 10> 3
900 UF1000
LOAEL RfD
NTP 1986% LOAEL 25 mg/kg NOAEL
RfD 6><107mg/kg / RfD Rothman 1996a*
BMD 4><107° mg/kg /
UF
Critical Effect RfD
ALC LOAEL = 25 mg/kg
*LOAEL 5o, 3000** 6><10"°
= 18 mg/kg / 10>=<10><10><3 mg/kg /
NTP 1986%
* 5 7
** LOAEL NOAEL 10> 10> 10> 3
EPA
.2
IARC 19822, ATSDR 19973, U.S. EPA
1998% ANLL
CNLL CLL
Rinsky
1981%, 1987%#
Rinsky 1981%, 1987% Infante 1977% Pliofilm®
EPA
Rinsky 1981%, 1987%
1946

19



1946
200 ppm-year
EPA 1986 A
1996
U.S. EPA 2005%
ANLL
CNLL CLL
MDS
DNA
Ross 1996% Latriano et al. 1986%
Smith 1996%
EPA Rinsky
Rinsky et al. 1981%, 1987%
1kg
1mg
Oral Slop Factor 95% 1.5<102 5.5
<1072

20



70kg 1 2L
1L 1pg

4.4><10" 1.6><1073

Oral Slope Factor 1.5>102 5.5>%102 mg/kg /

4.4>=<10" 1.6><10° mg/L

10 1/10,000 100 pg/L 1000 pg/L
10°  1/100,000 10 pug/L 100 pg/L
10 1/1,000,000 1 pg/L 10 pg/L

Rinsky Rinsky et al. 1981%, 1987%

2.2>10" 7.8>x<10° pg/m?
Low-dose linearity utilizing maximum likelihood

estimates  Crump 1994°

10“  1/10,000 13.0 pg/m*  45.0 pg/m?
10°  1/100,000 1.3 pg/m®* 4.5 pg/m
10°  1/1,000,000 0.13 ug/m*  0.45 pg/m°
2003
1ARC
Groupl IARC 1995
4 WHO 1996 10
0.01 mg/L
NTP 1986 10°°

0.01-0.08 mg/L

0.01 mg/L

21



EPA Integrated Risk Information System IRIS 2000% 1999

107
0.01 0.1 mg/L
IRIS 107 0.01 mg/L
0.01 mg/L
WHO 3 EPA
NOAEL 6
AML

LDs, 1 109/kg

22



23

NOAEL 6 5
1 mg/kg
5 7 0.7 mg/kg /
17 5
25 mg/kg / 5 7
18 mg/kg /
LOAEL 103 5
25 mg/kg / 5 7 18 mg/kg /
LOAEL 103 5
25 mg/kg
/ > 7 18 mg/kg /
LOAEL 28
8 mg/kg /
NOAEL 6 15
250 mg/kg /
NOAEL LOAEL 8 12 2
in vitro in vivo
1ARC

/

NOAEL



TD1

WHO 3 2 NTP
1986
10* 10° 10°

100 800 10 80 1 8 ug/L

EPA
10
10° 10° 100 1000 10 100 1 10 pg/L
2003 WHO EPA
10
0.01 mg/L
16 7
0.01mg/L 10% 1180/1180
10% 20% 1
10% 2245/2246
WHO EPA

24



10* 10° 10°®

100 800 10 80 1 8ug/L EPA

WHO

10pg/L

WHO

100 1000 10 100 1 10 ug/L

10°°

10pg/L

1 Whysner et al. 2004%
( )/

S. typhimurium TA97 0/4 0/4 Whysner et al.
S. typhimurium TA98 0/13 0/17 2004%
S. typhimurium TA100 0/14 0/15
S. typhimurium TA102 0/2 0/2
S. typhimurium TA104 0/1
S. typhimurium TA1535 0/10 1/10
S. typhimuriumTA1536 0/1 0/1
S. typhimurium TA1537 0/9 0/9
S. typhimuriumTA1538 0/7 0/7

a 1(1)/14 2(2)/14

1(1)/74 3(2)/80

s3]

Bacillus subtilis, Escherichia coli, Saccharomyces cerevisiae, V. Ffischeri, and S.

typhimurium strains C3076, D3052, and G46.

25




2 in vivo Whysner et al. 2004%

)
59 1 5 Whysner
18 2 et al.
2 2004%
3 4
DNA / , 5 4
2
, () ,
3 in vitro Whysner et al. 2004%*
0/1
5/6 1/7
2/4
1/5 0/7
DNA / . 1/2 1/8
DNA 0/2° 1/5
1/1 2(1)/13
a®* ( )/ 77( )
b
4 in vivo Whysner et al. 2004%*
>1 ppm °
2/7 2/2 59(1)/65
15(2)/22 13(1)/18 18720
5/7 5/6 2/2
5/14 5/11 3(4)/7
DNA / , 3/4 1/1 5/9
a ( Y/
b 1 ppm

26



5-1 EPA BMD

RfD
(mg/kg /) (Mg/kg /)
EPA/IRIS 300
203 Rothman et  BypL,; ;1.2 3<) a0y 4
ALC 3¢ e
)
5-2
pg/L Hg/kg /
WHO/DWGL 10*  1/10,000 100 800 3.3 26.6°
(2004) 105 1/100,000 10 80 0.33 2.66%
10 1/1,000,000 18 0.03 0.27%
EPA/IRIS 10“  1/10,000 100 1,000 1.8 6.7
(2003) 10 1/100,000 10 100 0.18 0.67
10 1/1,000,000 1 10 0.02 0.07
10°  1/100,000 10 0.4°
(2003)
a 60kg 1 2L 1.25%<107 1.0
><10"° ug/L 1L 1ug
3.75%<10% 3x=10?2 mg/kg /
b 50kg 1 2L 1.0><107 pg/L

1L 1ug
2.5><10™" mg/kg

/

27



6 NOAEL
NOAEL LOAEL
mg/kg / mg/kg /
/
17 ( (200-)
F344 5 ) ( 25-, 100 200
10 400) = 7 = 7
( 25-) 71 143(E)
) 25
(600) = 7
18(E)
60 (
F344 5 ) (200-) 200
5 (600)
6 (10-) 1 10
Wistar 5 (50) = 7 = 7
10 0.7¢ ,E) 7.1C ,E)
17 ( ( 100-)
B6C3F, 5 ) (400-) 25 50
10 ( 50-, = 7 = 7
600) 18(E) 36(E)
( 50-, 400-) 200 400
= 7 = 7
143(E) 286(E)
60 (
B6C3F, 5 ) 600
5 = 7
429
104 500 EPA
SD ( 45 ) (500) = 7
40 50 321 NOAEL
LOAEL
103 50
F344 ( 5) ( 200, 50- ) = 7
60 ( 100-) 36(E)
( 25
50-, 25-) = 7
( 50-) 18(E)
( 50-,
25)

28




103 25
B6C3F, ( 5 ) |@oo ) = 7
60 (100  10% ) 18(E)
(25-)
(¢ 18)
(
18-36)
28 8
cD-1 (180
5 )
8_
(40-
)
D 6-15
20 22 (250-) 50 250
(500-)
(1000)
250 500
(500-)
8-12 (1300) 1300
ICR/SINM
30
103
B6C3F, ( 5) |@5
60
US EPA WG

29




45

mg/L)

10%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

20% 30% 40% 50% 60% 70% 80% 90% 100%
0.011

0.001 | 0.002 | 0.003 | 0.004 | 0.005 | 0.006 | 0.007 | 0.008 | 0.009 | 0.010
1,180 | 1,180 0 0 0 0 0 0 0 0 0 0
385 385 0 0 0 0 0 0 0 0 0 0
124 124 0 0 0 0 0 0 0 0 0 0
482 482 0 0 0 0 0 0 0 0 0 0
H16 189 189 0 0 0 0 0 0 0 0 0 0
2,246 | 2,245 1 0 0 0 0 0 0 0 0 0
512 512 1 0 0 0 0 0 0 0 0 0
159 159 0 0 0 0 0 0 0 0 0 0
1,094 | 1,094 0 0 0 0 0 0 0 0 0 0
480 480 0 0 0 0 0 0 0 0 0 0

30




ALT
AP ALP

AST

AUC
BUN

BMDL,, 10
CHL

CHO

Crax

COHb

CPK

CYP

GSH

31
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