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29
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32
33
34

35

36
37

NITE 2005
2003
2003
1990 1996 2013
WHO IARC |ARC Monographs Programme on the Evaluation of
Carcinogenic Risk to humans IARC Monographs 1994 2008 2012
ACGIH ACGIH Documentation of the threshold limit values for
chemical substances 2001
ATSDR Toxicological Profile 1990
EPA Reregistration Eligibility Decision 2008
EPA Integrated Risk Information System IRIS 20016
WHO CICAD54 2003
Environmental Health Criteria  EHC 55 1985

CEPA1999 2001
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32

33
34
35
36
37
38
39
40
41
42
43

ATSDR 1990 NTP 1987 14 5 |/ 6 /
NOAEL
50 ppm 8.93ppm POD 100 10 10
minimal risk level MRL 0.09 ppm
NITE 2005 10 11 Snellings et al., 1984a 2
Snellings et al., 1984b NOAEL10 ppm
NOAEL 1 5.4
mg/kg/day 2.4 mg/kg/day 2
MOE 100 10 10
EPA 2008 6 10 11
Snellings et al., 1984a NOAEL 50
ppm 37.5 ppm POD MOE 30 3
10 6
2 Chun and Neeper-Bradley, 1993
NOAEL 10 ppm 7.5 ppm POD MOE 30 3
10

CICAD 54 WHO, 2003

NOAEL 1.8 mg/m3

ACGIH 1984
TLV-TWA 10 ppm 1 ppm 1.8 mg/md
ACGIH, 2001
1990 2016
2003a
ACGIH  TLV-TWA
0.43 mg/m?3
0.085 pg/md 0.38 pg/md MOE 100
EPA 2008 2
NOAEL 10ppm 1 6 5 1 8 5
7.5 ppm MOE 30 3
10 MOE EPA RfC HEC
2013
1
1 ppm
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11
12
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14
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17
18
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20
21
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28
29
30
31
32

2013
-1
-1
IARC 1994
NTP 1985 K
EU 1B
ACGIH 1984 A2
1996 1
CEPA 2001 WHO CICAD54 WHO, 2003 Snellings
1984b Fischer 344
5%
TCos 2.2mg/m® 95% 1.5 mg/m?3
2003b
0.085 ug/m?3 0.38 pg/m? CEPA 2001 TCos 2.2 mg/m?3
Exposure/Potency Index EPI 1.7x104
EPA EPA, 1985 Snellings 1984b Fischer 344
1 ug/m?
1x104 IRIS
EPA EPA, 2008 UR
UR 267 x10°%/mg/m3 2.22x10%/mg/m?
IRIS EPA, 2016 3 NTP, 1987 Lynchetal., 1984a b Snellings
etal., 1984b UR  2.2x10°~4.6x10"/pg/m3
Steenland et al., 2003 2004 Lymphoid cancer
UR  3.3x10%ug/m?
EPA 2016 UR 3.3x10%/pg/m3




10
11
12
13
14

15

16
17

()
()
Wistar 100 mg/kg
5 1/ 21
3 10 30 mg/kg/day 30 5 1/
Hollingsworth et al., 1956
EPA 2016
2014
-2
POD
ATSDR 14 NOAEL 50 ppm 100 10 | MRL 0.09 ppm
1990 8.93 ppm 10 0.165mg/md
NTP, 1987
NITE 2005 2 NOAEL 10ppm 18.3 MOE=100 0.024
mg/m3 10 mg/kg/day*
Snellings et 2.4 mg/kg/day 10 0.06 mg/m?®
al., 1984b
EPA 2008 10-11 NOAEL 50 ppm 1
6 1.25 ppm*  2.29
Snellings et 37.5 ppm mg/m?3
al., 1984a MOE=30 3
10
EPA 2008 2 NOAEL 10 ppm 6
0.25 ppm*  0.458
Chun and 7.5 ppm MOE=30 mg/m3
Neeper-Bradley, 3
1993
10
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35
36
37
38

ACGIH 2001 TLV-TWA 1
1990 ppm 1.83
2016 mg/m3
2003 TLV-TWA 1ppm 1.8 mg/m® 1 8
5 0.43 mg/m? 0.43 mg/m?
*NOAEL/MOE

()

Crystal et al., 1988 Fukushimaet al., 1986 Grossetal., 1979 Kuzuharaetal., 1983 Ristow
and Cornelius, 1986 Schroder et al., 1985 Zampolloet al., 1984 Brashear et al., 1996

4.2 ppm

Crystal et al., 1988

Gross et al., 1979 700 ppm 1281 mg/m?3

Kuzuharaet al., 1983 500 ppm

Schulte et al., 1995

ACGIH, 2001

()

13

RBC

Mori et al., 1990

Schroder et al., 1985

Kleeset al., 1990 Estrinetal., 1987 1990
4 0 32ppm

TWA 1ppm 1.83 mg/md

, 1990 , 2016 2003
0.43 mg/md EPA 2016
2014
Hollingsworth et al., 1956
Lynch et al., 1984b  Sprinz et al., 1982; NITE 2005
Ohnishi et al., 1985 1986 17 , 1990

Hb Ht
Jacobson et al., 1956
, 1992  1980-1990

Yager and Benz, 1982  Lynchet al., 1984a Popp et al., 1986

5
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ATSDR 1990 NTP 1987 14
100 ppm 183 mg/m? 6 / 5 |/ 14
600 ppm 1,098 mg/md
2 14
600 ppm
NOAEL 50 ppm 1
8.93 ppm 16.3 mg/m?
NITE 2005 Snellings 1984b Fischer 344
2 0 10 33 100ppm O 18 60 183 mg/m?
6 / 5 |/ 100 ppm 183 mg/m? 4
33 ppm 60 mg/m? 10
NOAEL 10
ppm 1.79 ppm 3.30 mg/m?
EPA 2008 6 Snellings 1984a
B6C3F 0 10 50 100 250ppm O 183 87.8 190.3 431.9 mg/m?
6 / 5 |/ 10 11 50 ppm 91.5 mg/md
NOAEL 50 ppm
8.93ppm  16.3 mg/m3
EPA 2008 6 2
1 6 5 33 ppm 46 mg/m?
0 1
NOAEL 10 ppm 18.3 mg/m?3 [ 5 ] 3.3
mg/m3 Chun and Neeper-Bradley, 1993 unpublished study; EPA, 2008 CDPR,
1986
EPA 2016 2014
4 NTP, 1987 Snellingset al.,
1984a b Chun and Neeper-Bradley, 1993 -3
Snellings 1984a
-3
POD UF
(7 24 1 2
/)
14 50 ppm 16.3 mg/m? 27.23 200 0.34 mg/m?
91.5 mg/m? mg/kg/day | ( 10 10
NTP, 1987 2)
2 10 ppm 3.3 mg/m? 2.43 100 0.06 mg/m?3
3.27 mg/m? mg/kg/day | ( 10 10)
Snellings et
al., 1984b
10-11 50 ppm 16.3 mg/m? 27.23 5000 0.013 mg/m?3
91.5 mg/m? mg/kg/day | ( 10 10

6
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26

27
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29

30

Snellings et

al., 1984a 10 5)
2 10 ppm 3.3 mg/m? 2.43 200 0.03mg/m?
3.27 mg/m? mg/kg/day | ( 10 10
Chun and 2)
Neeper-Bradl ey,
1993
) [mg/m® > [m®day] = [kg] >< 0.05 m*/day 0.03 kg
1.0 0.26 m*/day 0.35 kg 1.0

2 [mg/kg/day] +UF>< [kg]=+ [mg/m] > 20 m®/day

50 kg 1.0

2003
0.43 mg/m?3 POD 100
10 10 4.3x10-% mg/m3
Snellings 1984a 10 11
NOAEL 16.3 mg/m®
0.05 md/day 0.03 kg 1.0 27.2
mg/kg/day POD 5000 10 10
10 5 5.45x10% mg/kg/day
20 m®/day 50 kg
1.36x102 mg/m?3
4.3x10% mg/m?
20 m3/day 50 kg 1.72x10-° mg/kg/day

16.3[mg/m3] >< 0.05[m%/day] >< 1.0

5.45x10°% [mg/kg/day] > 50[kg]

0.03[kg]
20[m3/day]

27.2[mg/kg/day]
1.36x102 [mg/m?]

7
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-4
POD
EPA 2008 2 NOAEL=10 ppm 1 0.25 ppm*
8 MOE=30 3 0.458 mg/m3
Chun and 7.5 ppm
Neeper-Bradl ey,
1993; EPA, 2008 10
CDPR, 1986
1
2013
*NOAEL/MOE
()
Hemminki et al., 1982
1983 Rowland et al., 1996 OR 208 95 CI
2.1-199 Gresie-Brusin et al., 2007
OR=4.7 95%Cl=1.2 184
Lindbolm et al., 1991 2013 1
2011
()
50 ppm 92 mg/m? 2 1 6 5
Lynch et al., 1984b 13 1 6 5
Mori etal., 1991 LOAEL 92 mg/m?3
16.4 mg/m?3 1 6 5 200
ppm 366 mg/md Ribeiro et al., 1987a

Appelgrenet al., 1977 Generoso et al., 1980 1983 1986 1990 Strekalovaet al., 1975
Embreeet al., 1977; IARC, 2008

1 7 150 ppm 275
mg/m?3
Hardin et al.,
1983 800 ppm 1460 mg/m®* 30 xO0 Saillenfait et
al., 1996 100 ppm 183 mg/m? 1 6
LOAEL 183 mg/m? 46 mg/m?3 Snellings et al., 1982a
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Rutledge
etal., 1992 Generoso et al., 1987 Rutledge and Generoso, 1989 Weller et al., 1999

275 mg/m?3
Hardin et al., 1983 1 6 5 1 6
7 183 mg/m?3
LOAEL 183 mg/m?® [ 5
] 33 mg/md Snellings et al., 1982b
4 10
Generoso et al., 1987
EPA 2008
2 1 6
5 33 ppm 46 mg/md 0o 1
2
NOAEL 10 ppm 18.3 mg/m? [ 5 ] 3.3 mg/md

Chun and Neeper-Bradley, 1993 unpublished study; EPA, 2008 CDPR, 1986

NOAEL/LOAEL 100 1000 LOAEL
2
2
NOAEL
EPA 2008 2 EPA 2016
2014
2013
1
2 Chun and
Neeper-Bradley, 1993 unpublished study; EPA2008 46 mg/m?3 0 1
2
NOAEL 3.3 mg/m? 0.26 m*day
0.35 kg 1.0 2.45 mg/kg/day®
POD 100
3.3[mg/m?3] ><0.26[m%/day] >< 1.0 0.35[kg] 2.45[mg/kg/day]
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10
11

2.45%x102 mg/kg/day

20 m¥/day 50 kg
6.13x102 mg/m3
-5
-5
TWA
ND 0 36 ppm ND ND + Garry et al., 1979
1-8 4 0.5-1 ppm
08-3 16 5-10 ppm N ND ND Pero et al., 1981
05 8 3.2 <1 pom + +1 Hogstedt et al.,
05 8 17 PP 1983, 1990
13 ppm 3 ND ND
ND 501 ppm  ° ND ND N Yager et al., 1983
ND <0.07 4.3 ppm* ND ND Hansen et al., 1984
0.5-10 5.7 ND ND +
05-10 45 [15 123 ppm] ND ND + Laurent et al., 1984
0.2-0.5 ppm*  0.35 ppm + ND +
14 3 0-9.3 ppm*  1.84 ppm ND ND + ?grg;’ etal., 1984,
3.7-20 ppm*  10.7 ppm + ND +
3.2 0.5 ppm* ND Stolley et al., 1984
3.1 5 10 ppm* ND + Galloway et al,
4 5 20 ppm* + ND + 1986
1-14 0.05 8 ppm + ND ND | Clareetal., 1985
0.01 ppm *#
Richmond et al.
—_— * ’
1-10 1-40 ppm + ND 1985
van Sittert et al.,
1-14 0.05-8 ppm 0.12 ppm ND ND 1985
1 8 0-2.6 ppm + ND ND
2 17 0-4.5 ppm + ND ND 'i;gj ova et al,
1 15 0-4.8 ppm + ND ND

0.0245[mg/kg/day] <50[kg] 20[m?/day]

10

0.0613[mg/m?3]
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11
12
13

0.025-0.38 ppm* ND ND
0.5-12 5 >0.38 ppm? ND . ND Sarto et al., 1990
*
8 <0.008-2.4 ppm + Mayer et al., 1991
<0.3 ppm
0.1-4 0.025 ppm
412 86 <1-4.4ppm 0.38 ppm ND + Satoetal., 1991
26 4 22 72 ppm 0025 pem = * * Tateset al., 1991
3-27 12 + + + v
14 400 oom _5pom 3
3 60-69 ppm + ND + Lerda & Rizzi,1992
51 0-0.3 ppm* 0.04 ppm ND +
9.5 0.13-0.3 ppm*  0.16 ppm ND + Schulteet al., 1992
Tomkins et al.,
ND <1 ppm ND 1993
0.5-208 ppm* ND ND
ND 0.5-417 ppm* ND ND Popp et al., 1994
314 7 2-5ppm* + + ND Ribeiro et al., 1994
0-0.30 ppm 0.08 ppm ND +
ND 0.13 0.30 ppm 0.17 ppm ND + Schulte et al., 1995
28-429 ND
<5 <0.005-0.02 ND Tates et al., 1995
>15 <0.005-0.01 ND
4 2.7-10.9 ppm 2.7 ppm ND Major et al., 1996
15 2.7-82 ppm 5.5 ppm + ND
IARC, 2008
+ - * 8 TWA ND
1 2 3 6
mg 4 5 40 TWA
) In vitro
-6
in vitro
-6 in vitro
*
-S9 +S9

Bacteriophage

Cookson et al., 1971

11




Escherichia coli KMBL 3835

Kolman, 1985

Salmonella  typhimurium  TAZ2100,
TA1535, TA1537, TA98

Pfeiffer & Dunkelberg
, 1980

Salmonella  typhimurium  TAZ2100,
TA1535, TA1537, TA1538, TA98

De Flora, 1981

Salmonella  typhimurium  TA2100,
TA1535

Simmon, 1981

Salmonella  typhimurium  TA2100,
TA102

Hugheset al , 1987

Salmonella typhimurium TA100

Victorin & Stahlberg, 1988

Salmonella  typhimurium  TA2100,
TA1535, Saccharamyces cerevisiae
D7

Agurell et al., 1991

Escherichia coli  WP2 uvrA,
Escherichia coli WP2, Escherichia
coli WP6 polA)

Kolman & Naslund, 1987

Saccharamyces cerevisiae D7

Agurell et al., 1991

V79 Zhong et al., 1992
Poirier &  Papadopoulo,
1982

CHO Tanet al., 1981
Zamoraet al., 1983

V79 Hatch et al., 1986

L5178Y Krell et al., 1979
V79 Zhong et al., 1992

DNA

Pero et al., 1981

Kolman et al., 1992
Bastlovaet al., 1993

Star, 1980

Garry et al., 1982
Tucker et al., 1986
Agurell et al., 1991

12
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Hallier et al., 1993

() Invivo
in vivo -7 In vitro
-7 in vivo
*
i inh . Walker & Skopek, 1993
Hprt P Walker et al., 1997ab 2000
Big Blue , Lacl inh + Sisk et al., 1997
T ip, inh, po + Tateset al., 1999
Hprt
T . .
inh + van Sittert et al., 2000
Hprt
Big Blue / , .
inh +/- Recio et al., 2004
Lacl
inh + Yager & Benz, 1982
Yager, 1987
inh + Kligerman et al., 1983
) Lynch et al., 1984c
inh +
Kelsey et al., 1988
ip + Farooqi et al., 1993
inh + Onget al., 1993
inh + Ong et al., 1993
) van Sittert et al., 2000
inh +
Lorenti Garciaet al., 2001
Appelgren et al., 1978
Conan et al., 1979
iv, ip, inh + Jenssen & Ramel, 1980
Faroogi et al., 1993
Vergnes & Pritts, 1994
inh van Sittert et al., 2000
Lorenti Garciaet al., 2001
. Hochberg et al., 1990
iv, inh +
Appelgren et al., 1978
po, inh + Strekalova, 1971

13




Fomenko & Strekalova, 1973
Strekalovaet al., 1975

Ribeiro et al., 1987b

ip, inh + i
Faroogi et al., 1993

inh Kligerman et al., 1983

inh + Lynchet al. , 1984c

inh + Ribeiro et al., 1987b

van Sittert et al., 2000
Lorenti Garciaet al., 2001

inh

Appelgren et al., 1977
Generoso et al., 1980
iv, ip, inh + Generoso et al., 1983
Generoso et al., 1986
Generoso et al., 1990

Strekalovaet al., 1975
Embreeet al., 1977

inh +

Generoso et al., 1980

ip, inh +
Generoso et al., 1990

Drosophila melanogaster inh + Fahmy & Fahmy, 1970

Rapoport, 1948

Fahmy & Fahmy, 1956
Bird, 1952

Nakao & Auerbach, 1961
Watson, 1966

Zijlstra & Vogel, 1988

Drosophila melanogaster inh +

Nakao & Auerbach, 1961

Drosophila melanogaster inh +
Watson, 1966

o Ol A WDN B

~

inh ip iv po

IARC 2012
IARC 2012 2010

in vitro in vivo

14
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32

Bar and Griepentrog, 1969 NITE

2005 Dunkelberg 1982
()
-8
10°

EPA 2016 Steenland et al. UR=3.3x10° pg/m® -1 | 3.03x10° mg/m?

2003, 2004 Lymphoid cancer

-9 -10
IARC 2012
EPA 2016 Steenland et al., 2003 2004
14

18,235 26.9 ppm-years SD 65.7

26.8 SD 85 Steenland 2004

13500 ppm-day 10
SMR SMR=2.37
1.02-4.67 12321 ppm-day
20 SMR SMR 2.07 1.10-3.54
Cox
15 ICD9 200-208
[1.00 1.23

95 EPA 2016

15
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0.32-4.73 252 0.69-9.22 3.13 0.95-10.37 342 1.09-10.73 ]

7576 Steenland et al., 2003
14620 ppm-day 15
SIR SIR=1.27 0.94-1.69 Cox

[1.00 1.06 0.66-1.71 0.99 0.61-1.60 1.24 0.76-2.00 1.42 0.88-2.29
1.87 1.12-3.10 ]

-9
SMR SIR 95 CI OR 95 CI
709 SMR=9.21
SMR=4.59 Hogstedt et al., 1979
Hogstedt et al., 1986
3 539 SMR=6.11 1.7-15.7 Hogstedt, 1988
SMR=3.54 1.3-7.7
2876 SMR=1.08 0.35-2.51 Gardner et al., 1989
SMR=1.46 0.59-3.02 Coggon et al., 2004
8 2658 SMR=0.85 0.10-3.07 Kiesselbach et al.,
SMR=1.00 0.32-2.34 1990
278 Greenberg et al., 1990
SMR=2.94 1.27-5.80
[Greenberg et al., 1990 Benson and Teta, 1993
]
; SMR=0.932 0.465-1.667
: SMR=1.047 0.541-1.83
Greenberg et al., 1990
[Greenberg et al., 1990 2,063 SMR=0.889 0.586-1.293
Tetaet al., 1993
Swaen et al., 2009
] Cox
; SMR=2.37 1.02-4.67
Steenland et al., 1991
Cox
Wong Trent, 1993
17530 15 OR
Stayner et al., 1993
14 =3.42 1.09-10.73
) ) 1997
Lymphoid cell line tumours 15
Steenland et al., 2004
OR=3.76 1.03-13.64

16
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SMR=1.93 0.23-6.99
1971
SMR=6.8 1.9-17
; SMR=2.5 0.91-5.45
Bisanti et al., 1993
637 ; SMR=6.5 0.79-23.4
; SMR=16.95 3.49-49.53
; SMR=7.0 2.27-16.37
o171 SIR=1.40 0.45-3.26 Hagmar et al., 1991
SIR=1.44 0.66-2.73 Hagmar et al., 1995
SIR=1.25 0.74-1.98 Mikoczy et al., 2011
1132
SIR=1.85 Norman et al., 1995
1361 SMR=0.67 0.08-2.42
Olsenet al., 1997.
4 SMR=1.29 0.62, 2.38
299 11 1
Kardoset al., 2003
SMR
767
; SMR=5.70 0.64-20.58 Morgan et al., 1981
SMR SIR OR
-10
SMR SIR 95 CI OR 95 CI
1012 SMR=0.84 0.42-1.50 Coggon et al., 2004
9885 SMR=2.07 1.10-3.54 Steenland et al., 2004
14 Cox EPA, 2016
20 OR=3.13
1.42-6.92
7576 SIR=0.87 0.77-0.97 Steenland et al., 2003
14 Cox
15 OR=1.91
1.22-2.15

17
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2171 SIR=0.81 0.58-1.09 Hagmar et al., 1991
Hagmar et al., 1995
2 Mikoczy et al., 2011
928 SIR=1.72 0.99-3.00 -2.40 1.32-4.37 Norman et al., 1995
299 11 3 Kardoset al., 2003
SMR
SMR SIR OR
10 200
8.5
95% 1.4-39.9 Swaen et al., 1996
1.3 95% 0.7-2.1 -
4.3 95% 1.4-13 Kiran et al., 2010
Shore 1993 10

SMR 106 95%CI=0.73 1.48

SMR 135 95%CI=0.93 1.90

Teta 1999 5 10
SMR
Valdez-Flores 2010 Steenland 2004 Swaen 2009
12 SMR
EPA 2016 2014
EPA 2016 UR
Steeland 2003 2004 VSD
()
-11
UR 10° *

18
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15
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WHO 2003 TCos= 2.2 mg/m® | UR=2.3x10"%/pg/m® |4.35x10"* mg/ms3*
CEPA 2001 Snellings et al.,
1984b Garman et
al., 1985 Garman
and Snellings,
1986
EPA 1985 UR=1x10"%/ug /m? 1.00x10* mg/m3
Snellings et al.,
1984b
EPA 2008 UR=2.22x10% UR 3.75x10° mg/m3
/ug m? 2.67x10°%/pg/md 4.50x10* mg/m?3
- -6
UR=2.67x10° 15 59x105/g/m?
/ug /m3
EPA 2016 UR=3.01x10"/ug /m3 3.3x10* mg/m?
NTP, 1987 UR=4.55x10"/ug /m3 2.2x10* mg/m?3
UR=2.19x10/ug /m3 4.6x10* mg/m?3
Snellings et al., UR=3.37x10/ug /m3 3.0x10* mg/m?3
1984b
UR=3.66x10">/ug /m3 2.7x10* mg/m?3
Lynch et al.,
1984
EPA 2008 NTP 1987
Snellings et al., 1984 Garman et al., 1985 Garman and Snellings, 1986 Lynch, 1984a
1 NTP, 1987 Snellingset al., 1984b Garman et al., 1985
Garman and Snellings, 1986 Lynch, 1984a
B6C3F1 NTP, 1987 0O 50 100ppm 6 / 5 /
102 6/50 10/50
16/50 0/49 1/48 7/49 11/50 21/50
27/50 2/49 5/48 24/49

143 9/44 8/42

2008

CEPA 2001

UR

1/46 6/46 8/47
0/49 147 5/49

WHO 2003

9/49 6/48 22/49

19
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120 / 0 10 33 100 ppm 6 / 5 |/

2 11/116 11/54
14/48 15/26 2/97 2/51 4/39 4/30 Snellings
et al., 1984b

[ ] 1[1])/181 1[0]/92 5[3]/85 7[6]/87

1[0]/188 1[1]/94 3[2]/92 4[2]/80 Garmanetal., 1985 Garman et al., 1986

Lynch 1984a Fischer344 80 0 50 100 ppm

7 /5 [ 104 24/77
38/79 30/76 0/76 2/77 5/79
3/78 9/79 21/79
100 ppm
Adkins 1986 6 70-200ppm All
EPA 2016 2014
3 NTP, 1987 Snellingset al., 1984b/ Garman

et al., 1985/Garman et al., 1986 Lynch et al., 1984

BMCL1o BMCL1o
UR 2 Snellings et al., 1984b/
Garman et al., 1985/Garman et al., 1986 UR
UR
Fischer

Snellings 1984b
Lynch 1984a

Fischer
BMCL 10 1.54 ppm Gamma
20.6 ppm Logistic 96.5 ppm LogProbit 102 ppm LogProbit
BMCL1o
0.275 ppm  0.503 mg/m?3 17.2 ppm  31.5 mg/m?
0.26 m®day 0.35kg 20 m¥/day 50 kg
0.374 mg/kg/day  23.4 mg/kg/day 0.935 mg/m?
58.6 mg/m? POD
1.54 [ppm] %6 [ [ 1124[ [ Ix5[ /] 7[ 1 ] 0.275[ppm]
96.5 [ppm] %6 [ [ 1124] [ 15[ /] 7[ 1 ] 17.2[ppm]
[mg/mq] x0.26 [m3/day] x 1.0 0.35[kg] 0.374 [mg/kg/day]
[mg/m3] x0.26 [m3/day] x 1.0 0.35[kg] 23.4[mg/kg/day]

[mg/kg/day] x50 [kg] 20[m3%day]  0.935[mg/m?]
[mg/kg/day] x50 [kg] 20[m3%day]  58.6 [mg/mq]
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UR 1.07x10* pg/m®  1.71x10° pg/md UR
1.09x10* pg/md VSD 9.20x10° mg/m?®

IARC 2008
Kolman et al.,1989b

WHO 2003 IARC 2008
DNA
Mayer et al., 1991 DNA Popp et al., 1992 DNA Fuchs et al., 1994
Caleman et al., 1978 Farmer et al., 1986, Hagmar et al., 1991
Mayer et al., 1991 Sartoetal., 1991 Schulteet al., 1992 DNA

N7- 2-hydroxyethy guanine 7-HEG
Walker 1992 Wu 1999

Fischer344 B6C3F1
Lynchetal, 1984a b Snellingsetal., 1984b Garman et al., 1985 Garman
& Snellings, 1986 NTP, 1987 1 6 5 4
7-HEG
7-HEG
Boysen 2009 7-HEG
Marsden 2009 [*C]
7-HEG 7-HEG
Tomkins 2009
DNA N3-
2-hydroxyethyl adenine 3-HEA 08-  2-hydroxyethyl guanine OSf-HEG
GSTT1 GSTT1 -N-  2-
Fennell et al., 2000 Yongetal.,
2001
UR=0.1/ [mg/m3  1.07x10* [ug/md]
UR=0.1/ [mg/m3  1.71x10°® [ug/md]
VSD 0.00001/UR [ug/m®]/1000 9.20x105 [mg/m?]
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in vitro in vivo
10° VSD mg/m?3

VSD
2 Snellings et
al., 1984b Garmanetal., 1985 Garman et al., 1986
VSD 9.20x10° mg/m? -12
Steenland 2003 2004 VSD
EPA 2016 Lymphoid cancer
UR UR VSD
3.03x10 ug/m? [ -12 ] EPA 2016 Steenland
two-piece spline
model UR
van Wijngaarden Hertz-Picciotto 2004
[ -12 ]
VSD EPA 2016 UR VSD 4.99x10° pg/md
EPA
Steenland 2004 SMR

SMR 237 95 CI 1.02-4.67
SMR 207 95 CI 1.10-3.54

SMR
-12 Lymphoid
cancer VSD  1.20x10“*mg/m® UR
8.33x10%/ug/m?3
SIR 127 95 CI=0.94-1.69
Steenland et al., 2003  Lymphoid cancer
UR=1.61x10"°/ug/m? VSD 4.09x10° mg/md
UR=2.54x10"*/ug/m?3 -12
VSD
EPA 2016

UR 0.03055 3.00-1 /733.27 ug/m® 8.33x10°5/pg/m® VSD [mg/m®] 0.00001/UR [pg/m3]/1000 1.20x10*
mg/m?3

UR=0.123 1.87-1 /662.98 pg/m® 1.61x10%/ug/m* VSD [mg/m® 0.00001/UR [pg/m?]/1000 4.09x105
mg/m3

Lymphoid cancer UR UR 8.33x10°/ug/m®  1.61x10°%/ug/m®  2.54><10%ug/m®  VSD
[mg/m3  0.00001/UR [pg/m?3]/1000 4.09x10°° mg/m3
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UR
Lymphoid cancer
VSD VSD

EPA 2016

9.20%10"°> mg/m?3
3.68x10"°> mg/kg/day

-12 VSD
VSD VSD
mg/m?3
9.20x10°® 2 Gamma [BMDL1o ]
ppm LogProbit BMDL1o
a BMD UR
VSD
3.03x106 Lymphoid cancer [EPA 2016 |
ppm-day 1%
two-piece ECn
spline model
1 ECon
95
LECn UR
UR=0.01/LECou: VSD
4,99x106 Lymphoid cancer [van Wijngaarden and

Hertz-Picciotto 2004
]

ppm-day 3
4
2
p
SE(B)
p
R(0)
1%
Daily
dose inmilligram TD1
B 95
VSD[mg/m3] x20 [m3/day] x 1.0 50[kg] 3.68x10°° [mg/kg/day]
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UR VSD

1.20x10*

Lymphoid cancer [

ppm-day

4.09x10°°

Lymphoid cancer [

ppm-day

2

15

3 Lymphoid cancer

()

()

[ 14C]

[ppm-d]x 1y/365 d x 10 320 23 x 240d/365d /65y
[ppm-d]x 1y/365 d x 8h/24h x 5d/7d /65y 15

EPA 2016 EPA 2016

CICAD54 WHO, 2003

2 55mg/m3
100

2 55mg/m?
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[14C]

2.7 20.2 106.8 mg/kg

()

acid

2-

N-

1

formic acid

S 2-

18.3 183 1830 mg/m?

oxalic

S-[2-hydroxyethyl]cysteine S

S-[2-carboxymethyl]cysteine

N-

N-acetyl-S-[2-hydroxyethyl]cysteine N-
N-acetyl-S-[2-carboxymethyl]cysteine

pharmacokinetic PBPK

GSTT1

-5

25

S 2-
-S 2-
physiologically based
DNA
80 60 20
GSTT1

GSTT1
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WHO CICAD54 WHO, 2003

915 1281 mg/m?

)

)

)

)

WHO CICAD54 WHO, 2003
280 mg/kg 365 mg/kg
4 LCso

WHO CICAD54 WHO, 2003

ATSDR 1990

WHO CICAD54 WHO, 2003

)

ATSDR 1990

27

LDso
270 mg/kg
2700 1500 1800 mg/m?

330 mg/kg
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9.20%x10"°> mg/m?3

3.68x10"°> mg/kg/day

1.72x10°® mg/kg/day

2.45x10? mg/kg/day

3.68x10° mag/kg/day *

4.3x103 mg/m® 1 1.72x10°® mg/kg/day
6.13x102mg/m* 1 2.45x102 mg/kg/day
9.20x10° mg/mé* 1 3.68x10° mg/kg/day
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10

11

Snellings et al., 1984b; Garman et al., 1985; Garman and Snellings, 1986

Dose ppm No. of animal Incidence
examined
0 116 11
10 54 11
33 48 14
100 26 15
Model Name Option File Name BMCio | BMCL1o | BMC10/BMCL1o | P-value AlIC
Gamma Gam-BMR10-Restrict.opt 13.601 9.448 1.440 0.750 225.271
Logistic Log-BMR10.opt 26.157 20.550 1.273 0.249 227.507
LogLogistic Lnl-BMR10-Restrict.opt 10.928 6.946 1.573 0.780 225.211
LogProbit Lnp-BMR10-Restrict.opt 23.102 16.352 1.413 0.210 227.681
Multistage Mst2-BM R10-Restrict.opt 13.601 9.448 1.440 0.750 225.271
Multistage Mst3-BMR10-Restrict.opt 13.601 9.448 1.440 0.750 225.271
Probit Pro-BMR10.0pt 24.464 19.322 1.266 0.293 227.163
Weibull Wei-BMR10-Restrict.opt 13.601 9.448 1.440 0.750 225.271
Quantal-Linear | QIn-BMR10.0pt 13.601 9.448 1.440 0.750 225.271
Gamma Gam-BMR10-Unrestrict.opt 9.932 1.539 6.454 0.591 227.006
LogLogistic Lnl-BMR10-Unrestrict.opt 10.671 2.107 5.064 0.483 227.209
LogProbit Lnp-BMR10-Unrestrict.opt 10.674 2.334 4.572 0.418 227.375
Multistage Mst2-BM R10-Unrestrict.opt 12.226 6.678 1.831 0.483 227.197
Multistage Mst3-BMR10-Unrestrict.opt 7.822 3.050 2.565 NA 228.716
Weibull Wei-BMR10-Unrestrict.opt 10.229 1.868 5.477 0.571 227.037
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Gamma Multi-Hit Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL
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20 40
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Snellings et al., 1984b; Garman et al., 1985; Garman and Snellings, 1986

Dose ppm No. of animal Incidence
examined
0 188 1
10 94 1
33 92 3
100 80 4
Model Name Option File Name BMCio BMCL10 | BMC10/BMCL1o | P-value AlC
Gamma Gam-BMR10-Restrict.opt 195.061 0.800 86.163
Logistic Log-BMR10.0pt 140.894 100.196 1.406 0.435 87.245
LogLogistic Lnl-BMR10-Restrict.opt 200.328 99.676 2.010 0.810 86.141
LogProbit Lnp-BMR10-Restrict.opt 150.221 96.529 1.556 0.227 88.280
Multistage Mst2-BMR10-Restrict.opt 195.061 99.659 1.957 0.800 86.163
Multistage Mst3-BMR10-Restrict.opt 195.061 99.659 1.957 0.800 86.163
Probit Pro-BMR10.opt 145.885 99.507 1.466 0.467 87.116
Weibull Wei-BMR10-Restrict.opt 195.061 99.495 1.961 0.800 86.163
Quantal-Linear | QIn-BMR10.0pt 195.063 101.318 1.925 0.800 86.163
Gamma Gam-BMR10-Unrestrict.opt 276.806 101.364 2.731 0.634 87.973
LogLogistic Lnl-BMR10-Unrestrict.opt 287.226 101.443 2.831 0.639 87.967
LogProbit Lnp-BMR10-Unrestrict.opt 333.444 102.201 3.263 0.671 87.926
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Multistage Mst2-BMR10-Unrestrict.opt computation failed. BMD islarger than 0.764 87.840
three times maximum input doses.

Multistage Mst3-BMR10-Unrestrict.opt computation failed. BMD islarger than NA 89.746
three times maximum input doses.

Weibull Wei-BMR10-Unrestrict.opt 280.917 101.382 2771 0.636 87.971

LogProbit Model, with BMR of 10% Extra Risk for the BMD and 0.95 Lower Confidence Limit for the BMDL

T
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- - -12
15 Lymphoid cancer
ppm-days ppm-days (significant positive trend)
0 0 9 1
0-1200 446 10 175 0.59-5.25
1201-3680 2143 11 3.15 1.04-9.49
3681-13500 7335 10 2.44 0.80-7.50
>13500 39927 13 3.00 1.02-8.45
EPA 2016 TableD-26 D-28 D-54
0.03055 EPA, 2016 TableE-1
15
ppm-days ppm-days (significant positive trend)
0 0 81 1
0-647 280 45 1.06 0.66-1.71
647-2026 1250 46 0.99 0.61-1.60
2026-4919 3300 46 1.24 0.76-2.00
4919-14620 8300 45 142 0.88-2.29
>14620 36100 48 1.87 1.12-3.10
EPA 2016 Table4-12 D-54 Figure4-6 Steenland 2003
EPA 2016 Figure 4-6
0.123 EPA, 2016 P 4-56
- - van Wijngaarden Hertz-Picciotto 2004
van Wijngaarden  Hertz-Picciotto 2004
RR
RR=1+bx
RR b
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D
RRj upperClj 95
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1 RRp1
RR — 0.99 4 0.01
™1 = V. R(0) c
RRoi 1 R(0)
TD1
RR 1
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ELR = f x x, x R(0) c
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UR=0.01/ LCL H

Lymphoid cancer

B 24.64 ppm

B 95% 60.78 ppm
TD1 LCL 0.0052 ppm
UR=0.00105/pg/m?

B 5.22 ppm

B 95% 12.49 ppm
TD1 LCL 0.0057 ppm
UR=0.000957/pg/m?

UR 0.002/pg/m3

UR Py(RR-1)/X

Po
RR
X

[ppm-d]x

1y/365 d
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UR
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VSD 4.99x106 mg/m?

8h/24h

X

5d/i7d /65y 15



