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2 Serota et al., 1986a

POD 6 ng/kg/day 60 pg/kg/day

® ATSDR (2000)

2 (Serotaet al., 1986a)
mg/kg /day 100 100 MRL
® WHO 3 WHO, 2004
2003 , 2008
TDI
104
NOAEL 6 mg/kg /day
TDI
1000 10 10
° Health Canada, 2011
2 (Serota et al., 1986a)

BMDL1g 4.2 mg/kg/day BMDL 1o

3 100 300 0.014 mg/kg/day  TDI

70kg aL 20

0.05 mg/L

) EPA Integrated Risk Information System (IRIS)  EPA, 2011
2 Serotaet al., 1986a
mg/kg/day Logistic BMDL1o 13.31 mg/kg/day
4.09 ( / 025 BMDL 1o
0.19 mg/kg/day 30 3 3
3 6x10° mg/kg/day  RfD

NOAEL:6
0.06 mg/kg/day

6 pg/kg /day

PBPK

BMDLio 51.42

scaling factor:
HED
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()

0.15 mg/m?

(Nitschke et al., 1988a)

® US. Occupational Safety and Health Administration(OSHA) (OSHA, 1997)

175 ppm 8-h TWA
al., 1983)

® ACGIH(1988) (1999)
CO-HIx( )
100 ppm (340 mg/md)

1988 1999
2004 100 ppm

® WHO air quality (WHO, 2000)

CO-Hb
0.1 3 mg/m?3
0.45 mg/m?

o , 2000

300 mg/m?
1000 2 2000

NOAEL

° (ATSDR, 2000)

Haun et al (1972) 14
90 3 LOAEL 3 10
Nitschke et al. (1988a) 2
8.92 ppm
ppm MRL

° (2005 )

Nitschke et al. (1988a) 2
NOAEL 200ppm

(STEL)

50 ppm

200 ppm

2000 ppm 125 ppm
(Cherry et
125 ppm
2004
50 ppm 170 mg/m3
ACGIH
24 CO-Hb
CO-Hb 1
0.15 mg/m?
LOAEC 25ppm
0.3 ppm MRL
NOAEL=50 ppm (6
10 0.3

35.7ppm  POD
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100

) . EPA Integrated Risk Information System (IRIS)  EPA, 2011
Nitschke et al. (1988a) 2 PBPK
BMDL1o 531.82
mg/mé  Log-probit BMDL, 130.03 mg/m?
BMDL1o HED 17.2 mg/m? 30
3 3 3 0.6 mg/m?® RfC

USEPA(EPA, 2011)

OECD SIDS
SIAP
) . EPA Integrated Risk Information System (IRIS)  EPA, 2011
NOAEL338 mg/kg/day
POD 300 10 10 3 RfD
1.1 mg/kg/day
NOAEL20.7 mg/m® POD 100 3 10
3 RfC  0.21 mg/m®
® OECD Initial Assessment Profile (2011 )
5300 mg/m?
NOAEC 5300 mg/m3
4300 mg/m?3
-1 IARC
( )
® |ARC 2014 2B 2A
(Benbrahim-Tallaa et a., 2014)
° 2015 2B
(
)2A ( , 2015)
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IARC 2014 2A:
EPA 2005
EU
NTP 1989 R:
ACGIH 1996 A3:
2015 2A( )
(2016.1 )
()
° , 2003 WHO 3 WHO,
2004 , 2008
2 Serota et al., 1986a
NOAEL 6 mg/kg
/day TDI NOAEL 6 mg/kg /day 1000 100
10 6 ng/kg /day
) Health Canada, 2011
NTP
(NTP, 1986) PBPK 106
0.169 mg/L 0.05 mg/L
0.05 mg/L
0.169 mg/L 70 kg 1 08 . 20
10° 0.0193 mg/kg/day
) . EPA Integrated Risk Information System (IRIS)  EPA, 2011
B6C3F1 Serota et al., 1986b; Hazleton Laboratories, 1983
Serota et al. (1986)
EPA  Hazleton Laboratories
(1983)
PBPK (Marino et al., 2006) GST
60 125 185 250 61 124 177 244 mg/kg/day
GST 17.5 63.3 112.0 169.5 mg/L( )/day
BMDL1yg 39.6 mg/L( )/day
allometric scaling factor 7] / 0.25]
BMDL1075.66 mg/L( )/day
SF 1.77x102 0.1/BMDL1g PBPK
(David et al., 2006) GST-T1%* SF
1.7x10° mg/kg/day BMDL 1o 60 mg/kg/day SF

2x10° mg/kg /day
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()

° (CEPA) (CEPA, 1993)
NTP (NTP, 1986) PBPK
GST TDo.os 645ppm 2238
mg/m3 4106 ppm 14248 mg/m?

EPI(Exposure/Potency Index) 0.1x10® 7.2x10°6

) . Occupational Safety and Health Administration(OSHA) (OSHA, 1997)

NTP (NTP, 1986) PBPK

PEL Permissible exposure
limits 25 ppm ( ) 3.62/1000
PEL 500 ppm 126/1000

° ( 2005)

NTP (NTP, 1986)
PB-PK 2.7><10%/ug/m?
1.5x10%pg/m3

) . EPA Integrated Risk Information System (IRIS)  EPA, 2011

Mennear et al (1988); NTP (1986) 102
PBPK (Marino et al., 2006) GST
2000 ppm 4000 ppm GST
2363.7 4972.2 mg/L( )/day 475.0 992.2 mg/L( )/day
BMDL1o
allometric scaling factor 7| / 0.25]
BMDL10=77.8 mg/L( )/day BMDL10=7.0 mg/L( )/day
0.1 BMDL1y 1.29%<103 0.1
BMDLiyy 1.44><102 PBPK (David et al., 2006)
GST-T1**
8.5%<10° ug/m? 5.6><10° pug/m3

BMD1o ( )
90% ( 90 t 1.645

combined SD 1.645 GST-T1**
[2.2><10°(combined SD)><1.645+(5.1><10° pg/m? +4.4><10°
pg/m3 (- ))=1.3><1079] 1x10® pg/md
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13
14

-2
2 NOAEL:6 | 100 10 MRL 60
Serota et al., | mg/kg /day 10 ug/kg/day
1986a
ATSDR, 2000)
2 NOAEL 6 | 1000 10 TDI 6 pg/kg/da
WHO ng/kg/aay
3 Serota et a., | mg/kg /day 10
1986a
WHO, 2004
10
2003
, 2008
2 BMDL1o 4.2 | 300 10 TDI 14
Serota et al., | mg/kg/da 10 3 /kg/da
Hedlth Canada, g/kg/aay ng/kgiday
1986a
2011
EPA Integrated Risk 2 BMDL1o | 30 RfD 6 pg/kg/day
Information  System Serota et al., HED 0.19
(IRIS) 1986a mg/kg/day 3
(EPA, 2011)
()
()

14

Kirschman et al, 1986

(Serota et a., 1986ab)

(Condie et al.,1983)

104
NOAEL

(Berman et al., 1995)

3




ga b~ WO DN PP

© 00 N O

10
11
12
13
14
15
16

17
18
19
20

21

22
23
24

25
26

Serotaet al., (1986a) F344

520 / 0 5 50 125 250 mg/kg/day 104
50 mg/kg
125 mg/kg
NOAEL 5 mg/kg/day 6 mg/kg/day
CO
3441 14 (FOB)
LOAEL337 mg/kg/day
NOAEL 101 mg/kg/day Moser et al. 1995
, 2008 (2003 ) Serotaet d.,
(1986a) 6 mg/kg/day POD 1000 TDI 6
ug/kg/day 4-5
100 60 nug/kg /day
POD 101 mg/kg/day
6000 10 10 10 6 17
ug /kg/day
Mosereta. 1995 EPA EPA,
2011 (Health Canada, 2011 2009
()
-3
. Occupational Safety and 125
Health Administration(OSHA) ppm (441 mg/md)
(OSHA, 1997)
ACGIH(1988) CO-Hb 50 ppm 177
mg/m?3
(1999)
2004 50 ppm 177
mg/m3
WHO air quality CO-Hb 0.1 3 mg/md
(WHO, 2000)
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, NOAEL 300 | 2000
2000 mg/m3( )

0.15 mg/m?3

(ATSDR, 1995) Tariot,
1983 Weiss, 1967
WHO, 1996
8h-TWA 475 ppm 10 (Soden, 1993) TWA 82 236 ppm 22
(Lash et al., 1991)
75 100 ppm 10 10 (Cherry et al., 1981) 28-4,800 ppm (100
-17000 mg/m?3 ) 2 Kuzelova
& Vlasak, 1966 WHO, 1996
28-173 ppm  98.8 mg/m?3-611 mg/m3;
36
(Cherry et al., 1983) 6-34 mg/m?3 46
Kashin et al.,1980 WHO, 1996
2000
NOAEL 300 mg/md 2000 0.150
mg/m3
0.150 mg/m3
()
-4
14
LOAEC=25 go 3 Lof(‘)EL MRL 0.3 ppm
ppm (1.06 mg/md)
(Haun et a 1972)
2 NOAEC=50 | 30 3 MRL 0.3 ppm
(ATSDR, 2000) ppm ( 892 | 10 (1.06 mg/m?)
(Nitschke et al., Ppm)
1988a)
2005 2 NOAEC=200 | MOE=100 ( 0.357 ppm (1.26
ppm ( 35.7 | 10 10) mg/m3)*
(Nitschke et al., ppr)
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1988a)
. EPA Integrated 2 BMDL1o | 30 RfC 0.6 mg/m?

Risk Information System HED 17.2 mg/m? 3
(IRIS)  EPA, 2011 _ 3

(Nitschke et al., 3

1988a)
*

13 2
13 / ) 13

NTP, 1986 Mennear et al., 1988
2 (OECD TG451)
(Aiso et a., 2014 JBRC 2000) Burek 1984

2
14
(Haun et al., 1971, 1972, MacEwen et at., 1972)
Weinstein et al., 1972
Weinstein and Diamond 1972 Kjellstrand et al., 1986 1990 1991
2 (OECD TG451)
(Aisoet a., 2014 JIBRC 2000)
3 (Eisenbrandt and Reitz, 1986)
ATSDR(2000) 2005 -EPA(EPA, 2011)
Nitschke 1988a 2 NTP, 1986 Mennear et al., 1988
Burek et al., 1984 (500 ppm 1000 ppm) NOAEC
NOAEC
90 108 SD 0 50 200 500ppm 0O 176 706 1530 mg/m?
2 6 /I 5 |/ 1525 mg/m3
NOAEC 706 mg/m?
24 /7 126 mg/m?
CO-Hb 176 mg/m3( 31 mg/md)
LOEC
NTP, 1986 Nitsuchkeet al., 1981
WHO 1996 2 Thomas et al., 1972 Heppel and Neal, 1944 Heppel et al., 1944
NOAEC Nitschke et al. 1988a)

126 mg/m?3
5-1-4
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EPA EPA, 2011 2009
EPA 2011
4000 ppm
13 CYP
CYP
CYP CO
CO-Hb CO
CYP
GST
( )
EPA(2011)
(Kawasaki et al., 2015)
Serotaetal. 1986a
Moser et al. 1995 Moser et al. 1995
14 FOB NOAEL:101 mg/kg/day
6000 10 10 10
1.7><102 mg/kg/day
50 ppm (177 mg/m?)
2000 NOAEL 300 mg/md
2000 0.150 mg/m?
2
NOAEC 126 mg/m3
23 9 15
[mg/m?] [mg/m?] < [ 1 24 = [ 1 70 1]
706[ mg/m?q] x6[ 1 24 15[ 1 71 1 126 [mg/m?

10

234
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mg/m3 100 2.34 mg/m?3

EPA EPA, 2011 ATSDR (2000)
0.6 mg/m® 1.06 mg/m3
0.150 mg/m?
0.150 mg/m?3
-5
EPA(2011) 300 10 RfD:1.1
NOAEL 338 10 mg/kg/day
6-19 mg/kg/day 3
(Narotsky and Kavlock,
1995)
EPA(2011) 100 3 RfC:0.21 mg/m®
NOAEL 20.7 10
2 6 mg/m?3 3
2 / 5 /
(Rajeet al., 1988)
()
()
EPA (EPA, 2011) 6-19 0 337.5 450 mg/kg/day
NOAEL  337.5 mg/kg/day NOAEL 450 mg/kg/day(
) (Narotsky and Kavlock, 1995)

(Genera Electric Company, 1976 unpublished study EPA

2011 ) (Bornmann & Loeser, 1967 WHO, 1996 )
126[mg/m?] x 0.26[m?/day]/ 0.35[kg]/ 20[m/day] x
50[kg] 234 mg/m3( 1.0 )

11
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(Narotsky et al., 1992

Narotsky and Kavlock, 1995 , 1984)
()
-EPA 2011 2009
8
68 ppm 3.3-154.4 ppm (Kelly, 1988)
2.3 (95% CI
=1.0-5.7 P=0.06) Taskinen et al., 1986
91,302
(50pg/m3) 18.7 95%Cl= -51.6-14.2 g
(Bell et al., 1991)
()
EPA (EPA, 2011) Swiss-Webster
20 / 2 6 0 100 150 200ppm 2
/ 5 / 2 150 ppm
NOAEC 200 ppm
( 42 mg/m?3) (Raje et al., 1988)
OECD 2001
Fischer344 2 0 100 500 1,500ppm 353 1765 5300
mg/m3 1 6 5 |/ FO F1( )
F1 F2 ( )
NOAEC 5300 mg/m3( 946 mg/m?) (Nitschke et al., 1988b)
2
(Nitschke et al., 1988Db)
Hardin & Manson, 1980
6-15 1 7 1250 ppm 4410 mg/m?3
Schwetz et al., 1975
1 4500 ppm

150
12
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30

(Bornschein et al., 1980) EPA EPA, 2011 2009
NTP 1986 2
NTP 2
(12 15 105 ) 346 654 9.79 11.88 uM/mL
1 40 6.54 uM/mL (Brown-Woodman et
al., 1998)
17 3000 ppm
Withey and Karpinski, 1985
NOAEC
946 mg/m? 0.26 m¥/day 0.35 kg 1.0
703 mg/kg/day 1000 10
10 7.03 ma/kg/day
20 m3/day 50 kg
17.6 mg/m?®
ATSDR
23 9 15
[mg/m?] [mg/m?] > [ 1 24 = [ 1 701
5300[mg/m?] x6[ 1 24 15[ 1 7[ 1 1946 [mg/m?
946] mg/m?q] > 0.26[ m¥/day] >< 1.0 0.35[kg] 703[mg/kg/day]
703[mg/kg/day] 100 7.03[mg/kg/day]

7.03[mg/kg/day] ><50[kg] 20[m°/day] 17.6[mg/mq]

13
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2000 2008
2013 2008
() Invitro
TA98 TA100 Gocke et al., 1981
Thilagar and Kumaroo, 1983
DNA uDS
Jongen et a., 1981 Perocco & Prodi, 1981 SCE
Jongen et a., 1981
-6 in vitro
SOmix -S9mix
Salmonella  typhimurium TA98 Gocke et al.. 1981
TA100
V79 CHO | Not tested Jongen et a., 1981
CHO Thilagar and Kumaroo, 1983
Not tested
Jongen et a., 1981
DNA V79 Not tested
Perocco & Prodi, 1981

V79 Not tested () Jongen et a., 1981

CHO Thilagar and Kumaroo, 1983
() Invivo

Gocke et al., 1981
Sheldon et al., 1987 uDS Trueman and Ashby, 1987
10

Allenetal., 1990

14
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DNA
1275 mg/kg
2

1989

1720 mg/kg
DNA
Sasaki et al., 1998
17
DNA
DNA

in vivo

DNA

Sasaki

in vivo

Kitchin & Brown,

Allenetal., 1990

Burek et al., 1984

Alleneta., 1990

Sheldon et al., 1987

Gocke et al., 1981

Suzuki et al., 2014

Allenetd., 1990

Sesaki et al., 1998

Suzuki et al., 2014

Kitchin & Brown, 1989

DNA

Trueman& Ashby, 1987

Suzuki et al., 2014

Hirataet al., 2017

Pig-a

Suzuki et al., 2014

15
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2008
/6 / 150-1600 ppm (530-5650
mg/m?3) DNA
( ) [Pig-a 10 )
gpt delta 800 ppm
Suzuki et al., 2014
1,2- gpt delta
Suzuki et al., 2014 gpt delta
1,2-
(Hirataet al., 2017)
2013
TA100 TAI100/NG-11( 10 )
TA100 TA100/NG-11
S( )
Graveset al., 1994a
DNA 0.4
mM 30mM DNA
90 mM DNA
DNA in vitro in vivo
DNA DNA
Gravesetal., 1994b 1995
DNA-
500 4000 ppm
Casanovaetal., 1996 1997 GST
in vitro
DNA DNA-
Graves and Green, 1996
RNA
Casanova et al.,1997
GST DNA
DNA DNA
Sherratt et al., 1998 DNA
DNA

16



N

© 00 N O O~ W

10
11
12
13
14

15

16
17
18

19
20
21

22

23

in vitro DNA SCE
in vivo

SCE

DNA GST
DNA
DNA
-8
10°%
TDI: 6 pg/kg /day -
, NOAEL 6 mg/kg /day

2003 104

(Serota et 4.,

19864a)

2 106 0.169 | 0.0193 mg/kg/day
(Health  Canada, (NTP, 1986) mg/L
2011)
EPA 0.006 mg//kg /day

Integrated Risk 2x10°  mg/kg
Information System 104 BMDL1o 60 /day
(IRIS) EPA, | sorota & dl, mg/kg/day
2011 1986b;  Hazleton

Laboratories, 1983

unpublished)
()

17
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25
26
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28
29
30
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()

EPA(2011) 2009
EPA (EPA, 2011) Serota et al.,
(1986b) B6C3F1
50 200 0 60 125 185 250 mg/kg /day
104 0 61 124 177 244 mg/kg /day 0
59 118 172 238 mg/kg/day
/ 24/125 51/200 30/100 31/99 35/125

NOAEL 234 mg/kg/day
Serota et al., 1986b Hazleton Laboratories 1983

F344
50 85 25 0
5 50 125 250 mg/kg/day 104 0 6 52 125
235 mg/kg/day 0 6 58 136 263 mg/kg/day
50 250 mg/kg /day
Serota et a., 1986a
Health
Canada, 2011
Swiss 50 0
100 500 mg/kg /day 64 4 5
8.3% 12% 18%
53 78
p 0.05 Sprague-Dawley
50 0 100 500 mg/kg /day 64
4 5
8% 6% 18%
Maltoni et al., 1988
-9
10
2 0.43 mg/m?3
(NTP, 1986) TDoos 645ppm 2238
(CEPA, 1993)
mg/m?3 4106 | 2.23x108 pug/m?
ppm 14248 mg/m?3

18
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2
Occupational
(NTP, 1986) PEL 25ppm (88 mg/m3®) | 3.62/1000
Safety and Health
Administration(OSHA)
(OSHA, 1997)
2 6.67 mg/m?3
( 2005) (NTP, 1986) 1.5x10°°
ug/m?
2 0.77 mg/m?
. EPA Integrated
. i (NTP, 1986 1x108 ug/md
Risk Information
Mennear et al ,1988 | BMDL1o( ) 7700
System (IRIS)  EPA, _
unpublished) mg/md
2011
()
SMR
1271
(Ott 1983)
140 475ppm
SMR 575 95% 1.82 13.78 SMR 20 95%
52 56 Laneset al., 1990 SMR 2.98
95% 0.81-7.63 10-20
SMR 5.83 95%CI=1.59-14.92 Laneset al., 1993
3211
(350-700 ppm) SMR 179 95 Cl 0.95-3.06
20 SMR 2.08 (P<0.5) 20 SMR 291 (P<
0.5)
20 SMR 8.02 (P<0.01)
(Gibbs et al., 1996)
1990 14457
Rate ratio 3.0 (95%Cl 0.9-10.0; ) 3.4(95%CI 0.9-13.2; ) 3.0(95%CI 1.0-8.8;
) Blair et al., 1998 2.02 (95% ClI
0.76-5.42; ) 258 (95% Cl 0.86-7.72; ) 2.35(95% Cl 0.98-5.65; )

Radican et al. (2008)

Friedlander et al., 1978 Hearneet al., 1987
Hearneet al., 1990 Hearneet al., 1999 Ott et al., 1985 Shannon et al., 1988 Tomenson et al., 1997
Tomenson et al., 2011

19
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Heineman et al., 1994 Cocco et al., 1999

Cantor et al., 1995 Kernan et al., 1999 Dosemeci et al., 1999
Dumaset |., 2000 Seidler et al., 2007 Wang et a., 2009 Barry
etal., 2011 Miligi et al., 2006) Costantini et al., 2008 Gold
etal., 2010 Infante-Rivard et al., 2005
(Wang et al., 2009 Barry et a., 2011 Miligi
et al., 2006) CYP2E1
CYP2E1 rs2070673 TT
4.42 95%Cl: 2.03-9.62 (Barry
etal., 2011)
-EPA(2011) 2009
1,2-
1991 2006 1
62 11 1991
1 2011 12 6
2011 + SMR
2900 95 CI 1100 6400 11 1,2-
7 17 1 13 1,2-
70 670 ppm 50 540 ppm 1,2-
Kumagai et a., 2013
(106 86 20 ) 1996 2012
17 1,2-
SIR( ) 1,2-
SIR 1319.9(95%CI=658.9-2361.7) 1,2-
1002.8 95 Cl 368.0-2182.8 1,2-
SIR
Sobue et al., 2015
1,2- /
19 4
1,2- TWA 62-240 ppm
(219-847 mg/m®)  0-180 ppm (0-635 mg/m?d) Yamada et al, 2014 4
0-210 ppm (0-741 ppm) 0-180 ppm (0-635 mg/m?3) 3 1,2-
TWA 84-440 ppm (297-1553
mg/m?3) (Yamadaet al., 2015a)
5 TWA  0-230 ppm (0-812 mg/m3) 20-470 ppm (71-467 mg/mq)

(Yamada et a., 2015hb)

20
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3 TWA  84-440 ppm (297-1553 mg/m?3)

RR
()
CEPA, 1993 ( 2005) (OSHA, 1977; EPA, 2011)
B6C3F1 50
0 2000 4000 ppm 102 1 6 5
2000 ppm
LOAEC 2000 ppm
1261 mg/m? .NTP, 1986
-EPA(2011) 2009
Crj: BDF1 50
0 1000 2000 4000ppm O 3530 7060 14100 mg/m?3 2 a 6
5 (Aiso et al., 2014; JBRC 2000)
1000 ppm 2000
ppm 2000 ppm 1000
ppm LOAEC 1000
ppm( 630 mg/mq)
SD
(Burek et
a., 1984 Nitschke et a., 1988a Maltoni et al., 1988) SD
F344/N
.NTP, 1986 F344/DuCr;j (
)
(Aisoetal., 2014 JBRC, 2000)
Golden Syrian 2
(Burek et al., 1984)
B6C3F1 1400 2000 ppm 6 /5
104 (Maronpot et al., 1995
Kari et al.,1993) 26 1
(Kari et
al.,1993) 104 26.9%
46.3% 35.5% 51.5% 15% 6% 12% 16%
(Maronpot et al., 1995)
2 . NTR,

1986 Aisoetal., 2014; JBRC 2000)
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BMCL1o
5/50 27/50 40/50 BMCL 1o
(Aiso et al., 2014; JBRC 2000)
39/50 BMCL1o 164 ppm( 103 mg/md)
(Aiso et al., 2014; JBRC 2000)
2013
S( )
etal., 1994a
S( )
(Graves et al., 1994b, 1995; Graves and Green et al., 1996)
GST
S(
® GST
Green 1995 CYP GST
CYP GST
® GSTT1-1
Mainwaring 1996
Quondamatteo 1998
Sherratt 1997 GSTT1-1
GSTT1-1 GSTT1-1
10
Sherratt 2002
GSTT1-1
GSTT1-1
GSTT1-1

22

. NTP (1986)

231 ppm ( 146 mg/m?d)
1/50 14/50 22/50
Graves
DNA DPX
GST
DNA
invitro
GST
GSTT1-1 mRNA
GSTT1-1

%

GSTT1-1
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( 16 ) 38% GSTT1
GSTT1
Pemble et al., 1994 GSTT1
64.4 60.2 21.8
20.4 9.7 Nelson et al., 1995
EPA(2011) GSTT1
DNA
GSTT1
8 GSTT1 CYP2E1
GSTT1
CYP2E1
4/30 5/15
Sato et al., 2014 1,2-
Gi et a., 2015ab Zhang et a., 2015 CYP2EL
GSTT1-1
1,2
in vitro in vivo
in vivo SCE
DNA DNA
10° V SD(mg/kg/day)
EPA PBPK
Serota et al., 1986b
BMDL1o 89.7 mg/kg/day
SF 1.1x<10°% 1-1-3 EPA PBPK
LogL ogistic(restrict) ver.1.0

http://drad.nihs.go.jp/bmd/BMDS_guidance.pdf
SF=0.1/BMDL10=0.1/89.7 [mg/kg/day] 1.1x10-3[mg/kg/day]*
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GST-T1** SF 1.28x
10 PBPK SF
SF 1.1%=<103
10° 9.0>=<10° mg/kg/day
JBRC, 2000; Aiso et al, 2014 1000 ppm
()
EPA PBPK EPA
1000 2000 4000 ppm [ 1029 mg/L
2212 mg/L 4901 mg/L 1126 mg/L 2434 mg/L 5202 mg/L] | 210 mg/L 444 mg/L
978 mg/L 230 mg/L 489 mg/L 1038 mg/L]
1-1-3 UR 2.8%<10%pag/m3
PBPK BMCL1o
164 ppm (579 mg/md) 103
mg/m3 0.05 m3/day 0.03 kg 1.0 kg
1 20 mg/m? 50 kg 1.0
431 mg/m? POD
UR 2.3>107/pag/md PBPK
UR
( 10) 4.3><10? mg/m?
1 1.7>10?mg/kg/day
EPA 2011 ATSDR 2000
EPA Arometiric scale

Arometiric scale
(VSD at 10-%) =10%/SF=BMDL10>< 10"

9.0x10°3 [mg/kg/day]

Gamma (unristrict) ver.1.0

http://drad.nihs.go.jp/bmd/BMDS_guidance.pdf

579[mg/m?3] x6[ 1 24 15[ 1 7[ 103[mg/m?]
103[mg/m?] x0.05[ m?3/day] x1.0( ) 0.03[kg]
20[ m3/day] x1.0( )x50[kg] 431 [mg/m?)]
UR=0.1/431x10% [ug/m?  2.3x107
(VSD at 10°%) = 105UR=10"52.3x107 4.3><102mg/m?
1 4,3x102[mg/m?3] x20[m3/day] x1.0( )/50[kg] 1.7x10?
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()

B6C3F1

10

()

Cl4

Cl4
F344

()

1%

98

70-75
2-4
100-8000 ppm
10
50 mg/kg 24%
20 2.2% 40
75% 10
20 F344 50 200 mg/kg/day
10 30 240
0.28 cm/h
1 50 mg/kg Sprague-Dawley
48
50 200 mg/kg /day 14
240
-1
P450(CY P2E1) CoO
GST
CO2 CYP
CO
CO2 CO-Hb

25
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CYP

GST
GST thetaclass

()

200ppm
81.5ug 0.006% 24
19-2.3

Cl14
Sprague-Dawley

12% 2%
2 5%

CYP

CYP
GST
400-500 ppm

GST-T1

GST

58 71 79

(0]

26

1 mg/kg
48
CO;

1%

GSTT1-1
GST-T1

100 ppm

22.6 pg 0.003
50 500 1,500 ppm
7.2-8.9
50 mg/kg
78 90%

1 mg/kg 50 mg/kg
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Dichloromethane

H-C-H
GSTT1 W
CYP2E1
G AN
H—C—H “
I
GS e
/ S~(chloromethyl) cl H \
e Formyl Chloride ” IC?\I 5
arbon Monoxide
OH i . |
| L (minor pathway)
H-C-H == H C'H I COHb
2 Vi ~C~
GS SIS G -|S H Carboxyhemoglobin
S-glutathionyl methanol ‘l H 1,
O
" Cco, l‘
-~ C ~N
G=iS H Cco,
\ 0
_ (I:! Formic acid —> CO,
OH H
-1 EPA 2011
()
Nitromors 75 80% ATSDR, 2000 300 mL
CO-Hb
9% Hughes and Tracey, 1993
Nitromors 1 2 9000 18000 mg/kg ATSDR, 2000
1 14
Hb
6
Roberts and Marshall, 1976
200 ppm 4
Putz
etal., 1976) 300 ppm 3-4 (Fodor and
Winneke, 1971 ATSDR, 2000 2 ) 300-800 ppm
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4 38 14 10
Winneke, 1974 EPA 2011 2 1-2 500-1000 ppm
CO-Hb
(Stewart et al.,1972) 1 720 ppm
(Kozenaet al., 1990)

1984 1988 ( )
1 3
1
2 CO-Hb 8.6% (Hall and Rumack, 1990)
2 65-85 MeOH
6-12 1 2
(Novak &Hain, 1990)
20
1 98/
120/70 mmHg 1 13.7g/L
1 7.3x109/L  CO-Hb ( ) : 50% X
CO-Hb (50%) (Fagin et al.,1980)
2 583 mg/L
571 601 mg/L CO-Hb
30% (Manno et al., 1989)
1 CO-Hb 9
2 8
(Leikin et al., 1990)
4
1 ) 1
Moskowitz & Shapiro, 1952
2000
14 (OSHA, 2012)
EU 2012 0.1 EU,

2006

()
Environmental Health Criteria 164(WHO, 1996)

28



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

LDso 1410-2524 mg/kg
1987 mg/kg 3000 mg/kg
6 LCso >2800 mg/m? 5200 mg/m?
55870 mg/m?3 40200 mg/m?3
CO-Hb
500ppm 3
20 1 4
()
Stewart & Dodd, 1964 125
(75 ) k0 ) 1 2 12
Meltzer et a.,1977
15
Im 12m 2L
2-3
Wells & Waldron, 1984
()
0.5 ml 24
(Duprat et al., 1976
2 ) 0.5 ml 4
(Van Beck, 1990 unpublished WHO, 1996 2 )
0.1mL

29

LDso

49100 mg/m?

47500 ppm

CO-Hb

20

Weber et al.,1990

30
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(216 ) 0.01 mL 0.1 mL
17500 ppm 10
(Ballantyne et al., 1976) SD
10000 ppm 90 6h/day 1 10
(Leuschner et al., 1984)
-10
in vitro in vivo DNA
Serota 1986b
9.0<10° mg/kg/day
JBRC (2000) Aiso 2014 2
4.3%<
102 mg/m?3
-10
1.7><10? mg/kg/day
7.03 mg/kg/day
9.0> 102 mg/kg/day*
1510 mg/m® 1 6><102 mg/kg/day

30



17.6 mg/m® 1 7.03 mg/kg/day

4.3%10°mg/m* 1 1.7><10?mg/kg/day
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http://drad.nihs.go.jp/bmd/BMDS_guidance.pdf

o 104 Serota et al. 1986b
Dose (mg/kg /day) N Effect

0 125 24

61 200 51

124 100 30

177 99 31

234 125 35
Model Name Option File Name BMDa1o BMDL1o BMDuo/ P-value AlC

[mg/kg/day] | [mg/kg/day] BMDL1o

Gamma Gam-BMR10-Restrict.opt 183.76 98.25 1.87 0.58 748.83
Logistic Log-BMR10.opt 203.34 121.47 1.67 0.53 749.12
LogLogistic Lnl-BMR10-Restrict.opt 175.93 89.71 1.96 0.61 748.73
LogProbit Lnp-BMR10-Restrict.opt 239.05 151.20 1.58 0.30 750.57
Multistage Mst2-BM R10-Restrict.opt 183.76 98.25 1.87 0.58 748.83
Multistage Mst3-BMR10-Restrict.opt 183.76 98.25 1.87 0.58 748.83
Probit Pro-BMR10.opt 200.99 118.61 1.69 0.53 749.08
Weibull Wei-BMR10-Restrict.opt 183.77 98.25 1.87 0.58 748.83
Quantal-Linear | QIn-BMR10.opt 183.77 98.25 1.87 0.58 748.83
LogLogistic Lnl-BMR10-Unrestrict.opt 89.84 0.70 749.58
LogProbit Lnp-BMR10-Unrestrict.opt 90.11 0.70 749.57
Multistage Mst2-BM R10-Unrestrict.opt 72.85 35.01 2.08 0.95 748.97
Multistage Mst3-BMR10-Unrestrict.opt 81.58 28.45 2.87 0.97 750.87
Weibull Wei-BMR10-Unrestrict.opt 89.83 0.70 749.59
[+

o]
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Aiso et al 2014, JBRC 2000

Dose (ppm) N Effect
0 50 1 BMCL1p 164 ppm =579 mg/m?
1000 50 14
103 mg/m3
2000 50 22
4000 50 39
Model Name Option File Name BMCi0 | BMCLio BMCio/ P-value AlC
BMCLu1o

Gamma Gam-BMR10-Restrict.opt 455.75 268.90 1.69 0.46 196.93
Logistic Log-BMR10.0pt 834.91 693.24 1.20 0.07 201.05
LogLogistic Lnl-BMR10-Restrict.opt 538.57 261.48 2.06 0.29 197.50
LogProbit Lnp-BMR10-Restrict.opt 571.58 473.71 121 0.29 197.52
Multistage Mst2-BMR10-Restrict.opt 404.09 271.49 1.49 0.57 196.70
Multistage Mst3-BMR10-Restrict.opt 381.44 273.00 1.40 0.66 196.57
Probit Pro-BMR10.0pt 789.67 662.69 1.19 0.09 200.19
Weibull Wei-BMR10-Restrict.opt 444.96 269.67 1.65 0.49 196.86
Quantal-Linear | QIn-BMR10.opt 322.01 263.48 1.22 0.59 195.47
Gamma Gam-BMR10-Unrestrict.opt 455.75 163.58 2.79 0.46 196.93
LogLogistic Lnl-BMR10-Unrestrict.opt 538.57 261.48 2.06 0.29 197.50
LogProbit Lnp-BMR10-Unrestrict.opt 571.58 293.37 1.95 0.29 197.52
Multistage Mst2-BMR10-Unrestrict.opt | 404.09 256.56 1.58 0.57 196.70
Multistage Mst3-BMR10-Unrestrict.opt | 293.74 129.92 2.26 | NA 198.38
Weibull Wei-BMR10-Unrestrict.opt 444.97 189.26 2.35 0.49 196.86

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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