53.06

0.8060 20

-83.55

77.3

83 mmHg 20

7.35 g/ 100 g water 20
log Pow 0.12

1 ppm =2.17 mg/m*® 25 1 mg/m®=0.461 ppm 25

ABS AS
732,089 134,497 114,713
(GSH)
P450 2-cyanoethylene oxide (CEO) ACN

12

GSH

Woutersen(1998) Whysner et al. (1998) Kedderis et al. (1993) Guengerich et al(1981)

Lambotte-Vandepaer and Bogaert(1984), Solomon and Segal(1989 )

Nerland et al. (2001) SD 1“C
rGSTM1 cysteine 86
Sumner et al. (1999) Wang et al. (2002) CYP2E1-null wild-type
wild-type CYP2E1
CYP
CEO DNA
Woutersen(1998)
0.13ppm 60y g/m?

CYP2E1

2 152y g-



acrylonitrlie/g-creatinine 0.6mg/cm?h

WHO(1983) Woutersen(1998)

WHO(1983) Woutersen(1998)

Wistar
Sepota et al. (1982) F344 24
Buruka et al. (1994) Phenobarbitone
CYP inhibitor SKF-525A
glandular
small intestine Buruka et al. (1994)
n vivo mercapturic acids
mercapturic acids WHO 1983
CO,

WHO(1983) Kedderis et al. (1993) Sapota et al. (1982) F344 CO,

11 Buruka et al. (1994)

CYP Cyp2E1l
GST GSTT1,GSTML, ...
RN EH  expoxide hydrase
HO-CH,CHO + H + CN~ — SCN~ RN rhodanse
I SP  Spontaneous
H OH Protein adducts
_ H,-CH-CN
Protein adducts
Nucleic acid adducts \ CH,=CH-CN —GVSTGS-CHZCHZ-CN - N-AcCis-S-CHZCHZ-CN
CYP
o HOOC-CH,-S-CH,CH,-CN
CN-CH,CHO «+—— A R-S-CH,CH,-CN

/ SP CH,-CH-CN \
GST
l CH,0H CH,OH

CN-CH,CH,OH —
2CH GS-CH,CHOH-CN GS-CH-CN N-AcCys-S-CH-CN
CN-CH,COOH . .
CN- — scN
GS-CH,CHO
2772 =~ N-AcCys-S-CH,CH,OH

Cys-S-CH,COOH ==——> HOOC-CH,-S-CH,COOH

N-AcCys-S-CH,COOH o .
Detectable in biological specimens



and Lewalter (2002)

et al. (2000 arc Tox)

CN

CYP2E1

Leng

non-conjugator GSTy - v - HCN
Their
CEO epoxidehydrase(EH) cyanide

N-acetylcysteine
4-dimethylaminophenol

Their et al. (1999, 2001, 2002) 59
hGSTT1, hGSTM1, hGSTM3, hGSTP1, CYP2E1

hGSTP1
GSTT1

background level
2001, Their et al. 2002)

codon 104

ethylene oxide N-(hydroxyethyl)-valine

(Their et al. 1999: Their et al.

Roberts et al(1991) CEO
4
CEO 3 1 CEO
CEO ACN
GSH 2 Kedderis et al. (1993), Woutersen
(1998) Kedderis and Batra 1993 CEO EH
EH
CEO CEO
(rodents) GSH EH
Woutersen (1998)
O'Berg 1980
O'Berg et al. 1985 Chen et al. 1987 Chen et al. 1988a
Wood et al. 1998
Thiess et al. 1980 Werner and Carter
1981 Delzell and Monson 1982 Blair et al. (1998) Werner and
Carter 1981 Benn and Osborn 1998



Kiesselbach et al. 1979 Chenetal. 1988b Collinsetal. 1989 Swaen et
al. 1992 1998 Mastrangelo 1993
O’berg(1980) O'Berg 1980
O'Bergetal 1985 Chenetal 1988a 2
O'Bergetal 1985 Chenetal 1988a
Chen et al 1987
Wood et al.(1998)
Thiess et al. 1980
Delzell and Monson 1982
Werner and
Carter 1981 15-44
Werner and Carter
1981

Werner and Carter 1981
Benn and Osborne(1998)

Blair et al.(1998)

20

Swaen et al. 1992

Swaen et al. 1992 Swaen et al.(1998)

Collins et al. 1989



Kiesselbach et al. 1979 1950 1977 1
16
884 Nordrhein-
Westfalen 104.3 58
20.4 20
6.9 6
O'Berg 1980 1950 1966
1,345
1976
20.5
25 1,345 1,172 wage roll
workers 1950-1952 6
11.2 20
p<0.05, one-tailed 3.4 8
p<0.05, one-tailed 1950-1952 2.6
8 p<0.01, one-tailed
O'Berg et al 1985 1980 1,345
1976
1983 1981
37.1 43
7.2 10
1.8 6
p<0.05, two-tailed 31.6 36




11.6 14 1.0
1 Update 1980

Chen et al. 1988a

O'Berg 1980 O'Berg et al.

1985 1,345
1950 1970 2,530
1950 1984
1,345
1,329
16
41 39.8 10 9.4
6 2.7
6 2.3, p<0.10, two-tailed
9/1.6,
p<0.01, two-tailed
Chen et al. 1988b Chen et al, 1988a 1950
1982
Wood et al. (1998) May plant
1950 80 1426
1991 Waynesboro plant 1944
70 1143
1990

latency, duration of exposure,
highest level of exposure, cumulative exposure
7.6 57.6ppm 454 SMR
69 91
SMR

100ppm-

O’berg(1980)




1,345 1,329
Chen et al, 1988a
Antoin et al, 1983; Purchase and Ray, 1981
Druckrey et al, 1967; Carnaghan, 1967; Herrold, 1969

Ducatman,
1986; Levine et al, 1987
Chenetal. 1987 1944 1970
1,083 1981
1983 21
36.3 30.0
36.5 37
6.9 5 1.9 5 5
4 1975-1983 0.9
O'Berg et al. 1985
O'Berg O'Berg et al. 1980 1985
12 Thiess et al. 1980 1956
1978 5 15 6
1,469 1,469
1,081 388 98 % 56 %
Ludwigshafen Rheinhessen-Pfalz
92.3 96.4 99.0
89 20.5 27
5.65 5.92 Rheinhessen-Pfalz
11 p<0.05
a
1
78
9/4.37, p<0.05 4/1.38, p<0.05
6 Werner and Carter 1981




Scotland 1950 1968 1 934
Northern 1978 England and Wales
Ireland 72.4 68
1 18.6 21
England and 5/1.9, p<0.05 15-44
Wales 4 3/0.7, p<0.05
Benn and Osborne (1998) 1968 78
1950 78 1 2736
1991
45
threshold limit value (8hr TWA) 1979 20ppm
1981 2ppm 1970
0.4 2.7ppm (8hr TWA nd 20ppm)
Delzell and Monson 1982 1940 1 1 1971 7 7
2 327
1978 7 1
89.5 74
17.9 22 5.9
5-14 15
4/0.8, p<0.01
American Collins et al. 1989 1951
Cyanamid 1957 1973
Company 2,671 1983
2




Blair et al. (1998)

8 1950 1983 25,460
18,079 2,191 2,191 897
1989 peak intensity lagged exposure

stomach, brain, breast, prostate, lymphatic and
hematopoietic system
1.5 (95%CI:
0.9-2.4) 20 2.1 (95%CI: 1.2-3.8)
upper quintile exposure
random statistical variation upper

quintile exposure

(the association
may not be causual)

0.13ppm-years

8.00ppm-years average 0.03ppm
1.00ppm intensity  0.40ppm 7.00ppm
Marsh et al. (2001) Blair et al. (1998) NCI-NIOSH 25460

1217
Swaen et al. 1992 1956 1979 6 6
2,842 1987
Swaen et al. (1998) 3961
6803 1996 1 1
3 3 latency




Mastrangelo et al. 1993 1959 12
671 1959
1990 571
4/0.38 1-4 1-9
Lima Marsh et al. (1999) BPC Lima 518 7797
BPC
Rothman Mastrangelo 1993 Zhou & Wang 1991 12
Rothman 1994
Collins and 25
Aeguabella 10
0.9 (95%CI, 0.9-1.1)
1.2 (95%CI, 0.8-1.7) 1.0 (95%CI, 0.7-1.4)
1.8 (95%CI, 1.0-3.4)
1998
Ghanayem et al. (2002) NTP
papilloma  carcinoma Harderian
granulosa cell equivocal

10




Quast et al. 1980a Sprague-Dawley SD 35
100 300 ppm 24

Bio/Dynamics Inc. 1980a SD 0 1 100 ppm

22 19
Bio/Dynamics Inc. 1980b Fischer 344 0 1 3 10 30 100 ppm
26 23

Bio/Dynamics Inc.  1980c SD 0 0.1 10 mg/kg/day
5 20
Ghanayem et al. (2002) B6C3F; 0, 2.5, 10, 20 mg/kg/day, 5d/w

NTP papilloma carcinoma
Harderian granulosa cell
equivocal
Maltoni et al. 1977 SD 0 5 10 20 40 ppm
1 4 5 52 5
Quast et al. 1980b SD 100 0 20 80 ppm
1 6 5 24

in vivo

in vivo

11




in vitro

DNA

GSH

astrocyte

communication(GJIC)

hamster embrio (SHE)

DNA
DNA
CEO
in vivo

CEO

primary cell gap junctional intercellular
GJIC
GJIC
(Kamenduliset al., 1999) Syrian
(Zhang et al. 2000, 2001)

xanthine oxidase

in vivo

in vivo

Borba et al. (1996)

Leonard et al. 1981

Working et al. 1987

Drosophila

Thiess and Fleig 1978

Rabello-Gay and Ahmed

1.5-5 ppm 10-15

1980 7-21 mg/kg/day 4-30

60mg/kg/day

genetic crossing over or recombination
Wuegler et al. (1985), Vogel (1985),

Fujikawa et al. (1985), Osgood et al. (1991)

12




in vitro

Litton
Bionetics, 1975; Stanford Research Institute, 1976; Venitt et al, 1977; Florin et al, 1980
Haskel Laboratory, 1975; Milvy and Wolff, 1977; de Meester et al, 1978, 1979;
Lijinsky and Andrews, 1980; Duverger-van Bogaert et al, 1981; Ivanov, 1981; Zhurkov et al, 1983
Milvy and Wolff 1977 de Meester et al. 1978, 1979 Duverger-van Bogaert et
al. 1981 Ivanov 1981
Zhurkov et al. 1983

Venitt et al. 1977 Rizzietal. 1983 Carls and Schiestl
1994
S-9 mix
Lambotte-Vandepaer et al, 1980, 1981
Lambotte-Vandepaer et al, 1985 Fennell et al. 1990

60% 80%
CEO
CHO
freshly isolated rat hepatocytes
CHO
Ved-Brad and Williams, 1982
Parent and Casto, 1979 HeLa Rizziet al, 1983 C3H
C3H/10T1/2 NIH/3T3
Banerjee and Segal, 1986
CEO
Guengerich et al 1981 CEO
Solomon and Segal 1989 CEO DNA DNA
Yates et al. 1993 CEO CEO
DNA
Robbiano et al. 1994 1.0-5.6 mM
DNA single-strand
Ahmed et al. 1992 1“C DNA
DNA
2
Recio et al. 1990 TK6 CEO hprt mutants

DNA

13




Woutersen et al. (1998)

(mutagenicity) (genotoxicity)

DNA

DNA CEO n vivo

GSH CEO
Whysner et al. (1998) in vitro CEO DNA
DNA
7-(2-oxoethyl)guanine
DNA

DNA
genotoxicity assays

Salmonella typhimurium HisG46 base substitution tester strains reverse mutagenesis

CEO in vitro
(consistent effect)
DNA in vivo
DNAsynthesis
-DNA epigenetic mechanism
EPA EPA 1983
WHO WHO 1987 TARC(1998)
EPA 1983 O'Berg 1980
15
1.6 5
1y
g/m® 6.8x10°
0"Berg 1980
15ppm(33mg/m*) EPA(1983)
EPA 1983 3-2(1) Linearized Multistage Model
LMS 1y g/m? 1p g/L
95%
Quast et al  1980b 2 1ug/m
1.2x10°°, 1.5x107°
1 0 ppm 20 ppm 80 ppm

14



5% 5/100 9% 9/100 47%

1980a; Bio/Dynamics Inc., 1980b

LMS

WHO 1987
O'Berg 1985
O'berg(1980)
1.7x10° Quast et al  1980b
2x10°

2000 WHO 2000
TARC 1998

(inadequate)

(possibly carcinogenic to humans)

47/100 0% 0/100 9% 9/100 31% 31/100
Quast et al, 1980a; Bio/Dynamics Inc.,

1y g/LL

O'berg(1980)
1980

8.2x10°¢  2.8x10°
LMS
EPA

1.5x10° EPA 1983

WHO

1987 (limited)

2A (probably carcinogenic to humans) 2B

24
Sartorelli, 1966

15




Wilson,
1944; Zeller et al, 1969

Sakurai

et al, 1978

Dudley and Neal, 1942; Wilson et al, 1948; Babanov, 1957; Zeller et
al, 1969

Hashimoto and

Kobayashi, 1961; Balda, 1975

Sakurai et al, 1978

Zeller et al, 1969

Wilson, 1944; Wilson et al, 1948

Suzuki,
1961; Sakurai and Kusumoto, 1972
Sakurai et al, 1978
Sartorelli, 1966
Jakubowski et al. 1987 6 2.3 4.6 ppm
8
LD50 25-48 mg/kg Benes and Cerna, 1959; American Cyanamid Company,
1951; Tullar, 1947 50-85 mg/kg  Carpenter et al, 1949; Tullar, 1947

16




72-186 mg/kg Tullar, 1947; Benes and Cerna, 1959; Borchardt et al, 1970; Smyth and Carpenter,

1948; Paulet and Vidal, 1975; Zeller et al, 1969; Monsanto, 1975 93 mg/kg Lefaux,
1966
LC50 300 mg/m® 138 ppm  4hr 470 mg/m?® 217 ppm  4hr
990 mg/m® 456 ppm  4hr Knobloch et al, 1971 Dudley and Neal
1942 4
65 260 315 575 600 ppm 10

Dudley and Neal,1942

30mg/kg 50 mg/kg 3

Ghanayem et al, 1985

Kaneko and Omae,

1992
Wilson, 1944; Wilson et
al, 1948 Suzuki, 1961; Sakurai and Kusumoto, 1972
Sakurai et al 1978 1975 1976 7

1,124

17




571

5 453 333
384 4 828 296
20 120
571
10 60 119 58
13 5 4
102 62 6
3 3 0.1
ppm 2 0.5 ppm 1 4.2 ppm
4 ppm

Babanov et al, 1959; Sakurai and Kusumoto, 1972; Zotova,
1975; Kaneko and Omae, 1992

Kaneko and Omae 1992 Sakurai at al 1978
Muto et al 1992 1988 7 157
537
0.53 ppm

N=113,0.01 2.80 ppm
0.5 ppm

18




Quast et al 1980b

SD 100 0 20 80 ppm 1 6
5 24 80 ppm 360 0 20
80 ppm 3 6 18% 735 82 86 96 %
80 ppm
6
Kaneko and Omae, 1992 40
20 ppm 80 ppm
20 ppm 0; 20; 80
ppm 0/11; 4/12; 10/10 0/11; 7/12;
8/10 20 ppm 2/11; 6/10; 7/10
1/11; 7/10; 8/10 80 ppm
20 ppm
Murray et al. 1978
6 15 0, 10, 25, 65 mg/kg/day 65
mg/kg/day
25 mg/kg/day
10 mg/kg/day 6
15 0, 40, 80 ppm 0, 87, 174 mg/m? 1 80 ppm
40 ppm
Scheufler 1976, 1980 Willhite  1981a,b
Tandon et al. 1988 10 mg/kg

19




45%

Abdel Naim et al. (1994) 0, 10.5, 23, 46mg/(kg
body weight d )4
23, 46mg/(kg body weight d
LD50

Jakubowski et al (1987) Muto et al 1992 Quast et al 1980b

4.6ppm
8
Jakubowski et al 1987
NOEL 4.6 ppm
Muto et al 1992
Quastetal 1980b Murray et al (1978)

0.53 ppm N=113, 0.01 2.80 ppm, 1.15mg/m?®

Muto 1992
NOEL 1.15mg/m?

EPA 1983
Quast 1980b
20ppm,80ppm
20ppm (NOEL) EPA 1983 Quast
(1980b) 20ppm 43mg/m?

Lowest observed adverse effect level; LOAEL

Reference concentration for chronic inhalation exposure; RfC

Uncertainty factor; UF 1,000 RfC 2y g/m?

20



1991

15

1997

LOAEL

Murray et al 1978
80ppm 6 15 1 6
40ppm NOEL 40ppm
WHO 1983
PRTR 2001
952 880 10
2003
956
99
OH
2 4 1997 9 10
Suta 1979
1987
1988, 1993 1987 12
65 7 16 0.042 2.4p g/ 3
1991 14 40 7
0.046 0.39u g/ * 1987
1995 1996
1997, 1997 1995 8
1 0.01p g/ 3
6 0.032p g/ ? 1996
2 0.37 0.56p g/ *®

21



280

360 1,700 3,800 2002
0.1 02ug 3 1999
2001 0.12u g/ * 1.2u g/ * 231
0.0036 1.2u g/ 3 ( 1 021p g/ * 1.6p g *
72 0.00015 1.6y g/ °* 0.11py g/ 3 0.29
g 3 56 0.010 0.29p g/ 3
be ?
1997 283 1,696 0.21 0.020 5.8
1998 319 3,305 0.21 0.0050 2.6
1999 332 3,564 0.17 0.0025 2.5
2000 338 3,701 0.15 0.0047 2.2
2001 359 3,840 0.14 0.00015 1.6
2001
be °?
359 0.14 0.00015 1.6
231 0.12 0.0036 1.2
56 0.11 0.010 0.29
72 0.21 0.00015 1.6
1.0u g/ 3

22




70

60
50 =
40 ;
30 — -
20
10 1’
0 1 1 |..—.|_|_|| 1 =R 1 I=a 1 1
19'.\' NN Q"P N Q/,\ R :\9 q/,Q
P PR R R
W g/m’)
1.6u g/ ° 2002
58u ¢/ * 2001 1997
5.8u g/ 3
170 g/ ® 2001
1.1y g/ 3 4.7p g/ ?
1993 2001
90p g/ ? 89 0.020 400y g/ °
24
15 3 6 3
1.8y g/ 0.72u g/
24y gf 9.6u g/ 50kg 10kg
0.036u g/kg 0.072u g/kg
0.48u g/kg 0.96u g/kg 10
45
0.0005u glg 2000
1y g/

23



10 b gkg
0.036 0.36 0.072 0.72
0.063 0.126 0.48 0.96
2000 65 11 8 6
2001 0.24 0.39
u g/L 2L 1L
0.48p g/ 0.24p g/
1992
144
0.01mg/kg 1993
2000 15 1 0.27
p g/L 2001
0.54p g/ 0.27u gf
1n vivo
CEO

24




40

500
2 g/m?

25

mg/m?
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