2-1

0.15mg/m?
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7 9 20

8 1 30
5
6
5
1
2 25%
1
1
84.94
1.326 20
-96.8
39.8
506.5hPa 20
25 13,030mg/L
logPoyw  1.25
lppm  3.47mg/m’ 25 |, 1,013hPa
img/m’  0.288ppm 25 ,1,013hPa
2
.
100,200t 600t 95,800t



3-1
50 200ppm 7.5 60 70
40
1 2 15 3 10 15
500ppm 1,740mg/m?®
COHb
2
2 1
1) P-450 (CYP )
CYP
COHb CYP 2E1 Guengrich 1991
in vivo in vitro
COHb 2
2) S- (GST )
GST S-
GST theta class Meyer 1991
in vivo in vitro
@] CI:I I_l\
CH.CI, — 5 HO—Cll—CI —> /C=O ——» CO + HCI
P-450 H I

C
YN
GSCHO ——» HCOOH —» CO,

GSH
CHCl, ——— GSCHCI ——— GSCH,0H =—® GSH + HCHO

S‘ Sl

GSCHO —» HCOOH—» CO,

30



2 COHb

(ppm) (hrs) COHb
50 7.5 1.9%
100 7.5 3.4% 5%
150 7.5 5.3%
200 7.5 6.8%
180-200 8 base line 45% - 9%
500 8 5.5%
986 2 base line 1-1.5%, - 10.1%
100-500 7.5h/day, 5days/week, 5 weeks CO CO
3-2
CYP
100 500ppm Green 1995 IPCS(1996)
500ppm OSHA(1997)
200 1000ppm 3-1
GST
IPCS 1996 OSHA 1997 theta class GST
GSTT1-1
GST 14 7
GSTT1-1 mRNA
GSTT1-1 mRNA GSTT1-1 C 5
2
3-2
theta class GST
B6C3F,
GSTT1 ( n=45) 64.4% (n=103) 60.2%
(n=119) 21.8% (n=442) 20.4% (n=73)
9.7% Nelson (1994)
GSTT1-1 10%
5% 3-3
3-1
Reitz (1988) F344 B6C3F, Syrian Golden
. GST MFO CYP
V..« Nmolproduct formed / min /mg protein GST
118.2 6.04 7.05(2 range) MFO 15.90 539 20.80 153 13.00 4 range)




Green(1995)  B6C3F, F344 100 4,000 ppm 6

COHb
2,000 4,000 ppm 5 CYP
100 500 ppm GST
4,000 ppm 1
in vitro
2 CYP GST Reitz (1988)
Bogaards (1993) Graves (1995) 39 GST
3 2
IPCS 1996 in vivo, in vitro CYP 500ppm
GST 4,000ppm 33 GST
CYP GST
OSHA(1997) MFO (CYP ) 200 1000ppm
3-2 thetaclass GST
Mainwaring (1996a) theta class GSTT1-1 mGSTT1-1
Mainwaring (1996b) GSTT1-1
Northern mRNA

GSTT1-1 mRNA
assay GST
GSTT1-1 mRNA
GSTT1-1 mRNA

( GST GST 5-5, 12-12, 13-13 GSTT1-1,2-2,3-3
r rGSTT1-1 m h
)
Sherratt  (1997) GSTT1-1 GSTT1-1
10% 5%
Quondamatteo (1998) GSTT1-1 C 5 ( 2 )
GSTT-1

(several other hepatocytes)

(consistent)

3-3 GST
Boggards  (1993) 22 GST
) 3 11 ( 0.31 nmol/min/mg protein, range
0.20 041) 8 1.03 nmol/min/mg protein, range 0.82 1.23)
IPCS(1996) 14 7
GST
Hallier (1993) GST family GST 1/4
GST Hallier (1994)
GSTT1-1 180pmol/min/mgHb Km
60mmol




Pemble (1994) 82% theta class rGSTT1-1 GSTT1 cDNA PCR

38% GSTT1 phenotype

Nelson (1995) GSTT1 (null genotype) (Chinese, n=45) 64.4%

(Koreans, n=103) 60.2% (African-Americans, n=119)21.8% (North
American Caucasians, n=442) 20.4% (Mexican-Americans, n=73) 9.7%
Thier (1998) DCM ( ) GSTT1-1

B6C3F1 F344 SG (non-conjugator(NC), low conjugator(LC), high

conjugator(HC) 3 ) ( : nmol/min per mg )
(29.7) (18.2) (371) HC(1.60) LC(0.62) (0.27) NC(n.d. (3.88)

(3.19) HC(3.05) (1.71)/LC(1.38) (0.25)/NC(n.d.) NC HC
LC 2 GSTT1-1 27

2
3.0 100

§ P-450 90 | 1 GST

fS) 25 o

’% 80

§ 20 70 ¢

2 7 60 |

~

2 15 | / 50 |

=}

S / 40 F

@D —

A / 20 F

I /
2 in vitro

Green (1995)

=
o

o
1
|

(2]
1
|

0 05 10 15 20 25 3.0
nmol/min/mg protein

3 39 GST
Green (1995)
Green (1987),Reitz (1989), Boogards (1993), Graves (1995)
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3-3

3-3-1
4
Ott
(1983) Lanes (1990 1993) Hearne (1990)
Gibbs (1996) Shannon (1988) Blair (1998)
Ott (1985) Tomenson  (1997)
Ott  (1983) Lanes (1990, 1993)
Hearne  (1990)
Gibbs  (1996) 20
20
Blair (1998) Shannon  (1988)
Tomenson  (1997) 9 19ppm
800ppm-years Ott  (1985)

Heineman (1994) Cantor (1995)



OSHA 1997 Gibbs 1996
suggestive rather than conclusive Heineman 1994

strongly suggest a

possible association OSHA

potential occupational carcinogen

IARC(1999)

inadequate evidence of carcinogenicity

4
Ott  (1985) 2 1940 69 1 1,919
Shannon (1988)  1969-75 6
5 15
SMR 300 (95%CI 129-590)
Lanes 1990 1954 1 1977 1 3
1,271



SMR  5.75(95%Cl 1.82 13.78) 3 SMR 20 (95%CI1 5.2 56) 4

10 1 1 Vater
(Lanes  (1993))
Lanes 1993 1990 12 1993
SMR 0.90 (95%Cl 0.77 1.04) 0.82 (95%Cl 0.58 1.52)
0.90 (95%CI1 0.65 1.21) SMR  2.98( 4  95%Cl0.81 7.63)
1 SMR  0.65 1977
1978 8 140 745 ppm(Ott (1983))
1993
Hearne 1990 1964 1 1970 12
1 1,013
1988 23 8 26 ppm
(range 10 114 ppm) 1.2- 1.2-
33 99%
SMR SMR 8
4.2 ( ) (Hearne (1987)) (ppm-yrs)
Gibbs  (1996) Amcelle 1970 1981 3
3211 (2,187 1,024 1989
(50-100 ppm) (350-700 ppm)
20 SMR 2084 20 SMR
290.9
20 SMR 8022
(unlikely)
Tomenson .(1997) ICI 1946 88 1473 1994
9 19 ppm SMR 48 CHD
active 83 (>800 ppm year)
Blair (1998) 1952 56 1 14,457 1990
SMR 97 96
SMR 108 95 CI;103-113 ) 160(95%CI 102-251) 277 95%CI:108-
476

3.0 (95%Cl: 0.9-10.0 ) 3.4 (95%Cl:
0.9-13.2 ) 3.0 (95%Cl: 1.0-8.8 )

Heineman  (1994)

300 320
111-



8.5 (95%CI 1.3-55.5)

Cantor (1995) 1984 89 24
33,509 117,794
4 1 4 0.94 (95%Cl10.9-0.98)

1.15(1.1-1.2)  1.05(0.97-1.1) 0.76 (0.3-2.0) 1.09(0.93-1.09) 1.02 (0.9-1.1) 1.13(0.9-1.4) NA

3 13 0.95 (95%CI 0.9-0.98) 1.04 (0.97-1.1) 1.17(1.1-1.3) 1.01
(09-1.1) 112 (0.9-1.3) 1.46 (1.2-1.7)
3-3-2
1)

NTP(1986) Nitschke (1988) NIEHS Burek (1984)
5
NTP(1986) F344/N
some evidence of carcinogenecity clear evidence of
carcinogenecity B6C3F,
Nitschke (1988) Sprague-Dawley SD
NIEHS B6C3F, 24
inducer
Maronpot  (1995)
Burek 1984 SD Syrian Golden SG
3-2 B6C3F,
5
NTP(1986) B6C3F, 50 0 2000 4,000 ppm F344/N 50 0 1,000
2,000 4,000 ppm 102 (G hrs/day 5 days/wk)
0 2000 4,000 ppm
3/50 19/50 24/50 2/50 23/48 28/48 B6C3F,

historical incidence ( ) 215/1780 (12.1% range 1/50 14/50) 87/1,777 (4.9% range 0/50
7/50) 2/50 10/50 28/50 1/50 13748 29/48 (cytologic
degeneration) 0/50 0749 22/49 0/50 23/48 21/48 87/1780 (4.9% range 0/50
8/48) 36/1,777 (20% range 0/50 3/50) 22/50 24/29



33/49 3/50 16/48 40/48 540/1,784 (30.3% range 7/50 29/50) 147/1,781 (8.3%
range 0/50 10/49)

0 1,000 2,000 4,000 ppm 16/50 16/50 17/50 9/50

16 34/50 26/50 32/50 35/50
17/50 17/50 23/50 23/50
458/1,727 (26.5% range 5/50 23/50)  307/1,772 (17.3% range 3/50 19/50)
2/50 1/50 4/50

5/50 2/50 3/50 4/50 1/50

0/50 0/50 2/50 5/50 5/50 11/50 13/50 23/50
1/50 1/50 2/50 5/50

1
NTP F344/N some evidence of
carcinogenecity F344/N clear evidence of carcinogenecity
B6C3F,
Nitschke (1988) SD 0 50 200 500 ppm 6 5 2
COHb 500 ppm 500 ppm
(NIEHS)
B6C3F, 1400 2,000 ppm 6 / 5 / 104
24 269% 46.3% 355% 51.5%
15% 6% 12% 16% (Maronpot ~ (1995)) 26
(Kari  (1993))
inducer
(Maronpot  (1995))
Burek (1984) SD 1,032 SG 866 0 500 1,500 3,500 ppm
6 5 2 COHb

(79796 81795 80/96
83/97) (165/96 218/95 245/96 287/97)
(7/92 3/95 7/95 14/97)
(8/92 6/95 11/95 17/97) 1,500ppm

(/92 0/95 5/95 11/97) 2

SDA
2)

Serota (1986a 1986b) 6
6
Serota (1986a) F344 500
6 00 5 50 125 250 mg/kg 104 250 mg/kg
78 26 26 50 250 mg/kg

-10 -



50 mg/kg

NOAEL 5 mg/kg

Serota  (1986b) B6C3F,

1,000 6 0 0 60 125 185 250 mg/kg 104
NOAEL 185 mg/kg
3)
7

7
Foster (1992) B6C3F, 4,000 ppm 6 5 13 2

13 CYP2B1&2 NADPH-CYP mGSTT1-1

*H- S-phase DNA
1
5 2
CYP2Bl & 2 CYP
CYP
DNA S-phase Type 1l
mGSTT1-1
NIEHS B6C3F, 2,000 ppm 104
S-phase DNA
(Foley  (1993))
(Kanno  (1993))

H-ras K-ras (Devereux

(1993))  p53 (Hegi  (1993))
3-3-3

8
DNA protein crosslink  DNA single strand break DNA-ss RNA-

HCHO

GSTT1
Casanova  (1997)

-11 -



IPCS(1996) (Salmonella typhimurium  Escherichia coli
Green(1983) GST family
Graves (1994a)  S. typhimurium TA100 (TA100/NG-11)
TA100
S-
Graves (1994a) Wild-type  E. coli K12 DNA uvrA  recA/uvrA
S9 Wild-type  E. coli DNA
S9
DeMarini  (1997) SOS S. typhimurium TAZ100 (hisG46 rfa A uvrB pKM101)
S. typhimurium TA1535 (hisG46 rfa A uvrB) GSTT1-1 (+) S. typhimurium RSJ100
GSTT1-1 (5) S. typhimurium TPT100 RSJ100
400 ppm 6 TA100 24,000 ppm 5
IPCS(1996) (gene mutation assay GM) DNA
(unscheduled DNA synthesis  UDS) in vitro (chromosomal
aberration  CA) (SCE) in vivo
CA micronucleustest MN  UDS B6C3F,
(marginal)
Hallier (1993) SCE GST
SCE GST SCE - GST SCE GST
SCE GST
Casanova  (1992) B6C3F, SG 4,500 ppm 6 2,500 ppm  14C-
14C- DNA  crosslink DNA-protein crosslink
Graves (1994b 1995 1996)  DNA-single strand break (DNA-ss) DNA-protein crosslink
CHO DNA-ss DNA-protein crosslink
(S200 fraction) DNA GST
DNA-protein crosslink DNA-ss
(buthionine suphoximine) DNA
crosslink DNA-ss GC AT
DNA-ss 0.4mM
30 mM DNA-ss
DNA-ss 8
5 90mM DNA-ss
Casanova (1997) F344 B6C3F, SG 3
5mM 10,000ppm DNA-protein crosslink (DPX) RNA-HCHO (RFA)
GSTT1 GSTT1-1
GSTM1 HCHO DNA RNA DNA-protein crosslink
(DPX) RNA-HCHO (RFA) DPX  B6C3F, F344 SG

-12 -



SG 10,000ppm RFA  GSTTL

GSTM1 4 7 14
HCHO GSTTL  null DPX
3-3-4
GSTT1
HSE(1985) Green Green (1995) WHO
(1995) IPCS(1996) OSHA(1997) IARC(1999) 9

1985 HSE 1995 Green

1995 WHO 1996 IPCS
1997 OSHA
potential occupational carcinogen 1999
IARC Group 2B

The agent is possibly carcinogenic to humans

(OSHA)
inadequate evidence of carcinogenicity (IARC)
3-3-1
B6C3F,
(OSHA) B6C3F,
(HSE Green
WHO IPCS 1ARC)
B6C3F,
Green
OSHA

-13-



type

OSHA
HSE IPCS IARC
DNA-ss
20
Green
DNA-ss DNA
RNA
OSHA GST
GSTT1-1
Green OSHA MRNA
GSTT1-1
GST
GSTT1
9
HSE(1985) (Burek (1980) Burek (1984))
Sprague-Dawley
NTP
Green (Green(1995)) ppm P450
GST GST 1/10
2,000 ppm Salmonella typhimurium  E. coli GST
DNA-protein crosslink S DNA-ss
DNA-ss
( 120 mM PB-PK 250,000 ppm
) 20 (DNA
PB-PK in vivo 4,000 ppm LC,
15,000 ppm 85,000 ppm ) invivo 4,000 ppm DNA
GST 55

DNA

-14 -



S-phase

B6C3F,
B6C3F,
IPCS (1996)  short-term test
1 in vitro
uDS invitro  CA SCE in vivo
SCE CA MN (very marginal increase)
in vivo (conclusive evidence)
(is of littleimportance in human hazard assessment)
(provided a plausible explanation)
GST (markedly lower levels)
(limited)
(carcinogenic potency) (expected to be low)
WHO (1995) IPCS critical
endpoint
OSHA(1997)
(potential occupational carcinogen)
NTP
neoplasums
DNA DNA
RNA DNA-protein cross-link UDS ( ) DNA single strand break
genotoxic mechanism CHO
CA SCE Green
GST Dillon Green
CHO/HPRT publication level (Bell DA NIEHS )
Green DNA ss break
(Kelsey ) DNA ss break (secondary indicator) DNA
better (Piorier ) DNA GST
Green DNA-protein crosslink
(dose surrogate) GST-
T1-1 m-RNA GSTT1-1 GST5-5
GST pending GST DNA
GSTT-1 DNA
Green polymorphysm
(limited) GST12-12
(Bogen)
potential occupational carcinogen
IARC 1999)

carcinogenicity

inadequate evidence of

sufficient evidence of carcinogenicity

-15 -



Group 2B The agent is possibly carcinogenic to

humans
OSHA ACGIH(1998) A3 Deutsche
Forschungsgemeinschaft (DFG(1998)) 3 IARC 2B
3-3-5
B6C3F,

GST
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3-4

3-4-1
100 300 ppm 2,000 ppm 30
7,000 10,000 ppm 20,000 ppm 30
(IPCS
(1996)) U.S. DHHS(1993) IPCS (1996)
10 11
10 ( )
(ppm)
1.5-3hr" 200 Putz (1976)
95 min” 300 Foder (1971)
1hr' 700 Stewart  (1972)
ghr/d”™ 475 Ott (1983)
ghr/d, 10y<™ 475 Soden (1993)
ghr/d, 22y<™ 82 236 Lash (1991)
6hr 5,200 Morris  (1979)
lhr 5,000 Rebert  (1989)
6hr/d, 5d/w, 2wk
500 Savolainen (1981)
5hr/d, 28d 250 Norpoth (1974)
100d 25 Haun (1972)
25
38d 4,500 Bornschein  (1980)
6hr/d, 5d/w, 13wk
2,000 Mattson (1990)
6hr/d, 5d/w, 2y
200 Nitschke (1988a)
6hr/d, 5d/w, 2y
500 Burek (1984)
100d 100 Haun (1972)
90d 75 Kjellstrand (1986)
6hr/d, 5d/w, 13wk
4,200 NTP(1986)
* o (U.S. DHHS(1993), IPCS(1996))

-17 -



11 10
200 ppm 1.5-3 Putz  (1976) 300 ppm 95
Foder (1971)
Ott (1983a 1983b) Soden (1993)
Ott  (1983a) 266 61 251
55 RBC Hb Ht MCV MCH MCHC COHb AST ALT LDH ALP
13 8 11
60ppm 162 140ppm 65 475ppm 28 280ppm 110 1000ppm
COHb 49 52 11 15
MCV
MCH MCHC COHb
RBC Hb Ht AST
1.4mg/dl 6 Ott
1983a
Ott  (1983b) 11 50 37 63 24
24 60 475ppm 26 ST
Soden (1993)  Oftt (1983) Lanes (1990) 10
150
8 475 ppm 8
900ppm 100 ppm
1.2
10 260
26
( )
Lash (1991) 1758 (airline mechanics)
82 236ppm
6 225 ppm 100 ppm
( 826 ppm) 25 21
2
WAIS Beck (self-evaluation questionnaire) 33
P300 (Lanthony 15 hue) EEG
(finger tapping  simple reaction time choice reaction time complex choice reaction time) (
)
Savolainen (1981) 1,1,1-
7 6 5
Haun (1972)  Spacecraft 25ppm 100 ppm 24

-18 -



Burek (1984) 5

Kjellstrand (1986)

75 ppm

90 120

the effects)

30 90

90
(less effective in producing

3-4-2
Kelly(1988) Bell (1991) NTP(1986) Nitschke (1988b) Brown-Woodman
(1998) 12
Kelly(1988)
COHb
NTP(1986)
Brown-Woodman (1998) in vitro
NOEL
12
Kelly(1988) Greater Cincinnati Occupational Health Center
34 8 20 47 29
8
NIOSH 68 ppm (range
3.3 154.4) 6
COHb 24 5.6% 16 6.4% 16 5.1% 1.2% 90 12% 4 11.0%
4 Iml 200 2,600 2,000
4 3
2 29 1 4
NIOSH
2 COHb 13 IPCS(1996) COHb
Bell (1991)
50pug/mé
NTP(1986) (control 0%  2,000ppm 8%
4,000ppm 62%) (control 12% 2,000 ppm 60% 4,000 ppm 74%)
Nitschke ~ (1988b) 30 F344 (FO) 0 100 500 1500 ppm 6h/d 5d/w
14 F1 F1 30 17
F2
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F, F, F, F, 1500 ppm F344
Brown-Woodman  (1998) 10 SD DCM 40
DCM NOEL  3.46+0.28umol/ml DCM
6umol/ml (Bonbebtre (1977)) 3.51umol/ml (Winek (1981)) 6.73 & 7.08
pmol/ml (Manno  (1992)) (near fatal)

(little potential for reproductive toxicity)

3-4-3

ECETOC(1988)

Reitz (1988) Casanova (1997) OSHA (1997)

US.EPA (1985a 1985h)
3

13
U.S.EPA (1985a 1985b)  Burek (1984) SD NTP
B6C3F, PB-PK
ECETOC(1988) NTP B6C3F,
PB-PK Reitz (1988)
PB-PK Casanova
(1997) GSTT1 DNA-protein crosslink (DPX)
LMS
OSHA (1997) NTP B6C3F,
LMS 41x 10% 6.8x 10°
10 24 1,470.6 |g /md ECETOC (1988)
500ppm LMS 1.75% 10° Casanova (1997) 30ppm LMS
3x 10°

-20 -



13

USEPA  Burek (1984) SD LMS
(linearlized multistage) GLOBAL 82 Crump and Associates Inc 1.8x 107
(U.S.EPA(19853)) 10° 56ug/m® NTP(1986)
B6C3F, probit model
Weibull model Weibudda Crump and Associates Inc LMS (U.S.EPA (1985h))
LMS 4.1x 10° 10° 24 g /m?
PB-PK 47x 107
10° 21 ug /m? GST (ATSDR (1993)
)
ECETOC(1988) in vivo in vitro kinetic
constant metabolic constant GST
PB-PK LMS
one-hit model 3 NTP (1986)
(adenoma/carcinoma) 0 2,000 4,000 ppm
3/50 16/48 40/48 3/50 30/48 41/48
70kg 1 8 16 220 35 70
1x 10* 1x 10° LMS
1,390ppm 80ppm >5,000ppm 1,220ppm
(MLE ECETOC (1988))
(ppm) Multistage Weibull Multistage Weibull Multistage Weibull
10 4,02x 107 <lx 10" 6.12x 107 3.55x 10% 6.52x 107 3.55x 10%
50 3.63x 10° <lx 10" 2.36x 107 5.65% 10" 2.72x 107 5.65% 10"
100 3.77x 107 <lx 10" 1.13x 10° 4.96x 10° 1.50% 10° 4.96x 10°
500 1.13x 10° 2.11x 10® 1.75% 10° 2.32x 107 2.88x 10° 2.23x 107
ECETOC (1988) Table 10
Reitz (1988) F344 B6C3F, Syrian Golden
GST P450
PB-PK model LMS logit
model LMS
3.8x 10 68x 10° 37x 10% 10°
270ug/m? 50ppm 1.4x 10% 3.7x 107 1.8x 10°
Casanova (1997) GSTT1 DPX LMS

Benchmark dose 6h/day, 5day/week
LMS (UCL on lifetime risk)

(upper bound on lifetime risk) ~ 9x 10 3x 10% 1x 10*

10, 30, 100 ppm

9x 10% 3x 10° 2x 10%

OSHA 1997
8
limits 25ppm NTP
25ppm 1,000 362
1.23/1,000
PELS500ppm 1,000 126 25ppm
analysis 7.6/1,000 126/1,000
1.7/1,000 3.62/1,000

potential occupational carcinogen

PEL Permissible exposure
PB-PK

economic
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Ott
100ppm

82 236 ppm 22

Lash (1991)

200ppm 15 3
100 ppm

Kelly(1988)

12

50ppm

human carcinogen)
100ppm

carcinogenic effects)
A3
WHO
WHO(1979)

0.1%

475ppm 10
Soden(1983) 60 475ppm
(1983) Friedlander (1978)
Cherry (1981) 75 100ppm
300ppm 95
COHb 3.4% COHb 5%
CcO 2
8
COHb
1999 COHb
1 100ppm ACGIH 1986 NTP (1986)
A2 (Suspected
TLV-TWA
50ppm
(should also provide protection against the possible weak
(ACGIH(1991)) 1996 A2
(Animal carcinogen) (ACGIH (1996))
(1987 1996) COHb
COHb 3% COHb

COHb
24hr  3mg/m?®
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200 ppm (680 mg/m?) 6 [/ 5/ 2
Nitschke (1988) Haun (1972) Kjellstrand(1986)
Haun (1972) 100

25ppm  100ppm
some minor changes major toxic alteration 100 1,000ppm
Kjellstrand(1986)  75ppm

200ppm 694mg/m®  15-3hr

75 236ppm 260 819mg/m*  475ppm 1,648mg/m?3
60 475ppm 208 1,648mg/m?
COHb 100ppm 347mg/m?
COHb 3.4%
NOAEL 300 mg/md

WHO(1979) COHb
3%
300 mg/m?®

B6C3F,

-23-



10

NOAEL

110pg/m® 213

300mg/m?®

103

10

0.28 110ug/md

3.4ug/m®

=24 -

NOAEL

2.1ug/m?3

14

2,000

3.5ug/m?

10°

100



14

ug/m?
100 27 26 34 4.6 0.72 12
30 100 56 43 2.9 55 0.54 110
10 30 52 50 2.3 3.2 0.42 19
3 10 65 64 14 2.0 0.34 71
3 13 13 1.0 1.6 0.28 49
213 196 2.1 35 0.28 110
10 100 108 93 2.6 44 0.42 110
2 2.4ug/md 3.6ug/m® 69 03
13ug/m? 2.4ug/m? 3.2ug/m® 49
03 9.6ug/m? 1980 55
7 3
37.5ug /m3 383ug/m® 91 006 9,500pg/m?®
11 8
10 PRTR
3 1,440t/ 100
WHO (1987) 80%
1ppb(3.47ug/md)
11ppb(38.2ug/md) 3 33 309ug/day
(ATSDR(1993)) 2.1 4.2ug/md 14pg/m3
14.1ug/m? 1.4pg/md 018 2.1pg/md
0.48 6.76ug/m?® 3.2 9.1ug/md 0.3 43ug/m®

(IPCS(1996))
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2)
®)
NOAEL
2,000
4)

=26 -

COHb

300mg/m?



()

0.15mg/m® 15x 10%ug/m?
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ACGIH (1991). Documentation of the threshold limit values and biological exposure indices. 6th
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ACGIH (1998) 1998 TLVs and BEIs. American Conference of Governmental Industrial Hygienists,
Inc. Cincinnati, pp 79-80.

ATSDR (1993). Toxicological profile for methylene chloride. TP-92/13. Agency for Toxic Substances
and Disease Registry. U.S.DHHS. Atlanta. Georgia.
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