CERI A #F & FF i &

Z= 0= BN 2N

Chloroform

CAS &gk 5 . 67-66-3

http://www.cerij.or.|p

CERI wmzA {bsm sl



http://www.cerij.or.jp/

CERI HEMFMEIZ OV T

B, T2 b OATRICRERN SO TT A, BEF~OHEH R STy, & b
DREFEDH T2 BT, ARROHIKBE~OAELREENBREINTWET, AFREED
FREIX.AEERORBERZINET I EICL VM Z R TE T, REROIEIC
%%m%:&uy&ﬁﬁ%%W#ém:\%Em%%gwﬁﬁmwwﬁgwmﬁﬁﬁwé
B OMREIZBET 23R (b P E YRS R ) ICES P E O EFHO
EHRERBEZ bNET,

CERI A FHMEFHNE L., L FWE AT 084 (CERI) OBFILIZHB W T, B TH 5L+
WEAENMIELREL 2O TT, BEEIEFHEZIY P> TV DEEEEN, 1k
FWEOFEMHRIZOWT, TOREGEEZIERETOIBRICHMA L TWEZ< ez e LT
WE T,

TS 5 Z & NN EE AR I EKER B O 72 AR IS L L T 72 ThE, EEIC LD
—HOBE 2T T TR RN TE T, FEFAONREL ULFWE L E
HY 5L W) BEZHNBICEBEMICEL L TWET, 25 LEEXFOTTIX, LEWE
OV P NEEFIT, ETOETFIEIHE LD, ERICHESN TOWRNWHEATH> THIER

B O R A RRICHHIE T D 72 DS L E R E 2 B ERICHE LD Z Lk b,
HORRY o> TOHILEMEOEEMEZE LS BHL TBL ZER/MBEITARY £3, 2
DXL =T, CERI FEMHEMEFLFEN N ZZTNITEEZE L TWET,

CERI A EMFAMEIT ALFWE DA EEO LKL EZHER L TR BICHELEZL O
TTOT, SOICEMRERZLE LT L5510%, bEWERERTFMELRAEEN
LZEuHBEIOWELET, £, WM—EIIFEREFRCbOEZHE L, ERFRFATOE
R A MRS R L CWETOT, MBEICHEZED 255126 BHICLOH O &N
S

B ALEWE A B EIL, B VX — EE TR A B RS (NEDO) 205 D%
FREEETHD LFEWERATFMEE T2 7T L) OFO MeZEWE OV 27 FHfR L O
VA7 FIEORE T Y= b IZBWTER LSO T,

W R NS0 8 AT AT TR A
AR B AN B FE



5.

H x

AL E DIRITETE IR oo

BEDFEDENTI T DIEHH] oo

g R RO
5.1 KEH TOZETENE oottt
5.2 BREZ KT TOENEE ..o

5.2.1 FEAEMIHIAIRME oo,
5.3 BREZ KT TOEIEE ..ot
5.4 IR oot

BE D AW A DELEE oo
61m$$%’ﬂ¢5#i ........................................................................
6.1.1 BRI HTT D BN oo
6.1.2 MEHHEBNMIT KT D EENE oo,
6.1.3 AT T D BEME oo,
6.2 BREZTF DAEM D (F &0

B R EEEE DB e
A R o 7 N B 1 SRR URR SRR
7.2 PEZTA B OE oot
7.3 EBRENIT AT D FENE oo

730 BEBEME e,

7.3.2 BUBEME R OB EEE e,

7.3.3 JEAEPE oot

7.3.4 B GTEME oo,

7.35 AEFH « FEAETEVE oo,

7.3.6 JEABTEME oo

737 FEDS AN e,
T4 B MEFEADEE  (F L) oo,

....................................... 2

....................................... 3



1. {LZEHEDOFRIEFEH

WE 4 VA==V 2N
[NV =R =1 SV
AFrYrzuall R
LW E PR PR TE | Bk 5 & S 1-95
b B A E BRI S 2-37
CASH k7% 5 67-66-3
i SEw H
Cl—cC—cCl
Cl
531 CHCl,4
Dt 119.38
2. BEOBBEIZRBIT 5 EHH
B 4 H H
bW B e R e PR v BHEETYE
bW E ARG e ke (3 FEA LR E)
ELZRES WTIR S O i 2 29 D W'E
BB U 1A B
B A B FEE R
B2 R AR o — A BRI
VISTERES /KB FEHEAE 0.06 mg/L
0.1mg/lL(]a hU n|m A& L L)
WErEIG Y b Ak ik HERIKYE B
i ZE 1 EIPASER TS
3. HEALFERMMER
TH H B fE H s
v Bl P ERIEEEN U.S.NLM:HSDB, 2002
G A -63.5C Merck, 2001
h M| 61~62C Merck, 2001
5l k& T—H 7L
* kK F—H 7L
1B % R R FT—Ha L
e & | 1.484 (20°C/20°C) Merck, 2001
KRB OE| 412(%ER=1) FHRE
# & JE| 21.1kPa(20°C). 32.6 kPa (30°C) Verschueren, 2001
o B RO log Kow = 1.97 (I EfH), 1.52 (HE 1K) SRC:KowWin, 2002
fie B & | MEEERL
TR S R Koc = 34 (Jll & 1k) U.S.NLM:HSDB, 2002
wooOfiR e sk 7.71g/L (25°C) U.S.NLM:HSDB, 2002
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DA TR : RF0

Tha—), =—F) RoBPohl

Merck, 2001

~r U —EH

372 Pa-m®/mol (24°C . HIE )

SRC:HenryWin, 2002

e % 4% | 1ppm=4.96 mg/m?, FHRLAE
(K fH. 207C) 1 mg/m* = 0.201 ppm
4. BEBMAR - AREHR (X 41, £ 4-2)
£ 41 HiE-WARSE (M)
4 1997 1998 1999 2000 2001
g - A E 84,661 88,065 94,691 100,549 80,005
Hih  EBpHPESEE (1998, 2000a,b), R FEZEE (2002, 2003)
* 4-2 FARBEREOEE
A& 5 (%)
TvF e —R o FE 98.4
K 0.6
oo | R 0.4
#l = 3K 0.3
D1t 0.3
il 100
R R FEA B IR SRS (2002)
5. RFEFEAmM
51 RRHTOREME (F 5-1)
£ 51 XFEXKH TOSHE
X R SOGREEESR (em®2y 7170) | FE (5 Tlem®) Rt
OH 7 Y1)V 1.03x107%(25°C, JHI7E i) 5x10°~1x10° 3~5
AN T—He L
e 7 2 H L 1.36x1077 (25°C, JIEM) | 2.4x10°~24x10° | 0.7~7 4

HiliL : SRC, AopWin Estimation Software, ver. 1.90. (5t % & %)

REAFTHEIC LD RIS T, TR, KR, AT WHEERE R EZAET
% (U.S. NLM: HSDB, 2002),

5.2 REEKF TOEIEE
5.2.1 FEAHH LR
K53 % 52 TR VMRS A 1L 72V D T KBREE TITMK SRS L7,
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5.2.2 A4y fEik
a IFRHVAES R (R 5-2. & 5-3)

K 52 (LFWEFEEMMIECES  EoMBERBRER

RO WP EVE SRR (%) ) E A R
LI IEE & (BOD) HIE 0 oy f
HAV v~ k777 (GC) HIE 5
PRI - 100 mg/L, TEPEVGIRIRE  30mg/L, R OB H M 2 M
HidL - SEPHPEZES (1980) WPHPEZEA (1980 4F 12 A 25 H)

# 5-3 ZOOESEERBRER
Bk 1E BRABR R o fE o FE [SRT
W IR
7 ma—X RA MVERBRE T FK 5 mg/L 7H 100% Verschueren, 2001
JVBRYG DIEMEIGIR). BIlME (AR HR)

b AR SR
A B HEEME W7 2 — X RA FVEBRTIL, 0.2 mg/L DRJE T 28 H%IZ 43% 7314 2k

L 7= (Verschueren, 2001),

U bDZ &b 7uafiv LB ZAT - TR E O KRR SRIMECIRBI S TES S
HEHESND,

53 BREKHTOBERE
TR EAREL Koc DFE 34 225 KT OB E K OVGIRICITRAE S W EHEE SN D,
KIZKES DEMREED 771 g/L (25°C) TH V|, 7&KXKEIL 21.1kPa (25C) LMD TRELS, ~
— %% 372 Pa-m*/mol (25°C) & KE VDT, KEEEN D KK~HHEII RS W EHES NS,
PLEDZ e Emb, BEATIZZ naRL AR SN 5E1E, AT X 220
L WEIEMED 72 DI RN KK T % L E SN D,

54 AWEMEME (& 5-4)

#& 5-4 ALFEYHEFERGNEICED  BRETERBE R

TR IR (ngll) BRI GARM) PEAE T ) E Al F
oA 1 6 1.4~47 TEMEPE 2 22
0.1 4.1~13 ST

L : EPEPE S (1980) M pHPE SN (1980 4E 12 H 25 H)
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6. BEFDEY~DFE
6.1 KEAYIIXT HHEE
6.1.1 BEHIIHTHEME (K 6-1)

PoKFEEL LTI EART ALRAE OB RS STV 48F[HECs (EEFHE) 1
560 mg/LCd> - 7= (Kuhn and Pattard 1990), H.7 34 (A AU F 7k Pa v x 7 4) OEEH
E AR L U727 H MINOECIX1000 mg/L#B T > 7= (Cowgill et al., 1991),

WAL LTiX, A7 L bR~ ToD5 HIH ECs (A FEPHTE) 1% 437~477 mg/L }2 ) NOEC 1%
216 mg/L T& ~ 7= (Cowgill et al., 1989),

R 6-1 7 1R bOBEKRUKEEDIZIT D m R

AW HE HERE | IRE TV RARA b =353 STk
e (C) (mg/L)
Bk
Scenedesmus 1EK 24 48 B ECqy AR 225 Kuhn &
subspicatus 48 IR ECx 560 Pattard, 1990
(FRME. AT AbR) (n)
Lemna gibba u.s. 25 7 B # NOEC EREIRE >1,000 | Cowgill et al.,
(4 7Sl EPA (M) | 1991
15 734) 12k
Lemna minor u.s. 25 7 B 5 NOEC A EFHE >1,000
(TR EPA ()
EUATAD 1k
K
Skeletonema u.s. 19.9 ERIEE Cowgill et al.,
costatum EPA 5 H f#] ECso NP 437-477 | 1989
(BEBE, AJVIA7) 17k 5 H ] NOEC 216
PHE R (n)

(n): BRERE., PSR MBRARSCKEII T 2FE 2 LTV, ~y RAR—=ZTH L KE

6.1.2 EFHEBIYIIHTHEME (K 6-2)

WRHEEID T 5 7 n ok L AORBMEREICOWTIE, AL LTAHA IV aoll
WEHEHY ., 7 aaRL AOBEEZZE LT, REBRE 1K S DUV T KO PSR THEM L
b D, B2 WIETRBRIRT OB EREZHE L, TORERE CHEEEZ S LR D
Do AA IV alTHT D 48 FER LCso ik, 29~78.9 mg/L DA TH - 7=, 7. EwHEHD Y
AU LTl 1 LCso X 2.4 mg/lL TH - 7= (Snell etal., 1991) 28, Xk v BB TZ Off
A~ aRVLEOEEIARATH D,

EWEMEL LT, A4 IV raTo 16 AHZEMABRO®ER Y . NOEC |E 15 mg/L
(Hermens et al., 1985) CTh - 7=,

WREREL LT, 77432 7024 K] ECso (HEVKFLFE) 1% 31.1~37.0 mg/L & i =
LTV % (Foster and Tullis, 1985),
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F& 6-2 7 uuif)vsOEFHEEBYIIHT D EERBRER

L FE R/ | ABE | RE il pH | =V RS b | RE STk
REEM | X | (C) | (mgCaCOs/L) (mg/L)
Bk
Daphnia magna A1k U.S. 22 173 7.4- | 24 FF[E LCsg 29 LeBlanc,
(R, 24 FFERA EPA 11 9.4 | 48 W[ LCs 29 | 1980
1 v3) sy | K g
4-6 H 1k 23 ND ND | 48 EFff LCs 78.9 | Abernethy
BT | %2 (n) |etal, 1986
A 3 kK 19 1 ND | 16 H[# ECsy 59.8 Hermens et
(mmol/L) 16 H ] NOEC 15 al., 1985
g (a, n)
Brachionus i 17K 25 ND 8.0 | 1 FF[# LCs 2.4 Snell et al.,
calyciflorus (n) 1991
(i HUH
UK UAY)
K
Artemia salina St 17K 19 HEKJERE: | ND | 24 F[¥ ECs, Foster &
GE R 30 W | PSR 25% S i L 37.0 | Tullis, 1985
77540y 077) 50% 3(1-)1
n

ND: & —% 72 L. (an) BRWEZRE L=, REBEICL D ET, (n): REEE,
FASH R MBRARCKIMIZC 7 Z A2 L TWEHEN, ~y RAL—213dh 5 k08

6.1.3 FAIEIIxITBEME (F 6-3)

WK F8. D 48~96 W] LCso 1. 18~171 mg/L D#EIPHIZ & 5, Z D H T/ D 96 FER LCsp 1.
TN—F )N b=~ R CxT 5 18 mg/l TH D (Anderson and Lusty, 1980),

M ATEEREHEERABRE LT, 77 v by R 2 — D% K% 30 0 LLNOIIIC 7 v m kv
Lk giZ L, b 4 HET95 HH LCs X 58 mg/L #8 T - 7= (Blacketal., 1982), £7-, =
V= ADFNHE 20 3 OZAGINN G 23 HEROSME, KO D 4 Bk E TREF 27 HHE-9E
HIZEBT D LCs T DWW T, B2 D (%) 50 & O 210 mg CaCOs/L) D AR & FV T~
LITEY, TORE, Stk 4 B E THEBE LTKEO LCs 1L, £ L4 2.03 mg/L LT 1.24
mg/L T ~ 7= (Birge etal., 1979),

WARKETIE~a T VA HOBREDRH Y . 96 Kifi] LCs 1L 28 mg/L T -7 (Pearson and
McConnell, 1975),

#£ 6-3 7 muFRLAORBEICKT 2 EHRBRER

EX/kiH KRear | Bk | EE iR B pH | =V KRSV b | RE STk
R B EY (‘C) | (mg CaCOqlL) (mg/L)
K

Pimephales 10-15 ASTMY | 21-23 96-125 7.2- | 96 BEE[H] LCsg 129 | Mayes et
promelas H s 17K 8.5 (n) |al., 1983

(T7ybay b 3)-) 30-35 ASTMY | 21-23 96-125 7.2- | 96 IE[E LCs 171

H 1K 8.5 (n)

60-100 | ASTMY [ 21-23 96-125 7.2- | 96 WE[E LCs 103

A b 1k 7K 8.5 (n)
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CERI

LY TE R &/ mERIE | IR R pH | =V RFRA b | BE STk
R B Ji (°C) | (mg CaCOqy/L) (mg/L)
N5 WK 20.4 93.8 1.7 9.5 H I LCs > 58 Black et al.,
30 4y LAN | BASR | ¥0.6 (b4 HE) (m) | 1982
DY
Brachydanio ND WK 20 3.6 mEq 8 48 RS LCsg 100 Slooff,
rerio (n) 1979
('E“ 77 ?7{‘7“/1)
Poecilia 2-3 7 A ik RSN 22 25 ND 14 H [ LCsg 102 Konemann,
reticulata A 64 % (n) 1981
(o) Bhi 2
Lepomis 16.2-17.1cm| ik 25 ND ND | 96 KFf LCsy 18 Anderson
macrochirus & Lusty,
(7" =% ) 1980
Micropterus 12.7-16.1 cm| ik 19 ND ND | 96 KFf#] LCsy 51
Salmoides
(4751 2)
Ictalurus 11.9-26.4cm| ik 19 ND ND | 96 KFf# LCsy 75
punctatus
(TAV ")
Oncorhynchus 7.9-11.5cm K 13 ND ND | 96 EFff] LCsq 18
mykiss SHE% 2003 WAk | 125- 48.8 7.3 | 27 HI# LCs 2.03 | Birgeetal.,
S LINOSE | R | 145 (54 B H) | (m) | 1979
210.2 27 B LCs 1.24
(M4 BHHE) (m)
HEK
Limanda 15-20 cm K ND ND ND | 96 EFff] LCs 28 Pearson &
limanda (n) McConnell,
(3" VOB, 1975
hvA ﬂ)
ND: 7—Z7x L, (m): JIEMRE. (n): RERE, AR MBARSAKEI 7 2E42 L TWDR, ~y F

x«#xwﬁﬁm
1) KEM BB 2 (American Society for Testing and Materials) 7 2 h HA4 KT A > 2) FEIXRME

6.2 BEFOEY~DEE (FLD)

7w a R B OB DAY R B B
B 2 L A SRR
LD, BETEDLT— X

WK PR

() KB

7 a RV AIERENE WD

IZIEAKEXTHEBE L2 D, HDHWIZE
ABR Tl 48 K[ ~5 H[#] ECso (AR FHE) 1% 437~560 mg/L D #iH Td -
Fo. R EERE L LTo4

BRI O A RILH
Too T OEIT GHS St a A FH %

BRI TP ORI E

WL TR SR TWD,
TEER 2 K. PASHSR D1k Kk X
BEEZHE LD TH D,

KATIZREY L7y,

FMEICET 5%/ D5 HEI NOEC 1Z, A7 L hx~T? 216 mg/lL Th - 7=,
MM X T 2 2MFE T — &% & LT, HEJED 48 FEfH] LCso T 29~78.9 mg/L D i
NCHY L, FEEEZRT, RE#ES L
AAI V3@ 16 HIFEGEHER TO NOEC 2% 16 mg/L O#E 135 .
FBHOSMERMET — & & LT, 96 FEfH] LCs 1 18~171 mg/L O#FPFHIZH - 72, & DO H Th/h

ThV . ZOEIL GHS AtEF A EEX Sy

D 96 B LCyo 1T, T /L—F b = Ue 2K 5 18 mgll TH ¥ |
EPER Sy I ICARY L, AEMETRT, BEMEMEOEETE 2/MEL LT,

6
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D 5 b 4 H B £ COMMIATEEE R T 27 B LCs 23 1.24 mg/L TH - 7=,

UEDZ ent, ZaaibhOKREEWIZHT 58203, BEdER ORIEICK LT GHS
APERMEAEER Y NICHY L, AEEZRT,

BoNTEFwET —2 05 BKEAMICHT 2 H8/MET A TH L=V~ AITx4 2 27 HH
LCs ® 1.24 mg/L TH 5,

7. & MER~DEE
7.1 AERREMR

b FRLEM) TR v ou ARV ATERERY R ONE SRR RN b A 521, & 7 v L P450 (2K
fFd o TR#FEN D,

7aaBVAEY F 7 a L PAS0 ICE o TIRfEES L, R Zvu Xy ) =il RV
nna A% ) —) (HOCCly) IS H Mk L LTHRAS > (CCLO) 24 L, HAb/KEZ 4
% (Mansuy etal., 1977), & A7 0%, KEME LT @RLRFE (CO,) EHEMEAKL, 7 r1
RO E LT CO AR E4L5 (Brown etal., 1974; Fry et al., 1972; IARC, 1999), & 7=,
RAZ AT OE RS F. B2 X8EHE, ¥ X7 E, 0 A OIS & ROS L CHEE A
¥ %3 % (Uehleke and Werner, 1975),

BILh Y b7 m A PAS0IC ko TS, TOERNHWITY 7 ma A F LT UL
CHCI, T&® % (Tomasi et al., 1985),

TNEF A (GSH) XX I EERRE~D 7 v kv LMY ORE G & Sl 5 B2
KFThHhoD, 7= /7L EX—)LCHILE L7/ SD 7 v MZZ m kL bEWAZRE LIk
By F L WIFHIIE O /NE AR BIAE D3 T D 7 v 2 T A R EE Oib L 36124 U2 (Docks and
Krishna, 1976)

a. WX

Zy MZrzuaAVAEKELIT— I CEEAREORG%, WEKBEOY— 7 IXmHE &
B 6 IR ICBE S, MREE X — L VK TED2 > 72 (Withey et al., 1983),

7\ RV LSRR XAIKERZ 7 v NOREIZHEA LIzE Z2A, 7 ra RV ARIROEA 4
25 8RB Ot 7 v AL AREIIY —ZICEL, BWHAMMPIZE - EICER SN, 7
o1 ARV LK O a fLH 7 mow AL AP EEIEK 2 212 B — 27 1T L7z (Morgan et al.,
1991),

~UAFT7y PR BREIZZ e R L A ERINL, v~ AORFHEEDOESIZEL DB DT
bbb EMRE Tz (Corley etal., 1990),

b NRI VT 4 T ORI ¥C-r ma R AOKEIKE =X ) — L KEIRE T L. KRR
MNHIE7.8%, =& 7 — /L TiE 1.6% DWW DGR BT, WU E D 95% 23 i (CO, & LT 88%)
DRI S L B 15 %o D 2 IR I E TIZZ Ok K — 27 B34 b 7= (Dick et al., 1995)
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b. 4Af

M~ 2 MC-ruubR VA EZWARBE L, 2TV A— ST T 4 =T/ uaihD
34 BT & Z A Cohen and Hood , 1969) . #Hi#k ik 55 A6 Fe 1%, il 6.76, AAfG 7.18, i
- B - fHIA - il - L 0.63~1.53 Th oz, MR 156 /3 ZIZIET DN B
120 53 % £ THIM LKL . AFlE~D 27 ook L AREMOERERD L TWVDH L EZ BN,

7\ RV AT, WAGFLREE CHERBM) O IR & IR RICAT L, RERIED 7 7 a kv A%
WL R & & BB & IR VRS LT, FrICARIR R o0 S KIC#EAE L 72 (Danielsson et al.,
1986).

saaiAORBHEIT v F XV~ 2 T#HV (Corley etal., 1990), ~ 7 AD R T, ML
0 b HEDO B FGR TIE R 7245 A 03 E Uiz (llett et al., 1973; Taylor et al., 1974), RZfEEL A LD

(Hill et al., 1975),

c. Hht

V?X&U?yb’&DD$WA%%M%MWA%%LA&%%%&T@%&KE%®WQ
DRFREZBIE Lz, ~T A, Ty bHIRE(DZ vuki s b LTRSS EMCE, 7
o a ARV APREE DRI & TN L, R LR B DR O ERREIM TH 72 (Corley et al.,
1990), #EZ » Mz 12, 36mg/kg/ H © 7 v v kb A Z @il ie 0 8 5-% ., 24 BEEIC & 580 67~
68%7% (kiR SE & L CRER IS HRM S AL, 5~12% 03N R KR 7 v AL A & L CRER IS B
it = 7= (Reynolds et al., 1984), 7 1 27 /L A O ITFEE 38D S 472 (Brown et al., 1974),

TR DI D 1R T ARRIRD 10% 3 i S PR S 7= E Vv ) 238 5 (Morgan et al.,
1970).

B RCIE, AV =7z eafR/b 059 MM THFEVICAIRL, KT U7 4 TIZHEZT
Rf, OGO 50.6%F R bRF B SNz (Fryetal, 1972),

72 BEEFEREROEH (F 7-1)

E R TOFRHROBRENH OV JFIEREE, FEENEO 5T\ 5 (Hakim et al., 1992; Rao et al.,
1993; Schroder, 1965),

BRI 7 ma RV AR EOREFE LT, ZrakhLlhzais ha—FHoRE T T3~
10 M7 v m ARV AR B3R SIVTAEER D, B, OB, B, HBE TR AL
DHER. S o R An, E?O&U%BZHiUY%‘E%E}%zf:%@ (Challen et al., 1958) . T DR
27 ma R L A FEERIC KD IFIEREEF IS L 2 EE & W S (I 7 v om R L AR
1.0~2.9 mg/L) (Phoon et al., 1975, 1983) “£23% %,

suanaiR s ERNLEOBET, aR— A s LT, iﬁ%%‘&biﬂK@ﬁFﬁ@ﬁﬁ%\ G2 N
EREECHADORBREETREFAE L CY A7 EHAELEER, ABAICI L TN
AREAZHIM L7151 (Wilkins and Comstock, 1981) , #5203 A K OV A OFREIZIE B TRINC D Ak
M X DY A7 OBIMNFERD S (Doyle et al., 1997) . JEB] « xFIRAFFE L LT, HEHRM
Kz BWRESH L WD ERTEE, B, KB, B, IFIRE, HEw. BEhto 23 A o
e b=l (Alavanjaetal., 1980, Gottlieb et al., 1981; Gottlieb and Carr, 1982; Hildesheim et al.,

8
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1998, Cantor et al., 1987; McGeehin et al., 1993, Zierler etal., 1988, Cantor et al., 1998) . #&i% D
A (A X 1.5) KOO N A (4> X 4.7) & OREENFE D L L7241 (Kanarek and Young,
1982; Young et al., 1981) M#HENH D, LorL, I biZWIhbsl TorR—E, #HEDF
FEME, BEEFFIE L AMEE, BRI OB ERER DR, 7 v 2R )L AREDOMHERN TE 722
WEDOBHNG, 7 ra RV LDFEN Y A7 OMFRGEILE LTl S v TunZguy (IARC,
1999; IPCS, 1994, 2000a) ,

F 7-1 ZuarihOERREEROEA
pr SR | e | Rme = R ik
. o | TR = otk ElE,
e g Pt RO s oo s T o etal
33 7% " Wote L, FIREAE R OFERAIIE T B |1 g0g
‘ B9 % LS A A~ — D — % R E)
~ LN B R
EPNLLE o 24~ 48 WFHLPY: RIS Storms,
19 RH 2~5 H 4 k= 1973
v JF A rE> 8 WML T IEH,
2 RS MBI AR VIR L, 7255 & LIzIREE
N < AP,
(FT7AF > |ALiE 6-7 e[t B Hakim et
16 k£ o ftm O ERGEE (4 B B 28 emEtE, FigkomEoJkEE2 < |al., 1992
HT27uank 1BPE,
JL ) 7 B L, R, BRRIR, IROEE,
B, BRMRA T, FE &R
— 1] L o .. ; , =
LOTTIREL s | e BB orows mmm mscmsees |
é&hgﬁﬁ 8 A mg/m? BEVR, SR K, B 5 0 ROOERINRYE £ 38| 2 oo
) 3-10 4 LoF )
17 A
KERAV—F K 1963 45 1975 £ F TORADFREER LT
NRZAVRNVS i ; . Rrik, Wilkins &
iﬁ/\‘ﬁ > = REAS " = Sk
25 Ll kB 7J<$(J m Eﬁ*ﬁk*/}%f? HxtU R 7 &HE Comstock,
M A B 14,553 A il B, BoR A AERER L 1981
B A& 16,227 A LRI E DT AE
KE T A AT, i R .
55-69 B4kt (MU [pokpk g [IEPRITO 7R BAL S OIRIETL <70 Doyle et
28.237 A & ] BT 3V =T TR, al.,
1986 - 1993 4 TR AR O AR AEE ) 27 o 1997
KE=a—a—7
I 7 E v R OHM
BIGE C RN A BRI |AEKTIRER | i B8 A Alavanja et
T LB K i Pk il - H - KM - L - I - B - [al., 1980
1,851 A, %tk 1,595 Pl - BEEDS A TR BT,
A 1968 - 1970 4F
KEELAL DTS
M o> 20 A \ ELRB S A o K 2.07 (M IRNZE A L2
WAL DFT (B MR (SRR R R ' < i) ' - Gottlieb et
B & i . . ! l., 1981;
B o K ¢ WA A: AR L ?
1960 - 1975 4
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% Bi .

pr SR | e | Rm = R ik
KA o7 T
N e ==Y 1
Mo 13 78 VR (B o | R R OISR DY 2 7 Gottlieh &
BAlcEpmE, [ i S A HEA Gottlieb &
11,349 A FERES A VAT L '
1960 - 1975 4E
fﬁggggj; 7 A M DI & B 3E T 10U T SR

: ot AIEZE % 2 ff
20 L ERED [ (posk g PO EERER Young et
M B R 7K & FERR B K D Lk

=P 7K Cl] ; . . al., 1981
R IUTE 8.029 A WEMSS A Ay X 15
1W24&7$ DD A XL 4.7
KET ARz
;ﬂigﬁ%gﬁoﬁiﬁm S TR [ 75 A 00 Fa 3 S VRN & R Kanarck &
stk 1972 - 1977 | 2 SESRIRINAR & 61573 Ae A A 2.81 1982
$
SKE O 10 Hilsg JEBEARS A DY A7 FKDFRE & H 28

84 i ‘ \ 1 AN AR TR f
21-843 g ok |20 7 CEA BAREINKIAS 40 FRAE | o e
L T % T Cantor ©
2116 A. %ot 689 Hy SR G K DR & &b, B OB o[
A SELEE DR A Y 2 2 L Bl
KE~YF2—F
v i K O G H o> £
45 UL kB R  (BCEK P IRER (BEM S A 8BB4~ XL 1.6 Zierler et
ESEPED A A |k B (7053 TIE SRR AR |al., 1988
CHL LI fE6 S 1T B MU oD (& L)
614 A
K =25 P
S ; \ \ W R AR A
WA A 32T 1 | Lo ot e[RRI E AT RIS Ao DY 27 |
21-84 A A X " & B etal. 1993
P (B R0F T %0 2 — b — B & G :
1990-1991 &
KT A 4T LR DRER & ELI 7S A 0O RE I HELAT 2
40-85 ik, T LGNS|y oo " i e e |EVED R Uo~m A X EE EHSRUSIN S L2 |Hildesheim
ﬁh%%G%AJﬁiﬁmm %Hm#ﬁquﬁE*@ﬁ%%% etal., 1998
5% A B2 655 A A A B Y A 2 (T
1986 - 1989 4F FERR S Ao A7 L

7.3 EREBMICHTOEME

7.3.1

SR (R 7-2)

* 7-2 7o RlhOEMEEERERE R

~ A Z v b S
#1 LDs 36 - 1,400 mg/kg 445 - 2,000 mg/kg ND
W A LCso ND ND ND
#2FZ LDs 696 - 3,245 ND ND
HEWEPN LDsg 880 894 - 1,484 ND
ND: S—#7L
High : IPCS (1994)
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R Ogs

YU ATOEREREME LT, BBV, EF & OURIS O S OMRIER BAabhil, 7
vy NCOFEREME LT, Z ek 5%, LB, S, fiRmEE. EiFH, =5
T ONRFEE 2 AElEt S - (Chuetal., 1980, 1982),

7 v a Ry LOBMERMEICE T DERNSREIL, TARMER, FEEXOERTH D,

7.3.2 HIEHROBEREME (F 7-3)
7 aa kL NXEW SRR T, RS K ORI L CHRIBMMER S 5,

# 7-3 7 v a iRl bORIEM R OVE SRR R

B | 5 - &Fffq PR i 7 ik
yE || 0Rh |1~4F] R BB, R Torkelson
BRET AR | i | PEOBEE. A T D R g [
i
TEE0, 1B M O 24 W51 |10, 2.0, 3.98 |1 00 11 f 7 HOOE . IRV . IR
TSTGARF v a/kg M
W7 2
IR ND ND  |[LBRE IR CE RO B
e
RS DY {17 M | IR

ND: ¥ —#72L

7.3.3 RBAEMHE
A L-FEAN T, 7 e R A0 EMEICEET 2 B E IS Ty,

734 REHEEEME (& 79
saaRVAORERGEEIZEL I, v~V A Ty FEHWERAKRE SUIRAZEEIC
FD3BR, A XEHNTERAFGHRBPIBZ S EfSNTND, Zb0RBERNL, 71
2RV LD E DEFGE LR, B THY . M2 TRARE CIXEE~DORZERE O L
TUWD, BLUTFICR DR M O A %57 O NOAEL Z k&4 2 BRI B 22 ik Bk a2 ii# 1 5,
18~24 Wl DA X (B — 7 W)Y hE E M E 8727 m e kL Ao 15, 30 mg/kg/H
6 HHA, 75 MBI F o 7L ClfilRA#EES Lz, HEEEL R T mET 7= 7
/R T AT 2T —F8 (ALT) X, SHEHCIZ 6 EBUKBICE LML, KHRETIX 34
WPARRICZE LN L, APl oo 22 faf, 5 E~EE 02k L7 ER LR L I-nwb
w5 TN 9 I fatty cysts] 235iRBR#& THFIZ 15, 30 mg/kg/ B &G RE TR SNz, ZOHE
iE. P HREE:L/27 B, 15 mglkg/ B $5-R£:9/15 i, 30 mg/kg/ H % 5-8£:13/15 Bl T - 7=, 5T
R 5 I OB N 72 2>~ 7= (Heywood et al., 1979), AikBR Ti% NOAEL (3k$ 5 Z L1132 T
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o2, IE ALT o8N, O 5 OB %Z & &0, AN E TIEARBR O LOAEL
Z 15 mg/kg/ B &HIBr L7z, Zeds, MR ~DIEMERBII~ U A~D 7 vV AE&ETLILL
BRI, B NV ROFIRICBIEE SN O 5 Bl o BEALRR 2 2 kD> LOAEL
ERODLEZURFRA L FELTHEEITHSD E SN TS (IPCS, 1994),

MEME F344 5 » MiZZ mu kL Ao 0, 2, 10, 30, 90, 300 ppm (0. 10, 50, 149, 446, 1,488
mg/m®) % 6 WEfEI/H ., 7 HRIAE, 13 BRI A RS L7-iBR T, Mo 2 ppm DL O GRE TR
B ORRZRZERENED S, 10 ppm UL EOF GRECTRET RN O LI 25800 L7, Mk
@ 30 ppm LA E O 5 TEEE O LIEHEMEBEMEIZHEIN L7, 300 ppm # 5-# TIXE Tt
PEPRAMAE OMRRE 2L i T O . R DZEfa b BEAEE D HETAH B AL, TS LI O,
AMARZE M 2 28 R O E R b DB ST BRI X7 o o AL A0 @R - T2,
B D IIARBROERE TO LI #N4 5% L L7~ NOAEL % 10 ppm (50 mg/m®) &L LTW\5%

(Templin et al., 1996b), F£7-. AFAL TIZHED 2 ppm LL_EOF 54 T &6 E B O LR 7 2
MENFRO BT Z Lo b ARBRO BHEFEE 24545 & L7z NOAEL [33R® 5 Z LIXTE WA,
LOAEL (% 2 ppm & Ik L 7=,

L7eho T, BOFEE TiX, NOAEL 35617, B — 7L RIZ 7.5 FRHIM Y tlE & LI
7\ k)b s 15,30 mglkgl H & & Tl A i G L 72 @B LOAEL, 15 mg/kg/ H TH %,
F7-. MARETH, NOAEL (356N, 344 7 v Moz uuk/La% 6 BEEl/H, 7 ALA,
13 W A 2% L7k LOAEL, 2ppm TH 5,

£ 7-4 suuisLbAOREREEEABRER

B f?j; whmm | mER o 7 ik

~ A o il 4 HM |0, 3,10, 34, | 0. 3. 10, 34 mag/kg/H : Larson,, et

B6C3F,; wn 90, 238, 477 Harra L al.,, 1994a
il a—y mg/kg/ H 90 ma/ka/ H LA E:

9 J& H ALT o#ahn

14 PU/E 90 ma/ka/ H :

IINTE R R O > 7 e Y
238 mo/kg/ H VL E:
FRKRHIT E B O
FFRIAR LI oo B8n
JNE R—=)L-F b Kl —Fol
i
238 mg/kg/ H:
HR A R I A N e R U ZE R b - B
P/ INBE AL B OB T # s 3E
477 ma/kg/ H:
D B D RIEARID % 1 - 7 T TR AE
INERLLEEEEIEEAE, RS K OV R
) PR 2 2 2R M

LI ffREE L o E BrferE
NOAEL 34 mg/kg/ H
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EOLZEE

5
Jiik

B G-

G &

ik ES

~ 7 A
B6C3F,;
i3
9 3 i
14 VC/#

R il
&N

a—

i

3 HEH
5 H/EH

0. 3. 10, 34,
90, 238, 477
mg/kg/ H

0. 3. 10mg/ka/H:
HE2L
34 mo/kg/ H VL E:
VILE h—/L Tkt RaFtF—F ok
o
34 ma/ka/H:
INEE LB AR D = A U v YRt
TR /NEEFULER - A R R e oD
B 2 b
90 mo/kg/ H VL E:
FEH T EE O
ALT ¥
90 mg/kag/ H:
ZINBE D A 0D v A~ ER B
RBEK & 22 fafb % £ 5 BAEMEEEE
238 mg/ka/ H LA |:
FEAmAE LI o8
238 ma/kg/ H:
R R/ NBE PO M 3 R
477 mg/kg/H :
FRO RIS Mz LT AR R OV L
WS SRR & /NI & R
FAMFMES HD 5,
NOAEL:10 mg/kg/ H

<A
ICR
W g
A s
N
7-12 T/

o il
&
IRYR W

n4 H

0. 50, 125,
250 mg/kg/ H

50 mg/kg/H LA E

WHE R 0 A P A R e 2 ki

e R ot JHF HE R O HE0
125 ma/kg/ H PA E

Tt et A ot EE & oD G N

e g 7 v 2 — 2 DR T
250 mg/kg/ H

M1 3% ALT 50

W M 3% ALT 900, (i AST 0,

e st I 22 2 o> HE N

LOAEL:50 mg/kg/H

Munson et
al., 1982

<A
ICR
yii3
T i S B
8 ULLL k/#E

5 7]
&
a—

0, 37, 74, 148
mg/kg/ H

37 ma/kg/ H 7> 5 JH B AE B ME Ak
B URME AR G, bR AR,
SRy
SN NBE A CNER u . AR 4y 24
TEFA L, BURE)
74 mg/kg/ B :
BB A~ D p-T3) FIREETGA 15%78
L
148 mg/kg/H :
TRA 7 A B el
B RGO p-T3 BIREETGA 61%78
A MEIRFAEFZIEIN, Mg ALT
m
LOAEL:37 mg/kg/ A

Condie et
al., 1983

~ A
B6C3F,
il
6 P
8 M n

A il

&K
2%
Emulph
orin
water(E)

4 91-92
H

B 93-94
H

0, 60, 130, 270
mg/kg/ H

2% Emulphor in water
60 ma/kg/H LA E

B T i e ot AR e EE =80 (B)
130 ma/kg/ H UL B

T A e S BN (B)

270 ma/kg/ H
B A L)

Bull et al.,
1986
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EOLZEE

5
Jiik

B G-

b

il

a—

ii1(C)

z— i
60 mg/kg/H LA E
T e Rt ot A o B B HE AN (C)
130 markg/ H LA F
HetE: RV 77UV R (C)
270 mag/kg/H
W A E R
1L ALAT #E0 (C)
ONE M D Il R 2 1k
B~ EEOYHIFEZ (C)
ife: 1 7% ALAT 41 (C)
ONE A D 1Tl e 22 1
B~ EEOYIITFEZL (C)
LOAEL:60 mg/kg/ H (2%Emulphor in
water, =— )

~ 7 X |ICR
i A

3 i < 9

7-12 VC/#E

i ol
&
KB

00 H [

0. 50, 125,
250 mg/kg/ H

50 mg/kg/H LA E:
e RGN, JFI 2 m Y —
LD T NVE T P
50 ma/kg/ H
PR PE A T AR B D
e iR o R RO PUIRE A= A
B>
125 markg/ H PL F
MEAFS 7m0 ) — B N TR
fFIouy—2a7=Y Kkt

fi% 3% D
125 ma/ka/ H
S PP A R 0T T B8 A0
250 mg/ka/ H
T VT it ot A Skt 2R =4 0
B RE A= Ha s

ML3E 77V 22— 2 DN
FIr7uy—n7=1 kgt
%32 DD

e SR i R s D AR

JHF i 5 I NVRLAR oD B e 27 ) 2 1
it 28 A 7 L
WM« T BE A L2 B R D 22 AL

BB o IEM, EE LT v
PERD DT DR RABE NE

Fr N AR oo K PR 2 Ve, BRI ) v
RERD /NS 70 BOIREE
W CEREIZFED B 1A Bt DuE
Hiz, A ERNEFD 7 »
SN—HRZ B Y

LOAEL:50 mg/kg/ A

Munson et
al., 1982
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EOLZEE

5
Jiik

B G-

G &

SCHR

~ 7 A
B6C3F,
i3
9 3 i
14 VC/#

ok

4 H ]

3 1A [H]
65 H /i

0. 60. 200.
400,
900, 1800 ppm

(0. 16. 26, 53,
81, 105 mg/kg/
A AH)

(0. 16. 43. 83,
184, 329
mg/kg/ H FH24)

4 H 55
0. 60 ppm:
e L
200 ppm LA F:
I LI o
400 ppm VL E:
ANBE RO E R AR T O S A MR
AR T
NOAEL:60 ppm (16 mg/kg/ H #H24)

3 I B G-
0. 60, 200 ppm:

e L
400 ppm VL F:

FF AR 6 2 D BN

[l DR 2 b7 L
NOAEL:200 ppm (43 mg/kg/ H #H34)

Larson, et
al., 1994a

~ 7 A
B6C3F1
i3
6 iH in
30-40 PL/Et

/W

00 H ]
80, 60 H
fH#% (2
il i A2

0. 200, 400,
600, 900,
1800, 2700
ppm

(0. 20, 40,
60. 90. 180,
270 mg/kg/ H
FH4)

200 ppm:
BT
400 ppm:
SN N BE HLC IR Ak (30 A #2 D )
600 ppm:
JIEL AR 1 e
900 ppm:
—FY 2R (R E R . 12 [E1E
JElig N BE L PERR AL (30 B # D A)
JELNER I e 2
1800 ppm:
—FER R E D, & IEITE
JFNg N E L ERE AL
2700 ppm:
— Ry 22 (R E A & RIE
JHF gk 106 =2 48
JHF g N BE O R AR
JIELAER I e
NOAEL:200 ppm (20 mg/kg/ H #H*4)

Jorgenson
&
Rushbrook,
1980

~ A
B6C3F,
i3
9.5 I #H
5 L/

WA

BrdU
p Uiz

7 HH

6 IFfE/ B

0. 1.2, 3.0,
10.0. 29.5,
101, 288 ppm

(0, 5.9, 15,
50, 146, 501,
1428 mg/m°)

0. 1.2 ppm:
e L
3.0 ppm LA k:
JHF A ot 22 5 180
10.0, 29.5 ppm:
JAIRE LI 32 i 88
B0 U ~ v 25 B D /N BE RO R oD
Zefafk
101 ppm LA L
(NEREENIE D]
30 f5 LA B SFAmAE LI #5500
/INZE RO T e 3 5
T JE o H RIS B OV IR JE] R R
DZE Rk

288 ppm:
A BRI > TRESER I
ST PR A

PRABGE D LI 23 RIEL D 8 50
NOAEL:1.2 ppm (5.9 mg/kg/ H)

Larson et
al., 1994b
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| |

—.- I;l _
B | S |momp| R “ i Sk
jf/f Y11H E \s]
v A WA 4 AR 0. 0.3. 5,30, |4 HF Templin et
BDF, 6 5/ H | 90 ppm 0. 0.3. 5ppm: al., 1996¢
W 1 BrdU (0, 1.4, 25, e e |
11 8 i et 149, 446 30 ppm:
5 [T/RE mg/m°) HE T LI BP0 (20 %)
B IR MR LAY PR AR PR R
il FPFEFERL, Bk KAk
(HBR JEE ~ R &5 )
JFlg: L1 8800
e B 2 L
90 ppm:
ML B0 (7 %)
R R A S AE. | PR IR
AR, Bk A Kb
(F g ~HE)
JF R L1 B8, e Bk 2 4 %
PES NERLLERZE AL (3/4
c)
B PR LD S0, TR A B B Y A
PE S RO EBZE R L (3/5
c)
NOAEL:5 ppm (A< ZEAM 3 0> H]#7)
~ A D i i 0. 30, 90 ppm | |2 ¥ R
BDF, 6 R/ 30 ppm:
Vi3 H.5 H/| (0,149, 446 2/5 VEFE T B ik B P e
11 FH i i mg/m?) R PR AR AT SR A PR L
5 DL/t THHEEHE, BRARL
JF i 88 /N T L 22 a{k (1/5 PR)
90 ppm:
475 [ HE 15 -5 g 2 i
T M T PR LB L RN AE PR Al
FHAER. BRAKAb
JHF ik Hp O 45 R e oD R A i R AR
(3/5 L)
LOAEL:30 ppm (149 mg/kg/ ) (<7 Afh
Eek:D)
~ U A WA B 7,13 0, 1, 5, 30, | 0. 1. 5ppm: Templin
BDF, b [H] 90 ppm LA S/ et.al 1998
i (0, 5. 25, | 30ppm
11 ¥ BRI/ H | 149, 446 T
5-8 L/ 5 H/iH mg/m®) 7 3R DA bR f BB BN
B & B SN AES
W LI HEn
INEEHLME B AR
7 1 (40%). 13 1H(88%)
livich
3, 13 TR L1 HE
13 : T/ N EEF O IERR
(25%)
90 ppm
THE:
7 LA b AR T E S
B R & BN
W LI
RFlg NEEH LA N B R
M 2 Tk &
OZEVE(LE )
16
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5

iy FE ik 151 1] BhH & i P SCHR
708: FFlg L L1 B8 n
ivich
3, 13 ARt AT B A
7B DL RS L 50
FF g/ NBE Hh Ll ~
HRIZ ZE Bk (80%) M OV
P£(100%)
NOAEL:5 ppm
<A LN ) DOOE® D4 A/ Larson et.al
B6C3F; 4 AR | 0.01(kHREE) 10.0 ppm LA 1996
B 6 B[/ | 0.30, 1.99, s 5 PR B RS A R LI 400
9 38 i H 10.0, 29.6. 88 88 ppm:
ppm o AP AT AR AR (L1 89m)
@) (0. 15, 9.7
3@ | 48.7. 144_23 NOAEL:1.99 ppm (9.7 mg/m®)
14 428.6 mg/m
ity "™ @ mm s
H ® 1.99 ppm LA
10.0, 88 ppm s = R RGBS T LI 0
® 29.6 ppm LA E:
6 | © T B S OB S LI 80
7 A58 | 29.6. 88 ppm R A 2R (LI EEn)
6 MR/ 88 ppm:
A HE AR EE A= (L1 #40)
B - R o 25 R
% R NOAEL:0.30 ppm (1.5mg/m?)
7 H/# e
6 i [ 2%
6 IRFFHI/ 0.30 1,99 10.0 ppm:
H BEAL
29.6 ppm VL F:
© . HEE BCE LI N
13 M i FESILEEE (LI )
5 H/#E 88 ppm:
6 IR I/ e JFF Rk st 26 B 800
H BLH RS IEE A @ LIS
© NOAEL:10 ppm (48.7mg/m®)
6 W [H]
5 H /i @i 7 B 13 A M &E
6 HFf/ 0.30, 1.99. 10.0 ppm:
H Byl
(1338 H 29.6 ppm LA k:
BRAr) T R L BN
88 ppm:
e TR R A= (LI $Em)
JHF g sk B B N

NOAEL:10 ppm (48.7mg/m®)

@5 A 13 A& (10.0, 88 ppm D
BRER)
10.0 ppm LA F:
T R R B M OB A L 8N
88 ppm:
HEME TR RS A= (LI $En)
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B ?‘i whmm | wER o 7 ik
LOAEL: <10 ppm (=48.7mg/m°)
©H5 H., 6 MMEAFETIE 13 #H B K
7 (29.6, 88 ppm D A ikER)
29.6 ppm:
Bl
88 ppm:
;B PR ARG I A e LI HE A
NOAEL:29.6 ppm (144.2mg/m®)
~ A WO\ 113 I 0. 12, 25, 50, | 12 ppm: Kasai et al.,
BDF, 100, 200 ppm T T M o PR R I A SR R | 2002
e I 6 IEH/A | (0, 60, 124, b, &Wes e
6 5 H/H | 248, 496, 992 | 12 ppm L k:
10 PT/#E mg/m®) T - B o (oL PR R 4 SE
e S e IR, R R A ER L, R
R b
25 ppm L k-
MR bR 2R PR B T o PR A 2R
100 ppm:
T JFF i o L 08 A 40 B SR8 atypia
200 ppm:
AN A O SR AR A, B B
3E
LOAEL:12 ppm (&7, Bk E)
v R WA | 104 38 0. 5. 30, 90 | 5ppm Lk L: Yamamoto
BDF, i ppm B I P I etal., 2002
6 A 6 HERH/ (0, 25, 149, L R o FERE, (LA
i A A 446 mg/m®) 30 ppm LA I
50 DL/ 5 H/# MBS PR A MR A . A
PRAME I ik
90 ppm:
T AR A iR (b
BE W R O%ERE - BE
I TR AL A AL
NOAEL (%) 5ppm (25 mg/m®)
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| |

S _||—: ) _

5 - . .
EL/Ei ik #e 5 1 R whH & A S SCHk
7wk Rl |4 AM | 0, 34, 100, 4 B E R 5 Larson et.al
F344 @ | s 200. 400 34 mg/kg/H 2L | 1995a
i3 a— mg/kg/ H S R i e 8 A=
9 3F i TH 3 M 100 ma/kg/ H
5 PL/RE L 5 A BN

A/

100 ma/kg/ H A
JH R SR A 8 A2 (LI sm)
JINEE TR A e 2
i B ELER L RN
200 ma/ka/ H 2L E
IR EE S PH
Mg A R AR b R v AR
400 ma/ka/ H
JHE M st 2 RN
LOAEL: 34 mg/kg/ H
100 ma/kg/ H A
1A BN P
A e AR
FH M /1N 38 oD i e 2
ik Be LR L N
WAL PRAMAE Rz A
200 ma/ka/ H 2L E
JFF Mg 1 st B 2 0
FEAm AR EE 26 (LI HEm)
200 ma/kg/ H
RO B A% A /N2 L 22 b
7 R A7 = 3 Y G- -3

400 mg/kg/ H
A P e 42 e~ B JEE D OV R 2
fiea 28 1

BRI PETR . A KRR
NOAEL:34 mg/kg/ H
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EOLZEE

5
Jiik

B G-

G &

SCHR

7 v b
F344
yii3

9 3F i

g il
&

a—

4 HH
HfE

3 M
5 H/E

0. 3. 10, 34,
90, 180 mg/kg/
H

12 Pu/
BrdU # 5-

4 e
3 mag/kg/H:
FEXIIFE &N (EEHIAEZER L)
10 mag/kg/ H LA k=
kT AN
34 mar/kg/ H
7 IR A7 =R R g e V) [N ON
A0 e B 2 A b
JHF i R B8 ~ P 48 /NS v L R TR
WHEmER (2/4 %)
90 markg/H 2L E
JHF NG A B L1 #5800
i, Y Ve h—1LFtb Fast—
B RN
90 mg/kg/ H
JHE N /N FE LR e Yt . BEFE
JMRpaAERR , HERDR A E
B PR A R R, 22 faqt
180 mg/ka/H
RE I
P BEL L HE N
WEALRAE ERERR, 2fafk
JH M A 1 o e 2 5
LOAEL:3 mg/kg/ H
3. 10. 34 mg/kg/H
BEL
90 ma/kg/H LA E
RE I
JHF il AR ot 25 G0
180 ma/ka/ H
gk A et B B AN
JHF NG A B L #5800
4 HEROFT R &R L
myF. Y/vbeh— 5kt R
v 7 —-E 8
NOAEL:34 mg/kg/ H

Larson et.al
1995b

7w b
SD
iy

1 n R B

50 L/

AR 7]
&N
MY o
JiE X

80 1A fH]
6 H/HE

0. 60 mg/kg/
H

60 mg/kg/H :
IREHINRAE - A A7 =R 0
e R o S E k>
Mg Y e 25 T —B oD

LOAEL:60 mg/kg/ A

Palmer et
al., 1979
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B ﬁg mhmm | mER o 7 ik
AN ok W ARDE | 0. 60, 200, |4 AEES Larson et.al
F344 55 400,900,1,800 | 60, 200, 400 ppm: ¥ 7 L 1995b
i ppm 900 ppm 24 F
9 [ 3 i [ B EE LI N
12 Pu/f e 4 HHEfpe 1800 ppm
(0, 6.6, 19.3, A B 04 )
BrdU £¢ | 33.2, 68.1, NOAEL:400 ppm (33.2 mg/kg/ H #24)
Ea 575 mol/ke/ |5/ 3
SREES) 60. 200. 400 ppm: i 7z L
. 900 ppm 2Lk
%%% 18 T
Bl
(06.017.4 1800 ppm pm e e o e .
32.062.3 106 A8 ~ R D 2 b, R
mg/kg/ H ¥H4) HLAEPE SRR B
NOAEL:400 ppm (32.0mg/kg/ H #H34)
Z v b oKk p8 H I 0.13. 1.3, 11 | 11 mg/PC/ B 4 ER g Chu et al.,
) mg/L/ A sl HRTRE: # 5-1F 1982
1 (0.7. 7.4, 63 =1.0:0.52
e ALE % mg/kg/ B A8
10 VC/#% )
vk ok PO A 0. 200, 400, | 200. 400, 600, 900 ppm:FH 72 L Jorgenson
Osborne-M 600. 900, 1800 | 1800 ppm: &
endel 30,60 A | ppm PRI (20% Ai) Rushbrook,
e CANL ! 1980
6 1A b s (0. 20, 38, AR SRR, G2 v a kL AR
30-40 L/ 57, 81, 160 | BE. HAMRPT A AR 09 ET RACH A A B
mg/kg/ HHEY) | #E7e L
NOAEL:900 ppm (81 mg/kg/ A #8%4)
Z v b WA |7 BHIE 0. 1.5. 3.1, 0. 1.5, 3.1 ppm: Larson et
F344 10.4, 29.3, B ia L al., 1994b
1 6 IF[H/H | 100, 271 ppm | 10.4 ppm PA L=
9.5 Wi R HE N
5 IL/A% e FH BRoAE B M 0D 97 BE AR S I 25 b
QS oy N ORI 5 AN
v CHRENE, iR R oF
T RR)
29.3 ppm L [
B R R AE R o LI
100 ppm:
JHFA R LI BEN(3 %)
271 ppm:
SRR L1 #8n (7 4%)
JINEE HRLYE R A i R 22 fin A
UL R A B 25~50%
NOAEL:3.1 ppm
7 vk WA @ ERELE | 49 ppm Pl T R B EERE L 0 R BESE (MM | Plummer et
Black- I (245 mg/m?®) AL, /& 72 Bk B 5E) al., 1990
hooded D4 T/ (k&
Wistar H, 31,586 ppmhr)
M 7 H/E
3 s R
36 PL/#f
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5

i ik e 511 Ly b pS SCiik
1 /%36 T 4 R | 280 ppm FFlg: Bk HHRAE OB E (FF AL ik
K (1387 TELTo/MENITE. T h7e st
6 ER/H | mg/m®) (R gk )
5 H /¥ #& & 31,593
ppmhr)
AN WA 033EM |0, 2, 10, 30. | 2ppm: Templin et
F344 90. 300 ppm i&:ﬁ%ﬁﬁﬁﬁﬂ%kﬂi@éﬁsa@%% al., 1996b
e e BrdU B R/ A 0 ppm 2L E:
9 | AAE 7 pAE (0, 10, 50, f’&ﬁ’ﬂ%%Eﬁ @ ULLIY #8900 (o> 2
5-9 VL/# 149.446.1,488 FE i)
mg/m?®) R 2 N
30 ppm:
T R RD LI BN CRUAa B i s -
T i 9
e BT L1 BN (T PR A A el A 22
fak)
90 ppm LA k:
RN YIIE NG
90 ppm:
HEE BCE LI 0 G R AR i i
WA - TR - R ZERAL)
IR R L BN GIEAT PR AN e
Ze fafk)
F TS S A0 e L B B oD 2 A
300 ppm:
T BRI HON GIE AT PR A0 A2 ol A
B BT - R ZERak,
fa s, ARiE)
FERIAE LI B8N GRufm 28t - o2
% - PR ZE fak)
e B2 L N (AT R A A A A
K/AAIE - B - Z2laibk)
FEMAR L1380 OREEHRLE A &
FREERIZ 2> U TR ZE )
U ULLI=BrdU T ~/uaski& &
NOAEL:10 ppm (&)
LOAEL:2 ppm (5 & i)
(A FFAIG 5 0> 1 197)
7 v b WA D3RI | 0,25,50,100, | 25ppm LA k: Kasai et al.,
F344 200, 400 ppm Wt %H SHLEAL, WL b R 2002
iy 6 BFfI/H | (0,124, 248, | 100 ppm
6 W ikn 5 H/IE | 496, 992, 1984 ﬁt&:ﬂﬂ&@ﬂﬁ
10 Pu/R¥ mg/m®) 200 ppm:
B P i
ML 1 f7 B F.
Pl E v o RYRE . B lEI AL IR
RS
400 ppm:
MR JFNRE & v 1 ok, Hﬂ%&w‘éﬂﬁ\
ITAL PR AN b Rz 22 i 28 Pk
T |- f S BE

LOAEL:25 ppm (& &
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| |

—.- I;l _
mom | S0 pomm|  pem § 7 ik
jf/f Y11H E i\

A WA | 104 ¥ 0. 10, 30, 90 | 10 ppm LA k: Yamamoto
F344 [ 6 | ppm M e e R L ML Rz o> i - b | etal., 2002
I g fE/H (0, 50, 149, A
6 JA i 5 H/i#E | 446 mg/m?) S P SEE AT P RE O i)

50 PC/Et 30 ppm L

[ LR L= 2 NS
N L R
90 ppm:
e <A e B bR 22 e f b
NOAEL (&) 10 ppm (50 mg/m®)
vk WA | 6MH 85 ppm HE R e FE ot B2 & oD HE N Torkelson
RHAH i (414 mg/m®) | e e i VR D R etal., 1976
M2 10 7 e/ P /N B o D T 2
pC E
Tk 5 H/#E | 50 ppm 1f:85ppm T D #E S & AL
ES N (244 mg/m°) (kg
RS 10 PP + T IRAR sl E Rk B
Un S ERE A28 (k1T 85 ppm s B & HH
2l
e i e TR N . IR AR
FF /N 2 e D T 2
7 vk 25 ppm T R Mk A o B R N
RFA (122 mg/m?) I 452 56 3 0D > 2 /N HE B
Hft 12 T M. BHBCIR A R VR
#E 10-12 P& HeE i
6 3 il ¢ [AI
I - 52 M - i A e 2 4
Pl AR ol 7 AR 6 38 ] G [l 1
EILE 50 ppm i L
k (244 mg/m®)
ES N
Mt 4% 8 PT
ELE 25 ppm T PG 22 B Al % 5 /NBE P P e
K (122 mg/m°) A RS RV R OV
ES N e DN
e 12 /S E o Do oD VLR 22 L
pC
v F 85 ppm W PR 72 W fl . 3E3E
ES N (414 mg/m®) | e JrFRgR /N T Do R 2 M | 5
A 2 S VSl L VS PR B
P 25 ppm A PR A S e OVFE R 2 oD BN
e N (122 mg/m?) | g JFFR /N3 T D R ZE P PR 1
eI 4 3 T IR 72 ML A O 5 BE3E
MR ER R, BRARAT . MURIMER 4
£ X 25 ppm mE A b7 L
e N (122 mg/m®) | e B SRS bR 03 LN IR BIENE % fF
Mg 4% 1 DT 5 RERIED 5 DB
v— 7L S| 7.5 4R | O(E Bk R) 15 ma/ka/ H Heywood
K ®O |6 BHAE | OCEALE XIHR) | iEkE:130~364 % ¥ CiniE ALT #4n | etal., 1979
MimeE | ¥ O(VA K el 1) RS 0> 5 Kotk o v 4 i — o i
e Tt Ve h (%5 i et F THINN (9/15 #i)
18-24 s | 7L BE) 15, 30 30 ma/ka/ H
8-16 B/ | 1T/ = mg/kg/ H MERE:6 127 b RITEFER 14 1R £ T
=R MiE ALT H#h0
N S RGO 5 K%k o> v i —
AT R FTOHM (13/15 i)
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B ?‘i mamm|  BHR 4 5 ik
V) B B LOAEL:15 mg/kg/ B (ASETAHf i 0> f1] 47)
x Hbt

735 AFE - BAEFM (R 7-5)

7w a Ry LD - FAEFBMHEICEAL T, v~V 20RO%E TIE, BOkK5I2X 2 3 HAREHE
PR, ARURME~ D SRR QR 5 K oA BRI OME 1 H D08, BEICITEE 2 R
CHHET, EE~DORE, BRICHERELZZOCEENRAONTND, HIRT v b XUTIER
7 A~O R A &G, WOINIER T » h~DORAZRBERBRICIHSNT, 7 > FRET
AT~ O B2 DHETO R, BIRICEERE, BHROGFENA LN E DORENH
%, US.EPA (2001) (X, 7 v u AR/ AIRED~FBHEOBE D LD HELZRNTHRIE~DE
B, AFEEE DRV EB X TIN5,

#£ 7-5 ZunoiR/LAhOERE - BAEZERBRER

R (BeS5iE BS- M &5 & e PS SCiak
~ 7 A |3 O | 4E0E6-15 [0.0, 6.6, 15.9. [Fott £t Gulati et al,,
ICR HE |41.2mg/kg/B | —#drE (R, #op @& BRER) . A5 |1997
=M (FERE. RERBEOIREER) I
HABERFEEDOZ L,

FofttAR, 41.2 ma/kg/H O AR
— TR PR o EE B
A B B 5 R SR SN
M — 84 v AT RSk o8N
— 84 Y oG EE RN
JEge (151)
a2 e (i)
B : B A S 2 8
5 B S R 0
RN W ) |
Frfa s (20)
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TR |G 7| B R wh & i S STk
~ Aok 10 P8/ [0, 0.1, 1.0, 0.1 mg/mL LI Borzelleca &
ICR  |(% PA |8 5.0 mg/mL JFNg (Fo. Fap) HH ZEAEBIMEREMRZE (L Carchman,
Swiss | hov) | 30 T/ (5.0 mg/mL: I W RIS & 2 7 SR 2 | 1982
~ . . 71- ,/\:é‘:/“’f N S
3 i fLat T e bR e HEEIEG mm Ll E)E )
B mg/kg/ H H He AT RIE T (Fy)
Fo A2 B AT [2) ﬁﬁ%ﬁﬁmmﬂ(ﬁ
D5 JE ’ﬁﬁEjJE&T (Flb_’sz)
-Fap 2D ET#J&T (Fyp)
RISy E HERIKT (Fa)
< EHEEERT (Fap)
5 mg/mL
He RIS (Fow Fo)
EFRIKT (Fow Fy)
ME ARG (Fow Fp)
EFEFIET (Foo Fy)
ZHRAEJIET (Fou Fip)
FIRE R Es ) (Fr. Fy)
HIESRIK T (Fg—Fy,, FigFi—F2)
EAFFIRT (Fiaw Fipe Fod)
HHEFMET (Fia o Fab)
EBAREET (Frpe Fap)
Forfl (55 1 fiA%)
FraBlo 1 H 0RO (5 2 #AR)
Fip Bl 2 FIE OB (5 2 )
FoaF1 BLD 1[0 B OARELD] E'u (55 3 L)
Fop:Fa Bl 2 B B OB O (5 3 i:4%)
~ A WA |fEHR 1-7.|0 . 100 ppm|Fo AL Murray et
CF-1 6-15.8-15((0. 490 100 ppm al., 1979
il HE mg/m°) IR 1-7 B H
34-40 T/ 7 FERIA IR EEEE N o> 4l
Bt IR ORT  (AERHERFRE IR T)
BANE. 4E — Y72 0 O IR O HE N
Iz 18 H ITHE 6-15 HH
H IRFEORT (ERHMERFRE IR T)

JIF Wi et ) et B 140
ACBCME D Y ALT SN (il mh e B2 3R AR
W > i )
AL 8-15 HH
R EHE I O B il
BRI IR R (EARAERFRE D) OIR T, L
MUAEAERL
JFF e e A e 2R R34 0

Fy fHAY

100 ppm:

ik 1-7 HH
éL‘E‘%Eﬂﬁw\

W BRI R A
EE%“%’EWMSEE (IR RFE)
MER A IRALEIE (IR =)

4R 6-15 H H
SHEEAIRAEIE (I 3 ME)
4EHR 8-15 HH
e AR E R

ity V2 SR R J
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EUEZRE

Fe G J5ik

G-

&5

i

i ES

SHE B O PALRIE (R )
PEID A IRAL R AE - (B Va3 )
HEERN (A )

7 v b
SD
15 P/

s iR

o— 9

YR 6-15
HEET
TR 22
ERENN
#

0. 100, 200,
400 mg/kg/ H

Fo HHAR
100 mg/ka/ B LA E:
TR B HE N
JT e Skt 2 B N

~NEZREY A~ by 2 Yy ME g Y

NE b= T FrsF—EoE T
200 mg/kg/ H LA _E:

MIEEED A, 2 L RF a— /Lo
400 mg/kg/ H

3PLFET

T i A ot B = AN

R 1 Bk E D k>

Fy fitf%

100, 200 mg/kg/H
BEL

400 ma/kg/ H
Jie VR A R
ANYGRRE RS I
g oy e s (M)
SHIAM B & (R IEEE)

Ruddick et
al., 1983

7 vk
SD

25 DT/t

B

SR Il 1

o— 9k

YR 6-15
HH

0. 20. 50, 126
mg/kg/ H

Fo fHAY
20 ma/kg/ H: B H 7 L
50 mg/kg/ H :
R EE HE 0 oD Hn
IR AR AL (1/2 f51])
126 ma/kg/ H :
RE D
3NN U
SR s M (212 i)
NOAEL:20 mg/kg/ H
Fy AR
20. 50 mo/ka/ B : ¥ 7 L
126 ma/kg/ H :
e AR E R
AR B B iy oD HH R JEE 0 B4

Thompson et
al., 1974

WA

1R 6-15
HHEIZZ
@

7 R/ H
IR 21
H HIZH
15

0, 30, 95, 291
ppm (0, 149,
471, 1443
mg/m®)

Fo X
0ppm:  (Z5&ixtFaRE)
0ppm:  (ZE&ixf BRI REE)
IR 13,21 H H & HE D
30 ppm LA k:
2 85 B>
R 13 B B R E R
95 ppm LA k:
TR 21 A B R E >
Mttt sof B SN (FEATARME)
PN hE 6f BN (B8R - JESE R )
291 ppm:
TR R T
Frlise BN (GER)

Schwetz et
al., 1974
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EUEZRE

ey I 1k | $e -1

&5 i ES

i

Fy AR

30 ppm:

SHIE R o
FOIR DR o
SHE B LI

95 ppm:

Joh B R R 0 A EE RN

o
291 ppm:

I J1E D A6 A7 i V2 ek
ORISR = 1 0
S R D

Jifs 2 A B

FEIROMER, R, SILOBEREN

B2 TVRNE. B 5 8 oo B Al RE B B

PP RAE, SHEE - E OB LBE (R R
DEDIZDHEHIAE AR L)

AV
Dutch
-Belted
i
15 T/
B

Ik 6-18
HH

FR I H
o— 7

0. 20, 35, 50|F, tHtAX
mag/kg/ B

20. 35mg/ka/H:
BERL
50 mg/kg/ H :
4 JLIETC
PR EE S0
NOAEL:35 mg/kg/ H

F, AR

2(7mg/kg/ H:

Jie e AR E s
HEF A EEF
35 mg/kg/ H :
HEFAEET
50 ma/kg/ H:

Jie VR A E R

Thompson et
al., 1974

736 BEEME (X 7-6)
FEAEDORBRICEWTZ ma RV ATEETH Y BaEEE RS20,

* 7-6 ZuaRLAOEBEEERBRER

kR4

PR EE - W B RO RS

il R

SCHR

in vitro

18 22 SR8 B

FAXIF 7 A TA98, TA1535. TA1537.
TA1538. TA100  (+S9)

Van Abbé et
al., 1982

F XX F 7 A TA1535, TA1537. TA1538
(+S9)

Richold &
Jones, 1981

IR AXIF 7 AHE TAS,
TA100, TA1535  (+S9)

TA1537, TA1538,

Gocke et al.,
1981

FRXIFT7AE  TAL535 (Fyb) Witty S-b7
VA7x7-" T1-1 & fn -8 AER)
19,200, 25,600 ppm: A& AKR D 2 fF1880

Pegram et
al., 1997

FRAIF 7 AHE TA98, TA1535, TA1537 K
BB WP2 uvrAtrp+  (+59)

Gatehouse,
1981

KIGE WP2p, WP2uvrA p  (+/—S9)

Qeta kg

U osEk (+89)

Kirkland et
al., 1981
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B4 BT EL - W RRL R B AE R ik
TR e IRZSHE | B R Y %R (+59) —
REW DNA A% | & MR — Butterworth
etal., 1989
It B6C3F, = 7 A, *H-thymidine % & TekssE Larson et al.,
T 20 BRI A S 2 . BUA B3R - 1994c
invivo | Yufo (& B SR Long-Evans 7 v kB #fi#mia Fujie et al.,
e PN 5 1.2-119.4 mg/kg: 4.75 {40 + 1990
% 0 B 5- 6-597 mg/kg/ H : 6 559N +
~ 7 A HEE ICR =~ 7 A fEIEN &5 — Tsuchimoto
IINEZ R BR & Matter,
1981
EWIZEREMRE | MEB6C3Flac I FF v AV ==y V<7 A Butterworth
figi:lac 7 22SRZ8 BOKBEE . 0, 50, 149, 446 etal., 1998
mg/m®/ H . 6 WfE/H . 38 7 A, 10, 30, 90,
180 H W A\ 27 -

—: ke 4 Btk

737 BEHBEAME FE T-7. K 7-8)
IARC X, Z/v—7"2B (b MIX L THDAMEN S D ATREENH H2WE) ITHEL TS,
KIE EPA 1%, 1986 4EDH A KZ 4 > (U.S.EPA, 1986) TiL, 7/ /v—7 B2 (BZ5H< b h¥

MAMEYE B TOH 253 H Y | DOEFRIIEN D B N TORF3 7RG 8 5 7>,

SATRERL D 72 WE) (S LTZD3,

BAERETOH A RT 4 > (U.S.EPA, 1999) |27 21T

7 v a kb MIMREE R RO BAEZF EE S ROVHETIIAETORZBERE T e Moxt
L CHEMNBAMEIZZWE L7 EEF LTS (USEPA, 2001), 72/ AORKEKIZK D3
DATEIZONT Y, MRESERHAHELU ETOARET L ENLIERIET 7' v —F i b i
O FiETchDHELTND, Mo T, BROEMEEERR TE LN AE (RfD)0.01 mg/ky/
H2AR OB AKX L THENTHDLH E LTINS,

% 7-7 2 1 udL A0 ERES T OIS AT

& BE/ H g 5 H 5 B O %
IARC (1999) TN—T2B | & MZX LU TRERIAERD D AREMERH D,
t O REEII AR TH 505, B FEER TR AL
ACGIH (2001) A3 S0 P
N s o AMIZH L TRBELLSERAELRDD EEZONDIHE
AARPERME P (001) | B2BEB | o et 4T A,
BELL B FRENAVEWE, B TOIEDN ANED 53 725E
U.S. EPA (2002) B2 i) WA BV | 2o, FEFIIED DR+ 70800, F723T
— X DI WE,
A B S S UMEN - IFAM
U.S. NTP (2002) R %iﬁﬁﬁkt M LTENAMERDD Z EBRTHEND

7 : U.S.EPA (1986) Guidelines for carcinogen risk assessment (2 & 2 3Fli; BREKET A R T4 VEHE
(U.SEEPA, 1999) TiE, MlaEME L MB AL SR I IBRVWEREETT X TORBRKT e b
FED ANEE O RaA I E 720 1 “not likely to be carcinogenic to humans” (U.S.EPA, 2001) & /3 &3 T

W5,

saafR/VAFBEEEEEZGI SRSV ENIRERIFEALETHY (726 2R), 7=

28

http://www.cerij.or.jp




a A L EZOREIT DNA ICEEMICRIST 20 TR, 7y b, =7 2O & Bl
B SNIEBILZ ma RV AL - Tl & 2 S MlabEE & RENRFTEDORICAET D
ATREME R S LD,

B, MEECTOs vl Vv AE5IET v FTOMBEREORAE T aEe— T 52 L ER
L7238 % (Deml and Oesterle, 1985), — 4, 7 1w /L LFBEICHT S AMKEBIZ & 5 Al T
DAL EBLET 2 Lo HEL H 2 (Daniel et al., 1989; Klaunig et al., 1986; Pereira et al., 1985;
Reddy et al., 1992), BB AA == —F% —D L 5 L FWE CRILEE S iz~ D R 27 mrik
VA HOKEES LT AFIRIES I3 A3, F 725 A7 TR AE 15 <0 fiti oD JE IS 0> 36 2E 3R % 1
MEH7eholc LI T 5 (Pereira et al., 1985; Klaunig et al., 1986)

# 7-8 ZuuhiADREAMERERER

Eitasa B 5. o . X
it ik g e b i P SCEk
~ A S |78 WM |ME: 0, 138, 277; |MEMEAK- mE LR CHERE S b Ic2fEE |NCI, 1976
B6C3F,; oo |5 HAE |0, 238, 477 HIBL=R A BT,
e A a— mg/kg/ H
T SR 28 A HH B =R
HE 0 138 | 277 mg/kg/ H
1/18 | 18/50 44/45
It 0 238 | 477 mg/kg/ H
0/20 | 36/45 39/41
~ A JREl (80 EM  [FEBR1 60 ma/kg/ B : Roe et al.,
ICI o |6 H/AE |0, 17, 60mglkg/H| A 8/38 PUIZ B MM (EHINL AN A 1979
i e 3, FREMRIE5)
10 W HHLL T I RE R L
52-104 PC/#E
~ U A CFLP| 7l |80 WM |FER 2 0 ma/ka/ H (A BEHR)
ICI ®o (6 HAE [0 (EALE) T - B P B 05
re-defined it e 1 6/237 LA
i3 0 (V&) 60 ma/ka/ H ;
10 AERLLT T BB (R MRS A, MR M)
52-260 VL/H 60 mg/kg/ H 9/49 14
Mk
~ DA ICIL, | s [80&[M |FEE3 60 ma/ka/H
CBA, ®o |6 RAE |0 CF/ 1 %Br&., EFERIL
C57BL. CF/ 60 mg/kg/ H CBA, CF/ 1 : S~ EOBIHE(
1
I VR R o X | IC1: B B gk a4 oD
10 8 ER LT |y A Py
52—100 [t/ i Y H [ 60 molkg/H [,
[ JE = HE
TR B X
v 0/47
v'—7 | 60 mg/kg/ H
vl | R o/48
b=y IR
g 0/50
~ 7 A oK (104 FEE |0, O(matched), 200, |FEEE 38 A SR 12 H EAHBIRI 22 88 hnid 7¢ [Jorgenson
B6C3F; 400, 900, 1800 mg/L|%>-> 7=, etal., 1985
i 3 /> #%:400 mg/L BELL |
8.5 i fiw (0. 0, 34, 65, 130.| JFHifig A B3
50-430 PT/EE 263 mg/kg/ HFH4) |6 A H #:900, 1800ppm #E
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#5

5

iy FE ik 11 b5 & b P Sk
JFF g RE I =4 n
~ 7 A BDF,| WA (104 #H[ |0, 5. 30, 90 ppm |5 ppm LL E: Yamamoto
6 i 6 I/ - i e etal., 2002
iy 5 H/#H MR b R DG, kAR
50 PL/E% 30 ppm:
T R e IR + % A
HEHM (7/50 1)
W T e Ji i + 73 A
HE AL )
90 ppm:
T R e R + % A
AR (12/48 1)
JF S e R R+ 28 A
AL )
B T e R + 8 A
4 0 )
7 v bk sl (78 ERY |4k 90, 180 MERE AR AR T NCI, 1976
Osborne oo |5 H/AE | 100, 200 mg/kg/|  #E:90 mg/kgl B LA TR IR bR RE S A
Mendel | =—v A AR HN
i b
7>k fk7k (104 38R [0, O(matched), 104 Jorgenson
Osborne 200, 400, 900, 1800| 1800 maq/L: & b il NN K UM 23 4% (et al., 1985
-Mendel mg/L EROFFRIEM
Vi3
¥ 7 A (0. 0, 19, 38, 81,
50-330 PL/fE 160 mg/kg/ H #H24)
Z v bk ok 1104 @R |0, 200, 400, 900, |0. 200, 400 ppm:ZE:/a L Hard et
Osborne 1800 ppm 900 ppm: al., 2000
-Mendel PRANAE [ 55 & 7RMe 9 2 kR S 28 [
Vi (0. 19, 38, 81, 160| (25-50%)
50-330 PC/#% mg/kg/ A #834) 1800 ppm:
PRABE B E 2 R 5 MR A
(95-100%)
TR MR b, B R
BN T THREMR TS
NOAEL:400 ppm(38 mg/kg/ H) (%)
LOAEL:900 ppm(81 mg/kg/ H) (#)
VAN oK |AE 0. 2mL(2.9g)/L  |KE:JFHIAa IR BRAESE adenofibrosis #4/1  |Tumasonis
Wistar (24 mM) U oS E D etal., 1985
HEFLIF 20 5 S - e 55 4 A5 4 o
Wt I JHF i S e i 55 m
22-45 PL/ft T T A B R
LR IE I e D
7 v b oK |ETE 0. 2mL(2.9g)/L  |xIPRRE Tumasonis
Wistar (24 mm) = 22126 (3512 Hc/ BR £ %) etal., 1987
BEALIED S i 18/22 (51 1 5/ BR A 30)
9 IROEEROHM | 5.
pogihis DI T2 145 08132 (F1 K 5/ B 14 40)
e 26 I glLic& R P60 e M A5 A 51 (0— 61 % )
It 22 Pt ., U v A fEE A (64—21%)
Be HER 180 malkal g 4oras i 2/ 1 )
I 32 1 M) 240 mg/kg/ H S5 % B4 (0—25 %)
i 45 PC e JFF A1 IS 488 (0— 85% )

AR (33—3%)

FLIRIE I ) (44—0%)
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w5 &h o . .
EuLZ/K Fik e wh & it P Sk
Z v b F344 % A |104 [ 6|0, 10, 30. 90 ppm|fEE%EA4H BN L Yamamoto
6 1A s IRe i/ A etal., 2002
i e 5 H/# 10 ppm LA I
50 PL/RE MERE g R, W RO, b
£
Zv b b |78 W |E RS (B EITINCL (1976) T v b B Reuber,
Osborne-Me [#% 11 |5 H/AE  |bh7= NCI 7 v b |EFERAH Y 1979
ndel a— B NCI ~ o XK e P~ AR & RS i o fE
WERE B 0D AL OB PO AEICEVEZED Y
50 PL/EE A& L L72,) PR A5l 2 S 720,
BRI RN A Y
I#t: 90, 180 I B RS AT L
#f: 100, 200 mg/kg/ R AR B O A B 72 B
H
~w A |k |78 ERT | 138, 277; NCI (1976) ~ 7 Z#kBk:
B6C3F1 |#& R 5 A/LE | 238, 477 mg/kg/| MEREATNRAS A 100%(KE 277 mg/kg/ A |
i a—y H I 477 mg/kg/ H)
50 PT/#E |3k HETIHE 2 0 R PEAY

74 b MER~OEE (¥LW))

EhOFBHREFE LT, 7RV AERRER LA, WAL, B Tcorsaaklao
BHEFHINH O | PR DFER K OHFHERE O RF i SN TV 5,

KIEAKP~DEBIMOFERL LT Y o A X ENER L, & 0OEFRHRTHEN K%<
IThh T/, L2rL, ZhbldZrodk/bh L EEKODT DA< . XEFED R #EY
REZAER T BB 7 aadb b RN AL OB IIRE ST,

KRB ~OBPEREL L MKl O#KE L TO LD, ¥~ 7 A+ 7 » T 36~2,000 mg/kg
LHEShTWs,

7 v RV NTENERR T, B R OMRIZ 6 U CHRIEMED & 5,

RE#EGHRBRTIL, 7 e e R A0 E ITTE, EiEcod 0, WARER TN T &k
NOFENRO vl ©— 7 /VRIC 7.5 FEMBRY & A7 v e 15, 30 mg/kg/ H
A CHRAIRR O 8E L2R BRIV T, 15 mg/kg/ B B O REO ERE TRTFIBICAEIE O 2 Ttk
OEMPBE S, PR ALK OHKEGRBR Cidk bIKOWHETH 72, LOAEL IX 15
mg/kg/H TH 5, Fi=, MARFERBRTIT, F344 7 v Mz uuk/L L% 6 BFE/H, 7 HIE,
13 BN BT L7l . S R O 2R R ZEE S R A B o> 2 ppm (10 mg/m®) T
SNz, LOAEL X 2 ppm LAFTH V| IE L 7= L OHPH TR L IKBE COMIETH > 7=,
F URBR T, BAE TO LI N & 551 & L7=354 d NOAEL (Z 10 ppm (50 mg/m®) T&H %,

AEGE - FEABMETIE, v~V RAORAKE T, BOKEGIZ L D 3 AR EEEMRER, MR~
OBRGIRE 512 X D MEFEIERBOWEN S 508, BEIciFEEE2E Lo HE T, AR
D RBICHEREEZELEERAZLIN TS, IR T v b TR %~ 058k 0
PGB, WONZHEIE T »~ h~OWAZBRFERBRIZE N T, &7 v MR T U~ DB L
ECLOMETOR, RIBICKEKE, BHEOGTERAALNTZEORENRH D, US.EPA (2001)
X, 7 e RV MIREY~HEEORO LN HEE RV TRE~OREIT 2, AHEED

31
http://www.cerij.or.jp



CERI
RNEEZ TS,

BEHBERBROERIT. DT DRBUREREZREIIZLAEOT =X EIRETH Y | Bt
AW AN
P AMERBRCIE, 7 e a RV AR E BIBICB R AMEE G T 5 2 @ EINTVD,
JEF <0 P i D A el 50 5E. & P AR MR DB AR IS EBS S A U D Z &8, < ORPARER L — it
MDA, Bt OB RS L N> TWb, IARC (1999) 1%, 7 1o kL A
(b MIEBAER S D LT 25HLUI A+ Th Y . ERBMIIEDAER DD LT 5+
IYTRFHLN B D ) LEHME L. IARC X, Zv—7 2B (b MIx L TERNAMENS 5 Al et &
LME) EELTVD,

32
http://www.cerij.or.jp



X B CCERZR 2001 4 4 H) P

Abernethy, S., Bobra, A.M., Shiu, W.Y., Wells, P.G., and Mackay, D. (1986) Acute lethal toxicity of hydrocarbons and
chlorinated hydrocarbons to two planktonic crustaceans:: the key role of organism-water partitioning. Aquat.
Toxicol., 8, 163-174.

ACGIH, American Conference of Governmental Industrial Hygienists (2001) Documentation of the threshold limit
values and biological exposure indices. 7th ed., Cincinnati, OH.

Alavanja, M., Goldstein, I. and Susser, M. (1980) A case control study of gastrointestinal and urinary tract cancer
mortality and drinking water chlorination. In:: Jolley, R., Brungs, W.A. and Cumming, R.B., Eds, Water
Chlorination. Environ. Impact Health Effects, Vol. 3, 395-409, Ann Arbor, Ann Arbor Science Publishers.

Anderson, D.R. and Lusty, E.W. (1980) Acute toxicity and bioaccumulation of chloroform to four species of freshwater
fish. Richland, WA, Battelle Memorial Institute, Pacific Northwest Laboratory (Report 701, NUREG/CR-0893).

Birge, W.J., Black, J.A. and Bruser, D.M. (1979) Toxicity of organic chemicals to embryo-larval stages of fish.
Washington, DC, Environmental Protection Agency (EPA-560/11-79-007; PB80-101637).

Bentley, R.E., Heitmuller, T., Sleight lii B.H. and Parrish, P.R. (1979) Acute toxicity of chloroform to bluegill (Lepomis
macrochirus), rainbow trout (Salmo gairdneri), and pink shrimp (Penaeus duorarum). U.S. EPA, Criteria Branch,
WA-6-99-1414-B, Washington, D.C., p.13.

Birge, W.J., Black, J.A. and Kuehne, R.A. (1980) Effects of organic compounds on amphibian reproduction. Lexington,
University of Kentucky, Water Resources Research Institute (Research Report No. 121; PB80-147523).

Black, J.A., Birge, W.J., McDonnell, W.E., Westerman, A.G., Ramey, B.A. and Bruser, D.M. (1982) The aquatic toxicity
of organic compounds to embryo-larval stages of fish and amphibians. Water Resources Research Institute,
University of Kentucky, Lexington, Kentucky, Report N0.133.

Borzelleca, J.F. and Carchman, R.A. (1982) Effect of selected organic drinking water contaminants on male
reproduction. Research Triangle Park, North Carolina, US Environmental Protection Agency (EPA600-/1-82-009;
PB82-259847).

Bowman, F.J., Borzelleca, J.F. and Munson, A.E. (1978) The toxicity of some halomethanes in mice. Toxicol. Appl.
Pharmacol., 44, 213-215.

Brady, J.F., Li, D., Ishizaki, H., Lee, M., Ning, S.M., Xiao, F. and Yang, C.S. (1989) Induction of cytochromes P45011E1
and P450P45011B1 by secondary ketones and the role of P450I1E1 in chloroform metabolism. Toxicol. Appl.
Pharmacol., 100, 342-349.

Bringmann, G. and Kuthn, R. (1980) Comparison of the toxicity thresholds of water pollutants to bacteria, algae, and
protozoa in the cell multiplication inhibition test. Water Res., 14, 231-241.

Brown, D.M., Langley, P.F., Smith, D. and Taylor, D.C. (1974) Metabolism of chloroform. I. The role of
[*“C]-chloroform by different species. Xenobiotica, 4, 151-163.

Bull, R. J., Brown, J.M., Meierhenry, E.A., Jorgenson, T.A., Robinson, M. and Stober, J.A. (1986) Enhancement of the
hepatotoxicity of CHCI; in B6C3F; mice by corn oil:: Implications for CHCI; carcinogenesis. Environ. Health
Perspect., 69, 49-58.

Butterworth, B.E., Smith-Oliver, T., Earle, L., Loury, D.J., White, R.D., Doolittle, D.J., Working, P.K., Cattley, R.C.,
Jirtle, R., Michalopoulos, G., and Strom, S. (1989) Use of primary cultures of human hepatocytes in toxicology
studies. Cancer Res., 49, 1075-1084.

Butterworth, B.E., Templin, M.V., Constan, A.A., Sprankle, C.S., Wong, B.A., Pluta, L.J., Everitt, J.I. and Recio, L.
(1998) Long-term mutagenicity studies with chloroform and dimethyl-nitrosamine in female lacl transgenic
B6C3F, mice. Environ. Mol. Mutag., 31, 248-256.

Cantor, K.P., Hoover, R., Hartge, P., Mason, T.J., Silverman, D.T., Altman, R., Austin, D.F., Child, M.A., Key, C.R.,
Marrett, L.D., Myers, M.H., Narayana, A.S., Levin, L.1. Sullivan, J.W., Swanson, G.M., Thomas, D.B. and West,
D.W. (1987) Bladder cancer, drinking water source, and tap water consumption:: A case-control study. J. Natl.
Cancer Inst., 79, 1269-1279.

Cantor, K.P., Lynch, C.F., Hildesheim, M.E., Dosemeci. M., Lubin, J., Alavanja, M. and Craun, G. (1998) Drinking
water source and chlorination byproducts. I. Risk of bladder cancer Epidemiology, 9, 21-28.

Challen, P.J.R., Hickish, D.E. and Bedford, J. (1958) Chronic chloroform intoxication. Br. J. Ind. Med., 15, 243-249.

Chu, 1., Secours, V.E., Marino, I. and Villeneuve, D.C. (1980) The acute toxicity of four trihalomethanes in male and
female rats. Toxicol. Appl. Pharmacol., 52, 351-353.

D F— g R—2OM# A 2001 4£ 4 FICFM L., FAERERE CH-2T — 2 2 AF LISk E 55 L
72o 72, 2004 4 AICEBEMESIC L2072 R 7FHMEORNHOAEREREL, ¥—RAXT ¢ L LT
AT & ke AT L7ZBIi3BmL 7,

33

http://www.cerij.or.jp



Chu, 1., Villeneuve, D.C., Secours, V.E. and Becking, G.C. (1982) Toxicity of trihalomethanes. I. The acute and subacute
toxicity of chloroform, bromodichloromethane, chlorodibromomethane and bromoform in rats. J. Environ. Sci.
Health, B17, 205-224.

Cohen, E.N. and Hood, N. (1969) Application of low-temperature autoradiography to studies of the uptake and
metabolism of volatile anaesthetic in the mouse. Anesthesiology, 30, 306-314.

Condie, L.W., Smallwood, C.L. and Laurie, R.D. (1983) Comparative renal and hepatotoxicity of halomethanes::
bromodichloromethane, bromoform, chloroform, dibromochloromethane and methylene chloride. Drug Chem.
Toxicol., 6, 563-578.

Corley, R.A., Mendrala, A.L., Smith, F.A., Staats, D.A., Gargas, M.L., Conolly, R.B., Andersen, M.E. and Reitz, R.H.
(1990) Development of a physiologically based pharmacokinetic model for chloroform. Toxicol. Appl. Pharmacol.,
103, 512-527.

Cowgill, U.M., Milazzo, D.P. and Landenberger, B.D. (1989) Toxicity of nine benchmark chemicals to Skeletonema
costatum, a marine diatom. Environ. Toxicol. Chem., 8, 451-455.

Cowgill, U.M., Milazzo, D.P. and Landenberger, B.D. (1991) The sensitivity of Lemna gibba G-3 and four clones of
Lemna minor to eight common chemicals using a 7-day test. Res. J. Water Pollut. Control Fed., 63, 991-998.
Daniel, F.B., De Angelo, A.B., Stober, J.A., Pereira, M.A. and Olson, G.R. (1989) Chloroform inhibition of
1,2-dimethylhydrazine-induced gastrointestinal tract tumours in the Fischer 344 rat. Fundam. Appl. Toxicol., 13,

40-45.

Danielsson, B.R.G., Ghantous, H. and Dencker, L. (1986) Distribution of chloroform and methyl chloroform and their
metabolites in pregnant mice. Biol. Res. Pregnancy, 7, 77-83.

De Biasi, A., Sbraccia, M., Keizer, J., Testai, E. and Vittozzi, L. (1992) The regioselective binding of CHCI3 reactive
intermediates to microsomal phospholipids. Chem.-Biol. Interact., 85, 229-242.

Deml, E. and Oesterle, D. (1985) Dose-dependent promoting activity of chloroform in rat liver foci bioassay. Cancer
Lett., 29, 59-63.

Deringer, M.K., Dunn, T.B. and Heston, W.E. (1953) Results of exposure of strain C3H mice to chloroform. Proc. Soc.
Exp. Biol. NY, 83, 474-478.

Dick, D., Ng, K.M.E., Sauder, D.N. and Chu, I. (1995) In vitro and in vivo percutaneous absorption of 14C-chloroform
in humans. Hum. Exp. Toxicol., 14, 260-255.

Dix, K.J., Kedderis, G.L. and Borghoff, S.J. (1997) Vehicle-dependent oral absorption and target tissue dosimetry of
chloroform in male rats and female mice. Toxicol. Lett., 91, 1 97-209.

Docks, E.L. and Krishna, G. (1976) The role of glutathione in chloroform induced hepatotoxicity. Exp. Mol. Pathol., 24,
13-22.

Doyle, T.J., Zheng, W., Cerhan, J.R., Hong, C.-P., Sellers, T.A., Kushi, L.H. and Folsom, A.R. (1997) The association of
drinking water source and chlorination by-products with cancer incidence among postmenopausal women in
lowa:: a prospective cohort study. Am. J. Public Health, 87, 1168-1172.

Foster, G.D. and Tullis, R.E (1985) Quantitative structure-toxicity relationships with osmotically stressed Artemia salina
nauplii. Environ Pollut, A38, 273-281.

Fry, J., Taylor, R. and Hathway, D.E. (1972) Pulmonary elimination of chloroform and its metabolite in man. Arch. Int.
Pharmacodyn. Ther., 196, 98-111.

Fujie, K., Aoki, T. and Wada, M. (1990) Acute and subacute cytogenetic effects of the trihalomethanes on rat bone
marrow cells in vivo. Mutat. Res., 242, 111-119.

Gatehouse, D. (1981) Mutagenic activity of 42 coded compounds in the 'microtiter ' fluctuation test. In:: de Serres, F.J.
and Ashby, J., eds, Progress in Mutation Research, Vol. 1, Evaluation of Short-term Tests for Carcinogens. Report
of the International Collaborative Program, New York Elsevier/North-Holland, pp. 376-386.

Gersich, F.M., Blanchard, F.A., Applegath, S.L. and Park, C.N. (1986) The precision of Daphnid (Daphnia magna Straus,
1820) static acute toxicity tests. Arch. Environ. Contam. Toxicol., 15, 741-749.

Gleason, M.N., Gosselin, R.E., Hodge, H.C. and Smith, R.P.(1969) Clinical Toxicology of Commercial Products:: Acute
poisoning, 3rd ed., The Williams and Wilkins Company, Baltimor, Maryland, p.36. (Winslow and Gerstner, 1978
22651 H)

Gocke, E. King, M.T. Eckhardt, K. and Wild, D. (1981) Mutagenicity of cosmetics ingredients licensed by the European
Communities. Mutat. Res., 90, 91-1009.

Gottlieb, M Carr, J.K. and Morris, D.T. (1981) Cancer and drinking water in Louisiana:: Colon and rectum. Int. J.
Epidemiol., 10, 1 17-125.

Gottlieb, M.S. and Carr, J.K. (1982) Case-control cancer mortality study and chlorination of drinking water in Louisiana.
Environ. Health Perspectives, 46, 169-177.

Grant, W.M. (1974) Toxicology of the Eye, 2nd Ed., Charles C. Thomas, Publishier, Springfield, Illinois, p.
267.( Winslow and Gerstner, 1978 7> 5 5| )

34
http://www.cerij.or.jp



Guengerich, F.P., Kim, D.-H. and Iwasaki. M. (1991) Role of human cyiochrome P-450P450 II E 1 in the oxidation of
many low molecular weight cancer suspects. Chem. Res. Toxicol., 4, 168-179.

Gulati, D., Hope, E., Mounce, R., Russell, S. and Poonacha, K.B. (1997) Chloroform NTIS, #PB89 148639/AS, Environ.
Health Perspec., 105 (Suppl. 1), 285-286 (summary ).

Hakim A., Jain A.K. and Jain R. (1992) Chloroform ingestion causing toxic hepatitis. J. Assoc. Phys. India, 40, 477.

Hard, G.C., Boorman, GA. and Wolf, D.C. (2000) Re-evaluation of the 2-year chloroform drinking water
carcinogenicity bioassay in Osborne-Mendel rats supports chronic renal tubule injury as the mode of action
underlying the renal tumor response. Toxicol.Sci.,53, 237-244.

Hermens, J., Broekhuyzen, E., Canton, H., and Wegman, R. (1985) Quantitative structure activity relationships and
mixture toxicity studies of alcohols and chlorohydrocarbons:: Effects on growth of Daphnia magna. Aquat.
toxicol., 6, 209-217.

Heywood, R., Sortwell, R.J., Noel P.R.B., Street, A.E., Prentice, D.E., Roe, F.J.C., Wardsworth, P.F., Worden, A.N. and
Van Abbé, N.J. (1979) Safety evaluation of toothpaste containing chloroform. III. Long-term study in beagle dogs.
J. Environ. Pathol. Toxicol., 2, 835-851.

Hildesheim, M.E., Cantor, K.P., Lynch, C.F., Dosemeci, M., Lubin, J., Alavanja, M. and Craun. G. (1998) Drinking
water source and chlorination byproducts. Il. Risk of colon and rectal cancers. Epidemiology, 9, 29-35.

Hill, R.N. (1978) Differential toxicity of chloroform in the mouse. Ann. N.Y. Acad. Sci., 298, 170-176.

Hill, R.N., Clemens, T.L., Liu, D.K., Vesell, E.S. and Johnson, W.D. (1975) Genetic control of chloroform toxicity in
mice. Science, 190, 159-161.

Howard, P.H. (1990) Handbook of Environmental Fate and Exposure Data for Organic Chemicals, Vol. IT, Chelsea, M.,
Lewis Publishers.

Hutchinson, T.C., Hellebust, J.A., Tam, T., Mackay, D., Mascarenhas, R.A. and Shiu, W.Y.(1980) The correlation of the
toxicity to algae of hydrocarbons and halogenated hydrocarbons with their physical-chemical properties. Environ.
Sci. Res., 16, 577-586.

IARC, International Agency for Research on Cancer (1999) IARC Monographs on the Evaluation of the Carcinogenic
Risk of Chemicals to Humans, Some chemicals that cause tumors of the kidney or urinary bladder in rodents and
some other substances, 73, 131-182, Lyon.

lett, K.F., Reid, W.D., Sipes, I.G. and Krishna, G. (1973) Chloroform toxicity in mice:: correlation of renal and hepatic
necrosis with covalent binding of metabolites to tissue macromolecules. Exp. Mol. Pathol., 19, 215-229.

IPCS, International Programme on Chemical Safety (1994) Chloroform, Environmental Health Criteria, 163, WHO,
Geneva.

IPCS, International Programme on Chemical Safety (2000a) Disinfectants and disinfectant by-products, Environmental
Health Criteria, 216, WHO, Geneva.

IPCS, International Programme on Chemical Safety (2000b) ICSC, International Chemical Safety Cards, WHO, Geneva.
(http://www.ilo.org/public/english/protection/safework/cis/products/icsc/dtasht/index.htm 7> % 5[ f)

Islam, M.S.; Zhao, L.; Zhou, J.; Dong, L.; Mcdougal, J.N.; Flynn, G.L. (1999) Systemic uptake and clearance of
chloroform by hairless rats following dermal exposure:: 1. Absorption of the neat solvent. Am. Ind. Hyg. Assoc. J.,
60, 438-443.

Jones, W.M., Margolis, G. and Stephen, C.R. (1958) Hepatotoxicity of inhalation anaesthetic drugs. Anesthesiology, 19,
715-723.

Jorgenson, T.A. and Rushbrook, C.J. (1980) Effects of chloroform in the drinking water of rats and mice. Ninety-day
subacute toxicity study. Washington, DC, US Environmental Protection Agency (EPA-600/1-80-030; NTIS
PB80-219108).

Jorgenson, T.A., Meierhenry, E.F., Rushbrook, C.J., Bull, R.J. and Robinson, M. (1985) Carcinogenicity of chloroform
in drinking water to male Osborne-Mendel rats and female B6C3F; mice. Fundam. Appl. Toxicol., 5, 760-769.

Kanarek, M.S. and Young, T.B. (1982) Drinking water treatment and risk of cancer death in Wisconsin. Environ. Health
Perspect., 46, 179-186.

Kasai, T., Nishizawa, T., Arito, H., Nagano, K., Yamamoto, S., Matsushima, T. and Kawamoto, T. (2002) Acute and
subchronic inhalation toxicity of chloroform in rats and mice. J. Occup. Health, 44, 193-202.

Kimura, E.T., Ebert, D.M. and Dodge, P.W. (1971) Acute toxicity and limits of solvent residue for sixteen organic
solvents. Toxicol. Appl. Pharmacol., 19, 699-704.

Kirkland, D.J., Smith, K.L. and Van Abbé, N.J. (1981) Failure of chloroform to induce chromosome damage or
sister-chromatid exchange in cultured human lymphocytes and failure to induce reversion in Escherichia coli.
Food Cosmet. Toxicol., 19, 651-656.

Klaassen, C.D. and Plaa, G.L. (1967) Relative effects of various chlorinated hydrocarbons on liver and kidney in dogs.
Toxicol. Appl. Pharmacol., 10, 119-131.

Klaassen, C.D. and Plaa, G.L. (1969) Comparison of the biochemical alterations elicited in livers from rats treated with

35
http://www.cerij.or.jp



carbon tetrachloride, chloroform, 1,1,2-trichloroethane and 1,1-trichloroethane. Biochem. Pharmacol., 18,
2019-2027.

Klaunig, J.E., Ruch, R.J. and Pereira, M.A. (1986) Carcinogenicity of chlorinated methane and ethane compounds
administered in drinking water to mice. Environ. Health Perspect., 69, 89-95.

Koénemann, H. (1981) Quantitative structure-activity relationships in fish toxicity studies. Part 1: Relationships for 50
industrial pollutants. Toxicology, 19, 209-221.

Kramer, M.D., Lynch, C.F., Isacson, P. and Hanson, J.W. (1992) The association of waterborne chloroform with
intrauterine growth retardation. Epidemiology, 3, 407-413.

Kihn, R. and Pattard, M. (1990) Results of the harmful effects of water pollutants to green algae (Scenedesmus
subspicatus) in the cell multiplication inhibition test. Wat. Res., 24, 31-38.

Kylin, B., Reichard, H., Simegi, I. and Yllner, S. (1963) Hepatotoxicity of inhaled trichloroethylene, tetrachloroethylene
and chloroform. Single exposure. Acta Pharmacol. Toxicol., 20, 16-26.

Larson, J.L., Wolf, D.C. and Butterworth, B.E. (1993) The acute hepatotoxicity and nephrotoxic effects of chloroform in
male F-344 rats and female B6C3F; mice. Fundam. Appl. Toxicol. Wat. Res., 20, 302-315.

Larson, J.L., Wolf, D.C. and Butterworth, B.E. (1994a) Induced cytotoxicity and cell proliferation in the
hepatocarcinogenicity of chloroform in female B6C3F; mice. Comparison of administration by gavage in corn oil
vs ad libitum in drinking water. Fundam. Appl. Toxicol., 22, 90-102.

Larson, J.L., Wolf, D.C., Morgan, K.T., Méry, S. and Butterworth, B.E., (1994b) The toxicity of one week exposures to
inhaled chloroform in female B6C3F; mice and male F-344 rats. Fundam. Appl. Toxicol., 22, 431-446.

Larson, J.L. Sprankle, C.S. and Butterworth, B.E. (1994c) Lack of chloroform-induced DNA repair in vitro and in vivo
in hepatocytes of female B6C3F; mice. Environ. Mol. Mutag., 23, 132-136.

Larson, J.L., Wolf, D.C., Méry, S., Morgan, K.T. and Butterworth, B.E. (1995a) Toxicity and cell proliferation in the
liver, kidneys and nasal passages of female Fischer 344 rats, induced by chloroform administered by gavage. Food
Chem. Toxicol., 33. 443-456.

Larson, J.L., Wolf. D.C. and Butterworth, B.E. (1995b) Induced regenerative cell proliferation in livers and kidneys of
male Fischer 344 rats given chloroform in corn oil by gavage or ad libitum in drinking water. Toxicology, 95,
73-86.

Larson, J.L., Templin, M.V. Wolf, D.C., Jamison, K.C., Leininger, J.R., Mery, S., Morgan, K.T., Wong, B.A., Conolly,
R.B. and Butterworth, E. (1996) A 90-day chloroform inhalation study in female and male B6C3F; mice::
Implications for cancer risk assessment. Fundam. Appl. Toxicol., 30, 118-137.

Lawrence, C.E., Taylor, P.R., Trock, B.J. and Reilly, A.A. (1984) Trihalomethanes in drinking water and human
colorectal cancer. J. Natl. Cancer Inst., 72, 563-568.

LeBlanc, G.A. (1980) Acute toxicity of priority pollutants to water flea (Daphnia magna). Bull. Environ. Contam.
Toxicol., 24, 684-691.

Mansuy, D., Beaune, P., Cresteil, T., Lange, M. and Leroux. J.-P. (1977) Evidence for phosgene formation during 1 iver
microsomal oxidation of chloroform. Biochem. Biophys. Res. Comm., 79, 513-517.

Mayes, M.A., Alexander, H.C. and Dill, D.C. (1983) A study to assess the influence of age on the response of Fathead
minnows in static acute toxicity tests. Bull. Environ. Contam. Toxicol., 31, 139-147.

McGeehin, M.A., Reif, J.S., Becher, J.C. and Mangione, E.J. (1993) Case-control study of bladder cancer and water
disinfection methods in Colorado. Am. J. Epidemiol., 138, 492-501.

Merck (2001) The Merck Index 13th ed., Merck & Co., Inc., Whitehouse Station, NJ.

Miyagawa, M., Katsuta, O., Chida, T., Toyota, N., Tsuchitani, M.T., Yoshikawa, K. and Fujii, O. (1998) Occurrence of
toxicity and cell proliferation after a single gavage administration of chloroform to male F344 rats. J. Toxicol. Sci.,
23, 205-211.

Morgan, A., Black, A. and Belcher, D.R. (1970) The excretion in breath of some aliphatic halogenated hydrocarbons
following administration by inhalation. Ann. Occup. Hyg., 13, 219-233.

Morgan, D.L., Cooper, S.W., Carlock, D.L., Sykora, J.J., Sutton, B., Mattie, D.R. and McDougal, J.N. (1991) Dermal
absorption of neat and aqueous volatile organic chemicals in the Fischer-344 rat. Environ. Res., 55, 51-63.

Munson, A.E., Sain, L.E., Sanders, V.M., Kauffmann, B.M., White, K.L., Page, D.G,, Barnes, D.W. and Borzelleca, J.F.
(1982) Toxicology of organic drinking water contaminants: trichloromethane, bromodichloromethane,
dibromomethane and tribromomethane. Environ. Health Perspect., 46, 117-126.

Murray, F.J., Schwetz, B.A., McBride, J.F. and Staples, R.E. (1979) Toxicity of inhaled chloroform in pregnant mice and
their offspring. Toxicol. Appl. Pharmacol., 50, 515-522.

NCI, National Cancer Institute (1976) Report on carcinogenesis bioassay of chloroform. Bethesda, Maryland (NTIS
PB-264-018).

Palmer, A.K., Street, A.E., Roe, F.J.C., Worden, A.N. and Van Abbé, N.J. (1979) Safety evaluation of toothpaste
containing chloroform Il. Long term studies in rats. J. Environ. Pathol. Toxicol., 2, 821-833.

36
http://www.cerij.or.jp



Pearson, C.R. and McConnell, G. (1975) Chlorinated C1 and C2 hydrocarbons in the marine environment. Proc. R. Soc.
Lond. B. Biol. Sci., 189, 305-332.

Pegram, R.A., Andersen, M.E., Warren, S.H., Ross, T.M. and Claxton, L.D. (1997) Glutathione S-transferase-mediated
mutagenicity of trihalomethanes in Salmonella typhimurium:: Contrasting results with bromodichloromethane and
chloroform. Toxicol. Appl. Pharmacol., 144, 183-188.

Pereira, M.A., Knutsen, G.L. and Herren-Freund, S.L. (1985) Effect of subsequent treatment of chloroform or
phenobarbital on the incidence of liver and lung tumours, initiated by ethylnitrosourea in 15 days old mice.
Carcinogenesis, 6, 203-207.

Pericin, C. & Thomann, P. (1979) Comparison of the acute toxicity of clioquinol, histamine and chloroform in different
strains of mice. Arch. Toxicol., 2 (Suppl), 371-373.

Phoon, W.H., Liang, O.K. and Kee, C.P. (1975) An epidemiological study of an outbreak of jaundice in a factory. Ann.
Acad. Med. Singap., 4, 396-399.

Phoon, W.H., Goh, K.T., Lee, L.T., Tan, K.T. and Kwok, S.F. (1983) Toxic jaundice from occupational exposure to
chloroform. Med. J. Malays, 38, 31-34.

Plummer, J.L., Hall, P., llsley, A.H., Jenner, M.A. and Cousins, M.J. (1990) Influence of enzyme induction and exposure
profile on liver injury due to chlorinated hydrocarbon inhalation. Pharmacol. Toxicol., 67, 329-335.

Rao, K.N., Virji, M.A., Moraca, M.A., Diven, W.F., Martin, T.G. and Schneider, S.M. (1993) Role of serum markers for
liver function and regeneration in the management of chloroform poisoning. J. Anal. Toxicol., 17, 99-102.

Raymond, P. and Plaa, G.L. (1997) Effect of dosing vehicle on the hepatotoxicity of CCl, and nephrotoxicity of CHCI;
in rats. J. Toxicol. Environ. Health, 51, 463-476.

Reddy, T.V., Daniel, F.B., Lin, E.L., Stober, J.A. and Olson, G.R. (1992) Chloroform inhibits the development of
diethylnitrosamine-initiated, phenobarbital-promoted gamma-glutamyltranspeptidase and placental form
glutathione S-transferase positive foci in rat liver. Carcinogenesis, 13, 1325-1330.

Reuber, M.D. (1979) Carcinogenicity of chloroform. Environ. Health Perspect., 31, 171-182.

Reynolds, E.S., Treinen, R.J., Farrish, H.H. and Moslen, M.T. (1984) Metabolism of [**C] carbon tetrachloride to
exhaled, excreted and bound metabolites. Biochem. Pharmacol., 21, 3363-3374.

Richold, M. and Jones, E. (1981) Mutagenic activity of 42 coded compounds in the Salmonella/ microsome assay. In::
de Serres, F.J. & Ashby, J., eds, Progriess in Mutation Research, Vol. 1, Evaluation of Short-term Tests for
Carcinogens. Report of the International Collaborative Program, New York, Elsevier/North-Holland, pp. 314-322

Roe, FJ.C., Palmer, A.K., Worden, A.N. and Van Abbé, N.J. (1979) Safety evaluation of toothpaste containing
chloroform I. Long-term studies in mice. J. Environ. Pathol. Toxicol., 2, 799-819.

Rossi, S. Gemma, S. Fabrizi, L. Testai, E. and Vittozzi, L. (1999) Time dependence of chloroform-induced metabolic
alterations in the liver and kidney of B6C3F; mice. Arch. Toxicol., 73, 387-393.

Ruddick, J.V., Villeneuve, D.C. and Chu, I. (1983) A teratological assessment of four trihalomethanes in the rat. J.
Environ. Sci. Health, B18, 333-349.

Schréder, H.G. (1965) Acute and delayed chloroform poisoning. A case report. Br. J. Anaesth., 37, 972-975.

Schwetz, B.A., Leong, B.K.J. and Gehring, P.J. (1974) Embryo- and fetotoxicity of inhaled chloroform in rats. Toxicol.
Appl. Pharmacol., 28, 442-451.

Siemiatycki, J., ed. (1991) Risk Factors for Cancers in the Workplace, Chapters 5 and 6, Boca Raton, FL, CRC Press.

Slooff, W. (1979) Detection limits of a biological monitoring system based on fish respiration. Bull. Environ. Contam.
Toxicol., 23, 517-523.

Smith, J.H., Maita, K., Sleight, S.D. and Hook, J.B. (1983) Mechanism of nephrotoxicity. I. Time course of chloroform
toxicity in male and female mice. Toxicol. Appl. Pharmacol., 70, 467-479.

Snell, T. W., Moffat, B. D., Janssen, C. and Persoone, G. (1991) Acute toxicity tests using rotifers. III. Effects of
temperature, strain, and exposure time on the sensitivity of Brachionus plicatilis. Environ. Toxicol. Water Qual., 6,
63-75.

Sollman, T. (1964) A Manual of Pharmacology and its Applications to Therapeutics and Toxicology, 8th ed., W. B.
Sanders Company, Philadelphia, Pennsylvania, p.880. ( Winslow and Gerstner, 1978 X v 5| )

SRC, Syracuse Research Corporation (2002) KowWin Estimation Software, ver. 1.66, North Syracuse, NY.

SRC, Syracuse Research Corporation (2002) HenryWin Estimation Software, ver. 3.10, North Syracuse, NY.

SRC, Syracuse Research Corporation (2002) PhysProp Database, North Syracuse, NY.
(http:://esc.syrres.com./interkow/physdemo.htm 2> 5 5| )

Storms, W.W. (1973) Chloroform parties. J. Am. Med. Assoc., 225, 160.

Taylor, D.C., Brown, D.M., Keeble, R. and Langley, P.F. (1974) Metabolism of chloroform. 1. A sex difference in the
metabolism of (14C) chloroform in mice. Xenobiotica, 4, 165-174.

Taylor, G.J., Drew, R.T., Lores, E.M. and Clemmer, T.A. (1976) Cardiac depression by haloalkane propellants, solvents
and inhalation anaesthetics in rabbits. Toxicol. Appl. Pharmacol., 38, 379-387.

37
http://www.cerij.or.jp



Templin, M.V., Jamison, K.C., Wolf, D.C., Morgan, K.T. and Butterworth, B.E. (1996a) Comparison of
chloroform-induced toxicity in the kidneys, liver, and nasal passages of male Osborne-Mendel and Fischer 344
rats. Cancer Lett., 104, 71-78.

Templin, M.V, Larson, J.L., Butterworth, B.E., Jamison, K.C., Leininger, J.R., Mery, S., Morgan, K.T., Wong, B.A. and
Wolf, D.C. (1996b) A 90-day chloroform inhalation study in F-344 rats:: profile of toxicity and relevance to cancer
studies. Fundam. Appl. Toxicol., 32,109-125.

Templin, M.V., Jamison, K.C., Sprankle, C.S., Wolf, D.C., Wong, B.A. and Butterworth, B.E. (1996c)
Chloroform-induced cytotoxicity and regenerative cell proliferation in the kidneys and liver of BDF; mice. Cancer
Lett., 108, 225-231.

Templin, M.V., Constan, A.A., Wolf, D.C., Wong, B.A. and Butterworth, B.E. (1998) Patterns of chloroform-induced
regenerative cell proliferation in BDF; mice correlate with organ specificity and dose-response of tumor formation.
Carcinogenesis, 19, 187-193.

Testai, E., D.i. Marzio, S. and Vittozzi, L. (1990) Multiple activation ofchloroform in hepatic microsomes from
uninduced B6C3F; mice. Toxicol. Appl. Pharmacol., 104, 496-503.

Testai, E., Keizer, J., Pacifici, G.M. and Vittozzi, L. (1991) Chloroform bioactivation by microsomes from colonic and
ileal mucosa of rat and man. Toxicol. Lett., 57, 19-27.

Thompson, D.J., Warner, S.D. and Robinson, V.B. (1974) Teratology studies on orally administered chloroform in the rat
and rabbit. Toxicol. Appl. Pharmacol., 29, 348-357.

Timms, R.M. and Moser, K.M. (1975) Toxicity secondary to intravenously administered chloroform in humans. Arch.
Intern. Med., 135, 1601-1603.

Tomasi, A., Albano, E., Biasi, F., Slater, T.F., Vannini, V. and Dianzani, M.U. (1985) Activation of chloroform and
related trihalomethanes to free radical intermediates in isolated hepatocytes and in the ratin vivo as detected by the
ESR-spin trapping technique. Chem.-Biol. Interact., 55, 303-316.

Torkelson, T.R., Oyen, F. and Rowe, V.K. (1976) The toxicity of chloroform as determined by single and repeated
exposure of laboratory animals. Am. Ind. Hyg. Assoc. J., 37, 697-705.

Tsuchimoto, T. and Matter, B.E. (1981) Activity of coded compounds in the micronucleus test. In:: De Serres FJ &
Ashby J ed. Evaluation of short-term tests for carcinogens:: Report of the international collaborative study.
Amsterdam, Oxford, New York, Elsevier North/Holland, pp 705-711 (Prog. Mutat. Res., Vol. 1).

Tumasonis, C.F., McMartin, D.N. and Bush, B. (1985) Lifetime toxicity of chloroform and bromodichloromethane when
administered over a lifetime in rats. Ecotoxicol. Environ. Saf., 9, 233-240.

Tumasonis, C.F., McMartin, D.N. and Bush, B. (1987) Toxicity of chloroform and bromodichloromethane when
administered over a lifetime in rats. J. Environ. Pathol. Toxicol. Oncol., 7, 55-64.

Uehleke, H. and Werner, T. (1975) A comparative study on the irreversible binding of labelled halothane,
trichlorofluoromethane, chloroform and carbon tetrachloride to hepatic protein and lipids in vitro and in vivo. Arch.
Toxicol., 34, 289-308.

U.S. EPA, Environmental Protection Agency (1986) Guidelines for carcinogen risk assessment. Federal Register,
51(185), 33992-34003.

U.S. EPA, Environmental Protection Agency (1999) Proposed Guidelines for carcinogen risk assessment. Review Draft.
July 1999. Risk Assessment Forum.

U.S. EPA, Environmental Protection Agency (2001) Toxicological review of Chloroform.In support of summary
information on the integrated risk information system (IRIS).

U.S. NIST, National Institute of Standards and Technology (1998) NIST/EPA/NIH Mass Spectral Library, Gaithersburg,
MD.

U.S. NLM, National Library of Medicine (2002) HSDB, Hazardous Substance Data Bank. Bethesda, MD.
(http:://toxnet.nlm.nih.gov/cgi-bin/sis/htmigen?HSDB 7> 5 5| A).

U.S. NTP, National Toxicology Program (2002) U.S. Department of Health and Human Services Public Health Service,
10th Report on Carcinogens.

Van Abbé, N.J., Green, T.J., Jones, E., Richold, M. and Roe, F.J.C. (1982) Bacterial mutagenicity studies on chloroform
in vitro. Food Chem. Toxicol., 20, 557-561.

Verschueren (2001) Handbook of Environmental Data on Organic Chemicals, 4th ed., A Wiley-Interscience Publication,
New York.

WHO, World Health Organization (1993) Guidelines for drinking-water quality, 2". ed. Vol. 1: Recommendations.
Geneva.

WHO, World Health Organization (1998) Chloroform. Guidelines for drinking-water quality, 2nd ed. Addendum to Vol.
2:: Health criteria and other upporting information, 255-275, Geneva.

Wilkins, J.R., Il and Comstock,G.W. (1981) Source of drinking water at home and site-specificcancer incidence in
Washington County, Maryland. Am. J. Epidemiol., 114, 178-190.

38
http://www.cerij.or.jp



Winslow, S.G. and Gerstner, H.B. (1978) Health aspects of chloroform. A review. Drug Chem. Toxicol., 1, 259-275.

Withey, J.R., Collins, B.T. and Collins, P.G. (1983) Effect of vehicle on the pharmacokinetics and uptake of four
halogenated hydrocarbons by the gastrointestinal tract of the rat. J. Appl. Toxicol., 3, 249-253.

Withey, J.R. and Karpinski, K. (1985) The fetal distribution of some aliphatic chlorinated hydrocarbons in the rat after
vapour phase exposure. Biol. Res. Pregnancy, 6, 79-88.

Wolf, D.C. and Butterworth, B.E. (1997) Risk assessment of inhaled chloroform based on its mode of action. Toxicol.
Pathol., 25, 49-52.

Yamamoto, S., Kasai, T., Matsumoto, M., Nishizawa, T., Arito, H., Nagano, K. and Matsushima, T (2002)
Carcinogenicity and chronic toxicity in rats and mice exposed to chloroform by inhalation. J. Occup. Health, 44,
283-293.

Young, T.B., Kanarek, M.S. and Tsiatis, A.A. (1981) Epidemiologic study of drinking water chlorination and Wisconsin
female cancer mortality. J. Natl. Cancer. Inst., 67, 1191-1198.

Zierler, S., Feingold, L., Danley, R.A. and Craun, G. (1988) Bladder cancer in Massachusetts related to chlorinated and
chloraminated drinking water:: A case-control study. Arch. Environ. Health, 43, 195-200.

bR JE R AR (2002) ALEMBE N — R - 7T — 25, RFFEEE L FHEE IR BE, B8l
hi , " o (http:://www.cerij.or.jp/ceri_jp/koukai/sheet/sheet_indx4.htm,
http:://www.safe.nite.go.jp/data/index/pk_hyoka.hyoka_home (ZF2# & 0 ).

R FEES, REAE (2003a) FrE L FWE DORE~DOHH EOHIREE K OVE O YEOREIZE T 25/ (k
PV PR R EE) IS < B SR B X OB E &I N B AR & O EEHRE R IC oW T (BE
HIFRE SRR 13 R %)

WU PE (L, BREE  (2003b) F Ak 13 FE OPRTR Jm M4 HE M R oo HE G F IR E o M .

(http://www.meti.go.jp/policy/chemical_management/kohyo/todokedegaisanshutudata.htm 7> 5 51 )

PWFPEEE (2002) HoR4E 149 5 (EHS4h, R 14 45 3 H 29 H).

RPTFEFES (2003) H - 53 5 (B, FRK 1543 A 11 B).

LR IR AR (2002) L FWE DY A 7T KL VY 2 7 FHIFIEOBRTE 7 v ¥ = 7 MYRL 13 4

guRE .
LR IR AR (2004) L FWE DY A 7T KL VY 2 7 FHIiFIEOBRTE 7 v ¥ = 7 MYERL 15
e .
WMPEPESEA (1980) MWPGRESE /AT (1980 4F 12 H 25 H), SN FHM BT ILARMERS (L3 i B 3.
(http://www.nite.go.jp 7> 5 51 H)
WP (1998) ERE 673 5 (B, FREK 10 4212 A 16 H).

WPEEE (2000a) S5 14 5 (B, “FA 1241 A 13 H).

WPEEEE (20000) H/RE 762 B (B, VAL 12 4F 12 A 19 A).

HAALZ T¥WE (2002) HALZETEBESOL AR T« £ 712X 5 PRTR O EfIZ VT —2002 4%
{L¥WE ﬁtthiuﬁﬁn‘*% (2001 47 324K).

HRFEFMAT S (2001) FRIREZEOEIL, FEHTEE, 43, 95-119.

39
http://www.cerij.or.jp



CERI

CERI AEMAMEE 7 1 rfL L

SRE 183 A1 B AT

(T S AT b N o 2 7 K R T i T
AR BRI FE

T112-0004 HARSUR X248 1-4-25 HEIRE L 7 B
ik 03-5804-6136 FAX 03-5804-6149

RS CE T

40
http://www.cerij.or.jp



