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EURAR CHLOROFORM

A FFR SCE L. CHLOROFORM (CAS No: 67-66-3)IZ 4% EU Risk Assessment Report,
(2008)>, % 4 Tlv MEEI DS B, § 4.1.2 HIEZEFL : A FEOR TR X OHE R
FE) - GEZ) BRI TR L7 b D ThH 5, i3 G-I E420) 1.
http://esis.jrc.ec.europa.eu/doc/risk_assessment/REPORT/chloroformreport047.pdf

RO &,

4.1.2 CED  FEEORES JUVARGRE)-RIE (EE) Bk

KUY R 7FEED, HEEOREICET S v v a v oid#ud, e LT, EEREMES
N—FNZ & o> THEli% 7 (ATSDR, 1997; IARC, 1999; WHO, 1999; US EPA, 2001 & 2004;
WHO, 2004) DT — Z IZEDN TN 5, BREROFESRTA BT 4 OEHRIZ OV T,

JESCERS A TR RE 2B 13E 20 D3I L GERR LA, 2 OEBEEME 7 v — 7 3 i
L7ZiHMBcB W CBI A LN 2 ZOEEHE L W20 H 5,

4121 FFRPAFXRTA4IRX, KB, BELUSH
41211 BMER
RA

2T ZAB LT v MR, EEx IR (= 7 22OV T 49, 440 £ 7213 1790 mg/m, T b
2OV T 460, 1740 F£721% 5100 mg/m®) D7 mw kL A1Z 6 HREWARE S, F0%
48 Wl - T, PP, SR, #H, BARB I OREFTOBSENIE SN, v~ v AL
F v O T, REEICBWT, REEHICERD bz, £ 1800 mg/m® THREDSESY
A BRI 2 Z & VR S 17 (Corley et al., 1990, WHO, 1994 OHCHIH), MbHEq L 7=
7 vk (280 mglkg (RE) I~ D A% 10 53R AR U723 BRClx, A— 747
74—k, B, MR, fi. ITHER. R, B et BEIRIS K OVINIMBUE ICE IR
JETHAT D Z L VR S 7= (Bergman, 1984, WHO, 1994 o/ CH ), BhRIML T O #EEE X,
WAIRBENZIELLBI LT, WBBEZBATT D Z RSN TEY . LU E- T, FEREMER
W OEREN, ~ U AL ENLE Y b TR O%0E T (Danielsson et al.,, 1986, WHO, 1994
OHTEIH) . 7 v b TIERIFOImH T (Withey and Karpinski, 1985, WHO, 1994 & 1 C5|
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EURAR CHLOROFORM

M) ThThaEo bz,

ruaaRAORBHE, T ADEFNRE FELY HIXHNIT . ARET O B E O S E
(L. 49 mg/m® DL TH AR L= 5E . vvxvitk®ﬁ78%vﬁék%wénf
% (Delic et al., 2000, WHO, 1994 ®HT5|H),

FEPE

<~ ZADHRIE LT EEHOEEICHE U REBClE, SREWIGHEFEA ., 329 nmol/4r/cm? (+ 60
nmol/%y/cm?) & & S #1CuV 4 (Tsuruta, 1975, ATSDR, 1997 O 12| ),

Islam et al. (1995, ATSDR, 1997 ®HCHH) X, WET » ORI Y v v kv L% T i
L. ZOWHELZM-, BEIL. 4 HOREBOBEIE, BB LM OREZ 7 o kL s
a TR ERA L T Thil, 4~30 SEOHEAIE. Z7eafRihExEERET-KOA-
TAEIRFEIC T v N &R LT T, EEOMEFNIZEBWNT, 7T —7 O HN LI X
D EEREN, B Ao IR & O AR T, B 4 RIS T, BT
D7 v afR/LANTHEEE L T A L Il b, EIRETOREZEICESWCHIE S
BiABEE R EZA, Kbz ueaiLad ) HH) 88%I%. MERETICHE LT,
BEPEICWRIN S - & AR STz,

B

Withey et al. (1983, US EPA, 2001 OH1 THIHD X, KEiFa—lonFnnziiks L
T, 7 auR LAOEHRE DG 21T, BE BRI O3 E LRI A el U 7=, #ED Wistar
Z v b 12 JBIZ, Z ook siy, 75 mglkg O T, HEEEEHERE ODEESNZ, Zon
VLD EM P RESERIIL, CHLOLOMARTHLRBECTH T2, a—imagike
L7207 v a Ry AO MR, KEEARE L7ZGAICE LT, X TORET
Bnotz, HEEHIZ. ZORRIZHONWT, 7o ai/LAOWIGEEN 2 — U hnb Lo Hk
ﬁE@ﬁ#@w:&%rwfé%wf%é&mﬁbfwé VRN (et SY o ¥ ) EIPG]
WG O DFEWD, ZORBRICBW TR DI BHAIZ X 2 W0 —HTH 2 Araetk
tLd D,

vUARBLOT vy FTIE., BROEESNT-7 ol A0 b, 45~88%N 7 1 1 ik L A
FF B bRFE L LT DRI S 4, 1~5%23 R FIC R S 472 (US EPA, 2001)

T b, T ABIOYIC, EHER L7227 v o kL A% 60 mg/kg (RO FE TR O#K
B LB TlE, Z7eafL A0daticflEZRRO bhl, v~ 7 AT, BRfIiC, &5
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EURAR CHLOROFORM

HEOK) 85% bk E L LT, BWHARE(LDOFEE 7 mad sl LTRSS, %
VT, MERIC ZEMbRFE L L CHRE S e DIE 18% DA T, 79%IE 7 mr kL L L L
THE STz, 7 v BTk, 67%08 R O "R, 20%28 7 1 u kb e L CHElE
S, SURLEFLOPETH T, RPEMP~OYRIIT, AFFLTH, vU X &P
TIEFEHEEGEDOK) 2~3%, 7 > FTIIKI 8% THh - 7= (Brown et al., 1974, WHO, 1994 @ H1C5|
EDIN

In vitro &R

sunk/LAlE, B MREMTIE, ¥ b7 o b P4B0 RAFMEREES (CYP2EL) 12 & » TG &
N5, BEOIFIETRCTOMBEN 7 e rL A2 R TX 508, P THRBENE VDI,
ffee, BERE. BLOERETH S (ILSI, 1997), 6 offkiE, 7 rak/LA0@HED
FELEAM CThH D2 LN, 7 aakLhOBEMEOERETICHBWT, REEE
PWEATHZENRBEIND,

FeSE OFAE T (B LR IC B 2 EE R4 mMiX, FU 7 rr X% 7 —/L(HOCCly) Th
0. ZOWEITAHICHELKFILEN T, FAF L (CCLO) WAERKT D, RmAF DA
BN ERISIIAKRIZ EDIKRSETH D . AU Lo T bmE LN e+ 25, 7272
L. RATATKREFETH Y, Mlams @R BAE, U CIRE ORI R L) &
DRISIZE YD . 3FAIEBR AR S NAG D, £ 9 LIEAAIMEDARIZ L - T, Mlaireo
PO L HIAE N & 2 ATREME N B B,

FESE DIEAFIE T GRITHIMEND IR T 2 FHERAERMIL, /7 muAFALT Y =TT
(CHCl) THh b, ZOWELMD TIEENR L, 7V —F P HNVAERINL (R 71 Y — A
JER D b7 a i PABO) IZHRD THTHE L TV D Elbivd 2 7 v Y — AR Y VIRENR
PR & . WHERBEMIEEZERT 5, TO/RE, 278 Y — A AREROIEER 2RI
Kb, SHIEEOmEL s 4 TS5 (US EPA, 2001),
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EURAR CHLOROFORM

< REDUCTIVE PATHWAY | | OXIDATIVE PATHWAY>
P-450 P-450 RH
*CHCI, CHCI HOCCI.
rd ’ N ’ LN RCCI,OH
cr 0, HO

o)
GSH I GSH
HCI -Lres—c—m$1+cmews

HCI HCI
GS HCI

CLC=0 — fo)
phosgene

I
G5 —C—SG
H,0

~—3> o,

2HCI

Cysteine

—\T» otz

v TADFI 7 u Y=L EBI T m Y — A& W= in vitro AR Tl BRE DN AL
VVIRTE (2.6%. ITHBC B80T 22 L RISE) Th ., U VIRERG D 2 B 75%81%, NENIERIAES
KEOHAIZEDLDOTHDL Z EARENTWD, U VBB DM IMEERICE T2 Z 0 &
IR RIE, FEARRIGHEEZ 7Y =T VN TIERLS RAF L EE 2D LBAERRND
ZEnD, RN EE L TBRIEMRRIZCE DO THD Z L3R s v s (ILSI, 1997; US
EPA, 2001),

41212 E KMzZHITHHER
In vivo EXE&
RA

Morgan et al. (1970, WHO, 1994 o CBIFD 1E, KT 7 1 7ok 5 mg @ *Cl-7 1 a L
NAEEE AL L. % 80% BRI Shi- = L a5i LT,

Gordon et al. (1988, ATSDR, 1997 ®H T H) X, WMARBEOHED, Z7uuk/LADE
WZBIUT DR A, 7.9 B & EH LT,

Levesque et al. (1994, ATSDR, 1997 o T5IH) X, BN —/L T2 m il A ~DIRE %
1TV, Z e a RV AOERNAMEDER{LERATL, AFa— T A RX=0 JuarfRiL
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EURAR CHLOROFORM

LEGETIKEZRIT, 7 BEICOEV HARE SN, WO OERES, #EE % 55
SyRENER) S5 Z & Titbhz, KFOZ vauRL AOEYRE L WlaloOEBHIFE S
6 [0 H OEBHHARNIZ 22T T, 159 pg/L 2°5 553 pg/L £ THEMS W72, ZAUTPES LT, 2%
KO v a R AOFYREX, 597 ppb 725 1630 ppb OFEIPHDAE & 72> 7-, EBENBHAA
A7 & ONZIEBBH AR S 35 43k & 55 312l Ml D22 GBS I E vz, A HIE.
REROFE R D, EBBAMEN D 35 D & 55 DRICBIT D, WAL L D IRNARTRD WY
BAIX, FNENT6%E 8% ThHh - 7= Lfiamft i) T\ 5,

TR EE L TV ARILEORALN S, ZaeRL ARl EShTnb, =720, @&
e T — 2 Rz, A PICBIT 57 aak il X 5285 5T 21X RA
& 5 (Lechner et al., 1988) .

Fisher et al. (1997, Health Council of the Netherlands, 2000 @ H1C5| ) I%, 2w (9 £4) 225
SN2 & RO E VT, & MIIT 5 MR/ 2255 BlfR i & R/ 225057 Bl
a2, ZORBRO BT, 7 0o kL ARRICHERE SN LIRS
TR ZEBERT S22 TELED, AWRICBITS2 700 R VL A~OBBRERFNTH2 LT
bol, LWRIZBITHBEBEEZHR T 5720, & FORHZRAE TR E)E (PB-PK)
RAETADBHFE SN, ZOET /UL, ARREZHHKTO 7 akL LOFE LR
PR (10 ppm) 122 L < — IR D, EAUTREED 8 HIBE SN T-HEEBEL T\ D,
PB-PK #ZHE 7T /WICiE, HBRICHE SV TIRE S V72 K/ 22 R 0 Bl bR i & REFL/ 22 K5 B fs
BrHnwenie, ARICE-T 24 FFENT TEREND 7 v e AL L0 Fl&EIEL, 0.043
mg Thote, 2L, ZOETNMIELERIESNTE LT, ZOBREENE FMFLIEDO%
BEIZED LD R AE AT 5 0EIAATH D,

Corley et al. (1990, ATSDR, 1997 ®HCH[f) X, 7 v a AR/ AT 5 PBPK €7 /L% [#
LT, IR~ & BT VT —EHOMS TR THEA S, £ BIBE. i
R, #ARM, AP, BN & OREREEE O AR, 6 L OERRIE EE DB WL NE
Wizg e, —#HOH KL R— A NOENEIUTEIT D, 7 v rRLLOAL L O
HEEZRL TV D,

—IT, F 38— N AL b AOTRABEIL, RO 3 SOEOETRIND,
(@) = /3= h A2 MDD ML
(b) BRI D 7 &1 2 AL L g
(c) ik & FEAR R D oy Bl bR %L

il £ 71T EH 2 B M ~D 7 v r AL AOPIT, —KBINOBREZEE L TET ML Sh
TWo, ArbBINENTWEIX, MIRRZREE L CESEMRICRA T 2 2 & (T
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EURAR CHLOROFORM

IR VRBES DN, —H, bR ST WE X, BIRMICAD, &= S—
FA Y NTHE, +aRBEEMEZ Y. Ok 5 1T < $iRII 2% OfEHK & ki
W2 b L EIN TS, 7 ra kLo, g BEEonwThicsn Tl b
EREESNTWS, REGEET, fafnLE2 ¢ HESH, IV 22T U AIOAT
REINTNWD, Z7raRLAORFHZ L > T, 20— leE s FIcEEeT 5
XD LBEESNTEY, G LEREITHEKICE LB —DDORBIE L 78D, RUGHE
R DL E 5 FICREE LT, ERUIC X il OREREN W bvkbils Z & L 8E
SNTWD, 2Dk, IEFH LB Lz EIZEH] U7l TREFER DA S 4,
{REHE (AR R &) 3 [EIfE 35, Corley et al. (1990) (X, AF X T AFSR - A (LFH)
T—=HDLE2—DFERL, ETNMIBTLENRTA—ZOHEEREE RO D Z LITRHEL
THEME LWL D ORBROFERICIESNT, 3 AP (v T A, Ty M B MNDOJFET IV
BT AANMEICE L, #EREZRMEL T D, ZRBDOANMEIZE S ET MEIZE Y,
AR IR E 721380 1 kg 12XV REEN D7 v eV Ao, B HEICHEE TS &
YUANRERBEL, B MRERBDRL Ty MRFTHL EEX N Z R TREIN
7o TOOfEFEE, RENEE, KRB Lo ot E.S, RO T, NLoOEYTE
IZHE L TRV Z SRR LT b, Ml IS T 2 REM o &2 % LT AUk
L TEHLWHEERNEND ERET DL, 7 ekl AOMxtmtElELx, ~ v A>Ty
>t FThHDHETHEHINS,

FER
PAZESRA: T ORRBGRBR T, WA FONTZb D%, KUY A ZFHEETE V2T 7,

Dick et al.(1995, ATSDR, 1997 ®H THIH) X, & MBI 527 v ak/L AORERINIEIC
DONWT, BRI T 4 T x5 E Lizin vivo ik & JEE8 S0 Bio 7287 72 12 8 % Fl v
7z in vitro B THET L7z, In vivo 3RUBR Tl ZRRIKZ AR & U723 1000 pg/mL D7 &
1RV AYEHE 50 pL(16.1 pglem?®) . b LI J — /L&A L L7 5000 pg/mL 0 2
&AL LR 50 pl(80.6 pglem?®) DWW E, BT T 4 T ORIBEICEA L, FEE &
PREERI 30T LT, VARIE, 8 Wif, B2 I Sz RiB IR 7otz KEBEHA L LT
WA LGE, RIRINET, 78 = 14% Thotz, —FH, =¥ /—/Laiifke UCEM L
A RMIRIEX, DT 16 = 03% Th o7z, In vivo B TIE, WISz &ED
95% % A 2. H W43 A3l & (88%LL L3 CO, & LO)HRMt S, Mzt ofkiitix, Btk 15
Gy ~2 WEH Tl RICEE L7z,

R IIZ 1T, KR T IR D 7 & v k)L A ~DEIEE M A M EE T H 5 (Davidson
et al., 1982, US EPA, 2004 O THa[fH). Gordon et al. (1998, US EPA, 2004 O HTH|H) 13,
b MBI DRI E | B8R E T oA A AT Z4 LT U7 & M35 ALK
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EURAR CHLOROFORM

(IR % 7 1A TR LTz, 40°C OHEFRLHIKIZIR - T #ERE T, 6~9 HRICITTE
WEICEL, MERFICHREE S e mak v A0 8T, [ CH8RE D 30°C O FALHK
RS TEHE DK 30 (FThoTe, FEHEDIL, ZTOEICHONT, KIRTIE, HEPER
el 9 & LTERE~OMRARD Lzl 7 v adr A0k & #4580, 135
MCRWREFFZZ L, TOMIIEREZRERS SN LIZL2bDTH A D il
DT TV D,

Levesque et al. (1994, ATSDR, 1997 O T ) 1%, BN 7 —/L T2/ mr )L A~DR
FOMABRIEZITV, 7 1oL AOERNARTEOEB(LEZ R T, BHEAF 2 — N2 A
SN—3, ZuauRhEEteKEZERIC, 7T HEICOEVERBREINZ, WTALOHD
IR WERE 2 55 EB S5 Z & Tfrbhvz, Bk 6 A HICIT, #BRE K
RRIRALTE 2 3278 S, fRIRERIC LD RNARMSRBHIE TE D L 91T L, KM
EO¥EENH -T2 6 HHTIX, EBBAMG D 35 % & 55 R OMilnZERH OREIL. +
AL 196 ppb & 209 ppb TH o7z, ZOT—H D, BREZBREIC X DIRNARROTY
%, EEBHAGG 35 0% & 55 0BT, ENEAL, 24% & 2% Th o7 L bz,

Corley et al. (2000, ATSDR, 1997 OH1T5IH) X, & MIBIFT D7 v rdL LOREIN &
BEt Lz, AT UT 47 %, K (B 100 ppb A (2 L B RGO HOR@EICH L, 7 1
2RV A DR ENRE A AEBRT R SEENRE (PBPK) £ 7 V& AW T L7, IREEIRE
2% 30°C 725 40°C ~LEFH- S D DI, FERT D7 madv b (TR0 b AW rF i
HE) DA B RBINARD iz, KE~OIMFEE L KEOFADEBRE(Kp) X, EH51
ZE) L. AFEEIRER L O ETRE 2R R EIC 2T 5 2 & 2R LTz, 40°C
T, BLREFTEDO R 0T, ZORER, RELREZ OHHED 18%E LcHa0
Kp 3 HH & 4172 (0.06 cm/i), 30°C B L8 35°C Tk, MR T D7 maR/L AT B%ED
FNREMELD <, Liedio T, ZEDOAR) Kp EIXE< i Sz, 30°C 38 L1 35°C
T, HE~OMTE LD Lz, 35°C BLO 40°C THFESNEZB L TRINENZ7 1
BV AOREL, FETH L BT, EhEn 419 mg L 436 mg. ZMETIE, Fi
Z¥ 115 mg &£ 399 mg Th-o7o, 30°C T, BHETEAT 24 DA, KHETE4H 14
DF, MK ATRERIBED 7 ma RV ARRO bivz, #BRER, ZoRBRTHNY
BNTZIRET2 L OKEROER LZGEA, 7 2kl A0REREOFHEIX, 79~194
mg L7ebEEZLNE, LIER->T, 40°C T30 40FIKIB L, 2 L OKEEBIRLZEA.
RN AR IS D 7 1 r ARk /L L ORI EOFXT % 5-381%, FHTH 18% & HEE S
ALlz, 35°C TlE, MAENARTEIZHT 2RI EOFFEHRIL, BT 17%, 2T 6%
LTSN, IBERWIRED 30°C Tk, MEWINEL, BIENAREDODT D 1~T%
ThHol,
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EURAR CHLOROFORM

O

BIGE D OWIUE, B> KHIZ/e s n s L Bbhs, ROELEED 90%% x5
YR, 8 BERILLINICIER 6 CGRE LD 7 aadki A e LT, F3 bkEL LOME
WENTZEWIRENESLN TS, B MZ 05 g D7 uraiiVis(F ) —7 IR LT
BIF o T RIVICTER) ZHEROKG Lzl 2 A, HHGEOK 50~52%3 W I - {3 =
VT IR AT 72 0 | 17.8~66.6% 1T KRZE LD 7 mr /L L& LT, 8 Ko7z - Thii
HYEIES U, MR, 15 FEMRICE— IS LK, 223 8= F AV RETIL
WCHEUTIR T 2R L, 2O, WIS 13 43, 55 2 #3238 90 43 Th - 7= (Fry et al.,
1972, US EPA, 2001 O+ T3] ),

Jauiaid, REBAEFT 2EMELZ R L (US EPA, 2001), L7=28->TC, Zr kLA
DEEGENZ L, RN 5,

FEMAFARE ClX 7 v o RV A Y BED A Z N CTREFES N D AR 0 . B W IICIRE
END L, FRCEMOANTIE, ERESEZ DD REMEN D D, 7 1oL AR % 8l
T52&, BLUOE FOACKARALICEENDHD Z L E2RTRELAGLATVD
(Davidson et al., 1982, US EPA, 2004 O THIH), ZO L Ea—2blE, Hhx REMHTOE
BT — X IO h o7,

In vitro RER

Ye-z oL LRI, HMED F344 5~ k. Osborne-Mendel 5~ k., BB6C3F1 < 7 A,
VT A= NTUNLAE— BXOE bR ENZFI /e Y- Bl n Y —
AZBWT, £ ENnD ¥CO, 2T 2 HFIEICLVIIES Nz, FFR 7 r Y —AcBiT
%5 MC-r mu R AORBEEIT, NAAX—>TTZX>T v F>E FOIETHE- T,
WT OB OV TS, BI 7 e Y —A20EHIE, /e y—2050 L0 KN
ST, Bz uY—AIBITS YC-r maR L AORBHEMIL. 7 AREKAKT, LR
LAZ— Ty, ERDIATHY, B FOBFI 7 v Y —LATIIHREARGETH > 72 (Corley
et al., 1990), Amet et al.(1997) OFRERTIL, & FOFlEN S CYP 2EL1 BAE S =28, &
figins & 13 S 7e o 72 (IARC, 1999)

Dick et al. (1995, ATSDR, 1997 o1 CTHIH) 1%, & MIBIT D7 v m R/ ORI
RTUT 4 TR E Lz invivo kB & JEH 5 800 B> 728772 B2 ) % FVN 72 in vitro
RER TIRET L7z, In vitro BRER TIX. FERE & I8 S FIARIRICE) 0 Blo T 7 v — 2 L—TYK
BEMCEY T, ZORJEIZ, AEKEEERE LT, ZJ7ae Rz Bfiillc, 7rn
R LOAEE, 0.4 pg/mL (K&, 0.62 pg/em?, 1.0 mL %&4i). % L < 1% 900 pug/mL (&1
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EURAR CHLOROFORM

703 pglem?, 50 pL ¥:AF) T o7, HEPES FEME /N> 7 A SEMHEGIR CHER A 1T\,
WA D 4 FERICBEF 21T 572, In vitro (B8 2 + JERRIR) TN S N7 7 g a kv LD
AT RN KT 2 EA L, (RHAETIES6 + 27%., @mHETIZ71 £ 14%Th-o7-,

41213 FX2axRT140R, KRB, BLULIHDOEH

LTI, RO, RA, EKBREOVTIICBN T, 2 B AL AORIL, fRH, Pk
WHE B Ch D, LIMoT, 7 aakl A, MEHEEIC L > CRgIcigE < 5l S,
Z OISO =3 . B I E R SN B,

WABBBEOHS., B MIBIT L7 aaR/La0¥Eili, 79 BEEEHIA TN
(Gordon et al., 1988, ATSDR, 1997 O Tr|H) . £/, ARBRTIZ, 7 ek ADlX
EAER, FH% 8 BRELINICHEIN S D Z EREN TV D (Fry et al., 1972, ATSDR,
1997 OHFTHIH),

Joa RV AIEICHBE ORI ENS, 7 ekl A0 ToRBHIZ OV TIL, in vivo
TOT—ZFD R0 B LA LR TR O F D REE SV TV D, o FERAH
PEMIEFR{LIRFE T, in vivo TITMLAVRREE CAR SN D, ZOFERKE T, mAT
EORISHEREM b AER SN D, BIARKE T, /7o XA F AN D7) =5
INPDERSND, WREEE S, ¥ b7 a L P4S0 RAFEDRESRBITEME L O B &k C it
T, MR ONT 203, BipfE, ik, HEBXOmMBENEICELIND, ZrER
IV ADFALBIBERZRSIC L > TRy 7 A& ) — LA L, RV Zaa XX —)
D BRICBIEL KR FE(L ST, BAF U347 % (WHO, 2004)

RETHERE THDHRAT 1T, MREAEOREMER S & A /EE L, oMk
STELMEERL, £, HARE, U UIEEOMMETFERE L LEST 5, 52, &
AL, KEIGE LT, ZRMLRF LERA T 22 b D, HonoT —
ZiIZknE, 7RV AOHEETEORBMIER T LD THY . FRAT UL, [
oy & ARCRE S L CEEEZ R T &5 2 5 d (WHO, 2004),

saafR/VAIREEZBRBT A ENTE, YUV ATERBBBITARESINTEY
(Danielsson et al., 1986, WHO, 1994 1 THIH) . 7 v FTIEBfFILT2 ot shTng
(Withey and Karpinski, 1985, WHO, 1994 © T f), F£7z. & ~OHFLCRRARFLFIZ 5
WENDH LEEZ BN TV (Lechner et al., 1988; Fisher et al., 1997, Health Council of the
Netherlands, 2000 ™ #1C5| A; Davidson et al., 1982, US EPA, 2004 ® H1CH| ),
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EURAR CHLOROFORM

WEINTZT =2 b, BRI 57 ma R AORA R, BRI & DRI,
ZIEIL, 80%, 10%, 100%TH 2 LEZHILD,

t MBI AZRBOFT—ZICL D&, 7 aakLihOWl AWRITERIT 80%, &R R1X
10%TH 5D, 7vaR/LAORAWRINEIL100%THD B2 LD,

4122 RAsH
41221 BMICEITHHAER
In vivo EXER

RA

Bonnet(1980) (X, T v MI31F 5 6 HEREE ABREED LCs & LT, 9.2 g/m® &\ 9 [E A s
LTCWb, 7v hTiE, AMERAOERERE U CHRAMRROBERK TR b, 21
g/m® DIEFE T D 4 BRRRTRERIC L 0 . BE O BEEM 2 FRD 5TV 5 (Frantik et al., 1998),
M~ 2123175 6 FERL ABRFED LCsx & LT, 6.2 gim® & W HEARE SN TVD
(Gradiski et al., 1978) (WHO, 1994 O CHI &S TWA £ 251 H).

Kasai et al.(2002) 1%, F344 7 v FB L BDFL ~ v 2%, 7wk a5 (500, 1000,

2000, 4000 % L < (% 8000 ppm. J-724>% 2440, 4880, 9760, 19520 % L < i% 39040 mg/m®)IZ,
10 6K, @5 AT, 2 @MICOESsTREL, M~ D AL, MRS T D%
HERHEL Y b E-oT2, Ty b, w7 A EHIZ, 2000 ppm LLEORETIX, 48 KEELLND
FELCHN 100% T - 7= (Table 4.17 25 18),

Table 4.17 Mortality rates for rats and mice of both sexes exposed to chloroform for 2 wk by inhalation
(Kasai et al., 2002)

Exposed Mice Rats

concentration Male Female Male Female

0 ppm 0 0 0 0

500 ppm 9 (9/2" 0 0 0

1000 ppm 9 (9/2" 9 (4/4™) (4/5™) (1/6™) 0 0

2000 ppm 10 (10/2™ 10 (6/2™) (2/4™) (2/5™) 10 (9/1%) (1/2M) 10 (8/1%) (2/2M)
4000 ppm 10 (1/1%) (9/2M) 10 (10/2™ 10 (9/1%) (1/2M) 10 (9/1%) (1/2")
8000 ppm 10 (10/1%) 10 (10/1%) 10 (10/1%) 10 (10/1%)

The fraction within parenthesis indicates the number of dead animals as the numerator/the day of repeated exposure
at death as the denominator.
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FER

Torkelson et al.(1976) OB CiL, v 4 ¥ (2 VL/FR) O OEEZAY 1.0, 20 H L IZ
398 gkkg PHED 7 v uaFR/VLEBAA L, ZORY 2 RNZE LD T T AF > 7T 7 TK
N\, 24 FEOHENEH 21T o 72, T ORR, FEHNTEC o7, L, W
NWORETY, LHEPHIZOE D REOEIE L | 772D OEREBD DB bivlz, HEBREIW
o, WEALEDD 2 BREZICHR Lc, W ESEH SN2 TOU IR T, B
PRAME DIBATYEZEALA IS U B TR bz, L, WIRAEZITFE O
B otz, EEEEEICET 58 LOAEL IX. 1.0 g/kg T 5 (Torkelson et al., 1976),

O

7 v FOZAMERD LDs 22\ Tk, 450~2000 mg/kg REOFHOMNAHME ST\ D
(Kimura et al., 1971; Chu et al., 1980, WHO, 2004 > C5| ), HED Wistar 7 » Mz, 7 &
RV L A —ThAERAR L LTO0, 67, 135 % L < 1% 338 mg/kg A E o TRl
A&G Lo & 2 A I/NEEROREEIC 31 2 SRRt oo ] AR A 7288 n & | i
TI=UT R N7 UAT =7 =B (ALAT) IREOAE R L2558 6 #v7z (Nakajima et al.,
1995, WHO, 2004 @ 1 C5I),

suanaRiVhi, a—MEREA L LT 180 moky/ H O E T, MEIR OB S
Osborne-Mendel 7 b Tli&, BEROFAENFED Hi7- (NCI, 1976) (IARC, 1999 DHITH|
). D F-344 7 v FTIE, Zuvudb sl 0, B, HifadE & EAE MR )
7 S 7= (Templin et al., 1996b), &t Osborne-Mendel 7~ ~ & F-344 >~ N T, /7 mn
RV LTS D AR M2 i S 720 RO T v M, 0, 10, 24, 90, 180 H L
1% 477 molkg KEOHET, 7 v uad/L AN HERFRER 085 S, 48 FEf%ICHs
iTondz, HHTHDZ LR0ho> TVDRMRIZOWT, MFIEERTH bz, 7
AMERIIEEIE I DWW TIE, Ml ~D T 0T 4% 7 ) O UBRD AR EZRIE L TERRER
("labeling index" LI, 3726 S HIEOEIS) 2Rd D Z & THFt Sz, BREEDIENIR
AR D b BRI . MR FEMEdS K OV ARV o BRI T o 7o, BliiCE
7% LI O EARAEAI 72N, Osborne-Mendel < ~ kTl 10 mg/kg LA EORET, F-344 5
v hTIE 90 mg/kg L EORETIRD BTz, LIiL, 477 mg/kg BEClRebHEN L, *HHRRE L L
iz L C, Oshorne-Mendel 7~ ~Ti% 45 5, F-344 7 v N Tl 3.7 fFICiE L, JHFllaick
5 LI O, F-344 7 > RO 477 mglkg B TOHFO HALz, W%HEE H 90 mglkg LA
L ORET, EPEICERE & BB ORI bille, ZAUb DT —Z )5, Oshorne-
Mendel 7 v h & F-344 T v ME, 7 m RV A KD EHEECKT 2 ERIZEFR T
HHIENRBIND, TNDOFERIL, F-344 T v MBS 7 nuadr L AOBEEOE
RS IZ B9 2 IR e 58T — & ~X— R % Osborne-Mendel 7 v MIFEODIT 572D
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EURAR CHLOROFORM

Hag LA 80O THY . £7-. Oshorne-Mendel Z v~ MIBIFHEIEEOFERICIZ. 7 oo
RV BT X DN BAE S S A RIS R T D ER BN NMEL TS E W) %
HATHHLDOTH S,

Keegan et al.(1998) R BE i, 90 HlinDOKED Fischer 344 Z v M, 7 @RV ANR,
10%Alkamuls EL-620 Z AL LT, 14.9, 224, 29.8, 59.7, 89.5, 119.4 # L <% 179.1
mg/kg RE O & (75 5 mL/kg (K5) T, SEHlRE OGS, SRl 0 5% 24 Ko
IR CHLE AN ERIR S v, KIS F6 T 2 FFEE ORI ERfRE O s fricfit s iz, 2o
FER. 7 m e AR LIS R D REREEOIFERENR O Hhu, 179.1, 1194 I KO 59.7
mg/kg FETIX, METOTF=0T I ) v FLRT2T—8, TARTXFUBT I/ T
VAT 2T—F, BLOYAE =L TE FuFr—8n, LY LAEZICEF LT
Uz, 29.8, 224 BN 14.9 mglkg BETIEL, HIE L72WTHOFHMEE B IZOWTH, <
FEIC Ll U CHEZREINERD v o lo, HREOIE & 72 5 migER 2B L,
30 mg/kg /R E & U 9 NOAEL 235t iz,

~ 7 AT LDy OHiPHIT R E <, 36~1366 mg/kg IKE & W ) EAHRE S TS, Zono
FALZEBRTIE, BHEEBICE > T T HIEFITEZEO BV REORED~ 7 2 % F
., FEEICL2 ORI TH D, £D LD RHEHD~ T X (DBA, C3H, C3Hf, CBA,
Balb/c, C3H/He 72 &) Tix, 7 v iR/ AORMEEMEICH T 5 @V I, BRI
I TWD, v~ A TH, JlEd L OBOMAEETECH A 235890 BTV % (Gemma
et al., 1996; Reitz et al., 1982; Moore et al., 1982, WHO, 1994 O HC5| ),

In vitro SXE&

REROIMEITE STV,

41222 E KMZHITHHER
In vivo EXE&
RA

WUNCEFE LN IThbiv-Z e aiLh~Dt FORERICET AT —2DI1TE A FIiL,
7 aa RV AERRA E UCER LIZBREFS AN LOTHD, Z7aakLad
BRI & U C OB I, 1847 FEIITT TITHAE STV 4 (Simpson, 1847), 224 i
FES 24~T73 gim® D7 1 u kL AEROWAIC L - T, FERENFE R SND EEZ bR
%o FRERRIEDOMERFICIT, 12~48 g/m* OIRENLETH S, EREW &L RIS, B b,
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LT VNS s NS D E S AN N S
DARENEDS B B, 2 B ARV AE, HCRRAOTRV MBS T LR RIS 1 AL L E ) (IF#EE)
EBIXBITZ LMD, FHEHE LCOMMEBESL TS

yomRslE, b AR 60 SRR S 7-35EA . 9960 mg/m® (2000 ppm) DL EE CHEEE T
PEVER %, 2490 mg/m® (500 ppm)@i;;%f;f“ﬁﬁ’\]f“%%\ 249 mg/m? (50 ppm) LL F D TR
PR A2 X Z LG5 & i &5 (Verschueren, 1983, WHO, 1994 o1 5[ ), t bk
CHITH 7 maRL LD LOAEC 1E, 249 mg/m* L FCTH D EHEEENLD, (VR 7 BEH
EWCEEL, HEERHEL LTER,)

HER

REROHEIZH O N TV,

ZO

Schroder (1965) (X, AR R ZERZICHEERTEIRE L 2200 | FRELE T & [ CAER OHER A
D BT F N EEEEHRE LT D, BN OB AZRBO LI, 75 gD/ a
2RV A ZRFROERL TEFICMHE 72F S HEX, 270 ¢ O 7 v RV A2 B L7720
EFRLIZFERLH D, AT 2 FHROBSEEIT, ) 45 g LHEE S LD (Winslow &
Gerstner, 1978, WHO, 1994 O C5|H), KEZ 70 kg ERET D &, 7.59 O R D4
\ZH3\\ T, LOAEL (X 107 mg/kg EHEE SN D, (U RAZREHIEICEEL, EERRE L
LTERE,)

Hakim et al.(1992) 1%, 7 v w2 AR/ AZRAIAZ (RIFAP) . FEFCREE TR A4 0k L
JRBEICINAE ST 16 OO HEF 2 WG LT\ 5, Bk, HEEHl. 7 o— AT,
BLOHIEIZ L DBENMTHIL, BHE LI X 2ICRAT=720, IBBREEZFF Tz, 7 H
%, HFER, ~E7a e AfGObLT MR, RO E S B O RF T 2D b,

7 auafR/b ALY PEEFRENG X Z Sz 2 & 03RE X7z (ATSDR, 1997)

33 WO 0.5 mL O v a k% By CEIRNICES L, BRI 22 o 724158
ﬁiénfwé MEITR 12 BEfRICH 2R E L, S5HI2120 mL O v a kv Az A
72, ZTOMIZIE, @SEREZ, VAF VU (V h 7 v b P-450 OFRE LR RS VAR OLE
DD), BER N-TEF LT AF U (TN EFAURFERZBIE S 5720) 12 K D%
W T, O MEHZOT VBV KRA T 72— (ALP), 7I9=073I /) FF A
727 —B(ALT), TANRTXU@ET I ) F 7 A7 =27 —B(AST), BLUOHETE K
07— (LDH) S B L, 20 EF N2 — 0%, gz R LT\, Zhbo
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EURAR CHLOROFORM

fERIT, BBDRA4HHEETICE—ZITEL, 11 BETIEEAD Lz, BREY L eV b ERE
UL E OB LIRS e ot Y aakL AOER% 6~8 BHEIZ, GGT(H v~
TNHAINKT VAT 27— BELEH L ~TNVEINV KT AT FH—F), TILT 7
TxbTuTAr BEIOVF = REEANEM LA, b MIBIT 5 IEFHHHENT
& -7z (Raoetal., 1993, ATSDR, 1997 OHC5[ ),

B, B MIBTL 7oV adREmlto EERERNTH S, 3,755 £721d 2,410
mglkg O v a RV LEROERLTHS 1 HEIZ, ZIRBPED DI EFRHRE ST
V% (Piersol et al. 1933; Schroeder 1965) If[L'#ﬁ%%E?%(BUN) VT F = OENER L
T Enbh, BHREN RS SN, ROLT AT I EMEMIE SN, Zueaky
LAORRIFERIC L VT Lz 1 HEoFEHI T, HIRRFOWEEM 7 A T, BilllR

BIZBWT, EEOER, v 7 U MRS XOMEIZAMENGRD 57 (Piersol et al. 1933,
ATSDR, 1997 ®HTH| ),

In vitro SXE&

REROFEIIHE LTV,

41223 BAM¥SHOEH

R AOBMEEICOWT, 7y PBIO~ T A TRABIOROBREDOT — XM,
Y X CREBBEOT X5 TS, B MIBWTY, REEH & EIEHIRE O Hp|
2. WL OnEE S Tna,

atEEEIR. EREYOR., I ERICL o TEREAEZRS, Z7reRLaofkA
LDs 1%, ~ ™ ATl 36~1366 mg/kg (KE TH 5723, 7 > b TiE 450~2000 mg/kg AHE T
HbD, ~TABLOT v MIBITHZnukL a0 6 B ABRED LCsh s LT, Zh
Zi. 6.2 g/m® & 9.2 g/m® DEAEE STV 5 (WHO, 1994), 7 1 m kL A D AR
KDL, BROMRE, WARZE L HIZ, vV ADENRT v MRV @y, PAZESRMET
T/ RV LR ERTE SN 7 X T, IREPHIC D72 2 G OB & B RME o0&
ITHEZALDFE D Biv, 2B JURATIRZEICET 5 LOAEL & LT, 1.0 glkg DfEAH
H I TV S (Torkelson et al., 1976), 7 > MIEIT 510 NOAEL & LT, 30 mg/kg /A
EWVWIHENRE SN TEY . ZHIHFBREZRET 2 MiEHRREOLE(LE WO EEIZET 5
HLDTH 5, (Keegan et al.,, 1998), Osborne-Mendel 7 » k& W 7=#BrClid, 10 mg/kg LA
EORET, BIRICBIT DR O H EARAFH /2 EINAFR D Sz (Templin et al., 1996b),
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MR L OFAVEMIEPEIC R LT, B EE OEALIRANE O ERGIIEAS, 2 724%
HIMIfa T o 7o,

—iRIZ, 7 ek A, t%’%“f%%%%%&ﬁb%ﬁf%%%%t*f [H YN
B AR OBIEEITH 45 g LHESNDD, BEZMHEITIIREREAERH D, © R T
I, WA LOAEC i 249 mg/m’ U\—F(Verschueren, 1983, WHO, 1994 o THH) . &N

LOAEC % 107 mg/kg AJifii (Winslow & Gerstner, 1978, WHO, 1994 OHCH|H) EH#HEE ST

W5, (VAZREHEICEL, EERHEL LTER, )

APEFRIEICET AT —ZICESX, Zoakib A, U RAZEL RRIGAT EHE B
FOR20MEAT D EHEIZFE LT, BENIDETDHZ LN REIND,

4123  HlEE
41231 KRE

EMICEH 1T BHEAER

FE G2 K AE T RS B A ST 5 72 O E i S - B o BT L A L/ ST
W, Z e a RV ARRIEMER RS KT T2 SR bR TWS, £7, Zuarkb A
XERVEEMEE T . 72, 1000 mgkg OFET 24 Wil#EAT 5 &, PEEOKE
BEFE A L 7= (Duprat et al., 1976, WHO, 1994 O THIH), Z ORBIIHENENZ LL |
LA EOFEMRIERITAE D TR,

Torkelson et al. (1976) (%, TV X OEJEICZ v kL LA L, B~ 5 B o fIE L
MWAELDHZ &, BLO, FEEQLEZ L2 KZEOSE. TOWRBPEIET 52 &2 60
27z, Z7mudbzyhXo ICIERAZERT L7581, 1~4 [BomE TR e
i & REGHENFED H ALY, ZAL 0 EEOHEBEIT, 10 FEH L THRO bR oT,
FC 7 FOEHAEHEL T, 7 aafr/LARER Sy N4 H T TEUR TRVWZEEITIE,
1EEIE 2 B0 24 RFEMIZ LY BE7R TRl de KO OB & 2 U D BEfii D
FERMRRD BTz, ZOFIZBWTH, BORLEZ i L T2 7 r AL AR/ Ny KT
24 FEBLFE U720 & RARIC . TRIEOBIENRO i, 2 ILOUHXOMEHETEL T,
1020%L<i3%gmg®7mmTwA%;ﬁL NRBNMED T T AF > 7 871 7 T

(B - T 24 FEMHEEH L72Ga1E. WIThORER T, JAHEPHIZDT 5 K E o8

5!573“5@&5 bz,

v
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Chiaki et al.(2002) %, 7 =\ A&V ADEIERERIZIWN T, FIEBISARD N2 Z L& [
AFETHE L TWD (BEEETIEENOAAT), ZORBIE. 7 v d/L Lo R ERIEE
PS5 B TT A v &, EDICELEY h~vF VI EB—Ta -T2 KGPMT) LF
Y 87 v A (LLNA, Rl ) TORROZEZRGTTT 5 BRI TiThN 7z, GPMT I3,
Magnusson and Kligman JEIZfE > TIT4L, —7F . LLNA X, Kimber {EIZfE-> TiThiTz,
RBROFER, EHLDOHETH, BHERISITRE D b oT,

ErCHETHHR

7 v RV SRR RS D & ARG GEIR - RIS, FEOR, AR IO
BE) N5 & 2 &5 (WHO, 1994)

41232 R

g TR

Duprat et al.(1976) /X, New Zealand H 7 ¥ 6 JLORIZ, 7 v dR /L AFKZ &G LT,
BETOUHFITIBNT, BBECAIRRK E &b, BEEOIRRBHER RO Siviz, 4 PLiZ

BWTHBIZ EE AR D, (LR itz mm b (BIEIE R CTH 2 53) @i
SNTWD, ZNOHOFET, 51O 3 EMIFE L THAREBNEO b7z 1 Lx
BrE . HH% 2~3 M TlL LT,

IR oo RV AR T Y 3 PLORIZH NG S 723 BR TIE, R EE O RIEUE R A3
FlEfZ S, ZhugEEns 1 #E%. »A5 CTRENARECH -7, £z, 74
LA VA DHBA T, B CTH L0 RABFEREGE RO N, K51 2 A%

ACIEYEB NS ST, 7 a kL ADE FD 30 B, & X0 HFOIR
75V}m7k“5‘¥5%@§ﬂk75\ Bedgr L7 o 72 5 OIRICHER LT, RUNMIH B2 FEILR O bl
72> 7= (Torkelson et al., 1976) .,

ErICETEHER

WkZ7 eakRv ALz FOFEF T, BEUE, RB X OO RIENH®E ST
W5, %< OFFITHIE~O [T EENRO Hiv, TSN DOEGAETHHEATE» -7
(3 FAMEIATH) (Grant and Schuman, 1993)
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Oettel (1936) 35 L TY Winslow and Gerstner (1978) (Z L 4UiX, miRED 7 1 v AR /L ARSI
Tans e, REFPEASI SR END, 7 aahRLAOREMIRTIRICAD &, HEL
&, KRB KO OB RN 2R Z D, AR EEZOBEES LIXZLITRD LD
. BH LI E I BIE 9 % (WHO, 1994) DT,

41233 H#&

BT % AR

JaaRVAIBEBEINET Y b RTBNT, @L&@ﬁ%%%%ﬁﬁ\ﬁiwﬁ
JEDZALNFED HIL TV A (Kasai et al., 2002), 7 v kL AZKAIC 2 BEIZH7= 9 (500,
1000, 2000, 4000 % L < 1% 8000 ppm. 1 H 6 B[], ¥ 5 H)BRE émtv?XTi KRR L
Bz DR & PER ERAVAENRTRD B, MEICR RIS K OWER ERZ D28, BE5E 7 b ONTHL
FIARIENFRD Hiviz, ~ v A &6 U4k (500, 1000, 2000, 4000 % L < (% 8000 ppm.1 H 6
REf, 3 5 H. 2 EE) CREINZT v b T, WThoOBRERTYH, B EROREE, %
i, EHIREEOMIZ, SIEOKEEARBOFELRO b, 20 2 BRRICB TS~
7 23 LT v R LOAEC I%, 500 ppm (2.5 g/m®) T %,

MCEEN, KIVRRETSH S 1, 13 HEREBREZIT> T\ D (w7 A TiE 12, 25, 50,
100 % L < 1% 200 ppm. 7 » bk Tl 25, 50, 100, 200 % L < (% 400 ppm. 1 H 6 Hf, # 5 H)
(Kasai et al., 2002), &FEIZEBNT, LAFICHRD[EDOHERHMAR O b, v U A
TiX. 25 ppm BLEOBEOHET, M EROEENFED i, 12 ppm LI EOREOMET, &
fROFOREE | BRI JOWER ER DML NRBO bive, T v M Tk, MEgEs
b, 25 ppm BBV T, B ER ORI & ZEHEAFRO HAL, 200 ppm L EOREORET,
RO BTz, mA~OEEBICEA L TiX, Mo~ v X217 % LOAEC % 12 ppm (60
mg/m®) . HED~ 7 228175 NOAEC % 12 ppm (60 mg/m®) . D 5~ MR IT 5
LOAEC #% 25 ppm (125 mgim®) & H4 % = LN TE 5,

MMnamﬂ%GKBWQWW®¢TW@iJ%D%%Hv?%%%wf\7ﬂm$
NVAELRASOBHERBEIC Lo TSR END, IR g2 D N &I 5wt
Bl L O AN DWW TRET Lo, SREIX, 5 B3> TR S 41, 0, 03, 2, 10,
30 H L<IT9 ppm 7 m /L A2, 1 H 6 IEfE], 4 HREER L TRARE SN, 20
R TIL, Z7rrR Al 4 ARIRE Sho~ v RIS, S0 mtE O BRMEITRD 5
Ao T2y, 10, 30 BTN 90 ppm FET, SEHMR O MG RITEEIZ, BEE O —EEZ b
MWL DONPBO BT, AL, BOIREEME S BB OIS Z R e L, £

IZBEET DRI CIL, A—~ VIROIRFEHEE & & OB &8 Hitlz, US EPA(2001)
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X, ZORBRS, BPERAICET % NOAEC % 90 ppm (450 mg/m®) & HIE L T\ 5,
NOAEC & L CZ DfE) mént; IZDOWT, 2L EOFEMARFRIT RSN TV
AN

MERED F-344 7 v N & AW TIL, #EREM Y, 0, 2, 10, 30, %%L<ﬁ3mpm
OrvuRVAEERZERIC, 1 H 6 R, 4 AL C, £ 7 AT, 3, 6 HL<
X 13 AN VIRE S LT, BINORERSRT O, #E 5 AT, 13 BIcH v g
FESND5h, F72iE 6 BRICHTZVIRE SN % 13 # EifﬂﬁéﬂtoﬁﬂmTWA

(2K 2 BPERAEOEERE & BRI, BREEORE & IO T LTz, HZIFEID,
MR R CE DN Bl O EICRE L TR bz, BEOYIMORRTIX, 10 ppm L
LoRET, BOEERMCBNT, BHIEOTUE & EAE OB Hivic, 1§
Bk & E BT, WEN, ROFEFHEKICDbETROOLND LI IThoTz, (VR
IRABHECE L, EERRBRE L TERE, Table 421 28, ) 90 H DR T, 2 ppm LA
EORHZB N, fiE RN SEOZEREGRO STz, LOAEC X 2 ppm & 7= (Templin et
al., 1996a) ,

M@ B6C3FL ~ 7 & &[> Fischer 344 T v k& H\W\ - APEIRERABR TlL, 7 n ok L
. WEBREN) ORI, SRR R A LR L B SR TR EA T D Z L3
Sz & 7z (Mery et al., 1994, ATSDR, 1997 O C5H), bR L 2 FIET 5720
~ AT 1.2, 3, 10, 295, 101 & L <X 288 ppm DOEET, T v ML 1.5, 3.1, 104,
29.3, 100 & L<1E 271 ppm OIEFET, 1 H 6 Feflll, 7 HEICH7Z0 7 v kL A CHRE X
I, SIPEOIRAL R AP, MR 5 - MBI O R A2 DWW T, 7 rrkL
LPREEE OREDOBLEN G BEtThn e, HEO T v T, 100 LU 271 ppm FET,
ELEE O W b R AR AN R L TN D D AFRD ST, ok & e 7 0 L = Sk
DML bz, B O LRI, K TEFED 2 £ TEL 2> Tz, 10.4 ppm
LI EORET, BIENOEFAENTZ RO biv, BENSEFRE RL TV, 293 BLW
mOmmﬁT@\%*Wﬁ$ﬁ®t%ﬁ_%ﬁ@ﬁihmb%ﬂ\ﬂlwmﬁfi\ﬁi
BOMITHREDIZT 2 FThotr, R— U BOKRE ST, ZELLBEH LTV, “ b
7 v L P-450-2El OYLta TId, RTHRBEDOIR bR STRAHIIE ORI E & AR —~ > BB Al ia C
RO BE RO vz, BRI, BREE SN HEBREIICIT 5 P-450 Yuf Bl
7 1 v RV APREOHENINIE > TR T3 2mARO bz, 7 v ak/LA~OlgEE
0. BSOS E LS T S OB MBI L, & O8RS, @%&@mw
FRSCRITE T AR GRIEEIR) Ml 722 & o IEMEL L2 B EAIIRICIRD L CRO bz, $—W
AT DIz ds KO RGEI T, MRS e b IR S AL TV e, BBRIRWZ &2, o~
U A TR C & 72 IgER I BhE U7 biX, BN OEAGEBIZ BT 25 HAED
BBz Th . Fhu, 288 ppm BED 1 L TRO LN HDTH-o7, S WD
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HEINRE, 10.4 ppm LA EOBETHED Hivlz, FH OIE, fiime& LT, RO RPN
bt hTAELNIE, REXETHAEEENH DL E LTS, US EPA(2001) Ti. RSN
T MRS 72 MBS FE ST NOAEC %2 3ppm & LTV 5,

E rZEITBRER

No Data available 7 — % I35 5L TUV7RU,

41234 RIFEDOEHN

suanaBAE, KE, BRB L ERGEICK LTIt EZ R THWETH L, vHEFEHN
To iR BB Tl B ~E ORI EZ AT 25 2 LR ESNTe, B R TIEX, ZrrAL s
L DRREHEMC K-> CTRIERNDAE U, K7 v e Az Vs ek, EER
IRFBUER DGR TV D, T OB Tl A R BRHE I TV DR, Uiy
AW 1 HORBRTIE, B THLIBH L2 RARBENRD LN TS, b T
IRANRAIR 7 1w AL b & i U7 e, A I — PR EE G & 2 S, }i@
IREEAER CIL, £& LT ERIZHIT DHRMIERR Y v u R v AFERMERZA 2 b NS/
HRER MG SNLTWDER, IR LME SN TWD, v A ET Yy FOXKIETIE, Z7RrH
BRIV LOWANIT K - T, BB E BIEITHRACHIIETEA L Ce, MM (REE 4 B) ORFR
ThafiiiE BT OEARBICRD bV B OE & SIS &, b0 BICHA
+%5 v Fo LOAEC & LT, 10 ppm (50 mg/m®) & W 9 AV H4 41TV % (Templin et al.,
1996a)., (Y 27 #HBEHECEEL, HELRRE LTER, )
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Table 4.18 Study summary for irritation

EURAR CHLOROFORM

Animal species  Number of  Doses Result Reference
& strain animals
Rabbit Not Liquid chloroform ear: hyperemia and Torkelson et al., 1976
Dermal reported 24h, occlusive exfo_liati_on after 1to 4 in WHO 2004
10 applications for ~ applications
ears belly: slight hyperemia with
2 applications for moderate necr_osis and
bellies eschar formation
delayed healing of the skin
Rabbit, NZW 6 Undiluted 6/6 severe eye irritation, Duprat et al., 1976
Ocular chloroform, doses with mydriasis and keratitis
not specified 4/6 translucent zones in the
cornea
Rabbit 3 Undiluted Slight irritation of the Torkelson et al., 1976
Ocular chloroform, doses conjunctiva
not specified slight but definite corneal
1 eye rinsed after injury
30s
Rat, F344 10/sex/dose  vapour, 6h/d, 25 ppm (125 mg/m’): Kasai et al., 2002
Inhalation 5d/week, 13 weeks  mineralization and atrophy
25, 50, 100, 200, of the olfactory epithelium
400 ppm 200 ppm (1000 mg/m®):
necrosis of olfactory
epithelium in males
Rat, F344 10/sex/dose  vapour, 6h/d, All doses Kasai et al., 2002
Inhalation Sd/week, 2 weeks desquamation, atrophy and
500, 1000, 2000, disarrangement of the
4000, 8000 ppm olfactory epithelium, edema
of the lamina propria of the
nasal cavity
Rat, F344 Not 1.2, 3,10,29.5,101, NOAEC=3ppm (15 mg/m3) Mery et al., 1994
Inhalation reported and 288 ppm atrophy of Bowman's
6 hr/day for 7 days  glands, new bone formation,
and increased labeling index
in S phase periosteal cells
Rat, F-344 rats  10/sex/dose O, 2, 10, 30, 90, or Early time points (4 days) Templin et al., 1996a

Inhalation

300 ppm
6 h/day, 7 d/week or
5d/week, 13 weeks

LOAEC= 10 ppm
Enhanced bone growth,
hypercellularity in the
lamina propria

13 weeks

LOAEC= 2 ppm
Enhanced bone growth
hypercellularity in the
lamina propria of the
ethmoid turbinates
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Animal species  Number of  Doses Result Reference
& strain animals
Mouse, BDF1  10/sex/dose vapour, 6h/d, 25 ppm (125 mg/m’): Kasai et al., 2002
Inhalation 5d/week, 13 weeks  degeneration of the olfactory
12, 25, 50, 100, 200  epithelium in males
ppm 12 ppm (60 mg/m®):

thickening of the bone in
nasal septum, eosinophilic
changes of olfactory and
respiratory epithelia in

females
Mouse, B6C3F1  10/sex/dose Vapour, 6h/d, All doses Kasai et al., 2002
Inhalation Sd/week, 2weeks  4rophy and respiratory
500, 1000, 2000, metaplasia of olfactory
4000, 8000 ppm epithelium in males

degeneration, necrosis and
disarrangement of olfactory
and respiratory epithelia in

females
Mouse, B6C3F1 Female 0.3, 2, 10, 30, and NOAEC =90 ppm (441 Larson et al., 1996
Inhalation 90 ppm mg/m°) nasal lesions
6 h/d, 4 days
Mouse, BGC3F1  Not 12,3,10, 295,101, NOAEC= 3 ppm (15 mg/m®) Mery et al., 1994
Inhalation reported and 288 ppm increased labeling index in S

6 hr/day for 7 days phase periosteal cells

BoNTT —XIZHESX, ZuaRb Ak, U AR RIBIEZEICHIPEMENH S ). R36
THRICHETEDR B D 1. BE N RITIFERZRAICHIPEMEN B 5 1 245 L ¢, THIFSMEmE 112
SHEETAHZ LR REIND,

4124 [EBEH

T —=HIE LTV,

4125 RBEH

7 aa RV AZOWNTIE, BEERRIC L 2 BEERCe hERS L LI BYERBROH SN
RY7=5F, b MIBITARBEHICET 27— 213G 6N o7,

7 v a R b AORAEMRERIC OV T, HAFETHE S CE Y (Chiaki et al., 2002) . #FET
IZEDBEHDOAHANAFTTETCND, ZORRIT, 7 vkl AoRERIEREZFMT 2 B
MTTYA S, SHIZELETY hvF T IB— 32T A L(GPMT) L JRFTY >/
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7 v A (LLNA, Rl ) TOREROZEZHETT 2 BRI TIToi 7z, GPMT (X, Magnusson
and Kligman &2t > TiTbN Tz, Z o adi s ERERIERIO 7 0 A o FeRT ¥ 2y
KA, BB b 5 PLIZ, —REMELEE LTRSS S0 BH), BIEZHET 5
7o, ZWIEELE E LT 10%7 ¥ U AEE T R YU 7 A (SLS) 23 FEPAZER A S, £
HiZ, ZaafR/L AR, %y FORT 48 R H S iz Oy FREELEIX 9 HE T
bole), BAFEEOKIZIZ, EREOENLEY DO DL 3 ILAXHREEL LTHWL,
BAEREDE/NE Y k5 JLedbic, Zmmkay, fik s REEICEHE Ry FITXD 24 B
A sz (22 BEH), BIEEROBRLEID 48 B8 LU 72 FRi#4 12, Draize ZEHEIZHE - T
FHmAM TNz, ZaaR AORNEE (1 HEH) 0%, “IRBELEORA (9 HE) T,
SFRBRIZ RS U, AR REBIMEINZRD iz (P <0.01), HANERGEHANS, 71
RV AP G S VT BRI AR AR EEAE N TR DL, NG 1 O/, SRS B
EENK T AR b, BAIERERA D 48 B L O 72 B OFHH Clix, xfIREEZ Gt
8 ILT RTIZBWTC, FIBE(R a7 1 F720% 2, B~ 23580 bz, BIERERENLIC
AU ZORISIE, BAIFEEMGS 8 HE ETRO L, xfiELZ & 8 ILT X TIZH
WT, IFFE ORI & & HITALBER IR RAHEM ERBO BN, O b, ZruRL
L, BEOWHETEE AT S AERRRAITH D Z E BRI LTZ, 2 OO R D
7o, AEMEE IFEICRHE T2 2 LI CTE o loid, RIERISIEY 7 a L LEIERE L
XL L CRIS CTho7o 2 &, GPMT TlE, 7 v /L AOBIEMITIEEM & HE S
77

—J5. LLNA X, Kimber {EIZ5E-> TfTHiL7z, LLNA Tid, ~F Ly F AT AT E R
(HCA) 28, BBMEsIEMmE L L CTHWHNTZ, HCA 1X, Zoodiab LE7® hor-A
U — 7RSI (ACO, 7k hoiA U —7h = 41) 12, Wb 10%DIREICRD K9

WS ILTHWb Iz, ~ T A (B IU/EE, 4 B IZ, 7 mrAk/Llh AOO, 10% HCA/Z =
mRL At U< 1% 10% HCA/AOO 78, — D EIC->& 25 ub O, WESIC 3 H R
LTSN, BAND 3 Hi%, 250 pL(2.96 MBg/mL) O *H- A FLF 3 20 HEIRA
Beh iz, 0 5 KEE#IZ, ~ 7 XM FIEIC L0 2F3E S v, B U o Eindhi
HEF, HCA IZXT ARUSAS, 7 e afR/LAZREEE L-HE . BLON AOO Ziaf s L
Tedit & THEE S e, WRIZ Y o] DRI AN B S CHERREREIR AR &, N —
B FL—ra sy s 2 —IC LD BEHEYEORIE R T4z, LLNA (23 23T,
PR R (S OB L 1Thiviz, SI i, BB EOKRGRTER T D HIEME DV % |
B P 5HE (AOO e 5-EEC7 1 m A L AR G8E) I2B 1T 2 EM O THl- T, Bl Eh
7oo 7B BBV AEMOEAED SI 1%, AOO ZIEHERGREL L2 A0EAE AW CHEEE
Moo SI 23 3 LU BT, WRBERTREE & A A B R 2N H DA BB & e S
iz, LLNA TlZ, Z7uaiLaon, A0 LV @V gHEE% 8 L7z, LLNA Tik,

JEAMEDFRIE L LTV V7 SEROBEIF N O BTV A, U L RBROBEFRIL, — R
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IZE S THRIEMES A A COERAZN L TEM b S, £ UTERIGERNT 5 Z L ik
HLNWEEDNL TS, ZORRBRICBWTRO b7 v a RV LIk 5 ROSE, BEAE
L2 bDOTIE AR, —RFMIZE D DO TH L RN FEF T E W,

{dpm)
2000
1300 S — —
1600 ———m——— o ..ﬂﬂL_.._.._+_..
1400 ——— - Si1-95—— ———— }.___._..._
> 1200 . I I
= 1000 * SL2.4 : Q__
e 1 o
g w0 NN
g 600 —— ||| E 5 S §_ _
.- 5 < = N
400 | B g = i\\\_ -
& g
" NN

A0 Ghioroform 10%HCA/ 10%HCA/AOD
Chloroform

Figure 4.2 Comparison of LLNA radioactivity by difference in vehicle (*: p<0.05, **: p<0.01)

AEMEIZ ST, IR E SR,

4126 REHESH
41.26.1 BMMICEIT SR
In vivo 5XE&

RA

KD F-344 T M, 7 mrrARLLAZSIC 1, 3, 10, 30, 100 % L <% 300 ppm DR T
1 H 6 FFH, e 7 H AR L, 8 HEICHMRZITV)., 7 ek ih~o 1R AR
T L D HBMERTH 572 (Larson et al., 1994), ZOFER, /NEEFLLERITFAM AN O JERR & %
JEDZERYEFRD bz Z L b, FFRZEICET 5 NOAEC 2% 30 ppm (150 mg/m®) | iTfif
JRENTHAELERIZBEDLDNLTHD2ORRBD LN D, Bik~OEBICET 2
NOAEC 73 100 ppm (500 mg/m®) &, ZH ZFHEH STz, O, T v b EPEOMIE7M
ZE(LICBIT %5 NOAEC & LT, 3ppm(15 mgim®) & W 9 EERENR TV,
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M> B6CIFL ~ ™7 A%, 7 v udk/LAESIC 1. 3, 10, 30, 100 L < 1% 300 ppm O
T 1A 6K, e 7 AMREEL, 8 A BIZHMAITV, 7 nrd/b b~ 1 IEFR AR
TN L D EMENTA S 7= (Larson et al., 1994), T OFEE, AR OB & 22 ja b 23R
bz Z &b, IlE~DR 8B4 % NOAEC 75 10 ppm(50 mg/m?) . AT R 2N AR
ERIZEDNTOWDORBO N2 E0b, BIHZLIZE T2 NOAEC 23 100 ppm (500
mg/m®) &, FRZENEHE N, BOREIL, v 7 ATIERD bR T-,

F344 7 » K%, 500, 1000, 2000, 4000 % L < (8000 ppm DD 7 1 kL AZEKIZ 1
A6 M, 5 A, 28MIcz vigE LB Cid, 1000 ppm LA EOREZI T, ifEkfE
W 5AY 48 BERILINIZ T RTILE Lz, L LZT v b Tk, B2 5 D& REMEIC X
L0 EEbS, D) ol & RIENBD b, EXE-oT-wBRE ¢, BEALRM
B LRI O ZE R LS ER O DT T LIRS & . LOAEC 1X 500 ppm (2.5 mg/L) & HE
S 7= (Kasai et al., 2002)

BDF1 vryx% 500, 1000, 2000, 4000 % L < (% 8000 ppm DD 7 1 11 7k )L LRI
1 H 6 MM, #5 H, 2 H@EICHAVIRELZRABR T, MEIEL Y &, FEice 5%
SZMERE Do T, 7 a R AT 5T, BETIRBEALRME 131 T D & E O 4f
HEFEEREEINAS . MECIIFIgR D /NEE O EEESE N A U 7=, 2000 ppm LA EOBETIX, 2 HUW
DFETHEPHERE L © 100% T, FERIT, MikFAICIE, HETITENRAME OBEIE, HECiX
HFNg D /NS DPEEEIE Tdh o 12, &5 - 72 T S IR BRI S = | 1
BT HBEMOBZEIZET 5 LOAEC L MEZi T 2O IZE T % LOAEC & LT,
500 ppm (2.5 mg/L) &\ 9 fEAVE H S 417z (Kasai et al., 2002)

7 v MBI~ U A (ZEHUERE 10 PL3°2.5 B Z HW T, 7 m e kL L7858 ~DR A
PR ABR N FE i STV D, ~ 7 AL 12, 25, 50, 100 % L < 1% 200 ppm @(}Eff 7
MiE 25, 50, 100, 200 % L < | 400 ppm DyEET, 1 H 6 K¢, 5 H, 13 AMIZH7
D BEEE S 7= (Kasai et al., 2002)0 BREERRIAEH OB ST, T v b kﬂ&@?ﬁxé:%t&iﬁ
DR Tan, O~ ZXFETRXTHRELE L, 780 RVARFER LT AD
FEC ORFRIE, BRI, HEDS B AL R E5E DS T g D /NEE 1 DR SR SE C
bote, EEFE-oT~TUADI b, HETIX, BIRAEICE T 285 & MIRE O i &
BLOWL BRI DD METIX, IFiRICH T 28 LUREICRIT 2RAENR
bilz, 7 v M, MEREE BT, BIRE GIARME OZERZ) . RS (T luis k&
RboA NiLE), SHREPRD LN, E~OEZEIZREAL, 7y FBIUR~r T RIC
1% NOAEC IZ., HfAS 50 ppm (248 mg/m®) . 7S 100 ppm (496 mg/m®) T 7=, Bfigi~
DEEIZE L TlE, HED~ 7 212315 5 LOAEC 7% 12 ppm (60 mg/m®) . D5~ M IsiT
% NOAEC 73, B C D2 BRI 5 T, 100 ppm (500 mg/m®) T - 7=, SEHZIC
B L Tid, =7 AI2BI1F%5 LOAEC 23l E 12 12 ppm(60 mg/m®), T v MZEIT D
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LOAEC 23R & %12 25 ppm (124 mg/m®) T - 7=,

Templin et al. (1996a) DFkER Tix, WElED F-344 5 » b2, Z7 ook hz 0, 2, 10, 30,
90 % L < 1% 300 ppm DL THETeZERUTIRETE STz, DT v MI2OWTiX 4 HE. 3. 6,
F 7203 13 BT D72 0 REE S LD EEDS, M@7/k_ob\fi3 I E Y E RPN
720 BREE S D BENR f%htowfmw%é% 1H6ﬁﬁ W 7 HChgEE ﬂ%%éh
to B 7 HOWREEIC K285 @0l 5 HOREIC %@k%@ﬁétw B DRE
% B, 30, %%ﬂfﬁi%OWm@%VT 156ﬁﬁ 5 BT 13 A5
% FINEM Sz, 7 v L SRR S ZE Lo Tk @%Hmét@ 5l %@ﬁﬁ
AT B4, 90 ppm 72U LIZ 300 ppm D7 maR/L A~ 1 H 6 . 7 BT 6 AIC
T DN FERME I, Z0%O 7 WIERRHT v > N—NTHE I (6 ] ﬁﬁ%ﬂ%
Bl 7 BRI E), 7 v hO—ERICiE, BrdU 285 L C S HOMAE A R U (R
B, TSSO T v M BrdU Z#5- Lh- 7= GEEERRRE) .
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Table 4.19 Kidney Lesion Scores and Incidence in Male or Female F-344 Rats Exposed to Chloroform Vapors (Templin et al.,
1996a)

Concentration 4 days 3 weeks 6 weeks 13 weeks 13 weeks 13 weeks
(ppm) 7 days/week 7 days/week 7 days/week 5 days/week 6-week stop
Male rats
0 00(5°% 03(4/13) 01(1/12)  06(8/14) 06 (8/14)" 06 (8/14)°
2 0.0(0/5) 0.4 (5/13) 0.3 (4/13) 0.8 (10/15) c c
10 0.0 (0/5) 0.5 (6/13) 0.6 (8/13) 0.5 (7/15) c c
30 0.2(1/5) 0.9 (12/13) 1.0 (11/13) 0.6 (9/14) 0.1 (2/15) c

90 0.4(2/5)  1.0(10/10) 05(5/10)  1.2(14/15) 06(6/13)  1.1(8/8)
300 1.0(5/5)  1.9(10/10) 2.0 (10/10) 1.4 (14/14) 2.8(13/13) 1.4 (8/8)

Female rats
0 — 0.0 (0/8)2 — 0.4 (6/14) 0.4 (6/14)° 0.4 (6/14)°
2 — 0.5 (4/8) — 0.7 (10/15) c c
10 — 1.0 (8/8) — 07 (10/15) c c
30 — 1.4 (8/8) — 0.8 (12/15) 1.8 (13/13) c
90 — 1.4 (5/5) — 0.7 (10/15)  0.4(5/13) 0.9 (7/8)
300 — 1.2 (5/5) — 1.1(14/14) 1.4(13/13) 0.8 (6/8)

a: Chloroform-induced kidney histopathological changes were scored qualitatively for severity as follows: 0 = within normal limits,
1 = minimal, 2 = mild, 3 = moderate, 4 = severe, where 1 through 4 indicate increasing severity of the lesions ranging from
vacuolation of proximal cell tubule (PCT) epithelium, enlarged PCT nuclei, pyknotic PCT nuclei, to individual tubule cell necrosis.
Detailed descriptions of the lesions are given under Results. The first number in each box is the mean lesion score for the entire
group of animals. The ratio in parentheses is that of the number of animals presenting with a lesion score of | or greater, relative
to the total number of animals evaluated in that group.

b: Control animals are the same for all the 13-week studies.
c: Animals were not exposed at these time points.
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Figure 4.3  Labeling index (L) in the kidney cortex of (A) male or (B) female F-344 rats exposed to chloroform vapors for 4 days or
3, 6, or 13 weeks (males) or 3 or 13 weeks (females).

Bars represent the mean LI + SD (n = 5-10 rats per group). The LI is the percentage of nuclei in S-phase identified in histological
sections stained immunohistochemically for BrdU. Rats were exposed 6 hr/day for 7 or 5 days/week. Additional rats were
exposed for 6 hr/day, 7 days/week for 6 weeks and then housed in the control chambers for the remaining 7 weeks (6-week stop).

Asterisks (*) denote groups that were statistically different from exposure- and duration-matched control groups (Williams test, p
<0.05).

7 m RV ARG S V72T > D OMERER 71238V T, BB EERRD b, 8
BT v b, MERFENECOEERE, X OMERRE (LD 1, B 5 CIREREIC
KELTHIML TWe, 6 HICH ViR S nzik, 13 1 Bifﬁﬁa ENni=7 v FTiX
HERED W AU S HIFEFE O @ 0B b 0o 72 Z &b IO HEFEME SO 1
0DV ADHEECL S TEAESNTWAZ &L BLO, MIEENHEY Léh?irfté'ﬁ
HEAMHHZBER L TS Z EMRB Iz, ZORBTIX, MO T v MBI 5,
R R DATNL IR N~ D B Z B9 5 NOAEC & LT, 10 ppm &9 JREEANEH S
72 10 ppm OJRFECTHE 7 BT L7=7 v b Tk, MEEONFTIZBW T, BAMSENZL D
WAL IRANE BN D LI O HF80 o Tz,
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Table 4.20 Hepatic Lesion Scores and Incidence in Male or Female F-344 Rats Exposed to Chloroform Vapors (Templin et al.,

1996a)
Concentration 4 days 3 weeks 6 weeks 13 weeks 13 weeks 13 weeks
(ppm) 7 days/week 7 days/week 7 days/week 5 days/week 6-week stop
Male rats
0 00(/5)?* 00(0/13)  02(2/12)  01(1/15) 0.1 (/15" 0.1 (/15)°
2 0.0(0/5) 0.0 (0/13) 0.1 (4/13) 0.2 (3/15) c c
10 0.4 (2/5) 0.1 (1/13) 0.2 (3/13) 0.0 (0/15) c c
30 0.4(2/5) 0.0 (0/13) 0.0 (0/13) 0.1 (2/15) 0.0 (0/13) c
90 0.3 (1/4) 0.2(2/10)  0.3(3/10) 1.0 (14/15) 0.3 (4/13) 0.0 (0/8)
300 0.0(0/5)  1.8(10/10) 2.0(10/10) 3.9 (15/15) 2.4(13/13) 0.0 (0/8)
Female rats
0 — 0.0 (0/8)2 — 0.1(1/14)  0.1(1/15)° 0.1 (1/15)°
2 — 0.0 (0/8) — 0.1 (1/14) c c
10 — 0.0 (0/8) — 00 (0/14) c c
30 — 0.4 (3/8) — 0.0 (0/15) 0.0 (0/13) c
90 — 0.8 (4/5) — 0.8 (12/15) 0.3 (4/13) 0.1 (1/8)
300 — 2.0 (5/5) — 3.0 (15/15) 2.0 (13/13) 0.0 (0/8)

a: Chloroform-induced liver histopathological changes were scored qualitatively for severity as follows: 0 = within normal limits,
1 = minimal, 2 = mild, 3 = moderate, 4 = severe, where 1 through 4 indicate increasing severity of the lesions ranging from
hepatocyte vacuolation, degenerative changes in hepatocytes, to hepatocyte necrosis. Detailed descriptions of the lesions are
given under Results. The first number in each box is the mean lesion score for the entire group of animals. The ratio in
parentheses is that of the number of animals presenting with a lesion score of 1 or greater, relative to the total number of
animals evaluated in that group.

b: Control animals are the same for all the 13-week studies.

c: Animals were not exposed at these time points.

A
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Figure 44  Hepatocyte labeling index (LI) in the livers of (A) male or (B) female F-344 rats exposed to chloroform vapors for 4
days or 3. 6. or 13. weeks (males) for 3 or 13 weeks (females).

Bars represent the mean LI + SD (n = 5-10 rats per group). The LI is the percentage of nuclei in S-phase identified in histological
sections stained immunohistochemically for BrdU. Rats were exposed 6 hr/day for 7 or 5 days/week. Additional rats were
exposed for 6 hr/day, 7 days/week for 6 weeks and then housed in the control chambers for the remaining 7 weeks (6-week stop).

Asterisks (*) denote groups that were statistically different from exposure- and duration-matched control groups (Williams test, /;
<0.05).

R D28 kL, HEZ IV TIE 300 ppm AE & 90 ppm BED T TOHFEH i, 300 ppm
BRI R TOREET, 90 ppm B TIIE O A TR0 b L7z, 300 ppm Tl 7 HiREE S
727 v MR, BEME CHMRME O ZNE, A58 0%Ue ., NETRF ORI &
BEIMEE R T LSR8 BTz,

300 ppm D7 AL LTEREE SCHET ~ B ORTIE T, IR E P OMHE 2 18 5 1512
RIS 2 Fr & T2 RN BIRIZEEIN Uz, BAMEBRBIERIC L - T JWAD, WEE%
il U, AL R LRI DI, MEMMERICIRY ERL T oRBO 6T, Z
DIFEDHBE & EIEEE L, FFOBREE BIREICBW TR b @7z, AR 241k

DEIEELIL, DT v FOFTR, HEOT v MLV bEhoT,

BE ORI TS, R ERICHEDN T AEORRE IR L TRD vz, REEDROEF
FUC, A AT ORER &AM ORI ZAL AR B ALY, EFIT I KON R o ufl
EICZEALITRR O Do, BREBHHNAR 2D & &b, WENROEFHEEICH
2o TRODLND LT RoTe, WIERTR & MR ERICE DN R TlE, HigrbH 37
B LGB BiahroTe, AT, FrE ORERIRECBREBEYR O T, FLAEDT
v B TR b, O, HELR L OOMRIICIE, —HMERFRD b7z (Table 4.21
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ZHEMR), ZuaakR/L AR 3 EMELIT 13 BAfICch-VIRE ST v F Tk, e
(ZHBE M d KOV O 2 b5 & Z S, Eivo & ik, D Z » b ClhEkk
PR Bz, (LOAEC 1 2 ppm & iz, )

Table 4.21 Severity of Nasal Lesions in Male F-344 Rats Exposed to Chloroform Vapors (Templin et al., 1996a)

Concentration 4 days 3 weeks 6 weeks 13 weeks 13 weeks 13 weeks
(ppm) 7 days/week 7 days/week 7 days/week 5 days/week 6-week stop
0 1.0(/5)° 1.3 (6/8) 0.0 (0/7) 0.0 (0/10) 0.0 (0/10)® 0.0 (0/10)°
2 1.0(5/5) 1.4 (5/8) 1.0 (7/8) 1.1 (10/10) c c
10 1.4 (5/5) 2.4 (8/8) 1.9 (8/8) 2.0 (10/10) c c
30  2.0(5/5) 2.4 (8/8) 2.1(8/8) 2.0 (10/10) 1.8 (8/8) c

90 3.0 (5/5) 2.8 (8/8) 30(5/5)  25(10/10) 2.0 (8/8) 2.1 (5/8)
300 3.8 (5/5) 3.0 (8/8) 30(5/5)  2.9(10/10) 3.0 (8/8) 2.9 (8/8)

a: Chloroform-induced histopathological changes in the ethmoid region of the nasal passage were scored qualitatively for
severity as follows: 0 = within normal limits. 1 = minimal, 2 = mild, 3 = moderate, 4 = severe, where 1 through 4 indicate
increasing severity of the lesions. Nasal sections from rats exposed for 4 days or 3 weeks were assigned severity scores for
lesions in the lamina propria ranging from edema and loss of Bowman's gland, penosteal hypercellulanty. to mineralization of
the basal lamina In rats exposed for 6 or 13 weeks, severity scores were assigned for lesions ranging from edema and loss of
Bowman's glands, olfactory metaplasia, basal lamina mineralization, to generalized atrophy of the ethmoid turbinates. The first
number in each box is the mean lesion score for the entire group of animals. The ratio in parentheses is that of the number of
animals presenting with a lesion score of 1 or greater, relative to the total number of animals evaluated in that group.

b: Control animals are the same for all the 13-week studies.
c: Animals were not exposed at these time points.
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Figure 45 Unit length labeling index (ULLI) in the proximal portion of the dorsal scroll of the first endoturbinate of male F-344
rats exposed to chloroform vapors for 4 days or 3, 6, or 13 weeks.

Bars represent the mean ULLI £ SD (n = 5-10 rats per group). The ULLI is the number of nuclei in S-phase in the
lamina propria and adjacent periosteum. The underlying turbinate bone was used for determination of length. Rats
were exposed 6 hr/day for 7 or 5 days/week. Additional rats were exposed for 6 hr/day, 7 days/week for 6 weeks and
then housed in the control chambers for the remaining 7 weeks (6-week stop). Asterisks (*) denote groups that were
statistically different from exposure- and duration-matched control groups (Williams test, p < 0.05).

Larson et al.(1996a) Dkl Cix, MEMED B6C3Fi ~ 7 A& E/piF L, 7 kb A% 0, 0.3,
2, 10, 30  L<IZ 90 ppm DIRETETZERIC, L H 6K, W7 HORAF7 Y2 —/L T,
4 5, 3, 6, B LIX WBHMICHIZY | i L CIRE Lo, BIMORERW < D0kT 5
A, H5HTI13# %@%%\itiLSHTG AR OREGEICt S, & bIZ 13 AFORE
RCHRICE ST, HFRO 3.5 HANIRGEER S 7HRHEOAEN, 207 0ET 4
oo Y UUREE I, MR AIZBW T, EREGRE L = S a0 ) DR A fE
ML A S 4v7c, BFE E2 XIS & Lizflia & MR A L - T, m%@vvx@
i & e, BROHEO~ T ZOEBICIRF LW ZEDRFRD bitlc, Tivh DRRAEIL, B
BICIVFRINT-HOT, BEAES LOBREBERFRKEMELZ R L Tz, 90 ppm Eif
FFRED LI A KEEEEM L, Z O#INT§~TOR A TRD S, %mﬁ%rbfwtom
D~ AIEZHERRbEmLS, 7R 7J</1/.A?)§§“\§‘f$@‘ﬁﬁﬂﬂ/7im§l_ 4% NOAEC 1% 10 ppm
ThoT-, M5 HERERICHT D0 LI X, B 7 RREHEORESTHY . 6 MR
#& D[RR BT 2 5T 7o B TR Eﬁ@«~z74/1a®ﬁﬁﬁm@%htomﬁ@ﬁ
AL A VB ARIESE Y, 30 ppm Tl 7 HIREEE S U728, 90 ppm T 7 HIEE X
AUTZEE, B O 10 ppm TH 5 HIREE SNTZHECEWT, WTINRLBETHERE I TV,
T/, REOEEEZ S, 10, 30 E£721% 90 ppm T 4 HEEBREE L 72BEOARIZEB O TERD
bz, M~ AZBWT, Zrad ALY, ERECH AR L 7R
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(i LTI AR SN D L IRET 5 &, ZOWME TREN TV ARRICKES X
i~ 7 % T1E. NOAEC (10 ppm) LA F CHIFIRAS AAZEIN L7220 0 & RSN B,

BDF1 ~ 7 A (8 VL/#E) # VT, WAL D7 auk/ram 13 EH (1 H 6 FEfE, B 5 H)
BREZ AR T T 5 (Templin et al., 1998), 7 & &= 745/ AJREEA 30 ppm & 90 ppm DZE

KX, HED BDFL ~ w7 AICH LB BIESCBSEEZ Rm T 720, LU ISR R 2 AWl
WZBWTE, #ECHEORFEEN E BN TnD, 1 BELO5 ppm FEORET, 7 rakiL A

23, 7H U< T 13 HEEE Sz, 30 ppm BEOMEDOREFR X, £ 5 ppm T 2 # [,

/k 10 ppm T2 @EATOIL, D%, T 7 HE S L <X 13 i £ Toik v o
[ZOWTIE 30 ppm T2, 90 ppm REDHEDIEZ L, £9° 5 ppm T 2 #H., &I 1
ppm T 2 A, S HIZZDOKIZ 30 ppm T 2 B T, D%, TNENT ] F'ﬁ% L<
1% 13 W E TOFE Y OHIFIZ- OV TIX 90 ppm TiTbiiz, #ffd BDFL ~ vxwﬁz‘%
@ﬁiﬁﬂ#ﬂ%ﬁx& BNHZE72<, 5,30 H L<IT90 ppm OEET, 1 H 6K, #H5 HT3

WRIE 7213 13 BRICHZ 0 FEii Sz, 7 v aib AFE3MEOFF 2 FAE MR HE 2
DUVNVTC, R (L = S WO M) MIE 217V, BAMEHIMR A & ek b i
Ko TiMii L7z, EEAZE LT, ENIRME ERO—HE 73 ICEOMAnA, dFE
PERIIREL & K/ANARR CREREMEDO &2 R & 35 HAEOMIEL %%Tﬁbofb\’é@

DD LIV, FAUT, IEALRANE [ ZEEIEMARGRTE 23500 b iz, MEOBMRIZ X, SR
EXREECEITRD b o T,

Table 4.22 Histopathological changes and scores in the kidneys of male BDF1 mice exposed to chloroform (Templin et al., 1998)

Chloroform Histopathological scores ®
concentration 3 " - . 3 ”
(ppm) weeks weeks weeks
0 0 0.2 0
1 0.25 0.2 0.25
5 0 0.2 0.25
30 3 2.75
90 34 2.75

a: Chloroform-induced kidney histologic changes were scored qualitatively for severity as follows: 0 = within normal limits; 1 =
minimal changes, 1-10% of cortex affected with regenerating tubules; 2 = mild changes, ~25% of cortex affected with
regenerating tubules; 3 = moderate changes, ~50% of cortex affected with regenerating tubules; and 4 = severe changes, over
75% of cortex affected with regenerating tubules.

30 3510090 ppm BEOKETIT. BREE 7 HE & 13 WA ODH%E,'?T\ Bl LIS, Ao
BRIFR 72BN 20538 B 7= (Figure 4.6 22 M), 3 H OB H Tl dh% 2 SOEEZ

7 han b FEEHEWEEMEICH o7, 13 HH @H%fm T, 30 3L 0V90 ppm El‘@fﬁ“(
(T, Bl LI A3, M IREEICHER LT 2K 16 538 LU 3L fEo @i a R L7z, 1
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BEOS ppm BHOLRETIE, WTNORHE TS, LI OEINEERD b iedoTe, Lo T, &
%@%ﬁ@%w%ﬁﬂﬁﬁaf&é%ﬁ%k%@%ﬁ%#éwacm\&%:smmf

o (VAZRAHEICEL, EELRRL LTEE,) HTix, WFhoR s L 0w
ﬁh@% ZIEE T, BIEO LI OBINEERD b -oiz,

A

50
40 [] 3wk
V] 7 wk

B 13wk

30

20

10

0 1 5 30 90
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Figure 4.6 Labeling index (LI) in the kidney cortex and outer stripe of the outer medulla of male BDF1 mice exposed to
chloroform vapors for 3, 7 or 13 weeks. Bars represent the mean LI £ SD (animal-to-animal variation). The LI is the percentage of
nuclei in S-phase identified in histological sections stained immunohistochemically for BrdU. Asterisks (*) denote groups that
were statistically different from exposure- and duration-matched control groups (Williams test, P < 0.05). (Templin et al., 1998)

1 BELO5 ppm BEOHETIL, Fff!ifﬂ*’rﬁz%ﬁﬁfi’jiﬂﬁ X, WTHNORERIZE N THERRD L
Dol 30 ppm BETIL, FF/NZEHR.OEDNEARDS, WREE 7 1 B OFRF A TIL 40% DT, IREE
3 1 H ORFRITIE 88%DHE TR Hiviz, HF/NEDH.L) B O 22 fafk & ZEMEDS. 90
ppm FEDT R TOMET, BEE7HA & 13 B OMEELSICB W TERO b vz,

Yamamoto et al.(2002) (X, ¥~V A& W T n kL aoEEERbrse 3 L T\ 5,
%\Eﬂtﬁfﬁ 50 PL9°-2 BDF1 v 7 A3, 5, 30 & L <X 90 ppm O 7 v R/ AZESIZ, 1 H
6 WEfEl, # 5 H T 104 WRENZ D72 0 W AR S v, WREERE & XHIREE T, Ziiféui
TR b7, BIROMIE 1T DI MO R E A, BERREOMERE 5 TR0
Ao RAE O RALEIE Ad K OB BRI B 1T 2RI R DI AR OIS 1RTE H@%T@ﬁ
D BTz (Table.d.23 % %), BFIEOARNITEZA LS BREERE O MERE] )7 TRRD LAV A3,
EMEMRE T X TIZOWTHRS &, ZORAERT, BMBEFHOMTOLBML T\, 6
W2, BOIRE, BXOWR R OZFENE &M ERABAED, MO~ T XD EPETRD iz,
g~ 22 B4 %5 NOAEC (Z. 5 ppm(25 mgim®) Th o7z, (U R 7 HMAHIEIZEL .,
BEARRRE LTEE,) IFE~0 #8284 %5 NOAEC i%, 30 ppm (150 mg/m®) T~ 7=,
< ATIE, BEHLIZET 5 LOAEC (X, 5ppm (25 mg/m®) TH -7,
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Table 4.23 Incidences of selected non-neoplastic lesions in the liver and kidneys of mice exposed to chloroform vapor for 104
weeks (Yamamoto et al., 2002)

(A) Mice
Male Female
Group Control  5ppm  30ppm 90 ppm Control  5ppm  30ppm 90 ppm
Number of animals examined 50 50 50 48 50 49 50 48
Liver
Necrosis: central 0 0 0 3 1 0 1 2
Necrosis: focal 1 2 6 2 0 0 2 3
Fatty change 4 2 6 24** 0 0 0 6*
Total altered cell foci 10 1** 1** 5 0 1 2 6*
Clear cell foci 6 0* 0* 3 0 1 0 3
Basophilic cell foci 3 1 1 1 0 0 1 2
Mixed cell foci 1 1 0 0 1
Kidneys
Nuclear enlargement: proximal tubules 0 3 43** 42** 0 0 0 4
Cyanoplasmic basophilia® + 33 40 g* g 0 4 3 5
2+ 7 1 36 34 0 0 0 2
3+ 0 0 2 0 0 0 0 0
Atypical tubule hyperplasia 0 0 11** 14%** 0 0 0 0
Tubular necrosis: proximal tublules 0 0 1 2 1 0 0 0

Significant difference at P < 0.05 (*) and P < 0.01 (**) by Chi square test. a) The severity of cytoplasmic basophilia was
qualitatively scored as follows: +, a few lesions involving a single tubule in the whole histological section; 2+, more than 4 lesions
involving two or more tubules in the whole histlogical section; 3+, numerous lesions throughout whole section. b) The severity of
chronic progressive nephropathy was classified into four different grades according to the criteria described by Kawai?V

Yamamoto et al.(2002) (%, R U18HRERZ 7 v FTHIiT-> T b, SREMERE 50 IT_Ef’DO)
F344 7 > F73%, 10, 30 H L<iZ 90 ppm 7 v rk/L AKKIZ, 1 H 6 B, # 5 AT
104 M7= W ANMREE S Iv7-, BRERHE & XTIREEC. 2 FFAEFRIZETR D LN
oo MEEINTMERED T > N OB g T, BIEK & JRMEEIENEE DR AR OB D 5
7= (Table 4.24 &8), WD 7 »~ N OIFfg T, ZHaLHIIEETHE O AR O MR D B
oo SHIT, BORE, BLOW EDFEHE & MR FR AN, MDD T » b o &PETHR
DT, Ty hTIE, BlE~OFEIZE T 5 NOAEC 13 10 ppm (50 mg/im®) . T~
2B+ %5 NOAEC 3 30 ppm (150 mg/m®) T 7=, EEBEZSIZE+ % LOAEC 3, 10
ppm (50 mg/m®) T~ 7-,
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Table 4.24 Incidences of selected non-neoplastic lesions in the liver and kidneys of rats exposed to chloroform vapor for 104
weeks (Yamamoto et al., 2002)

(B) Rats
Male Female
Group Control  5ppm  30ppm 90 ppm Control  5ppm  30ppm 90 ppm
Number of animals examined 50 50 50 50 50 50 50 49
Liver
Total altered cell foci 11 16 16 18 15 9 20 26
Clear cell foci 4 4 5 6 4 1 2
Asidophilic cell foci 2 5 2 3 0 1 0
Basophilic cell foci 4 6 8 8 7 5 10
Mixed cell foci 1 1 1 1 4 2 6 9
Vacuolated cell foci 0 0 0 0 0 0 2 5*
Kidneys
Nuclear enlargement: proximal tubules 0 0 5% 32%* 0 0 6* 34**
Dilatation: tubular lumen 0 0 9* 27** 0 0 5* 38**
Chronic progressive nephropathy®  + 3 11* 10%* 177 8 19%* 27%% 15%*
2+ 6 10 24 14 15 7 5 3
3+ 19 15 8 2 14 3 3 1
4+ 19 8 2 1 4 2 0 2

Significant difference at P < 0.05 (*) and P < 0.01 (**) by Chi square test. a) The severity of cytoplasmic basophilia was
qualitatively scored as follows: +, a few lesions involving a single tubule in the whole histological section; 2+, more than 4 lesions
involving two or more tubules in the whole histlogical section; 3+, numerous lesions throughout whole section. b) The severity of
chronic progressive nephropathy was classified into four different grades according to the criteria described by Kawai??.

FERE

PRI G 27 — 213, Bo TR,

o qui

Larson et al.(1995) ®RERTIL, WD F-344 7 v NI, a—rilEHEARE LT, 7ok
L7350, 34, 100, 200 % L < 1% 400 mg/kg/ H DHET, 4 HEHEH LT, £7-13#85H T3
HEICHZ0, 5N, HRo 35 HAENRELER L 7BHDIAE, ZIhb 71
ETAF YU U (BrdU) B3-S, S WO M T, MRS Ao S Wi
23 S i AR L 2B AT S, BERRR (LD . T 7bb S BB S nHH S,
REROAE R, B O/NEPLOMRITHEM 2L & A EERF 2 FRIZ T 5 L 8,
NOmM@HHi®%%%ﬁTM®%ﬂKONO%iUMOmM@HHTi 4H%&5&

TR 5O )T, BB E TR IR ARG D2 PMERCEEIE N ZRD B LT, IR I

T PR S @WE%%ofwéi&@ﬁiij®ﬁMﬂm@amtoNOmM@Hu
FoFKERAERIZBWNT, 4 AL & 13 BRSOl T, BigicBiT 5 LI OF KT
FY 72 IMAFED DTz, SO EEREZE > TOABUEIEORE OIS, BHIZE->T
FRESNZOEN 2 BERD bz, —old, W OIRE T, BHE, B oEy
&\%%@%®%m&5#\7ﬂn$wA&5ﬁ®¢&T:Emew6ﬂto%9 —
1. POEORE T, R ERBLOREEOR—~ RO EMEZ 8L L, 100 mg/kg/ H
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U EDZEMERTHEO N, TNOOBIEMRIZLY ., #od F344 7 v M7 nrRL
LB BRI OB L7256 OENlES CTd DT, Bkl L OaE~o@Eizonc, M
-SSR DOAFTEDN AR & 7o 72, W B DA & IIRIETE, 3 Xm0 Z ki, 34
nwmﬁﬁ@a@imwuuimm%ﬁfmwento_ne@%% . 3 B EZICE

VWX, 100 mg/kg (S E/H BE TR

PO BALTEH, 34 molkg REE/HEETITRE O b o7z

(VR7RBHIEICERL, BEEQWERE LTEE, )

Table 4.25 Chloroform-induced cell proliferation in the nasal turbinates of female F-344 rats given chloroform by garage (Larson

etal., 1995)
Dose uLLlr®
(mg/kg/day)

4 Days 3wk

0 15+4 16+3

34 145 + 97* 24+9
100 306 + 48* 61+ 10*
200 321 +19* 63 +5*
400 377 +121* 63 +17*

a: Unit length labelling index of cells in the lamina propria of the proximal portion of the dorsal scroll of the first endoturbinate
expressed as labelled nuclei per 0.25 mm bone. Values are means + SD. Asterisks indicate significant differences from the

control (*P < 0.05; Williams' test).

~ U ALY mak)v % 37 mglkg (REE/H O & T 14 H [FEEHIRE OG- L7255k (Condie et

al., 1983, WHO,2004 O TH|H) Tix, BIRZE CRIKAk

P BT,

Bull et al.(1986) DFBR TiL, ~ 7 A (MEMES 10 PT/EE)

IR, B0 HEL) & TR

12, a— il E 7213 2%Emulphor %

AL LT, 7oAk s% 60, 130, 270 mg/kg (AE/H O HET, 90 H AR Q%5
Uiz, MEREE HICRARHEN S, IR EEIN, EhE-ClRESEIRO bz, 7277

L. #ERIZ Emulphor & 285

BlE. AR ED 60 mglkg AEE/H TR LT B

MEZ BT DATFIRO HEIEINIZS Th 7o, FE DL, 2 —MEHERE LT mafRiL L
P95 L Emulphor 72 & OKMERREIR Z IR L L CTREG LEGa L0, Fatisn

RS D LT TV d,

US EPA(1980) o> 90 H {8t #1435k Cid. K Oshorne-Mendel Z » + (30 PE/EE) 12
200, 400, 600, 900 & L < i 1800 ppm DT, 7 m R/l ANHUKEE 72, 900
ppm DL EDORETIE, #5460 D LIERI7Z0, KEOAE 2D 035 wgntm<0%>
1800 ppm B CliE, & 5HI A28 L TREOAH BRI BO b, S 512, BHBtA

6 1 MO, HAREN,

7 v v )b LREEDOFEINI - TR Lic, FEIRE L
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VK EIZHESWT, FREO 7 aa RV AORY IAHREN, £ 0, 20, 38, 57, 81
B L 160 mgkg/ B L FH S 7z, 30 B O G%ICFE M Sz, Bl&, R, Bz,
FEFEORATIE, 900 ppm B CHREELEZAL & B MIRLEE A Z 2 1 Fl$ 2588 Hi
T2 EZBRWNT, BT Do T,

AR OB & [FIREIZ, B6C3FL ~ 7 A (30 PL/Rf) 2 v 7z 90 H RdEEEEmERER b 1Thh
(US EPA, 1980). 0, 200, 400, 600, 900, 1800 % L < i% 2700 ppm DJEFE T, 7 v kL
ARFOKEE G- ST, &GRS 3 BEORIC, 7 LN L, FETIZEITLT, B
Zol7aa bRV AEAKERLI L ERB LI LICE D, KEOFERBDNRD S
Nic, HHEO 7 v a RV LAORYIAZREIT, £HE1 0, 20, 40, 60, 90, 180 F LT 270
mg/kg/H T&H -7, 600, 900, 1800 i3 L TF 2700 ppm FETIE, BeH-BALE S 3 HFHOM.
REBPAD DD L, ZO%, REITTREEE FROME L 72> TLE LTz, 1800 B LW
2700 ppm (180 F K TF 270 mg/kg/ H) #ETid. FFIRORENIEZAL MBI 7388 BTz, JREL
RFE~DOEET, RBOLNeh o7z,

Munson et al. (1982) Ok Cid, CD1 ~ 7 A (4 BE, MEHERS 7~12 VT/FE) 12, 7 1 m kL L
0. 50, 125 % L <% 250 mg/kg AE/H OHET, 90 HfH., BV r7ilc kv &Eh sz,
R ERGHETITIVThoOMEIZEN TS, MTHEEOHEMENFI 7 1Y —LEED
HMASFRS Hav, MERER T T, PSR 2R S, FFRE (FF AR O 281 & U > RBR oD
BREERE) d5 OB (JE MR o0 FHIZE#) 1258 8 Bz, LOAEL 1% 50 mg/kg AR & HEE
&7z (WHO, 2004),

Jorgenson et al. (1980) ™7k (US EPA, 2001 1 THIH) Tix, 6 @lindiod B6CIFL ~ 7 A
(7 #£. 30 VL/#E) 12, 0, 200, 400, 600, 900, 1,800 % L <% 2,700 ppm DJRET, 7 mm
BV LH 30~90 HREEKE G Sz, #E SNTEBAKRICESWT, FHEOHREIL. £
NZh 0, 32, 64, 97. 145, 290 :3 110436 mg/kg/H LR Eh7-, 1#HIZ, 900, 1,800
FBEW 2,700 ppm BECTHREOFE RO BRD SN, LD % T, WBRmE s &
HINT-8OEREZ, WINbBREE FI%ETh o7, 30, 60 BEU 90 HHIZ, &
? 10 VCFo&EH L, WIRE L OBARMSEIC L 2R EEROMA & . ISR e E R o
HIENMTONT-, mHERETIE. IR 160~250%DHENNMNFED HivT-, Ao MRS
FIRRAIZ L > T, 1,800 35 L 102,700 ppm BT, LD/ NEEFOERRIZEMEN RO DTz,
30 A HoOMA TI%, KRR (400 ppm #F) TH . FFiRO AR MR Sivlz, &
FERE T, MIRICREICBE L7 FE AR 5N, 7 e R/LAOMKEGIZE Y &
U7z, IFlg7Ze & ORI 31T 2BEDORBOFT IZESWT, ZoORBRICKIT 5 LOAEL
1% 290 mg/kg/ H. NOAEL % 145 mg/kg/H & Siv7=,

Jorgenson et al. (1985) MFAER (US EPA, 2001 M CH| ) Ti, #Ed Osborne-Mendel 7 » k
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LD B6C3FL = 7 A2, 0, 200, 400, 900 % L < /% 1800 mg/L DIRE T, 7 mr AR/ A
23 104 JEM, fOkEEL ST, BKER X OEREOREMEIZESWN T, SEEO RN E
V&N, 7y bTIEZENE4 0, 19, 38, 81 5K 160 mg/kg/H, ~ 7 A TIETZENEI
0. 34, 65, 130 35 K 1263 mg/kg/H &R S, B 1 DiBIIE i, BAKEE &R
LRI CEICHIR Lokt RREE & STz, SBREMEIL, IREDERWEABIRIZ, 7 v bR
330, 150, 50 LTV 5B0 PL, ~ 7 AH 430, 150, 50 BEL 50 IETH 7=, Z OFERTIE
I v NBIBROMBA 74 FIEANHRAEIN T, BMREEOTHLABRHTE 5
N E D ORI A T 7= (ILSI, 1997; Hard and Wolf, 1999; Hard et al., 2000, US EPA, 2001
DOFTEIH), ZOFBEDORKEERE, 7 v okl LA ~ORERNELL A &R 81 3L 160
mg/kg/ H ORET, FEIZBEE O PRI HEREBICONT T, FAEZ D BE O JRME B G
LRI IS 31T D, T D AR AR R MERE & | M 22 b, BRI R 7 &) 2338 B
Too —EBOBEREMY TIX, HMIREE, GR0REB. EAE LR b, JRME TR T
1T, BOBMHN L TREZ AR LB RIE 580 ST, T b 02 kiE, 160 mglkg/
HEECIZ 12, 18 B LN 24 » HBIZ, 81 mo/kg/ HEETIZ 18 BL 24 » A HIZRD HT-,
AR bR, (R ERE (19 B XL O 38 mo/kg/ HER) TlE@d obnrino7-, 7 v TR
D 5 AT B EEE O MR RO RERLIZ FE DT :@feﬁ%ﬁ (2817 % LOAEL 1. 81 mg/kg/
H &R &= (US EPA, 2001), ZORBRO L E 2 —|2i%, KEHREHEICET 5~ 7 2
DT —H PR Z TR ToDY %%ZJS‘A/TMCEQTZQTF@& BELNTHDHD, %kt
va IR LTH D,

Heywood et al. (1979, US EPA, 2001 O H1CHI ) DB TiE, & — 7 /0K (MEMESS 8 IL/RE) 12
15 % L<i% 30 mg/kg/ HOFET, 71 r:lﬂle.mb‘ii&ﬁéhf:o ZA=2=F VPN =N LR )
BEXIRETE T T U7 erc sl S, 6 B, 75 F£fliIchbl o Rn&sE Nz,
B h-%, 20~24 EROBEIEWIER T bhic, Z7aa RV Az G E00 0 wEEZ G S
AU D Ve HRRE (MERESS 16 D8) ANE% T Hiviz, 7o, MEMES 8 B> 1 BEAERIT BV TR
HREL Sk, 612 16 VC(MERESS 8 PL) ORI b, Bk &3l v e Ry bz s
FRVBRD WEE b Sz, ZoMBRTIC, AR me R MEMAERE LIL, 7o
TV A R LU, VASEGFREE 1 DT, B X OGER 58E L PT) & M 7 DT (AR BRAEE 4 T,
FBREREI LN L LIz, 7I7=0T /7 b7 A7 =7 —E (ALAT, IHAFR © 37V
ZIVBENE U NT AT IS8 Tb b SGPT) DRIER K4, Figure 4.7 IT/RT,
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160
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» 30 mg'kg/day
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Data are from Heywood et al, 1979, SGPT = serum glutamate pyruvate transanunase.

Figure 4.7  ALAT (SGPT) levels in dogs exposed to chloroform for 7 years

ALAT fEIL, % ORIEMEIZIEN 2 DXL RN dH o723, (K &#E (15 mglkg/ HEE) T
I IREE L D B9 30~50% v MBI 358 8 B AL, 130~364 JEIZDWTIE, & OEINIEHE
MICAE ThH o7z, mHERE (30 mg/kg/ B EE) TiX, ALAT fE2 BTy 2 f5IZHML |
ZOEAbIE, BEBRE G (6~372 HE) 2K A L CTHREAMICAE Ch o7z, #HRY
TT&@%T%@%E%E’\J&%}?T WO LN D DB, RLHAR TH-7=DIE, ALAT fE
O EERFH I TH 7=, EHEHIF O 14 B OFRESTIE. ALAT flEiZ DWW C, xﬂ%’%ﬁ
Pl U RIS B 2R BNE, SRR CIHKARE LR LNER, KAERE T
BB focoﬂ\f:o

EE SR O 19 WO S TiZ, ALAT MBI OV T, SHRBEAIC Helk U RIS A B 28Nl
BKHAEHEGHEHOSLLIZBNTHRD DN o T, FHGIX, ALAT ED
BNE, BMARFREEICE2 b0 THA S LiEmftiT Cund, BEHMK TR, Zraik
VDG EZ T TV XTE, M7V H Y RAT 7 % —8 (SAP)HE & IfLif 7 v 4 2
VEEA XY ol N T AT IS —E (SGOT)ES . XHFREEICE L C, DR IN%
AL TWE REHICHE CIE V), FERIRSHFIC OV T, BEMSENRES TOh -, I
IBIZEE 8 BN BMBENED 5 ik bBEHE ThH o= DX, 2 a2 H T HMfkEROERE L
Foil X 7= TN ME2ERR | OIFECTH D, NERAEZERIL, xfﬂﬁﬁif%%&%ﬁ% SRR CTHR

DO, FRYERSHECIIWTIOHETHREEEL D 1 A RE <, Fb%<
Dolo (b b | o EECIRMERBE TR R BRI ETH > 7= DITx LT M E &
HRECIXTP R 72135 e BN SR CRAE), PEEEIXERARBIMHEREZE
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T HHERE OFIG 1T, RHRREEAS 1/27 DL, R EHEAS 9/15 VL, S RS 13/15 )L Th >
Too ZEVERFRRL O /INERIDY . BRI BB 5L L SRR O M G TRO b, LieRn->T, =
D/NFERIX, FHICBERT A L O TIHR W Ll S e, Mmicix, wBRWE GBI L

T IEREIG A OIG ME 28 V. PR, IEEE . DIE R, AEER R, WIRER ROV
BWTHRO LT, ZOBRTld, NOAEL [XfEE S /2 - 724, LOAEL (25
WL, ALAT fEOHEIN & AR IATEFERD %8 A3 & FAE FE O AN FE-S5 T, 15 mglkg/H &
file7E Sa7z (US EPA, 2001), (U A7 MBABHIBICEEL, EELRRBRE LTERE, )

PEEIEBNNE L 5 HEdE

HEZ > (50 PT/EE) & vy, T ARRER & fOKEE - & FRIRFICAT o 7B i S v T %

W ABREFR 1L, 7 o akL AR E 0BT ZEA L2&50%L<im0mmMW®%E?a
Tp225C, 1 H 6 KffE], B 5 H, 104 /oo THES Lz, FFICIE. 612, 7
oL A% 1000 ppm(wiw) O TECA L7zKkd L < 13k GaED) 23, 104 HMICHT7= -
THHERTEHEZ bz, R (RARE SHOKKG L), WAREDOHLZZITTZ 3
LN %m&ﬁwﬁ%xftﬁ B LW ARTE & UK G252 1072 3 FEOM T, 104 H#H
AEFRIZ O BN Te, WAREED B Z T IR, KB G OB Z TR, B
;UWA% e%m&@%xftsﬁfti 5 ik o> FEREAG M 22 G PRABAE (2 331F 20
ok @ﬂﬁ%@t i & EEPLRRR) OFAERNAEITHEIN L7z (Table 4.26 22 /), HEEEEL
HEDNFESE2SE . MIE O EIEVERE & OFAERIL, HEREK CIBRE L T T2 D )75,
%m&@w&wﬁ%WA% DHOFEL Y &, FEICE -T2, MABBEOLORE L EL
RIS CUREE 252 (T T BECIE, AR ML ﬁé#%k@%$4ﬂﬁmbt# kK
BHOHRORETIE, BIERITEL o7, HERIHEN RS . IR R DI AR
3. EERK CRBAZ T -HOFTN, MABRBOLORELY &, ﬁi*%woto
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Table 4.26 Incidences of Selected Pre- and Nonneoplastic Lesions of the Kidney (Nagano et al., 2006)

Drinking water (ppm)

0 1000
Inhalation (ppm) 0 25 50 100 0 25 50 100
Estimated amount of chloroformuptake 0 20 39 78 45 73 93 135
(mg/kg/d)
Number of animals examined 50 50 50 50 49 50 50 50
Kidney
Atypical tubule hyperplasia 1 0 0 O 2 4 7° 157
Cytoplasmic basophilia o 3 7 g 9®  26%° 35C  3gdc
Dilatation: tubular lumen 0 3 11* 27° 28% 467 487 49?C
Nuclear enlargement: proximal tubule 0 0  6* 33° 0 343 473C  gorbe
Chronic progressive nephropathy, + 7 21* 21 30° 218 2%c  qgc q73kC
Chronic progressive nephropathy, 2+ 16 15 16 10 11 1 2 1
Chronic progressive nephropathy, 3+ 26 5 3 2 2

a : significantly different from the untreated control group (Inh-0 + Orl-0)

b: significantly different from the oral-alone group (Inh-0 + Orl-1000)

c: significantly different from each inhalation-alone group with matching concentrations (Inh-25 + Orl-0, Inh-50
+ Orl-0, Inh-100 + Orl-0)

at p <0.05 by chi-square test.

AR CIREE 25T 72 3 BECT DI, JRIEGIED WA (80%HE) 23580 bivlz, £
Wk LT ORI G- OB DR &L AR O % 52T T2 3 BEIZ ST 2RI D5 A =1,
15% A & AKD o 7o, SPRREE I, IRIEG I 2 R T BIXER D Hivie o Tz, AR T
Baz T 3ETIL, REBMEOEIEE b @ oTc, — . WMABREOHROD 3 B, fokE
HOBORE, BLOEARKE CIRELZ T2 3 BT, M7 FUBEE L REAEREE
3, XPRREE S B LT, ARICHEAD LTz, WAL X 2B~ ZEIZ OV TIL, 18
HEATMEBEIC B % LOAEC & LT, 25 ppm (125 mg/im®) &9 $fi v i X -
(Nagano et al., 2006) ,
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Number of rals with cyloplasmic basophilia

Control  Orl-1000 Inh-25 Inh-28 Inh-50 Inih- 50 Inh-100 Inh-100
+ + +
Or-1000 Or-1000 Or-1000
(45) (20) (73) (38) (83) (78) (135)

Figure 4.8 Incidences of cytoplasmic basophilia of the proximal tubule in the kidney. Parentheses indicate the estimated amount
of chloroform uptake (mg/kg/d). a, b, c: significantly different from the untreated control group, from oral-alone group or from
each inhalation-alone group with matching concentrations at p < 0.05 by chi-square test (Nagano et al., 2006)

In vitro FXE&

— A IS STV,

41262 £ FZHBITFIHEER
In vivo FHER
RA

7 v BRIV AT 22~T1 ppm OPRET 10~24 5 H FITRERTE S - E5m@a. B8LOT77
~237 ppm DIEME T 3~10 FEMBEERE S - LR EE TRV, HIER GEL, Dz
HzE B ) 23S S U CU D (Challen et al., 1958, ATSDR, 1997 ®HTHIH), Z Tkt
L. HEEOBEEIGELL, ZOFE TIERO bNnoiz,

7 v a RV AT 2~205 ppm DY E TIREE S - EFE 2BV T, HEEETR PR, i
W7 NWEIVBRENE VBT A7 =8 (SGPT) & ifuiif 7/ /v & X kA 3% 4 v R b
FUAT I —B(SGOMIEMED LR . BXUOE Ty~ a7 U ViEE ) I RBD B
7- (Bomski et al., 1967, ATSDR, 1997 ® 1 TH ),
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7 117V NN 14~400 ppm OIRE T 1~6 » H HRE S 72785 2B\, B, E,
72 & DI A L 72 W TR BT R IEIREE 0338 5 7= (Phoon et al., 1983, ATSDR, 1997
DOHTHIA).,

Li et al.(1993) 1%, WhlcBT 527 0 a bV AOR KEFRIEEORIS \CLE T — X 21585
7o, —HORBRAEIT R o7z, WHRZe 3 ERTOME 5. 119 HOZEKEEI BRI S 4,
FNHD 7 v LOEEOREMIL, 4.27~147.91 mgim® [Zbh7=> T\, ZRHD
Ze GBI D 45.4%1%, 7 1 m AR L APEFEAS 20 mg/m® AT o7, 7 kL AT 29.51
mg/m® O TIRE SN0 E#E TR, M7 L7 AT IR EORN TR T 2 U Ul
DRE 2R LI NOEIG, RO B L0 bE <, BMARFHEEN TR IS, =
O DOIEE TIX, AARTEIT X M2V T, NEBREMIREZ R 2 a7 ons i
HARTFR 72 ML 3R B v, MPRATEIEREIC & I O M ENRD bz, FiCZ
B ORERICHESNT, 20 mgim® 25, BIRICHT 527 v m L ADRKFFARE L LT
ENTWD, ATSDR(1997) 1251 &N T\ D Z OfEICIE, BEHL Z uak/L A4 o
L& (T bbb, oAl i, B RAlze £) 2, HEEDPIRE SN TND &0 ) K
bbb, TDOED, THOEDEEL, Z7uouaRLADKRIIL > T EEI ShE-DTIEARWN
AREVEN B D,

HER

T2 IELN TV, GRIE : fliE)
ZO

EANCEENDS 7 v ad/b A% 21 mg/kg/ H OHET 10 MR OB L1 H . £
DEETIH, ANVKRTBET X LA VEREREROLERDZGRO Hiv, FFHEREREI RE S
T2 ZOEARIZ, BERADIETS L, EFICR-T2, ZOBREDORTITIT. 2HOMTH
FERHRIAEE . TAT I UR@EO LN, 7R/ AOBEHIEIZRY | JRIRAEDR
WIZIEF IR > 7= (Wallace, 1950, ATSDR, 1997 O H T35 H),

FERNTEEFI O I L - T, 0.96 mg/kg/ H DR TY 1 a kv ARG S5 o (R
I 5 AFLL R DWW T, AL PR E N EE S =2, FEE~OEEBI I RIS 2o
Too FTo. FIUHIR, 7 vaaL MIHEE & 0.34~0.96 mg/kg/ H THgEE S L7z pillzds
T, B~ DREDOHBEITZR D b7/~ 7- (De Salva et al., 1975, ATSDR, 1997 O H1 T3l
DS
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In vitro FXE&

1

I

—Z 3B LN TRV, GREE « 4fiE)

41263 REESEMHOEH

FBRE & VTR K o T IFRg, B, mEY . 7 ma RV ADFEMED R
iz & LTRIESNL TV D, IE SN TWARED LOAEL @ 9 Ll HIRVMEIX, A X DI
i~ BB T 5 15 mglkg/H TH Y . TIN5 T 2 RENIMEFER O HELLS ALAT
ED EAIZESNWTEY | U A ZRAHIEDEEOE K & s (Heywood et al., 1979, US
EPA, 2001 OH1CTHIH), (Y RZ7BEHEICEREL, EERERE LTER,)

~ U AZOWTIE, #EH LOAEL & LT, T~ BB LT 50 mg/kg mE/H . Bl
Dz (AIRAL, WA BRI O HEL) IZB LT 37 molkg (RE/H & S EHE ST
V% (Condie et al., 1983; Munson et al., 1982, WHO, 2004 O HC5[ ), 90 H [ Hf2 M:ng g
BRONDIE, B~ v 2B D KR A NOAEC & LT, B~ DE (Z2hafEnk., i ik
DIMEL, FRANE FIIBEESE TS L OSIRZIEK) (2B LT 25 mg/m® (5 ppm) . [T~ 5248 (T
Koo Zefafl,, BEFEH) (2RI LT 25 mg/m*(5 ppm) &\ 9 EANHRE S Tu % (Templin et al.,
1998), ~ U AIZHIT D181 (104 M) WA NOAEC & LT, K L UMD B IO AL |2
B DR & HEO B O JRME AL AR X ORIE RO L, Wi
% 25 mg/m®(5 ppm) & W S EHEE S TU5 (Yamamoto et al., 2002), (U R 7 A¥EIT
BRL., EEARRRLELTERE,)

WARZEE IR OBEINTET v hOv T 2T, BEFEALED LTS, dijEdE
WARFZIZ KL% LOAEC Di/MEIZ OV TR, T v MTIBUWTRPEHRR DM & L
PR & 2E U= 9.8 mg/m® (2 ppm) & i & 41TV % (Templin et al., 1996a), #% M1 LOAEL
ELTE, R EROSRA - MEE & SO ZLAFEO b/, 34 mg/kg RE/H &V D il
DR ST S (Larson et al., 1995), (U X 7 BAHIEICEEL, BEELZRRE LTEE,)
b T RERGHECET 2R ONIT =205 Il L B EEAEG TH 5 e
PEDVRIZ STV D,

RE&RGHEECOWTEONZT —ZIZKSx, Z7aaRLAOSHEIC WL, U AY
¥240) R48/20/22T RHAMRFRIZ LV E R E L ET HRAH D 1 ETDHZ ERRESN
Do
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4127 ZEERRFRH

7 anaRVAOERFEEEZFHET 5720 0RBIL, CETICEHIThbNTETRBY, *
T, WS OPDITN—TIZL>T, ZRHDORERDO L v 2 — & FHIThit T\ 5,
BoN=T —XIZ2W\WTiX, Environment Canada (1999). US EPA (2001) 35 X OY WHO
(2004) DLFEIZ, LV FEMIZHA SN TWD, ZEICHIL, IUCLID(2007) 2265 ST
W5, ZHHDOMERD L E 2 — i Z1T 9184720, BT YA B LT R RE DM
RN VELZ LB L TBL I ENRKREUTH S,

— 7 a RV ATEREVER R E 2O 7 r a R L AR R L 2N K ST
A ENTOVRWVEBRTIE, BONTRRMNMEH TSRV ARER S 5,

— DNA &G T DA REMERIEFICEVOIL, BULAEMD 7 nu k)L ATiEHRL, Z7re
RV LEDREY) (RAF Y or7aaAF A7) —S3 L) ThAT-H, P4S0 %
NR— 2 L+ WO RENEHAE R A2 O TV WERER T, NN 5 ATREM:
N5,

4.1.2.7.1 Invitro BB
WMEYRIZH 1 BEE

MER 7 B AV AEKICEERESND LT A v ENFGUEE2HWL, 7 an
BRIV DRI E < 7‘:&')@@@]&%%%%%3% CTiTb B, Fi3mRED 7 n o
RV L TEMEISPEO B, MENHDICRES N LRI 53 B TIE, x X
< F 7 AH (Salmonella typhimurium) 5 JX OVK 56 (Escherichia coli) 2 N 7o B R - 227828
RBOMRIT, 7y bPELEFYUADOF I/ n Y =208 I v Y — ML HEE LS

EZBIRAR S, RICRETH 72, 2O Eb, Zrak/Laid, MEIC L THRERE
;EE;*@%% PEMR 720N 2 & A3URIZ X 4u7- (Araki et al., 2004; Nestmann et al., 1980; Daniel et al., 1980;
Van Abbe et al., 1982; Richold and Jones, 1981; Le Curieux et al., 1995; Roldan-Arjona et al.,
1991; Kirkland et al., 1981; DeMarini et al., 1991; Gatehouse, 1981) (Table 4.27 # & &),

Ty NDY—=E I TAINEF A S T AT 2T—F TI-1 2WEBA LR XIF
7 A O TA 1535 £ % Fvy, 19,200 ppm & 25,600 ppm DIRED 7 1 v kL AZEKIZ T L —
MET 24 FFEIEEE U723 BR Tl 99 WGBSR IR ZSRE BARDHINN 2 £5) 3580 b
A7z (Pegram et al., 1997), 7272L, T H D 2 BEEOERRIRENDHE SN D 7 n kL
LRI, FhFh, 226 mg/plate & 320 mglplate TH 5, ZibDOHEITIEFICEHLS, H
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BT A R A ‘/T“?E”fééﬂ’bfb\é 5 mg/plate &) RAEZKIBIZHEZ TEBY, Z05
WGEE WO REROAEMETED LW X ) I b b,

K EPBREF B FRAZTEGG

HH ZFEE%RF (Saccharomyces cerevisiae) Z W TITONIZ BB ZHHE SN TV 5D, Zivh
OREBRDOIEE A ET, FEEORERN/R TV 5 (Zimmermann and Scheel, 1981; Sharp and
Parry, 1981; Kassinova et al., 1981; and Mehta and von Borstel, 1981) ,

HIZEEERE D7 2 WV CTITO =R B CIE, trps s 7 L vl BB BB D@ T4
$ao, ade2 MBI TVETOA R ZUAHL Z OIS MET Shv, HIFEMENELIL D LB LT
WTEIREED 21~54 mM IZFB W T, DR RIVR ST % (Callen et al. 1980), 21
D7 1, ¥ b7 ok PASO (KIFEDONIRMEE ) A X7 —EREFTIHTHDL Z LI
FETHANEND D,

HEEREREZ O =RORBRTH . 7o adk/L AL, REENER 22X A 86 /RICHE
L TRt %27~ L TV 5 (Brennan and Schiestl 1998) .

T AYLEIL A« =F 27 A (Aspergillus nidulans) % 7 3RBR . Yo RSy Bl R H HY )

H I I TS (Crebelli et al., 1988, 1992, 1995), L2>L. #3ERIX. 0.16% (v/v) L Y &V IREE

TLMTONTELT, ENODORETITMIE LS EEZ SN TND Z &b, BREN

fﬁmm IxF L CHEBIICEHEZ R LI EBRIB S LD, 7 1 BRIV LR~ DURTED
2. AAROGHETOYARSBERTITRD HiL72h> > 72 (Crebelli et al., 1984)

T Z 2EHRE & LV = 1B (i FZE A T B

WASOHRAINE R CRETRAEROBRERUT 5 £ £ HOL LTTDAL 3
ﬁ:@ni%@l‘ﬁi&ﬁl %‘c%ﬁfb\}:aiﬂ @%lﬁ/&%r . ZBWT, Z:Eﬁﬂifcﬁﬁf%if: IZES
Bt OFE RN RSN TN D,

V79 filaE AW e RSV F - T =R ARV RV E T AT =7 —F (HPRT) ik
Bk (Muller, 1987) Ti%, S9-mix 777E FC 1000~1500 pg/mL @ H &KW\ T, AHEE 2R
ERFHENTWD, 3 BIOFITO I H 2 [T, BB TR EENDT NI L7253,
SRINCIERICHERITH O XN BN TN D (R ZERERR 56.2 x 10°, fattxt R
31.9x10°),

L5178Y TK+/-fifldz HWie~o A U7 p—<ilBNEE STV 5, (REHEMAb 2t L
T, 0.025 puL/mL(KJ 1 mM (ZFEY) LA EDOREE T 2 [HIOFRIT S 7228, M E iR EE 0 ©
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FIWEHPE DOFE R 2R L Cu D (Mitchell et al., 1988) . [7] C#kBR72Y, 0.012 pL/mL (%9 0.5 mM
ZFY) L EOREICH VT, 3 [HOFRITTEMBIN TR Y . 1L 0 Min IR T
BB D#E A 51T 5 (Myhr and Caspary 1988), AREHEMAL R DIEFEIE T Tirbh
AT, Wb RO NS S TWS  (Mitchell et al., 1988; Myhr and Caspary,
1988) .

REMREZHG

7 RV L OGREREFFHRIERICET 28BROFEHRS 3 GO, 209 B
T&HRBRIT, ¥~ 3 (Allium cepa) Dy 2RI Z O CTHEESNZ 1 HhOHTH -
7= (Cortés et al., 1985), HIFFEMEIEFE (> 1500 pg/mL) Tl 2% HA~KIC BT DYtk
HEOBEDOHEMBEO LN, B MIBUIT 2V AZFMEET 5LV BENLIX, 20D
HBROER I A TH D,

v b U SERE AW QR BRI T A I L D & RENEMIEGAE T CYEk
WEBRIEMENRBD LTS, ZOREBRIL, FEEMEOIY FTRfEnd, AFXITW
720 (I1CI, 1992)

onfelt (1987) 12 L W & S N-F— X iE, Z B ads/LAD VT9 MO 8RS NG | 588
ZMIFTAREMRN HDH Z L 2R L TERY ., 7 ak/L ARk R4 g &k 24 e
YERHDZ ERRBIND,

H2ERERE D6 B2 WA R R BHEMRBR TIL, —BHEoRWERRREIN TN
(Parry and Sharp, 1981), Z#udBZ <, BBREHLAEY Tho 7o (F 7 A/ TIR< 7
TAFy VHBRMATHRE L) ZLICLD2bDEZEX LI, TORRTIE, ekl
DIERFEEZ RSN EEZE X BND,

DNA &5

FARIF 7 AE & = DNA EERER (umu 38R O 2 145 540 TE Y . Ono et al.
(1991) IZ 5t D #k 54 . Nakamura et al. (1987) X [at: D fE R A2 HE5 LT 5,

KIGE % H 72 SOS 7 v 7 A FOIF@RN 2 HE LN TE Y . WL IO RS HE
S LTV 5 (Quillardet et al., 1985; Le Curieux et al., 1995) ,

JEGE AT D IBZ MR e b m WML Th DM~ 7 ADRFIRZ MR L LT, Znoki
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LDOREH DNA A% (UDS) B FEAREAY, in vitro ATHIM DNA EERBRIC LV BETSh T
%o Z O in vitro #BRTIX, HED B6C3FL ~ 7 A7 b B L 7= ¥IRHFMIlaIZ, 0.01~10 mM
DEFED 7 v o BRIV ARSI, H-F I DU AHE T TR SN, EENA— T 94
7T 7 4—2X 0, UDS ENHE SN, WTNOEETE, DNA EEOFERITERD L
U727 7= (Larson et al., 1994) ,

B hDY URERSRIET » PO E AWEERERTH, Zradk Al LD UDS DS
T3R8 B 72 > 7= (Peroccio and Prodi 1981; Althaus et al., 1982)

FITBEIEY ) & BB U CRRSL L 7= 8t 7 b SRR OB MR 2 VW, 7 mr kLA
@O DNA EEFBREVNTHIONT-, 4 40 ORI NT-FMOEEMRIZ, 1 mM &)
FEWREDZ auai)L A TY, EMEE R & 727> o 7= (Butterworth et al., 1989) .

— X DNA 7515516

7 v AL WS Ko Tk G a7y R 25 (SCE) 28 JE S T L 23, Fujie et al. (1993) D&k
B C 1 L9 FR AR ST HIIAKR . Cortés et al. (1985) DFRER Tl & ~ 1 X D/ 25 EfkfIa <
RO HNTND,

Morimoto and Koizumi(1983) ®FRER TiX, B hD U U RERIZBWT, ZrafRL Al kb
SCE #HF MR SN TS, SCE OFERMMABFE R SN/ maRLV A AREDS b, i
HAEDST2DIT 10 MM Th o722y, £ ORE TITHREH OBILE L FHHE STV D, <t
#9LZ, Lindahl-Kiessling et al. (1989) X, HELE DT v FFMIfELE MR Y >/ BRZ W
7okl 98k L7223, £ in vitro SURATIX, 7 rak/LAIZX D SCE OFFRITHRD L
nighnoiz,

U T UND AL — R % invitro T2 @ R L AZRKUCIRER L2 BRI, 77/ U A
JV A SAT I K D MR B A 3 A IS8R S 7v7 (Hatch et al., 1983), 7272 L. BttkZ& R L
To R RIREE (0.25 mL/Fx > 3—) THH L CHIREES R SN2 DFGRDOAE
PIITNHMETH 5,

RR3IMM OIRETZ v a /L AOT VA VEH/ T v FAFHEEER 2 50 S TV 528,

DNA —AREHEIWMNEFER S 72 h- 7= (Sinaet al., 1983), — . Ammann and Kedderis (1997)
DEFITOREIZLD L, TR 5 mM ETORED 7 nad/LAIL->T, B6CIFL v v
AR LW F-344 T o b OFfE BT W T MlREE VRSN D Z &7 <. DNA
COREHEIE S BRI RS KOV ERARICHEE S, 2L, R CEHRIC X 2B
(Ammann et al., 1998) TiX, 1 mM XY BWRED 7 o RV AL - T, HED B6C3FL ~
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AL F-344 T v N OEEFEMIICE T, BERTFEOMEENHE R SN2 & RH
HEEIhTna,
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Table 4.27 Summary of in vitro studies.

Test system Method Metabolic Dose levels Cytotoxic dose | Result Reference Reliability

activation

Gene mutation assay on bacteria - Studies reliable with or without restriction

Salmonella typhimurium Gas-phase With and 0.01, 0.05,0.1, (5% Negative Araki et al., 2
Strains: TA 98, TA 100, TA |exposure without rat 0.2,0.5,1.0, 2004
1535, and TA 1537 liver S9 2.0, 5.0%
Salmonella typhimurium Gas-phase Without 200-25600 ppm | No data Weak positive |Pegrametal., |2
Strain: TA 1535 and TA exposure >19200 ppm [1997
1535 transfected with rat on GST T1-1
theta-class glutathione S- transfected
transferase T1-1 strain
Salmonella typhimurium Direct plate With and No data > 15 mg/plate Negative Nestmann et 2
Strains: TA 98, TA 100, TA |incorporation without rat al., 1980
1535, TA 1537, TA 1538 liver S9
Salmonella typhimurium Direct plate With and 10, 100, 1000, | 10000 pg/plate | Negative Daniel et al., 2
Strains: TA98, TA100, incorporation without 10000 pg/plate 1980: Van
TA1535, TA1537 and - rat and mice Abbe et al.,
TA1538 liver S9 1982

- rat and mice

kidney S9
Salmonella typhimurium Direct plate With and 0, 10, 100, > 10000 pg/plate | Negative Richold & 3
Strains : TA1535, TA1537, |incorporation without rat 1000, 10000 Jones, 1981
TA1538 liver S9 ug/plate
Salmonella typhimurium Fluctuation test | With and 30 - 10000 10000 pg/ml Negative Le Curieux et |2
Strain: TA100 without rat ug/ml al., 1995

liver S9
Salmonella typhimurium L-arabinose With and 0,0.8,2.7,4.0, |>14.4 umol Negative Roldan-Arjona |2
Strains: BA 13 and BAL13 | resistance test without rat 6.0, 9.6, 14.4, etal., 1991

liver S9 23.0 umol
Escherichia coli Preincubation With and 0.1,1, 10, 100, |>100 pg/plate | Negative Kirkland et al., |2
Strains: WP2p, WP2uvrA-p |assay without rat 1000, 10000 1981

liver S9 ug/plate
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Test system Method Metabolic Dose levels Cytotoxic dose |Result Reference Reliability
activation
Escherichia coli WP2s Microscreen With and 0, 0.31, 0.62, 5.0% Negative DeMarini etal., |2
(lamda) Prophage- without rat 1.25, 2.5, 5.0% 1991
Induction Assay | liver S9 VIV
Escherichia coli 58-161 lambda induction | With rat liver |0.05and 5 5 pl/ml Negative Thomson, 1981 |2
envA, lysogenic to assay S9 wh/ml
bacteriophage lambda and
E. coli C600, sensitive to
lambda and resistant to
streptomycin
Escherichia coli Fluctuation test | with and S.typhi: 1,5, |S. typhi: 10 Negative Gatehouse, 2
Strain WP2 uvrA, without rat 10 pg/ml; E. pg/ml; E. coli: 1981
Salmonella typhimurium liver S9 coli: 10, 100, 1000 pg/ml
Strains : TA98, TA 1535 1000 pg/ml
and TA1537
Bacillus subtilis Liquid Rec-assay |With and No data No data Positive with | Matsui etal., |2
Strains: H17 and M45 without rat S9 1989
liver S9
Gene mutation assays on fungi and yeast - Studies reliable with or without restriction
Saccharomyces cerevisiae | Gene conversion | Without 0,21,41,54 >41 mM Positive Callenetal., 2
Strain: D7 and mitotic mM 1980
recombination
Saccharomyces cerevisiae | Gene (_:onyersion With and 2 ul/ml > 2 ul/ml Negative Zimmermann |2
Strain: D7 and mitotic without rat and Scheel,
recombination liver S9 1981
Saccharomyces cerevisiae | Mitotic gene With and No data No data Negative Sharp and 2
Strain: D7 conversion without rat Parry, 1981
liver S9
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Test system Method Metabolic Dose levels Cytotoxic dose |Result Reference Reliability
activation
Saccharomyces cerevisiae | Mitotic gene With and Without S9: Without S9: Negative Kassinova et 2
Strains: T1 and T2 conversion without rat T1:1000 T1:>1000 al., 1981
liver S9 pg/ml, T2: 100 | ug/ml, T2 : 100
pg/ml ug/ml
With S9: 1000 | With S9: 1000
pg/ml for both | ug/ml for both
strains strains
Saccharomyces cerevisiae | Reverse mutation | \ith and 1.11 and 0.11 No data Negative Mehta & von 2
Strain XV185-14C assay without rat wh/ml Borstel, 1981
liver S9
Saccharomyces cerevisiae Intrachromosoma | Without 0, 0.75, 1.49, > 4.47 mg/ml Positive Brennan & 2
Strain RS112 I recombination 2.98, 4.47,5.59 Schiestl, 1998
assay mg/ml
Aspergillus nidulans Mitotic Without 0.04, 0.08, 0.20% viv Positive 0.20% | Crebellietal., |2
chromosome 0.12,0.16, 0.20 1988, 1992,
malsegregation % viv 1995
Aspergillus nidulans Mitotic Without 5.0and 7.5 >5.0ml/20-L | Negative Crebellietal., |2
chromosome ml/20-L desiccator 1984
malsegregation desiccator
Aspergillus nidulans Gene mutations | \Without 0.5% viv 0.5% viv Negative Gualandi, 1984 |2
haploid strain 35 and and somatic
diploid strain P1 segregation
Mammalian gene mutation assay - Studies reliable with or without restriction
V79 Chinese hamster lung | HGPRT assay With and 100-1500 > 1500 pg/ml Inconclusive | Muller, 1987 |1
cells OECD TG 476 | without rat pg/ml. with S9
liver S9 Negative
without S9
L5178Y mouse lymphoma | TK+/- assay With and Without S9: > 1.2 pl/ml Weak positive | Mitchell etal., |2
cells without rat 0.39t01.5 without S9 with S9 1988
liver S9 pl/ml >0.04 pg/ml Negative
With S9: 0.007 | with S9 without S9
t0 0.06 pl/ml
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Test system Method Metabolic Dose levels Cytotoxic dose |Result Reference Reliability
activation
L5178Y mouse lymphoma | Mouse With and Without S9: Without S9: >= | Weak positive | Myhr and 2
cells lymphoma assay | without rat 15.6-1000 500 ni/ml with S9 Caspary, 1988
TK+/- assay liver S9 nl/ml With S9: > Negative
With S9: 0.78- | 6.25 nl/ml without S9
25.0 nl/ml
Chromosomal aberration assays - Studies reliable with or without restriction
Meristematic cells of Allium | Cytogenetic Without 0, 250, 500, > 1500 pg/ml Positive > 1500 | Cortés etal., |2
cepa analysis 1000, 1500, ug/ml 1985
2500 and 5000
ug/ml
Assays for aneuploidy - Studies reliable with or without restriction
V79 Chinese hamster lung | Cytogenetic Without 610° 10%and |>1.210°M Positive Onfelt, 1987 |2
cells analysis 1.210°M
Saccharomyces cerevisiae | Mitotic ) With and up to 600 variable Negative Parry and 2
Strain D6 aneuploidy without rat pg/ml according to Sharp, 1981
liver S9 the procedure
used
DNA repair assays - Studies reliable with or without restriction
Salmonella typhimuriumn [ umu test With and up to 620 No data Negative Nakamura et 2
TA1535/pSK1002 without rat pg/ml al., 1987
liver S9
Salmonella typhimuriumn [ umu test With and 1000 pg/ml No data Positive Onoetal., 2
TA1535/pSK1002 without rat 1991
liver S9
Escherichia coli SOS-chromotest | With and No data No data Negative Quillardetet |2
Strain: PQ37 without rat al., 1985
liver S9
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Test system Method Metabolic Dose levels Cytotoxic dose |Result Reference Reliability
activation
Escherichia coli SOS-chromotest | With and 10 - 10000 >3000 ug/ml | Negative Le Curieux et |2
Strain: PQ37 without rat ug/ml al., 1995
liver S9
Male albino rat hepatocytes | Unscheduled Without 8.4107-8.4 |Nodata Negative Althaus etal., |2
DNA synthesis 102 M 1982
Female B6C3F1 Mice Unscheduled Without 0,0.01,0.03, |10mM Negative Larsonetal., |2
hepatocytes DNA synthesis 0.1,0.3, 1.0, 1994
3.0,10.0 mM
Human lymphocytes Unscheduled With and 0,2.5,5and 10 |> 10 ul/ml Negative Perocco and 2
DNA synthesis | without rat pl/ml Prodi, 1981
liver S9
Human hepatocytes Unscheduled Without 0,0.01,0.1and |No data Negative Butterworth et |2
DNA synthesis 1.0 mM al., 1989
Primary DNA damage - Studies reliable with or without restriction
Permanent leukemia cell Sister chromatid | With and 0,2.10° 2.10* |No data Positive with | Fujie et al., 2
line K3D exchange assay | without rat and 2.10° M S9 1993
liver S9
Human lymphocytes Sister chromatid | With and 10 107, or 10 | No data Negative Lindahl- 2
exchange assay | without co- M Kiessling et al.,
cultured with 1989
intact rat liver
cells
Human lymphocytes Sister chromatid | Without 1.6 10°,810°, |Concentrations |Positive >1 10" | Morimoto and |2
exchange assay 410%210% 1 |>=110%M M Koizumi, 1983
10%,510%M |induce a delay
in the cell
cycles
Rat hepatocytes Alkaline elution | without 0.03,0.3, 3 >3mM Negative Sinaetal., 2
assay mM 1983

NHOdOHOTHD dvdNn3
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Test system Method Metabolic Dose levels Cytotoxic dose |Result Reference Reliability
activation
Syrian hamster embryo cells | Enhancement of | without 2.0, 1.0, 0.5, >=0.25 Positive > 0.25 |Hatch et al., 2
DNA viral 0.25, 0.12 ml/chamber ml/chamber 1983
transformation ml/chamber (160 mg/1 air)
assay (equivalent to
640, 320, 160,
80, 40 mg/l air)
Meristematic cells of Allium | Sister chromatid | Without 0, 250, 500, >=1500 ug/ml | Positive Cortésetal., |2

cepa

exchange assay

1000, and 1500
ug/ml

1985

NHOdOHOTHD dvdNn3
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EURAR CHLOROFORM

In vivo FRER

FZORZPT =y OB ER =BG FRATE RS

Butterworth et al.(1998) :

> BBC3FL lacl ~ 7 A M3,
166, 500 mg/kg REE/ HIZFEY) T, 1 H 6 K¢,

e B6C3F1l lacl ¥V RADIFMBICEH 1T S EEFRALE

5% Table 4.28 127”7,

Table 4.28  Lacl mutant frequencies in Chloroform-treated Mice.
Chloroform exposure Timepoint Mutant frequency
(ppm) (days) ® (x10%)°
0 10 10.1+£5.1
10 10 11.7+24
90 10 12.7+44
0 30 95+23
90 30 104+ 35
0 90 13.0+£3.1
90 90 147+6.1
0 180 12.3+0.8
90 180 13.7+ 3.6

& Duration of exposure to chloroform. Exposures were 6 hr/day 7days/
week. Animals were held for 10 days after completion of exposures
to allow for fixation of mutations and for complete clearance of test
chemical.

® Mutant frequency is calculated as the number of mutant plaques isolated
per total plaques screened. Values are the mean + SD (animal-to-animal
variation) form five animals per dose group for each timepoint. At least
200,000 plaques were screened per animal. As chloroform clearly did
not induce an increase in mutant frequency, the remaining five animals
in the group were not analyzed because of cost limitations.

Z O lacl REBROFEENSIL, 7 v R Lh~OW ABREIC L 5 38R RIEA
u»u&) Eniﬁﬁ)’J 71:_0

Shelby and Witt(1995) :

o BREANIRS(C & S EEEMED R B EREEHER
~ U ADF AL A O T2 Qe R B (CA) 7 7ER S
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(LB IO\ T ThIl T\ 5,

7 v BB AIONTIEL, v U AOEBIIEE AV - R REF RS, 2 20 Bk
IRefH] (17 F6 KO0 36 W) 23 E L TIT L7z, MED B6C3FL ~ 7 A (8 VL/HE) 12, == — i
ZPURL LC, Zmudk/L AR, 200, 400, 800 % L < 1% 1000 mg/kg o> F & CHAIENERN
WS S, BUEORFEE, MlansE Sz, ~ 7R 1 EH7 Y O GARIT, 04 mL
Thoto(ZmaR/Laf Gt BARTREE b)), KT8, FREBGES R~ 7 2 1%
MEPNT (T —Z IR SN TV, FREFHOHREIM Z L2, KA nddh
O 50 EIC DN T, Ytk O HENH 57 (Table 4.29 #5M), Z ORBRIT,
OECD A RT A > 473 GRYE : 473 1 in vitro sRERIZEET 2 O TH Y . 2D in vivo iBRIC
BIL TIX 475 NIEL W E DI D) IZ9E > T, KE i e < Ffi 7z,

Table 4.29
Harvest Trend Dose % Cells with
time (hr) P value (mg/kg) ABS Survival
Chromosgme 17 0.004% 0 0.25+0.25 8/8
aberrations (CO) 200 1.75+0.70 8/8
400 2.50 £ 0.98* 8/8
800 1.75+0.45 8/8
17 0.500 0 1.50+0.73 8/8
800 0.50 £0.33 8/8
1,000 1.25+0.37 8/8
36 0.781 0 1.00 +0.53 8/8
200 2.00 +1.00 8/8
400 1.75+0.70 8/8
800 1.25+0.53 8/8

®Tests performed at BNL.
*Significant positive effect.

Z O CA FHFEHRER T, 17 Rl TREHRED T 23170 9 H O 1 {123\ T, 400 mg/kg
BECOBMMNCH B AR ERED D2, RIRFEARSHROMAIEF IR . 2
BHEEDY 0.25%CTd - 7= (BEFE R ROMEIL 3.26%), Z OB, Lo amWwHAETITbh
=% 9 LIHEORITTITRD b o7, 36 B CREHEERMThN =317 T, fRIT
BEEThoT, DD, RBROMERIL, Rt L e sz,

Fujie et al.(1990) :
e EEERNEZSICLIEHMIBOLEEARET AR
7 v RV AOTRAREE (CA)FBIRAIZOWVTO in vivo RS, 7y N2 AW T
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776

MERED Long-Evans 7 v NI, 7 muaR/V A0, KEEEE LT, 1.2, 119 $ L <X 1194
mg/kg #AE (107, 10, 1 mmole/kg) D &T, BEFENE G Shvfe, Btk e LT, RO
B (234.3 mglkg, T72 5 3 mmole/kg) 2EREN G S v, BEFENE G025 12 FEfH
BTSNl Z T, HE- RSB, 7 erd/Lahs 1.2 mgkg &
HUPOHETERG ST, LEKREFHROHBBEZEORERBINE &I =
72 E-SOMEM 23388 B Av7- (Table 4.30 #5M), ZORERIL, OECD A K7 A > 473
(FRIE : 473 1X in vitro RERICEAT 2O TH Y . 2@ in vivo ABRIZEI LTI 475 23 E LW
ERDOIND)ITE-> T, EE il < Fi Sz,

Table 4.30 Relationship between dose and THM-induced CA 12h after intraperitoneal injection

Chemical Dose Sex ° Number of Number of cells Number of Incidence of xz—test Trend
mmole cells Wit aberrations/ce aberrant cells test
(mmole/kg) Il ith berrations/cell  ab Il
examined  gans  preaks (Mean+SD)¢  (meanzSD)° (P value) ¢
CHCl5 102 Male (3) 300 5 13 0043+0005  4.3+05 (%) * M 0.001
Female (3) 300 3 10 0033+0004  33%05  * F0.001
Total 6) 600 8 23 0038+0007  38%07  ** T0.001
107 Male (3) 300 9 23 00770012  77£12  **
Female (3) 300 9 19  0063+0004  63+05  **
Total 6) 600 18 42 0070£0011  7.0%12  **
1 Male (3) 300 9 22 0073+0005  73+05  **
Female (3) 300 7 19  0063+0013  63%12  **
Total 6) 600 16 41 0068+0011 6811  **
Positive Male 3) 525 14 70 0133+0019 133£19  **
control 3 Female (3) 525 10 38 0072+0014  72+14  **
(benzene) Total 6) 1050 24 108 01030035 103+35  **
Vehicle
control Male (3) 300 4 3 0010£0000  1.0%0.0
I(Ph}"SI'O' Female (3) 300 1 2 00070005  0.7+05
S‘;?i'rf:) Total (6) 600 5 5  0008+0003  0.8+0.4

3 Dose of 102 - 1 mmole/kg body weight for each chemical are as follows: CHCI3, 1.2 - 119.4 mg/kg; CHCI,Br, 0.6 - 163.8
mg/kg; CHCIBry, 2.1 - 208.3 mg/kg; CHBr3, 2.5 - 253 mg/kg.

b Figures in parentheses indicate the number of animals examined.

° Not including the cells with gaps. Values indicate the mean and standard deviation of the results from 3 or 6 rats.

9 Trend test indicates the significance of the dose response for each chemical at each P value. M indicates the value for males, F for
females, and T for the total of male and female rats.

* Significantly different from untreated control at P < 0.05

** Significantly different from untreated control at P < 0.01

2 FIHORBRMTHOITEY, Z7aak/L A 11.9 mg/kg (KEO & THEPENIZES S,
ZD 6, 12, 18 BLW 24 Kefil#Llz, B R0 R HHIIOEIS 23~ 5417z (Table 4.31
Z), 7 vk AEENES O 6, 12 31O 18 FHEHZIZI VT, FERREE O IRRE I bk
LT, MEAICHERBMARD bivle, BEMO HBUBEEIL, 12 FFH%ICR&SITEL,
24 WEH LA S HEIE & 6] U L~ uZiid LTz,
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Table 4.31  Variation over time of THM-induced CA in rat bone marrow cells after intraperitoneal injection

Chemical Dose Time Sex® Number of Number of cells  Number of Incidence of xz-test
(mmole/kg) (h) cells with aberrations/cell  aberrant cells
examined gans  preaks (mean+SD)®  (meanzSD)°
CHCl; 10t 6 Male (3) 300 4 14 0.047 £ 0.005 47 +0.5 (%) **
Female (3) 300 4 9 0.030 +0.008 3.0+08 *
Total (6) 600 8 23 0.038 £0.011 38+11 wx
12 Male (3) 300 9 23 0.077 £0.012 7712 w*
Female (3) 300 9 19 0.063 + 0.004 6.3+0.5 *x

Total (6) 600 18 42 0.070 £0.011 70+1.2 **

18 Male (3) 300
Female (3) 300
Total (6) 600

24 Male (3) 300
Female (3) 300
Total (6) 600

12 0.040 + 0.008 40+0.8 *
11 0.037 + 0.005 3.7+£05 *
23 0.038 + 0.007 3.8+0.7 o

0.010 +0.000 1.0+£0.0
4 0.013 £ 0.005 1.3+05
7 0.012 £ 0.004 1.2+04

o b~ b o b~ O
w

Vehicle control 12 Male (3) 300 4 3 0.010 £ 0.000 1.0+0.0

hyisiological
g‘;”ﬁ'e)' gl Female 3) 300 1 2 0007+0005 0705
Total 6) 600 5 5  0.008+0003 0804

3 Dose of 10" mmole/kg body weight for each chemical are as follows: CHCl3, 12.0 mg/kg; CHCI,Br, 16.3 mg/kg; CHCIBr,,
20.8 mg/kg; CHBr3, 25.3 mg/kg.
b Figures in parentheses indicate the number of animals examined.

¢ Not including the cells with gaps. Values indicate the mean and standard deviation of the results from 3 or 6 rats.
* Significantly different from untreated control at P < 0.05
** Significantly different from untreated control at P < 0.01

fiim & LC, RME 2 HENREG%, 7 v MR Z R LCRBRICB W T, 7 e
RV BE BRI ORE R 2R LT,

o BOKSICE D EHMABD LB EEEHER

HED Long-Evans 7 v M2, 7 mud/LAn, 1.2, 11.9 H L < 13 119.4 mg/kg KEE/H O FH &
T, 24 KRBT 5 A, HREICL V&G Sz, BERRE LT, BERIY U A
(250.5 mg/kg, 772> H 1.5 mmole/kg) 23 FRE A5 S4L7z, BE OG5 18 R[4 ITERHL
Shi-filaz AnC, AR KSBERATFHRONT, 7o RV ARERT I U LEE
PERNE G LTBmEIs, BEOT > FOFRMEO T >~ XY bbb im0 EEZEE = Lz
O, BORETIEL, BFEOTZ7 v bBHWLND Z EIZ o7, BAEMEOFRARE XU
MW ORFOKERD L, Z7unk/L AN 1194 mglkg O & THREGE S TIE, FE
e Gt BREE & bl UL IS B D D A EARIFI e N 2338 B v 7 (B M o> 5%
ERITZNZI 6%FS LT 1%, Table 4.32 /), Z OiERIX, OECD %A FZ A - 473(GR
T 473 1% in vitro SRBRICEET 26O TH Y, 2D in vivo BEBRIZBEI L TIH 475 BNIEL W E R
bbb ITHE> T, K& Aefuhize < s S 47z,
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Table 4.32  Relationships between dose and THM-induced CA after oral treatment

Chemical Dose® Time Sex © Number Number of  Number of Incidence of xz-test Trend
(mmole/ (h) of cells  cells with aberrations/cell aberrant cells test ©
kg) examined gans hreaks (mean + SD) ¢ (mean + SD) ¢

CHCl; 1072 24x5+18h Male(3) 300 5 6  0.020 +0.008 2.0+0.8 (%)
10t Male (3) 300 6 10  0.033+0.004 33+05 P <0.001

1 Male (3) 300 7 18 0.060 + 0.008 6.0+0.8 *x

Positive control

(KBrOs) 15 24x5+18h Male (3) 525 16 41 0.078+0.018 78+18 **

Vehicle control

(phyisiological saline) 24x5+18h Male (3) 300 2 3 0.010+0.000 1.0+0.0

s anaRLOREN 119.4 mglkg EE/H OSAIZHOWTIL, BE 2202 h i o4&
ORFIN, RIS, T72bb, REOROELEND 6, 12, 18 LV 24 R FE kM
7z (Table 433 M), Y kB F OFRAERIZONT, HDT N TH D MHEHNICAER
BN, 12 BRRICERD B, 18 BEE% TOMMIMHMETH - 1=,

Table 4.33  Variation of THM-induced CA at various times after oral treatment

Chemical Dose® Time Sex © Number Number of Number of Incidence of Xz—test
(mmole/ (h) of cells cells with aberrations/cell ~ aberrant cells
kag) examined  gaps preaks (mean + SD) ¢ (mean + SD)
CHCl;4 1 24x5+ 6h Male (3) 300 14 10 0.033 + 0.004 3.3+0.5 (%)
24x5+12h Male (3) 300 9 11 0.037 + 0.005 37+05 *
24x5+18h Male (3) 300 7 18 0.060 + 0.008 6.0+0.8 *x
24 x5+24h Male (3) 300 6 3 0.010 + 0.000 1.0+£00
Vehicle control 24x5+18h Male (3) 300 2 3 0.010 £ 0.000 1.0+0.0

(phyisiological saline)

% 1 mmole/kg body weight of each THM was administered orally (gastric intubation) 5 times at 24-h intervals. The rats were killed
at various times after the last treatment.

® These figures indicate the amount of each THM administered once daily. The total dose volumes were as follows: CHClIj,
119.4 x 5 mg/kg; CHCI,Br, 163.8 x 5 mg/kg; CHCIBTr,, 208.3 x 5 mg/kg; CHBr3, 253 x 5 mg/kg

¢ Figures in parentheses indicate the number of animals examined.

4 Not including the cells with gaps. Values indicate the mean and standard deviation of the results from 3 rats.

* Significantly different from untreated control at P < 0.05

** Significantly different from untreated control at P < 0.01

femme LT, ZraAlbid, WIhORFHRETHREAROBRETIIERILTED
T OREORMEIX, EE LT, REASFAIZELN TV, ZORBRTIX, Zaakis
28 119.4 mg/kg A/ B OHE TR O&K G SNZEAIC, kOGNS 12~18 RO T,
Bt OfE RN RSN TN D,

Hoechst et al.(1988) :
o XEBEREEME

Chinese /A A% — (S 5 VL) 2 W T, 7 1 m kL b O REH e R S
NTN5, ZORBRTIZ, ZookLany, 0GFEER), 40, 120 & L < 1% 400 mg/kg &
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FEOHET, HEHRHER OGS, &50 6 Rtk (5 H &) . 24 FEE% (T TO#)
BLO 48 WL (R R (2. Mo BRI &AEAER, B L ONR BB OB ROy
#r (100 A/PL) 23T HI T,

fER % Table 4.34 (2”7, HECBIT AR LB T OMREZGDEDL L, DTHLTHD
DRI (7 A v h=—U BE) ICH B R YRR OB M23 . 400 mg/kg KHEH &
D 6 BLO 24 R OB CRO BNz, 72720, HNMERLIEEETSH, BEFOY R
MR OB ORANTH o 72, SHICHBNEE SN TEY, 20 2 [HORBRTIL,
0 (RIEERTFR) . 120 38 L TN 400 mglkg (RE D HE TGN Thiviz, ZORBRIZEB N TH,

AR AT L 0 . 400 mo/kg (R ERED 24 B OB ¢, Rk BE0bd
ITH D PFHEHICH BRBMARD bnd-, L, 85 et kum) gioon T,

BETFS St OFPAMNCITE - TR O 7, R0 AR KSR EN o7, 723,
KEIZB T DAER EMEC T DRERZR 2O T 5 & BBIED & 5 Ytk B OB
PO HALIRN,

FEFEIX, ook sE 120 6 L <% 400 mglkg O AR TR D5 (6, 24 38 LN 48 iR #%
\ZRHIE) L7=%aic. ERREEG (B ERT | JeE b, ek gi) N bn/zZ Lic
HEONWT, ZuaaRVAnNERFEEEZAET L MM TCEL LBITWS, 2L, ZThb
DOTERZ ) BEFIE, BIFMS72 50 TH Y (Engelhardt and Fleig, 1993) . BRFERICEHE L7-H D
TRV E RSN TS,

L., ZEEIL, ZEEDOIT- -3 BR%M: F T Chinese A A X —DEBEMIN TS S~
Yoz, 7ok ait, O, ST AINERHEES (LSl s LGS L
RO TS, Lo T, 7o aR/LAIERFEMEN S 5 ATREM IR T 220,
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Table 4.34
Dose mg/kg Time (hours) Aberration rate
excluding gaps (%0)
First experiment
Negative control 24 1.3
Positive control 24 9.7*
(CPA, 30mg/kg)
40 24 1.4
120 24 1.7
400 6 2.4%
24 1.6*
48 1.0
Second experiment
Negative control 24 0.2
Positive control 24 11.4*
(CPA, 30mg/kg)
120 24 0.6
400 24 0.9*

*Significantly different from control, p<0.05.

PR

Robbiano et al.(1998) :
o ROBEICLLSIEMBICEH (+5 /AR

JunaRLhEEHis 6 FEONT T ACRREENZ DWW T, Ty h~ORROE 52Xk,
BHIARIZ BT D /NS REE DS et S Tz,

K> Sprague-Dawley 7 /L& / F v k(7 PL/EE) I, 250 mglkg O ] & CTHERE DS FRIRIN TS &
AL, BUIBRIZ K- T S 5 Bl ORI EO MmN K bz, Z7rakRLAlid, =
— U HEBA L LT, 472 mglkg RE/H (7 2 kL LD LDs DHe4y) DT, HERROH
ARNTES 225 2 AZICHEEROKREG SN, BEITEFEICL VT, FARITMEEH 1 g
W= 001mL THoTo, BEXHE LT, N-= ha Y P AF /17 2 (NDMA, 20 mg/kg)
BHWS T, fifH % Table 4.35 (277,

7 aad AOFEGIZE 5T, IMEER AT D BHIAO T HBBEEN, REICHEICH
U7z, T v hORIEMBRICHT D/ 2 A+ 5 BEHIa0 VA HBEE IR, 1.33 x 10°
Tlholz, BEEREOEMERIREEC AT 2 ot 3.32, Btk BREED et FRREC 55 i
6.52 TH o7,

ZDORERIT, OECD WA RT A v 474 120t > THTDbTZA, TRt O@Bins & - 7,
- ZORBRIT, RMER TR BEHBEEZ AV TIThRTW5, 72720, Bl Er ks
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Thb,
- RBR2S. 472 mglkg (KE/B L) 1 BBEOHETLMTHOILTUWRY, OECD 4 R
FA T, 3SEBOHETITY Z ERHERIN TV 5,

Table 4.35 Frequency of micronucleated kidney cells in rats treated with chloroform.

Treatment conditions N° of cells Frequency (x10°®) of Frequency (x10?) of
scored micronucleated cells binucleated cells
37046 1.33+041 1.91+0.37

Control

Chloroform 4 mmol/kg 15995 442 +1.16* 2.15+0.55

NDMA 20mg/kg 9038 8.68 £ 2.69* 1.62+0.61

*Significantly different from the control group at p< 0.001 as determined by the Wilcoxon’s two
sample (two tail test).

Gocke et al.(1981) :
o EREERNZSICL DTV RERI/ILEER

ZORB T, MEHEDO NMRI <~ 2|27 g kL EOlEWE 2 BE L, BEEac
B /MG & T LTV 5D,

HERED NMRI ~ 7 22, AV —T7MEBAL LT, Z7uaak/iLb L% 0, 238, 476 b L <1
952 mo/kg (KD A E THEIEN®ZES- L, <0 24 FF#ZICH BN G- 2170, 30 FEE#IC
FER BRI 2 i L7, K5 A Table 436 (-9, ZORBRIL, OECD HA KT A
A7L(FRYE « 471 1T IR 2SR A B BRICBET 2 b O TH V| ZORBRITE L TlE 474 1A 1E
LW EEbN D) I2hE-> T, iz < FEii S,

Table 4.36  Results of the micronucleus test on mouse bone marrow.

Compound Surviving / Dose Route of Micronucleated
treated mice mg/kg application PE (%o0)

Chloroform 4/4 2 X952 ip 2.2

4/4 2 X476 ip 2.6

4/4 2x238 ip 2.2

4/4 0 ip 1.2

Hydroquinone 8/8 2x110 ip 10.0**

8/8 2x55 ip 3.5

4/4 2x22 ip 1.4

4/4 0 ip 11

** Significantly different from control, p<0.01.

78RV AIOWNTIE, HEHICHE B CHEERG R/ NMEI RO B INIFED S o
7=,
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Tsuchimoto and Matter (1981) :
o EEENIZEICL B EH/IZEAER

WifED CD1 ~ o 2 Z VN, 7 maaRs/L LAO/NMEGRRE DM N Tz, 1 BElC O XM 2
DC & e 2 PEs VW BT,

Juauakib bl VAFNANLKEF Y R(DMSO) # itk & LT, 0, 0015, 0.03 & L< I
0.06 mL/kg ®HET(0, 22, 44 331 0F 89 mg/kg IKEE/ A IZAHY) . 24 FERIOMEZ 221 T, 2
BN G- St BBREMIE, 2 BB O&ED 6 FEM%RICER S, KEE»HS
BREAA AN S AL, BEREAMER S LTz, IMEE A T D 2 YMER LER (MPE) O3l
TE SR, MRS 720 O/MEOEUTRIE Shieho Tz,

Bon-7—21%, ITFTOEMBEZESOTHHME S 7z,
- IIMZEZEAT D MPE O BB DS 0.40%LL LD~ T AA3 0 1HEC D& 2 LLL B b,
- PBRME IR SNTREORT T, IR AT D MPE O B O 0.30%LL FT
HOLBEN 1L EDH D,
~ EBE NG SNERED 1 oL EICBW T, FEIAEESRED b b,

ZDORERIT, OECD HA RT A > 471 GRIE : 471 1 THEE IR EARE RRBRICET 2 LD T
HY . ZOFRBRICE L L4714 R IELWE B b)) Iit-> TiThiv-,

b 54 Table 4.37 |21,

Table 4.37  Frequencies of micronucleated polychromatic erythrocytes.

Compound Doses Micronucleated polychromatic
erythrocytes (%)

Chloroform 0 ml/kg 0.12

0.015 ml/kg 0.08

0.03 ml/kg 0.08

0.06 ml/kg 0.07
2-acetylaminofluorene 0 ml/kg 0.08

280 mg/kg 0.70*

560 mg/kg 0.65*

1120 ml/kg 0.45*

* Significantly different from control, p<0.05.

LD 3 SORMEE T XTI THBRWE L, Bl HE sz, BRFEMELEMD 2-7
TFALT I TF LR, B EES L,

FEEOIT, MmeE LT, ZORBROKMETIE, WHARDIBETRRL TS, Zonfih
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2 X D/IETERITER D v e LT 5,

Shelby and Witt(1995) :
~ U A F R A W7o (MN) 3B 38 RN, 7 r el Ab 3o T 65 O FWE
IZOWNWTIThIL TV 5,

o ERENIREIC K 5 BibHHla/MREER

ABRCIX, M2 LT 2 FoORITHNFEm SN TR Y, Hd B6C3FL ~ w7 A (5 PLLL E/EE) 12

s aaRL AN, a—ilE s s LT, 200, 400, 600 % L <X 800 mg/kg A=/ H D
BT, 24 FFMB =23, EENKRE SN, v T A LIRS DGR, 04 mL
Tholo(Zma RV L EERE, EASRIEE ), Zo/MGERR T, Mt L, [
RERGPEXT IR (R B 77 U AT I R L IE T =/ — AR EEEG SN~ T AD
B DB (F—ZITRSh Ty, ik OERENE GG 24 FFE#ZIZ, KERE D

O BEAIAL 2SR I S AL, BEREANERL S N7z, 1 PLIZ-2 X 2000 fifl 0> % Yt AR ek (PCE)
WBE S, IMEEET HMROBEENHIE Sh, BmEORIEL LT, Bt ok
Wﬁm£®5ME@%éﬁ\%%ﬁitm%ﬁémtﬁmm4%%5%Mﬁ&:$Tmm
IR EE RIS STy, ZoRBRIZ, OECD A K7 A > 474 12 ~> T, BHZ
7Rz < S STz,

Table 4.38 Percentage of PCE among the total erythrocyte population
Chloroform (CAS No. 67-66-3) (MN+/ABS-)

Test?® Trend Dose Survival
(solvent) Tissue P value (mg/kg) MN-PCE/1,000 (No. scored)
Micronucleus BM 0.011* 0 2.40+0.45 10/10
(CO) 200 3.00+0.39 10/10
400 3.50+0.72 10/10
800 4.20+0.47 10/10
0.001* 0 2.10+0.29 5/5
400 4.00+0.72* 5/5
600 4,75 £ 1.20* 4/5

1 BIH ORATTIX, MEHNSA R ZR/IMEOHENNTERD SR o 7208, FE-BOSMEm 2358
HHFL, 2 | HOBRIT TR, MEHICHAE THEKFN 2/ IMEOEMDGEO b, 272
L., P RLBGEBOONTHA TS, LOBIEITH RIS 2MEOK 2 5Tl
mole, TORMBROKRIL, Btk & HE S,

Salamone et al.(1981) :
o EEERNIZBSIZL B EH/IKEHER
ZORERTIZ. B6C3FL ~ T A |27 a kLA EOLEWE A L. BRI BT

66/108



EURAR CHLOROFORM
DRI R BRET LT D,

B6C3F1 ~ 7 A2, Z uriR/L AN, LDs @ 80%D & (IEMEREEIT R ST n) T,
TREICHEWVIEEN S - S vz,
— P1: LDgy @ 80%D & T, 24 RF#]OMIEZ 2215 T 2 [BIERENE G- L, 48, 72 LT
96 IFR#4 125Uk 2 £7 1L,
~ P2 : LDsy @ 80%D & T 1 [BINEENS G- L, 36, 48, 60 351 O 72 W% 125k 2 8¢
i
- CT : LDs @ 80% D H & T 1 [FIIEFENFE G- L, 60 IREfE] i 13Uk 2 BRI,

FEGL% Table 4.39 127K 3, LDso® 80%DHE T m kL LAzfh Licga, 60 K%
INETERR ISR BT, BRIFMACEMTHLZ EDBMLNT VWD 2-TEFALT I ) 70
FLUn, B E L TR Oz, ZoBRIZ, OECD #A K7 A > 471GRIE : 471
ISR IR 2SR A RARRICET 5O TH Y | ZORBRICE L TIE 474 BRELWEEDR
D TAT OIS, FRed/h S pilind -7,
- HBEIN-r7aaRLLAOREN, 1BEEFS T THho T,
- RBranzr mar L A0 EIL, LDs O 80%TH D il I TWn Dy, BRI
BUET — Z IR ST,
— FRAE S-S YLMEFRIER (PCE) O3, ~ ™ & 1L 7= 1 1000 il TlE7e < 500 f# CTh
-7,

Table 4.39 Number of micronuclei/500 PCE for a single mouse for each compound. Statistically significant positive groups are
underscored.

Chemical Phase P1,|Dose %| N°of Sampling time
P2or CT| LDsy |treatme| 3q 36 48 60 72 %
nts
Chloroform P1 80 2 0,0,0,0 0,1,00| 01
P2 80 1 0,0,0 23 0,2
CT 80 1 00,1111
2- P2 50 1 0,2 52,11
acetylaminofluorene 50 1 0000123
34,638
CT 25 1 01224
12.5 1 01224

AREROFER, IMEIEAIE, 1 FIHOFRITTIX 2 IETOAEH B, 2 [BIHOFATTITRD
bvipinote, TOMBRORERIT, B L HIE ST,

— & DNA 75575
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Morimoto and Koizumi(1983) :

o Ik A (SCE)
suauaRihEED, FUoaaa A X (THM)IZOWT, Gk ta /3822 1k (SCE) 7B R HEDS
~ U A BB A VL Cinvivo TIRR BTV S,

HED ICRIS) ~ 7 A2, AV —7MEBIALE LT, Z7rrk/Lh) 0, 25, 50, 100  L<

1% 200 mg/kg (AE/H OHET, 1 H 1[FE, 4 BRICH D &RO#&5 S 7= (Figure 4.9 ),
50 mg/kg AE/H LI EORET, BHEIEICISIT D SCE R/AME DA EZREMNED bl
(P < 0.05), 200 mg/kg IR/ HEETIX, 1Ml 72 0 & SCE DA, *HFFEIC i L TR 3
fESEIML Tz,

n 1 1 1 1 T 1 b 4 L 1 I

10 F 4 CHCI; T  b. CHCIzBr .

6 i 's"-v’ ., T -w " A
: !
I I

10 . ¢ CHCIBr2 T d. CHBr3 1

8 | . 4 ) ] | :

7F J-____...-/ . 4L /________ / .

6 :// ) + _'_/ : ’ i
é )

SCEs PER CELL
o

25 50 100 200

H
0 25 50 100 200
TRIHALOMETHANE DOSE (mg/kg/day)

FiG. 3. The frequencies of SCEs in bone marrow cells from mice orally ingesting cach of the tri-
halomethanes for 4 days. Each point represents the mean SCE frequency of 25 second-division cells
from each animal. The bar indicates the average of the mean SCE frequencies in each dose group.

Figure 4.9 SCE frequencies in mouse bone marrow cells

FEEIL, 7 nudR VA FEIZ LS SCE ORI, 7 na AL ADEE ORI ERE
BT OHWEINDHRAT L OIBMITER L TWDATREMER D Z & 2R LT D
(Gemma et al., 2003; Golden et al., 1997; Pohl and Krishna, 1978), g, 7 muhk/L AL, b
VZmu x4 ) —L(ClCOH) I A S itk IRAHIEA X > & —F (MFO) IZ X -
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THRAT(COCH) IZAEMSND ZENMBENT WS, LEERn->T, RAFT UL, 7
BV LI X D FHEDORIA & 72 HTEERE TR0 N e B 5T D,

Pereira et al.(1982) :

e DNA #5 &M
ZORBRTIE, BPADA =2 2= —=BLOTrE—F =D RNE, P aAxy
OFHEA Tb T, FE I, KEESZ AMFIEAT (NCD DLW EEIC X0 BRBRAE1TV,
7 van A A0, BARHIERT £ REIR T, H D WIEEN 0 O ORI L - T,
PDADIREBEZ FFHSEL0E D hERF Lz, BERICE, FEHE, ZaedLao
DNA ~Oifti £ 2 3t L 72,

KD Sprague-Dawley 5 k & fiD BE6C3/F1 ~ 7 AT, MC-Z mmR/LAs, T v ML 47.2
mg/kg A, ~ 7 A% 118 mglkg AEOHET, a— Mz EEkE L THERNERE I,
PEREMW T, BED 16~18 IR IC, SHENLFEIC LV B ST,

7 v O E B TIZ, 7 mudsL A E R HREREOHM: B — 2 23, DNA OIFE% R
FTERARWINE — 7 LB L TWAD Z ERBO LN, — ), ~VADO[FETIZ, Z7rn
RV LIZEET A EENIERD Do T,

saadR L, Ty b OFFECEO DNA ICHEET 5 2 LITFEH SN7-28, RBR o
FENTIE~ 7 ADH DNA &G Lo 2 2R RIS O R0 o7, Zaaki sl
Z v~ OJTlER L OO DNA & ofiatEsud, £h£h 0.017 & 0.0055 Th-o7z, =
ik, BERE LTHW =Y 2T v=tr Y7 2 v (DMN) 2B DfEA S (11.4) O,
ZHZEh 0.05% & 0.15%I2F Y445,

iR/l AO DNA FEEMENMEN -T2 EnD, ZuaR/L Al LN ACE L T,
BLRFHRCA =2 —H —ER N GG T HREL, PAFL=Fra Y7 I (DMN)D
BRI LNDBEIEFIEROFGORELD L, X5/ INI ERREBE ST,

Diaz-Gomez and Castro (1980) :
e DNA.RNA } LLIIZERE LDESH

ZORBRIE., 7RV AERITFOREWN, Ty bERIT T XOFED DNA <
RNA & L IFEEAE L LGREE 2T 252150 Z 2B E LTV 5,

HED A <7 A ET-I13lED Sprague-Dawley T~ M, MC-7 muak/L A3, 22.72 pCi/mL
O & (FeEHEME 5.4 Cilmol) (MEE FH & 4.96 mg/kg (KE/H) & L < X3 (CLAHEME
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13.15 pCi/mmol, A U — 7l Z AR & U CIRE 10%) (& & 730 mg/kg K/ H) T, g
NG STz, BEo 7 aarvaEbEos 6 REkic~y 22 L, Iz LB L C,
DNA 71X RNA O U, i JOMIENMTOTZ, ~ U 2D DNA R RNA & o4k
AREEIZOWT ORI R %, Table 4.40 (27”7,

Table 4.40 Studies on possible covalent binding of 14C from [14C]CHCI3 to mouse liver DNA or RNA.

Experimental conditions ¢ from [**C]CHCI; in dpm/mg
DNA RNA
Control 12+3 11+3
Phenobarbital 812 20+ 6
3-Methylchloanthrene 13+3 15+4
730 mg/kg 1 admin. 16+4 15+4
730 mg/kg x 4 days 612 9+3
730 mg/kg x 2 weeks 31 8+3

ZORBROEMH T TIE, 7R AREORGHENRBmE . ~ 7 2O D DNA <°
RNA L OFEREAHEGIL. Eoo<BHTERhotz, 727200, BtER(T7 = 7 L
EX—LBRIO3-AFLaT s b)) TRENTZ DNA fEEPEE RNA FEAHEIE. Wi
bLE < lehot,

T FOBEAIL, BBEO 7 v R LEENS 6 FEBICEREZITV. ITEE2 A LT,
R E Ry 2B LT, 2 OB X, FIEOFEMIEEH STV,

ST LT RN TCOEAEE S, YC-ruukLamisko Y A ENT, EEIT

e LT, BEAEIE YC-r nuRL alsko MC ICAERATHELTEY., -,

TEES NI T RCOmy (BHEEAE, e A NCEHE, 74TV ) AEEHER X OEE)
2, HEAEEEMEOHAEERIZEE LTS ik TWn5s,

Reitz et al.(1982) :

e In vivo TD DNA #££&/DNA S8 5KE%
S FE I ERAMRE ISV TSRO BT EAL (FFIECE R . 7 2 e AL AR ER
LRGN 2 B i RIS oW T, B BEC3FL ~ 7 X & MED Sprague-
Dawley 7 » k& HW TR BT HNT-,

DNA ~DOFELSM AT 57-D. 1D B6C3FL = 7 22, ¥C-7 mah /L ARRKNEE X
7= (240 molkg IAE D &),

B6C3F1 ~ 7 2 D JIFfids L OVEH i)~ 5408 L7 DNA 12, MC-7 v m kR L ARFEET 56
it AbEAE GRS (CBI) T 9 &, 1.5 umol/mol DNA Th -7, 7k agEhicks
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CBl O, 77 F k¥ > (CBI=17,000 umole/mol DNA), YA FL=}Fu /7 I
(CBI=6,000 umol/mol DNA) 72 £, DNA IZH< AT ke L i35 L. bbb o
Th-oi,

DNA 181X, LFTOFETHE SN, T7bb, IEH72 DNA AE sl 2 0lz+45
REOE Fad vy LT 25 L @REmIc, JEREME caR L agh L, S H-FIY
> 78 DNA [ZHVIAENDEEZRE LTz, ZORBRHREICIL, ZOFIEOFEMITROHE S
T, #E5R% Figure 4.10 127”7,

DMN

/] 8

7.0

50

[

Ratio of DNA Repair in Treated Group to Controls

7

\\
\ .
% \\ CHCl4

1.0

Doses are given in mg/kg

FIGURE 1. DNA repair in the liver of mice treated with
dimethylnitrosamine (DMN) or chloroform (CHCI;) relative
to control groups.

Figure 4.10 DNA repair in the liver of mice treated with dimethylnitrosamine (DMN) or chloroform (CHCI3) relative to control
group.

TAF)=btr Y7 I (DMN) OREFENE G2 LD B6C3FL ~ 7 ADFETiX, DNA &
BORKIBRBEENDZEZ ENR, ZaakLa, ZORBRRTIHEEEZ RS20
2o LEBR-ST, ZHODOTF—E0561%, Z7uoukLAORA#%5125 %5 DNA BEEOH
(b FrXs Y LT OMEMAICH 2230 53 DNA IRV AT H-F 3 Vv &80 HHEH)
[ZOWTIR, b AEM I RSN T,
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Potter et al.(1996) :
e DNA SEYIBR DS

7 uaRV A ETe 4 FEO N a2 Z UNBIRICIT S DNA SHEIENT RIE TR EC
DONWT, HEDF-344 7 v b EAV, TAAH ) BRIRELUEICE> TR an,

KD F-344 7 > Mz, 7 vuad/l A, 0.75 mmol/kg A (88.5 mg/kg IREIZAHY) F721%
1.5 mmol/kg IR (177 mg/kg REIZHHY) O HET, #Hfi LC 7 BRI, fihz ik s L
SRR DG SR (o R U e A 2 U OBA BRIEALTHE S &), DNA 85U O
FEI1X, ZAREH DNA HES 2 Lo CiMili Shv7z, RS DNA By ORI, BtkExt o v =
FL=ba YT IEDAFL= b YT I TRO B, ZiuE, DNA S o#HR %
RETLHHDOTH D,

fE A Table 4.41 1Z7RT,

Table 4.41 DNA strand break induction by THMs.

Treatment Fraction of double stranded
DNA remaining after 45 min
unwinding
Vehicle control 0.83+£0.02
Chloroform 0.87£0.01
Diethylnitrosamine 0.79 + 0.003*
DimethyInitrosamine 0.55 + 0.02*

* Significantly different from control, p<0.05.

70 1RV AIZOVWTERD B A DNA B IE, Mt BRIZ oW TED b EHSYy
CRIETH-T-Z D, Z7aaR/LAET v FOBIEIZIBVWT DNA SHEIWr 2 535%8 L7
Dol Z EDRBREND,

Mirsalis et al.(1982) :

o TEHI DNA &k (UDS) SER

HED Fischer 344 7 > MZ, ZuamA/L AN 0, 40 1 L <13 400 mg/kg & C HLEIRE 1
&, FFIIIZRBT 5 REH DNA G5 (UDS) AIE SN, T v MIHEBERG%., 2 B
MlEi 12 i CREZR SNz, ZoRERIL, MlanAFLrr ) —rea=2Y OFEKRT
Yutt Sl Z L LIS, OECD H A KT A4 L 486 IZHt~» T, B/ Efi s, #
% Table 4.42 |27~ 7,
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Table 4.42 Induction of UDS by chemicals in the in vivo — in vitro hepatocyte DNA repair assay.

EURAR CHLOROFORM

Chemical Dose Sacrifice Time Number of NG * SE
mg/kg (h) treated animals

Corn oil 2 7 -5.1+05
12 13 -44+05

DMN 10 4 55.8+3.3
CCl3 40 2 3 -41+04
400 2 3 -4.4+0.8

400 12 3 -27+0.3

EBRI T (NG) TERRIZOWTIE, 7 2 a /L AREEE S~ BREN) O L & et B o
fal oz, ZITBO ootz B THL O ATF L= Frr Y7 I (DMN) D
HIZiE. NG ERICH BNl b,

I e

Larson et al.(1994) :

o HiEE L UBIRICH (T2 HEAEMMMIEIE
Z ORI, B F-344 T > b O L OBIRICI T D 7 v ow AL AFEFE MR R AR
ST, HEEKGFEZHET S EZ2EBME LTS, ZaakVAzZRED F-344 7 v b

(IR G- F 7 THOKEE G- UL AR (LD 25k, HEBREN) O ITlds L V&gt o S
BraoEIE & U TR L 7=,

SRR 0B OEA T, () BRI OWTIX, 4 H BIZ 180 mg/kg IRE/HEETO R, ik
ROHEMMNTRD v, (i) FFEC W TiE, 4 HHIZ 90 mo/kg K8/ HLLEDORE, BLU3
P B Z 180 mg/kg R E/H BE T, RO BINNRD Sz,

KRG OBEATIT, 7 aafR/LA~ORZEIC L Ao, 4 HES 3 BHG.
gD EDF I BT HRO L ivie o Tz, FUKE 2T 5 HE#F (0~90 mg/kg &
H/H) 1L, iRER 0BGz 5 e L 0 ko T,

FEHOIL, M e LT, MO H &R AN, a—la ke LT L
7aaRV IS, BEOHBEMEREICEE L TWD LT 5,

Z ORI ITIX, T v PO & BRI B WD CTHAMMIREEE S E Ul 2 E R S
T3, ZORBCTRINTEREN, Z7aahLAOEREMHEOIMMICBNTED LI 7
BEREAATINEIARHTH 5,
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Table 4.43 Summary of keystudies.

Species End Point Doses Exposure Vehicle Route of Results Reliability | Guideline References
administration Deviations
Micronucleus assay
Sprague MN 472 mg/kg bw/d | Single dose Corn oil Oral + 2 OCDE 471 Robbiano et
Dawley rat Kidney 472 mg/kg Rat kidney cells |al., 1998
bw/d instead of
erythrocytes
Mice MN 0; 238; 476; 952 | Treatmentat 0 | Olive oil i.p - 2 OCDE 471 Gocke et al.,
Bone marrow | mg/kg bw and 24 h 1981
Male and MN 0; 22; 44, 89 2 treatments at | DMSO i.p - 2 OCDE 471 Tsuchimoto
female mice Bone marrow | mg/kg bw 24 h sacrifice 6 Route of and Matter,
h after the final administration | 1981
injection was not
adequate
B6C3F1 mice | MN 200, 400, 800 |3 daily inject Corn oil i.p + 2 OCDE 474 Shelby and
Bone marrow | mg/kg bw No deviation Witt 1995
B6C3F1 mice | MN 80% of LDsq Y. daily doses DMSO i.p +/- 2 Only one Salamone et
Bone marrow 60 h concentration al., 1981
was tested
(80% LDsy)
500 PCE
counted per
mouse
Chromosomal aberration
B6C3F1 mice |CA 200, 400, 800 single injection | Corn oil i.p - 2 OCDE 475n0 | Shelby and
Bone marrow | mg/kg bw major deviation | Witt 1995
Long Evans CA 1.2,11.9and 5 days Distilled water | Oral + 2 OCDE 475 Fujie et al.,
rat Bone marrow | 119.4 mg/kg bw 119 mg/kg no deviation 1990

NHOdOHOTHD dvdNn3
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Species End Point Doses Exposure Vehicle Route of Results Reliability | Guideline References
administration Deviations
Long Evans |CA 1.2,11.9and Treatment at Oh, | Distilled water |i.p + 2 OCDE 475 Fujie et al.,
rat Bone marrow |119.4 mg/kg bw | sacrifice at 6, 1.2 mg/kg no deviation 1990
12,18 0r 24 h
Male and CA 0; 40; 120; 400 |6,24,48h Paraffin oil Oral +/- 1 OCDE 475 Hoechst et al,
female Bone marrow | mg/ kg bw 400 mg/kg No deviation 1988
hamsters bw Not published
Sister chromatide exchange —
ICR/SJI mice |[SCE 25, 50, 100, 200 |4 days Olive oil Oral + 2 OCDE 479 Morimoto and
Bone marrow | mg/kg bw >50 mg /kg No deviation Koizumi
bw/d 1982
Mutations
B6C3F1 mice 0; 50; 166; 500 |6h/ 7 _days Unspecified Inhalation - 2 No guideline Butterworth
Mutation mg / kg bw Sacrifice at 24 etal., 1998
Liver after treatment
DNA damage — DNA binding
Sprague DNA binding |[47.2 mg/kg Single dose Corn oil Oral +/- 2 No Guideline Pereira et al.,
Dawley rat Liver, kidney |bw/d 47.2 mg/kg 1982
bw/d
B6C3F1 mice |DNA binding | 118 mg/kg bw | Single dose Corn oil Oral - 2 No Guideline Pereira et al.,
Liver, kidney |/d 1982
B6C3F1 mice | DNA binding |240 mg/kg bw | Single dose Unspecified Oral +/- 2 No Guideline Reitz et al.,
Liver, kidney |/d 240 mg/kg 1982
bw/d
B6C3F1 mice | DNA binding | 240 mg/kg bw | Single dose Unspecified Oral - 2 No Guideline Reitz et al.,
Liver, kidney |/d 1982
F-344 rats DNA strand 88.5; 177 mg 7 days Vegetable oil | Gavage - 2 No Guideline Potter et al.,
break /kg bw/d 1996
Kidney
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Species End Point Doses Exposure Vehicle Route of Results Reliability | Guideline References
administration Deviations
Male F-344 UDS DNA 0; 40; 400 mg/ | Single dose Corn oil Gavage - 2 OCDE 486 Mirsalis et al.,
rats repair kg bw /d No deviation 1982
Liver
Male A/J DNA binding | Up to toxic Single or once | Olive oil i.p - 2 No guideline Diaz-Gomez
mice Liver dose daily for 4 days and Castro,
or twice a week 1980
for 2 weeks

80T/9L

7ra AL LI LT, 30 0 in vivo BEROIEWMAFTF LN TN D, KU A7 FHEIETIE, €D 16 fRIZO W TRE L, £DOW 14 {£4% Table
443 1ZF L 7=, Vogel and Nivard(1993) ., Gocke et al. (1981) . 35 J T* Vogel et al. (1981) {22\ Ti%, Drosophila Melanogaster (4 2 3 7 =
UNT) ZHWERBR TH DL, R R 7 FEHEICITREEHE S TuV/aLy, Le Curieux et al. (1995) 3 X OF Fernandez et al. (1993) (2 >\ Ci, b
TAEYBONWELHNTHTONIZRBR TH L 720, BREOKGLE Lz o7,

B ORBRICHOWTI, BHEEN 3 E/1T4 L{EW=D, AU R Z7FHMEETIL, Table 444 [2EH LT, HMEMEBENICTHICED D,

Table 4.44 Summary of non reliable studies conducted in rats or mice.

Species End Point Doses Exposure Vehicle Route of Results Reliability Guideline References
administration
Lacca mice Chromosomal |0, 100, 200 Treatment at Oh, |ND s.C + 3 No Sharma and
aberration mg/kg sacrifice at 6, 12 Anand, 1984
and 24 h at 100
mg/kg
Albino mice | Micronucleus |0, 100, 200, No data ND No data + 3 No San Augustin
in bone marrow | 400, 600, 700, and Lim-
cells 800, 900 mg/kg Sylianco, 1978
Male F-344 Micronucleus |0, 100, 200, 400 | No data ND i.p + 4 No Sasaki et al.,
rats in hepatocytes | mg/kg 1998
ICR mice Sister 0,1665mg/kg [Upto6h ND inhalation + 4 No lijima et al.,
chromatid bw /day 1982
exchange
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Species End Point Doses Exposure Vehicle Route of Results Reliability Guideline References
administration

Male Wistar | Binding to 500 pci/ kg bw | Treatmentat Oh |ND i.p + 3 No Colacci et al.,

rats and DNA, RNA and sacrifice at 22h 1991

Balb/c mice | proteins
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T—XDER

In vitro TiX., R URBRAZ W BN SN TWD 0N, ZLs OfERIE, Btk b A
SNFELOD, B ETIE, BBIEDFTAZL,

In vivo TiZ, DNA fi&atZ et L7-RBRIC L > T, 7 ook A0z OfHY1E DNA &
WTHEAE LW, DT LEAR LW T EARIEB I TS (Pereira et al., 1982; Reitz et
al., 1982; Butterworth et al., 1998; Mirsalis et al., 1982; Diaz-Gomez and Castro, 1980; Rosenthal et
al., 1987)

7y e URATIE, Zuud/L AORORGICE > MR & O ERBEENFRE SN
7= 7% (Robbiano et al., 1998; Morimoto and Koizumi, 1983; Fujie et al., 1991), /~A A X —Ti%
P 720 o 72 (Hoechst et al., 1988), 7o, AN G TIX. 7> MIBWT, Gk
FLHE NS S vz (Fujie et al., 1990), ~ w7 A Tlid, KA & ToOH G35 (Tsuchimoto and
Matter, 1981) <°H[m] £ 5-3%5% (Shelby and Witt, 1995; Gocke et al., 1981) TIXEENFHIH SN
PRIo TN, EAETORE R S-RER (Shelby and Witt, 1995) TIZEEMERZENTFH R Sz,

7 0 m RV ASOIRERIZ LY . IMETERLOBEEE Y Robbiano et al. (1998) Otk Tl fa Mt
MR DK 3.32 11 (56T R D 50%) (Z#4 0 L. Shelby and Witt (1995) Tl et oK) 1.75 fiF
(Bt FRICBE -5 7 — #1353 H 72 TWRW) IZHEIN L7z, 7 v a kL ARVEIZ L 5 /M
e EPE L SRR TH . T OINE, BEYSEROMED 1.75~3.32 fFOHMH TH -7z,

Fujie et al. (1990) MFER Tlx, YRR E ORAEE 2, OG5 OLEIT0 6 75, IEEN
BE5OBEAITH 85 fFICHI LT,

Potter et al.(1996) DFER TIX, F-344 7 > MIZ mrk/L.A7S 885 mgkg (AHE £ 7213 177
mg/kg IRE D HET 7 A& S S7=2%, DNA SHUITIIRE O S ivie o T2,

2 004 JLL DI

ZuaadR/VAE, v N O TR, B & RZTrRE O T 2% 2 WREMED B D
(Figure 4.11), EH o0 EZ T H00E, BERE L LEREICL-TRkES, Z7unm
RIVLDFEMENFERENDTZOIZIT, ZaafR/LANy k7 a b P40 Z4 LT ERNTE
YL A2 2 D BERE R BT, ZHIC L0 RUSERBI B S5, (T o aE VTR
Fi7e in vitro FEASC in vivo RERIC L - T, 7 e AL AR, BEICRE# S E N Y
mRAR )=y, M) Zmar A —d, BRI TRE ORI RS
(COCL) 17D T ENRENT VD, RAT TIHEFITOEMENE <. REZEEREEZ A
T o MNER sy GERE, U VIR EOMMEE, REootE 7V 2 F A U E)ICHARA T D
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(Gemma et al., 2003) .

bt MR FEHEFK A A T B e ARV LNITGREE S D58 IS T 2 BEORIREDLE
oo/, FE LT CYPEL IZL->THAF U~ &b, CYP2EL =4 L7-
FOSHEFI S D &, CYP2A6 MA ATV DAERMIZIT 5 AR ZRI- L, 20854,
NIRRT EDMENRAE T (BFE 2 E 1%) TH., RISHIRITE VD, mAT 0L, B FO
g CAREND, BTFREROSH D, FERIPEY TH 5 (Gemma et al., 2003; Golden
etal., 1997),

BREOLA, Z7aakL ik, TOREBEHEOERIFTFOBEIZED, RSAF O
WELERSELLEEZ LN TS, TOBEICL Y REMIAE L TKE DEBEISSPT
HBIv, RAFT L, XV RISEDO@EWMEE., Tl 21X, TAETF AR EOEEM
) E CHIFETEH L H 175 (Potts et al., 1949) ,

— 5. ZuuR)LARETIREE D L. Y7 aa AT T U H L (CHCl) AT
5o, vrZuuAF)T AL, OMEDRIEFIZE WL, IBEOBERLZ 5| & Z 95
NHD5H, REOWBILIX. IR0 T T HINERO—KE72D1ED,

Caovalent Binding o cellular Mucleophiles

/‘1 PL-PH ;Proteins : Mucleic Acids)
0

H.0 HCL
GSH
P50 f sH
CO,0 Lo, Gs—C—a1 O+ EESG
o,
= o HOOG HCI
- ;

\\_’1:[ THC »\P HC
"

(%]
HCl
"CHCY, H oo,

idati CH,CL,
Peroxidation o velen Binding R

P

o FL-FC

PL-FC= Adducts to Phospholipids Fatty Acyl Chains ; PL-PH= Adducts to Phospholipids Polar Heads;

GSH=reduced ghitathione; GESG— oxidated glutathione, P450= cyicchrome P450 )

B L The heo pathieas of chloran bisostation,

Figure 4.11  The two pathways of chloroform bioactivation.

TN FL>

o)L hOaMEMET, JVEFF o BICE DD TH Y (Brown et al., 1974;
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Steven and Anders, 1981) ., AFlgICBEER M/ E N ET D DITHNL»> T, IV F A4
BICHERFEN 2B DB b 2 & NERE STV 5 (Brown et al., 1974; Docks and
Krishna, 1976)

Ammann et al.(1998) 1%, 7 v BV LT TR EAT Vb, FTAEF 4 OHFEEDOR;
BEF &4 & %&/R LTV 5 (Sciuto et al., 2004; Jaskot et al., 1991), 7 /v & F4 03,
Pl bz o XM CEA SN DB, ZOPBbERIL. failEsFT2L52060
TWb, Z7BBFRLVARKAT NS LS TINVEF A BBEDT 5L, DO
VAULME T T %, ZHUCKD, BEA B UABEEINT 57200 T <, OGRS PR
DERELEMT HEEZEXOND, ZIDDISHETEHREEFE (T U —F )1, AR
95 & DNA TG L, mHERESKER G OSLG, Bomtto—ReRstE2bR
Do

BREDRE

EBREW E N2 ODORBROFEREN S, 7 v iV A EEET BT 2 A
DN, FEMEIC A KAE T ATREME S R KTV 4 (US EPA, 2001), 7- & %1X. Larson et al.
(1994) DFERTIL, HED F-344 7 > M1 2 ARIKFNRBBEORMMR, 7 rakiL
Lk a— lEERE LT LESGAITIEEEO bl 7 e RV A2 8ok b LizGs
IZIEERBD N0l Z ERHEIN TS, 72720, ZORBRTIE, BkELIZE DY
7 AR L A~ OUEFE  E (0~90 mg/kg ARE/H) L, a2 —lE ke L-Ga0REN &
(0~180 mg/kg (AE/H) KV AKX o7z, AU 27 FHIECTIY RIF7oRERNBIE, BRI
B3 2 ZOEFBIZEM T N hoTe, T, Z ek Vv AEARRKEREE L TRE
L 7= Fujie et al.(1990) ®FER TIL, Btk DfER (AR EE) DRI TWDHN, Zarik
Vb Ea— AR L LTS L 7= Pereira et al.(1982) . Potter et al. (1996) . Gocke et al.
(1981), LU Mirsalis et al. (1982) DFRER CTlL, FEMEOFEREIIRINTWDH Z EIZL D,

IR 72 DRE

ILSI(1997) Tix, HRAF AAZHNT, FEFICUSHER RN L A/RE 4L, DNA & EEFE A
ERTELZENTPRINTWEN, ZTO—FT, EENRERFEEORB R EZ V2K
PITONTWRNZ ERER SN TWD, Eo, RAT IRISHEREW 2D, 7 rnr
RV ADORHBIZ L > THA MY AHFIZAER LA AT T, MlZICET DRI, BF D
SHRERL Y EROETHEZEZLNTEY, BF5< DNA [ZHEBEFEL LT Z LiEn
ThHA) EFEmRDTON TS, L LAaRnD, 2o, mAF 2N e hok & b
H2B @ N K (Fri2 7w U VAR Y UL L RIST 5 2 &R TE, L - Tl
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\CEFETE D Z & &R Lkt 40 i (Fabrizi et al., 2003) & 137 /&4 %, B A b2 H2B I,
HIFMRD 7 n~F UERICE ENTWS, T8k 5 MEOE XA NVEHEO—D2TH

%D, BEANY H2B X, FEARERMEEWN N KEEHSHRD . X7 LAY — L
(DRI L7z B — XK OffTE) OTERICEb > TWd, EX R, Z7a~F ol &
. DNA OZiE{k, DNA ZARSHUIWHERIZEA G- L T\ 5, E7-, Diaz-Gomez et al.(1980)

X, 7 aR L AT ORBMN, AN R EOEEAELMEALEDSZ EERL T

Do

BFDRHA

KUY A7 FMEIR LT —F 0 5bIE, 7R/l L0 DNA SRS LRV L RRE X
5, LLaioiREk (Brown et al., 1974; Gopinath and Ford, 1975; Constant et al., 1999; Pohl and
Krishna, 1978) & AU A7 3l R Lok RIZ, 7 v e R L AO@FMEOFEBIZIX, &b
71 P450 (2 LD 7 v L LD (Figure 4.12 (1) XU TH D & 9D fiim & B
FTW5,

T=AMNBIE, 7RV AT TRIFAT G, 7V T4 (GSH) DFEYE (Figure
412 DR ESIER T ENRBEIND, ZE T A OMEIE, B{bA L X (Figure
412 OE)YHEDO—K LD EEZBND, X HIZ, Fabrizi et al.(2003) 12k - T, KRS
VR E A R H2B L RUG L (Figure 4.12 D(4) . ZHIUZ k> T DNA EEEEN G & 2 &
DA DRI TVND, L DIFFEIZOWT, Figure 4.12 128 L7,
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Stabilisation

N

Chloroform CYP P450 (1) > Phosgene

N GSH levels (2)

v

) Reaction with N-
Oxydative stress (3)  terminus of histone (4)

l H2B

Free radical generation

<________

, v
! Disturbance of
] DNA repair
v
DNA damage
DNA strand breaks
Micronucleus formation
®)

Chromosomal aberrations

Figure 4.12  Hypothesis for micronucleus formation and chromosomal aberration after exposure to chloroform

41273 ZEERREOEH
Mmoo —TI2&LBLEa—:

IRV AOERFEICET AT =2 O L E2—LiHliN, T, W OhD T L—7
(EIBRAS AFERE RS (JARC) | K EBRBEAH#ET (US EPA) | EIBEAm B ZEAT (ILSI) J5 & UM
SRR (WHO) JIC L » TThhe, ThbDLbEa—DiFL AL, Z7rak/L Al
DWT, FRWERZERFE TIERW, HVBEEEEEN AT 2 eIkt cx e
W& RRDT TV D,

ILSI(1997) TiX., Zuah LV AOERFMHIZOWTELNTZT—20, LEa2—&8h T\
%, ILIS DEZEBEIE, BlIET 200N ThEd L > TAHATH, BEDEBLEMEOIERKFE %,
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7DHT»A’%$HT6ﬂé%®&LT B L TRV R0 RS TRy, &

L REOFHLE, 7 v a RV AT WERFEMENRR N EER LTV D LR T
5o%ﬁ PEAL A (ZBE 5 IARC OB (IARC, 1999) Tix, b MIBILTiX, Z7un
RV BT K D BARTFHIR LT VSR LB T 2 7 — 213G b h o 72 L fam
ST HNTWD, 7 rakLbOBERNEZ R 5 E5H 7253, in vivo 3RERR & L
A, BB X OEREZ A2 invitro BRR TR O TWD, HIEISxET 528 BIFME
D BAILTNRW,

US EPA(2001) 1%, Z 2 RV AIZOWT, BRIFMNHHZ L ZHEICHRNTAHZ LT T
ERNWELTH, MWEREREYE IVt s, ZJooklLiabtoREM .
DNA IZEZITHEE L7anZ EN, GEHLOEAIFIZE > TURB IS EfimoO I T b,

Environment Canada(2001) % JfU& %L L7= CICAD(2004) 1%, 1F LA EOREBE T nukiL
LOBIEMELZHER TE RN oI EMm DT TND, DO, IFEERNZZRRICED, T
v N TIEBWBEROC A R o D RN " S D, LinL, BIRIICRS &, GEo
BT NE, 7 v m AL MFEE RBEEEITRNZ LORREN D,

KUY A7 FHIETIE, Klimish Ffi A7 AMIHE- T, FFMED 1 £7213 2 OB Z P
Y EF T2, Invivo TIERMEORHR b STV 528, EERR L E 2 —2iEfi s
LTNAHNL D7D in vivo iBRERTIE. 7 1 1L A K o T/IMET RO YL R 2 ANk 5%
SNDHHEEMEDH D Z ENRINT WD, ERESG TH 2B, 3 FIUL Eo5 2517
T B REN ) O F BEMIE L BT F‘@ PEDFERNZBD bz, ZDZ L%, FVEFHD
FveZ & 2 B LIRS DT ALT0BHL0EBEZLND, £io, /IERER &Yt
FEFERBRICBWN X, 7 v F%Jﬂw‘_ DTS B DR R B HRE STV D08,
vﬁX%%wkﬁa_i%@khﬁwﬁﬁ@ﬁ%#ﬁ%éhfw

INHORERNG, Zaak/L A, in vivo TixbhThEREEOH DILEMTH Y |
BT AV =3 OERFMALEM DT AMNERDH D Z ENREBIID,
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4128 HEHNAM
41281 BMMICEITHHER
In vivo 3XE&

RA

Yamamoto et al.(2002) 12X v, BDFl v 2B LU F344 7 v b (MERES 50 PE/RE) &2 FV T,
BN TN TS, Z ok A~DOWABREN, ~7 ATIE 5, 30 %L<
90 ppm DIRFET, T FTIX 10, 30 & L <% 90 ppm DOILET, 1 H 6 KefE], 5 H,
104 HRENZ DT IS Tz, ~ 7 ATiX, 30 & 90 ppm DIRE TIXAMEISLNAEL 572
B, ZALE DARWREE CIRER T @IS I AR T e, 325, 30 3L 90 ppm B
D~ T AZONTUE, &AID 2 % 5 ppm, T ORD 2 #E % 10 ppm (90 ppm BE Tl

S HIZZEDOWD 2 % 30 ppm) T L7-%, 2k oW 4 30 ppm <° 90 ppm
TR L7z, 30 38K TN 90 ppm FEDBED~ 7 AT, BEHALIE & B A % &b
AR, R A BTN L 7= Gt IRAE 0/50 L. 5 ppm #% 1/50 Pt, 30 ppm # 7/50 [t 90
ppm #f 12/48 UE, DL F O EZHR), 90 ppm FEOED~ 7 A Tik, BHFRAS A DFA =)
b FRFE LT b U Tt avIC A B HEE N U 72 Ger ERE 0/50 DT, 90 ppm # 11/48 L), D~
A LWERED T > b T, WTNORERE TH . JEERA RO B A INER
HZeoTz, 5 ppm LLEDORETIE, WD T v b EMEO~ D AT, SR (FIEE, B
FRICHT D FEMEORE R A 7R &) 3R esbrazm‘:o ~ U RZBIT DB RERS X O
B AL AUIZBI9 D NOAEC 1£ 5 ppm, &R ZSIZEE9 % LOAEC (£ 5 ppm & HIE ST,
(VR7BEHRBICEEL., BEELRRRL L*C%JE:O )
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Table 4.45 Incidences of neoplastic lesions in the mice and rats exposed to chloroform vapor at different concentrations for 104
weeks (Yamamoto et al., 2002)

(A) Mice
Male Female
Group Control  5ppm  30ppm 90ppm  Peto Control  5ppm  30ppm 90ppm  Peto
Number of animals examined 50 50 50 48 50 49 50 48
Liver
Hepatocellular adenoma 5 7 6 8 1 1 4 3
Hepatocellular carcinoma 10 0** 7 10 T 1 1 0 3 T
Hepatocellular adenoma
+ carcinoma 14 7 12 17 T 2 2 4 6 TT
Hemangioma 0 0 1 0 0 0 0 0
Hemangiosarcoma 3 0 2 1 2 0 0 1
Histiocytic sarcoma 2 0 0 0 0 0 1 0
Kidneys
Renal cell adenoma 0 0 3 1 0 0 0 0
Renal cell carcinoma 0 1 4 11** 17T 0 0 0 0
Renal cell adenoma
+ carcinoma 0 1 7 12%* 11 0 0 0 0
(B) Rats
Male Female
Group Control  5ppm  30ppm 90ppm  Peto Control 5ppm  30ppm 90ppm  Peto
Number of animals examined 50 50 50 48 50 49 50 48
Liver
Hepatocellular adenoma 0 0 0 0 1 0 2 1
Kidneys
Renal cell adenoma 0 0 0 0 0 0 0 1
Pituitary gland
Adenoma 22 23 21 17 24 20 18 11*

*:P <0.05, **:P < 0.01 Fisher Extract Test, 1:P <0.05, T 1:P <0.01 Peto's Test

Nagano et al.(2006) (= & 2 W Ad KO M PR FE D AMERRER O T, F344 7 » I (H 50 T/
B, 7 madR AR E 0(TEE72785) . 25, 50 & L <I% 100 ppm(viv) DIRETETe
7202, 1 H 6 B§fE], 8 5 BT, 104 HEIZHZ D WARE SN, WTNWOBREETH,
RSO AR, FAICHE RIS Do T,

#ERE

T XX, BFHITHRN,

O

NCI(1976) i%. Osborne-Mendel Z » k& B6C3FL ~ 7 A% i\, 78 M sl 18512

X, ZueaRVAORNAMEERE L7 (ARC, 1999 OHFTHIH), 7 vakLiho&ks
X, a— imzEARE LT, 90 7213 180 mg/kg AK=E/H (F ~ MEE) . 100 %71 200
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mo/kg IAE/H (F » ME) . 138 F£721% 277 mo/kg {KE/ B (= 7 A1), 238 % 721% 477 mg/kg
RE/IA (v U M) Th-o7z, 7> MTIE, GHEROMET, B LRI OF AR,
S FREE O JELZ el U CREFHAROICHE BTN (24%) U7 CoFRREE 0/99 VT, 4 < HREE 0/19
VE I EAE 4/50 VL, = fHERE 12/50 PL), ~ 7 AT, KA ERE & m B CHEREE B2,
FERAG S Ao DTS AEBBE DS, X IRBEIC Il U CREFH RIS A B ICHIN U 7= GRHBRBE O I 5/77
VC. &% At O#E 1/18 PT, 138 mg/kg AR/ HREDHE 18/50 PT, 277 mg/kg AR E/ HBED I
4445 DL xFFREEOME 1/80 DT, 84k FEREOME 0/20 PE, 238 mg/kg K/ H BEDHE 36/45 PC,
477 mg/kg {REE/HEEOME 39/41 JL), ~ 7 ADOAKHEEETIL, SIS A& RIE Le o 72
D2 < T, MIBROREERIEERNRD bz, 7 v b TIEBRERFOME T, RIS O
FAEROBMMBFEO DI, O, HEHFNICAER TIZ ol

Roe et al.(1979) 1%, #7225 R/kLD~ v A (MEME, 10 Hifn) 2 Hvy, 7 v ek sz 1ERIC
6 H. 80 MRIZH7- v mfilik A& 59 5B a 3 [HfTheo/z, 3EIORABRE S, 7K
VAR EREE RTREOR T, AFR, RE, BIOEMEIC, BEHPRICAEEREITRED
SA7eoiz, ICI ~ 7 ATk, &HE (60 mokg/ H) BEORET, *TFRBEICELEE L T, &
JE~FEE ORFHEIAZEMERS D HIN L, BEES (RIE & 23 AE) DR A AT & 72 88
NRDHHNT-, CBA ¥~ AL CF1 <7 AT, BERMT, TEE~HEDOBHRLEDIRAE
HKOEMBRD BTz, (VAZREHECEL, BEELRRE LTERE, )

Table 4.46 Incidence of renal tubule adenomas and carcinomas inICl mice exposed orally to chloroform (Roe et al., 1979 in IARC,
1999)

Treatment Sex Incidence of renal tumors
First Study
Vehicle Control (toothpaste) Male 0/72
17 mg/kg bw/day CHCI; 0/37
60 mg/kg bw/day CHCl; 8/38
Vehicle Control (toothpaste) Female 0/59
17 mg/kg bw/day CHCI; 0/35
60 mg/kg bw/day CHCl; 0/38
Second Study
Control Male 1/48
Vehicle Control (toothpaste) 6/237
60 mg/kg bw/day CHCl; 9/49
Third Study
Control Male 0/83
Vehicle Control (toothpaste) 1/49
Vehicle Control (arachis oil) 1/50
60 mg/kg bw/day (toothpaste) CHCI; 5/47
60 mg/kg bw/day (arachis oil) CHCl; 12/48
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Jorgenson et al. (1985) Ok Cix, HED Osborne-Mendel 7~ ~ &> B6C3FL ~ 7 A2, 7
oAb AN, 104 EEBOKE G ST, BKER L OEREORIEMICESNT, KO
REfENESES &, 7 v M TIEZER£4 0, 19, 38, 81 B LN 160 mgkg/H, v~ AT
ILZNE0, 34, 65, 130 BL V263 mgkg/H EHEH Sz, 7 MEOEHER T, &
HE S (RIS ORIBRARIE & JR2S A) OFAERIZ, R B CHEIRTHI 72BN
BTz [k RRE 2% (5/301 [T) | ji & % BREE 2% (1/50 PC) | 19mg/kg/ H & 2% (6/313 L) |
38mg/kg/ A B 5% (7/148 L) . 81mg/kg/ A & 6% (3/48 PL) | 160mg/kg/ A & 14% (7/50 PC) ],
® BB6C3FL ¥ AT, 7 1 uk/LhDMKEEIZLS, ﬁmm@&%¢4@ﬁmim
ST ho Tz, FFHIRERRIE & IR S A% B b - R AERIL, MRET 6% TH 72D
ﬂbf%ﬁ%ﬁfmz%f%oko%%%@\:@ﬁ%kNdﬂW@Kiéé%ﬁﬁk@
FUCHE RO ZEDED DT 2 L2 T, &5 LK G2, a— a2k e LR
HRE O 573 OFEWAEIFR L T D00 H LivZeu EHEHI L Tuy 25 (Jorgenson et al., 1985,
US EPA, 2001 O H1THIH),

Osborne-Mendel 7~ MZEIT 5 7 1 v kL L DFEN AMERER Jorgenson et al., 1985) T/5 5
T B A FREl 5 2 S LV, 7 v u kb AL X DR ENE ORI AR
HR A~ DR 2 R AR S R DWW TRES M T 7z, 2 45 1800 ppm (160 mg/kg/ H )
THUKE G221 COZEEO2F L [F T < 900 ppm (81 mg/kg/ H) TROKE 5% %17 T
ﬁ@#iﬁtf &I FE M D C & DR~ FE DZEMEN B BB O A & R

T C O HRME G DTz, 7\ AL AASOBMEREE & R BE ORI

ZAv & LT, Mg oM, Mg 0%k, B LUOBORBELNRD Hi,
AT HME O JRE B OFT R &AL T s, BRI, ITARAE BT D
FAOEE., BLO, RME LEOBERERBE bR SN, b0 id, < HREE,
200 ppm (19 mg/kg/ H) BE. 3 L 1Y 400 ppm (38 mg/kg/ H) BETIXRRO bR o7, ZOMHA
E. Ty FOERIZK T 2 7 v e )L LFERMER D IS, R IO & 1B AR AR
A, BERFEZL L THDL TWD LT 2FHLOEAREZ, HELLFmDLIEDTHD
(Hard et al., 2000) ,

WA E#EOIC L BESIRE

Nagano et al.(2006) @éit%’ﬁf X, HED F344 7 v &RV, 7B BHRLAIZONT, WAL
0 OB AR CIgEE L7235 E . B AMEIEMEEIEIC & ORI BN RIE I D 0205
XHENTWD, DT HSO VE/EE ICKk L, WABRER X, 7 madR/L AR % 005 HE2E
). 25, 50 & L < 1% 100 ppm(viv) DI CETeZzE5I2, 1 H 6 Ff#, #5 104 I

blzoTEi SN, FREZIZ, 52, Zurk/b A% 1000 ppm(w/w)@?;ﬁfﬁf“ﬁﬂé\b
7okt U< 3ok (BEA) 23, 104 SBICH 7> CTHBEEBINTE 2 DLz, BHRE, B
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Fu2s Ao, 3 L OURANE BALBIZ O, WA LFE DI X 5 EERER TRO L0,
TR OBREE OB ORE L W ABREOHLORETIIFRO bNenoTz, ZORBROMER, BHERRK
CHRFE 22 T 2R TR DV BIESIL, SREIRR 05 0 I X DRECHOKE G- D 2
KABEBENMTONTTRBRCINETICHRESNTEEERE LY &, A ANRKE < CEYH
A X 16~17 mm, KA X 40~50 mm), HAEFELENZ ERPLNTRoTo, WA LE

FICEDEERIRICE D, MO T v N TEIEARME (ST 250 A LB EIER BN %
LS<H#EmT D k“nnmao (DAY N %E/\%Ftﬁfﬂz% L7=5% & OB IEA~DIEN A & FEER T
W NBRE D 72 % R & ORI R LR DRENMBCEND E R LT HAITT

MEnsb0X Djté“ < fi%.’)_}:ﬁ\mﬂ&éﬂéo

Table 4.47 Dose-Response Relationships for the Incidences of Renal Tumors Induced by Chloroform Exposures in the Male Rat
Study (Nagano et al., 2006).

Drinking-water Estimated amount of
exposure fOOO ppm  Inhalation exposure chloroform uptake R_engl t“m‘;r
(Estimated uptake) (mg/kg/d) Incidence
0 0 0/50
0 25 ppm 20 0/50
0 50 ppm 39 0/50
0 100 ppm 78 1/50 (2%)
45 mg/kg/d 0 45 0/49
53 mg/kg/d 25 ppm 73 4/50 (8%)
54 mg/kg/d 50 ppm 93 4/50 (8%)
57 mg/kg/d 100 ppm 135 18/50 (36%)*

Note. Data in the combined-exposure groups are indicated in italics.
% Incidence of renal-cell adenoma and carcinoma.

* significantly different from the untreated control group, the oral-alone group, and each inhalation-alone group
with matching concentrations, respectively, at p<0.05 by Fisher's exact test.

In vitro SXE&

— XL, SFH TV,

41.2.82 bk MIHITZHE
In vivo 5£E&
RA

Heineman et al. (1994) O EE Cix, ERFMICIEL 2 5] & & 2 T ENERER & L To#l
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KD WHRIAENIRRIEKSE (CAH) OFHii 2 Tz, 6 D CAH 2 Zh & ILH O
BHEFNZONT, BELBBEOMRE RT~ bU v 7 A0, MIEEO A A 51O E F 5k
BRENDLELN-T—ZICHEA SN, 2O~ M) v 7 ATk - T, @EMHERICH
725 T (1920~1980 4F) A PEECIRZEICH VT CAH AW LN TE AR H 500 E 9
SREI, RBEAE Z 2 1 EERS JTOMEICK T 5, BEOATRENM: L iR S3HEE Shs,
MIES & OBNEZ R EEIL, 7 ra R ARAF L7 aakL A~ORETIT, FEA
ERD LR oT,

FER

T—2X, BHHILTV RN,

O

25 L EOER (B 14553 44, &Pk 16227 4) Zxt% & Lz 22— b4 (Wilkins and
Comstock, 1981) Tix, HEFEIHE SN HFEK (7 0o R/ AOFEPRE 107 pg/L) [ZHREE X
NIEERE, BHFKEEFENEHE R L THEAL TV ERD, 2 2O akr— MBI 55
AT ST, i, BSIRRTL, FEE. B ALEEICSYT 5 EIE, RS EE
RLDOTHDLN, BEO—FBYDDOABEWSTZB NG, SESERMEEZMZ, 2
DO aAR— FaREET, VAP REB SN, AERER Y 2708, LBAITLD
FELIZOWNWTORBD HILHRRT Y A7 2.7, B%EHEXM T 1.2~4.9) . FFIEICE T 2 FE
N ANCONTE, AEMEITERAR ECTH 7= XU 227 3.0, 95%(FFEX M T 0.92~15),
MZERNZAT O THROFE TS, HEHBTAKE | IFIESCWIRERZIB T 23 A & o RE
DRIBEEN TN D,

Morris et al. (1992) (X, M EITHE I, FNEN O B FE S 4072508k GE 515 G
R 3R — M) ORER 2 BIICHE BT 2B (X 200 2 Fhi Lz, F&1T. &
FIHFE SN R KITIRE S NSO T, BB A & FEIGTE IS AS A DI AE RN HIIN L
Tl bR LI, RO 0RERIT, AEEKFHEREZRLTWS IS IcBbhi, &
DT Tl FBAKIROBENI S TRE R OENH -7 Z L bR EOIRELD
AU, O O RERERREDE N km Th D &l S 2RBRICIRE LI Ha.
BONTHELEREFIL, mOOKEE L-oTz, BREZSEHMICH T DMOFEIN A /2R
FWEDRBED > TWD Z Enh, FRICZENPEL TWDHID, AXSHTOXRE T
MHKORBROFIZIX, 7oL ize M 28BN AME L LT, BfEICRE- B
AT TETNDHDIE, — Db,

McGeehin et al.(1993) 1%, KE=2wZ NMNOEREZXG E LT, 1990~1991 HZnTFTO
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SENEFI TR 21TV, RS A & SRR DTN FIE & OBIE A RET L7e, PSR, /KiE
KEa—b—0ERE, BLXOHERELWVSZERICEL, r VAT ¢ v Z7EIFICE > TR
Brlid &, HMEEESINTZHRAK~OEFRITOIE 2BEIL, BERADY 27 L ORIZ
EREEMEAZ AT D Z LR ENT (p = 0.0007), BREHIFINEVIEE, FERBEREIC LR
U CHERER A DA > XTI L, ¥R EE SN R K~OIRELIM A 30 F4 827
it FOMEIL 1.8(9B5%FHXHET 1.1~29) 1T L7, BEAAD Y 27 oL, Bk
&tk WU L ISR TRk CTh o 7z,

King and Marrett(1996) (%, #E[FERFIRH A ZEh L, BEEAAOY 27 & hFZ DN
I LAGER ORI RRIFEY ~OWRTE & OBREZRG Lz, 272< &b 30 FOREER
AL, 1992 49 H 1 H~1994 /£ 5 A 1 HIZEEEA A & 2 S U7 fEBIRE 696 44 & | [F]
U< A< &b 30 FFEOREFHRA AT 2K HEE 1,545 A2 x5 L LT, RZaio 40 4/
DIFFEREPHEE STz, BTERASIERFICBE D% 20 L7 A4y XA LT, Fxf
UR7MHEE STz, HBEWE SN HE KIS 35 FELLERE SN2 ADBERAAD Y A
7%, BRI 10 FERWOANL Y bEhoT- (F v Xk 1,41, 95%(F#HIX[H T 1.10~
1.81), F7o. HEEPREEN 50 pg/L LLED RV a2 2202 35 4ELL BIgEE Sz AR S
FERE2S A DY A7 1%, BB 10 ARG DO AN D 1.63 15T - 72 (95%(F #H X M T 1.08~
2.46),

Doyle et al.(1997) ® =7 — MMFFETIE, SAANRS X OHEREERIFED ~ORE L. KA
DFAR L OBIEN T S vz, HBEWHERED ~OBREEN, KEOMBBOKET —
AnbEMENT, KET A A TINO LR — b 28,237 4026, RANDOEKHKIEIZD
WTCOREEG, TEOHTAKEEZMEHL TS Ltici L, diE oMKz
LTCWD&tEix, fIEnA, MBRABIOEERAT ) —~D U A7 BNEho T2, A&
KED7maR/V LIS U T 4 BEICHBIL TR LIZE Z A, 7 ak/L A~OlgEE
ELREBMRADY 27 H LT RTONRAZRLELY A7 LO/Ic, iErHE-X
ISBAER DR BT, FERGLASLOINL D ZNZEI DM AN DN T, KR B a kL A
IR & OIC—B LB EITRD bz o 7z,

In vitro FXE&

T—2E, BHHILTVZRN,
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41283 EMNAMDELH

USEPA(00D)IZ kD&, Z7mudiLid, HEOT v Mo~ U A TEERORAERZIEINE
o, MiEO~ T A CHBEROR/EREZ NS T NE2HT 52 L0, 8iE V=i
IZEoTHLNZESNTWD, ZhbDEEFRENE, RBRSNZHEICESL L THD
&L FRBE E IIEMEO MR E IR L b O TH Y . FAEMB A, S ZIRIICAE
L2t THHZ ENBEESND, 2 HFORBRTIE, 7y hv U RIZBWT, ZrAak
WA~DWABEICL DL DL END, BIEORENHEO LN TS, [DNA (T 5K
JEEA LT R RFMERBEF L, 7 0o dL A X BN B0 EE R ESR T
W EM, FEHLOEAFICE - ORB I TV D, FREEAZHIALEEFEAY, AL A 582
RERLZNITHLS EDRADAREEZ®EO LRI R>TNnL 2 EiE, +oflEShD
(USEPA, 2001), |

HKZI LT ma iV AZIEBERE SN NMIBT 5, HBHESCHADREAERIZON
TOMERET —FI1E, 7 v a RV LBEMIREO S OITHELN TR, HEHEHE S LK
A, —fIC, Zeadsbaofi, Z7eadsLAUSO R a2 H oL o
LR HBREED D E EN TS, BAKEN LT ma iV ACRHE IR M,
7 au R AOEERAEBRE KFALENZERFITHE S 7 v a R L7 200
AD, WMHFORBEIZE > TIRBESNTWDLHRHENH L Z LITHETRETH S,

RN SNIEZHAKOEMROERE N U g XX o~ BRI, BERS A D
A7 BT % Z LD, WS OPDOFRAETRD BN TNDH, it Rix, Bk &tk
D], BEO, BEHR LIFREE O T, —EMERZWY,

Mz T, EVEFREICIL, FFEOWE~ORERICET LT BRI EAEEENTE
5. RV X7 OFKEWRICZ na kL APFIRT S Z LR TERY, M LEE
KEY7e U A7 1%, OVERREIFEY . WREIEY OIRAY . OKEIHGEWEISER LT
HAREMEN BV . FTo, HEWMHESINTZMAKLSL MU g A Z2 37 ook s b RERIC
H12H LGS, ZOMOBERITER L T2 HEMES & 5 (WHO, 2004; IARC, 1999)

IARC(1999) 1%, 7 v a /L ADRNAMEE RTFHLT, B R T2 B 5TV,
FEBREW TIIHICELNR TS LB L TWD, famé LT, & MCBWTHES LN
TWATF—ZE, KT D7 aa RV L~OIREFEE . RAD Y R 7 H1 L DR EBERE
AEHT DA+ TH D,

~ 7 AT D BRI BB S WA NOAEC 11 5 ppm. &epZ8I12 B35 LOAEC 1X 5
ppm & HIE X i7- (Yamamoto et al., 2002), CBA~ 7 A& CF/1 ~ DU ATlX, Z ruak/LA
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DOREOBFIZEY | PHEE~TEEDOEFREOR AR NI L7, NOAEL (X 17 mg/kg AHE
&7z (Roe et al., 1979), ZIHOfEIE, UV AZREHEOEOR S AR IND, (T
NoORBRIL, VRAIZBRBHECHTZY, BEELRRBRE LTERINS,)

EBREIWICBIT AR RICESX . 7 aadm L ADORNBANEICOWNTIZ, U R 7 #4] R40 (5
DA LIBO NG LA V) 25 L ThTaY —3 & LTV ABIEDSHE A #EE
RXTh D,

4129 4£HEEH
41.29.1 SZRREE~OTE
ZIERRICRTT 5 7 1 v AL A DEBIEEMEIC OV T, v 7 2 &2 AW AR o7

— & L PRI (RCER A S L OYERHAE) O 7 — 2 MM E 6N TV D,

EMICEH 1T BHEHER

X7 B ERTRETITOR RO T — 223, 1 554 T%, Chapin et al. (1997) 1%,
TNE A (RELAST 20 fE) I, a2 —lEsfkE LT, 8, 20 & L <% 50 mg/kg/
HOREDZ aad/L Lk, 3LEM, @R 0 G L7z (US EPA, 2004 DHTHIH), 71
TRV AREER L-7-0, ERIcE s ea kL aA0fEE. 66, 159 ¢ L< 1T
41.2 mg/kg/H TH - 7=, BHITER LI TIERD Snenoiz, BEELEKEIC, &
HIZ X2 BIIZRD oo T-, 41.2 mgkg/ HEET, 4 [BIH OIEIRICI 1T 5 HIPEREE | 5
Bl H OIEYRIZI T 2 HES 14 B BIZ, RHAEOJEAD F 0 bz, AT 50
THUOFHE BB TY, HEICEE L2 EBIXR DO N hoTe, ZurkiLakh
FEOMETIL, FFIBOKERT I J ORI B SEAY, RFREE L it L TR E (p < 0.0D) (2L Tk
0. ZOHME, A ERER 2B 2 E (PRI AR ZE M & 5ol &2 o Tz, Bl
DUNTIE, 41.2 mg/kg/ HBECAREE EIAROHaxt B & & AT E &N (+7%, p < 0.05) LT
Wiz Z E DS, BT bR o T, KT OEBIMEREE, BRI ORFER T ORIAIZ
X, BHORBIIED b o T, U & HE S DR FIROIRZEN, XHREET 20
PEr 3 DL, 41.2 mg/kg/ HEET 20 PiH 6 PLICREH HTe, 7 mu Rl baiikh S~
U A 2 PLZBWT, MR NI IN DR EEROWERED b, ZhbORE BIK
DIFZEIZONT, FH DL, TR KRR 28E RO, L# LT\,
(VR7BREHECEEL., EERRBRL LTER, ) ZHiE~0REIZBT 5 NOAEC I3,
15.9 mg/kg L HEE S D,
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Table 4.48 Absolute and adjusted epididymal weights of F1 males (mean + SD) after exposure to chloroform by
gavage (Chapin et al., 1997 in US EPA, 2004)

Dose . e . . e
(mg/kg- Number Body weight (g) nght_EEldldymIS Adjusted rlghht epididymis
day) per group weight (mg) weight (mg)
0 20 33.686 + 0.536 44.685 + 1.087 44,736 + 0.949
41.2 29 33.789 + 0.570 47.725 + 1.078* 47.674 + 0.949*

* Significant difference from controls at p < 0.05

Land et al.(1979) ®#RBRTIL, D C57BL/C3H ~ 7 AH, 7 muk/L A% 0 ppm G HREE,
15 P8) & L < 1% 800 ppm(9 L) mRE THETeZERIZ, 1 H 4 BT, 5 HIMRE 47z (US
EPA, 2004 OHFCHIH), HTIRERTE ORARIZ, AERIMNMPED 7= (800 ppm
2.76%, xR 1.42%, p < 0.05), 1981 4FlZ, ZORBRITIMZ DT, RIUEFEED, vU A
4 JC% VN, 400 ppm D 7 1 1 7R /L A~DOWgEE % 566 L 7= (Land et al., 1981), Z DA H A
FRIZ, BT ORIEG OH BRI FRS 57z (400 ppm £ 1.88%. xHHEEE 1.42%. p <
0.01),

Y73 41261 Ttk L7z US EPA(1980) » 90 H [HHE MM ERER (EZ ~ M2 0
200, 400, 600, 900 # L < i% 1800 ppm D& T2 1 ik /L A& ok b) Tl ﬁéﬁ%
30 HEDBN, KE., AR X OREFEOMAIZI T, 900 ppm #f THIELB A & ME
AR TN EI 1 BT ORBD LN Z L ZRWNT, BT O ATV, F70,
~ 7 ATIE, 600, 900, 1800 % L <& 2700 ppm DR T/ 1 a kL b & K5 03T
T, IR E ~DOEEITRD LI TR,

73 4.1.26.1 Ttk L7- Heywood et al. (1979) ®FRBR ClE, B — 7L KIT, #HV iR
= ZA é’ﬁﬁ‘;ﬁik LT, Zuuk/ Lz 15 mgkg/H £721% 30 mg/kg/ H O ET, ¥7F
7 /NAOIETIHE 6 B, 75 RO > TRRAOK G L, &5 T1#% 20~24 EHE OEE
B 2S5 b iz (US EPA, 2001 O CTHIH), ATl Mk, T, FEE. RIS, DNE, F
HAORBITRO N2 h oo, BETIE, BETHREEN B OIH Z > T, xHH
BEC1PE, 15 mg/kg/ HEET 1L, 30 mg/kg/ HRET 2 PLICFE® b v, HETIX, FLIROREE
PEFERC DS, *HHREEC 1 PC, WEARKHIRREC 5 PL, 15 mg/kg/ HEET 3 PLIZRRD bz, i
SOFTRIZOWTIE, 27 1 afR/LLOEGITIZRR AR & S 47,

ErCHETLHRE

7 v kb A~ORRERTE LR IZ LD BEOERRE~O BRI T 2 IEFIFHAD 1
#ﬁ%éMTwémmmeuu2m1USWA2m4®$?%%u1%6$8ﬂ~mw&w
AT, RBREEEER (34 5k, B 2, MRIEE OEIRIE LD D, BERITEA
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T8y HHBE SNz, ZOBMEZ, ZORENEZ DA 1996 4 5 A2, RiFkEHRi
—HX %, HUROREE T Tz, FBIROHA, HikE, BLXOB A EUIEF cho ., IE
WO T OEIGIT 2% Th o7z, EBNEE N ER 0 T OEIA 1L, S5 30 ok
|12 95%, 60 432l 30% Th o7, TDOMREFENA UK, HHEIE L ZWr Sz (Table
449 M), 20O, HEMTOIL, ZOBMENERE I AREED & D A FE LT
HOWTORFERENFEHINT, ThUCE D L, BT 8 » A, FFRREREMD 50
ppm(US EPA, 2004) D) 10 £, BRFEEERSUIE 10 ppm (ACGIH, 2001) @ 50 {5 D#EED 7 v
TR ACRE STV, BT, 2 aa kL AUSOLSEME (A VAT 2 T RT

E R 770 E)ICbEEINTWEDD, 4TI Z o ~DgFEIZ XD FMHEOATERE~

OEEBIET HHBRIIMREINTE ST, BHEOREERICKIEZT T b Fa 770 0fF
AL RBRWENSE LT TV,

Table 4.49 Semen analysis after 8 months (August 1996 to April 1997) exposure (Chang et al., 2001 in US EPA, 2004)

Parameters July 1997 August 1997 October 1997
Volume (ml) 4 55 3
Count (million/ml) 68.6 73.8 90.6
Motility 30 min after
ejaculation:
rapid 17% 10% 32%
medium 6% 1% 6%
slow 3% 0% 2%
static 74% 89% 30%
Path velocity (m/sec) 35 40 50

Dahl et al.(1999) DA Tlx., R OMHFELE CORE (ZF ooV L2 AL U wiiRE
— VI MEHW-ERFEEERO, BH7-0 OFEk AL &, LR RHIEDOZIERE~DR
2L ORIZBEITERO o Tz,

Reprotext 2004 (21X, 7 & FIE L72 2 £ DO PEIZ SV T, Tylleskar-Jensen (1967) (2 & %
FEBIERA 23 & 0 280 50T % (US EPA, 2004 O THIH), 2 b o 2 40 &ML, iR
FERXIZENES L, B¥EHIT 100~1000 ppm OIRED 7 v kL A (B ST B IREE R
Bl 50 ppm) IZIREE S Tuvie, KRS SN HEHIZEIT D2 FR O B AEEN, TR
4000 Bl Z LI ToH-7- 2 & L HERET ST 5,

94/108



EURAR CHLOROFORM

41292 RE-RESH

7 ma R LOFAEFEERMEICE LTI, BV TIEFA - BEEIERBR O T — 2 23,
7w N TIERARRES &R AR O ITIZONT, v U A TIERARKIZOWNWT, vHFT

IR AR ONTHELNTEY, 5T, b MIBWTIIEFATA (M ERER A, E

Bl FEGRER . 1M & =R — FRRAL, A & ad— FE) 07— "o nTnsd, Znb

BoNTETRTORBRIOPEDT —ZIZHONT, UFICERNT 5,

BMICE T HEAER

RAFEEE

— EHIMIAHL & 72 Sprague-Dawley 7 v R23, 7w wAk/LAZ, 30, 100 % L <X 300
ppm DT 1 B 7 RFfE, 4EIR 6~15 A BIZE R, MARE SNz, £, FLWVEAUR
THARO N2, AEHH| IR HEE LR 6~15 H B OB &% 3.7 o/ HIZHIPR) 23, &
BRIZ3B N S Au7= (Schwetz et al., 1974, US EPA., 2004 O CHIH) , BRI L7t
TR0 T3 HEHICE B2 TIREOIR T, RHRE OIS L OB L & O A
R BTz (Table 4.50 &),

Table 4.50 Main maternal parameters following exposure to chloroform by inhalation (Schwetz etal., 1974in US EPA, 2004)

Parameters control gt(; r;\t/r:dl 30 ppm 100 ppm 300 ppm
% pregnant 88 100 71 82 15*
body weight
(99 £SD
GD 6 275+ 21 274 +£13 266 + 14 274 £ 17 284+9
GD 13 310+ 17 223 +£13* 280 + 14* 274 +18* 192 + 9*
GD 21 389 +28 326 £ 24* 381+ 23* 365 * 22* 241 + 29*
feed (g/day)
GD 6-7 19+3 starved 54+ 3* 13 +4* 1+1*
GD 12-13 22+2 starved 20+1 15+ 2* 1+1*
GD 18-19 26+3 24 + 8* 29+5 33+ 3* not done

* statistically different from controls at p<0.05

M7 VE I VEBENVEVEE T AT 17— (SGPT) ZIE L C. FFHRE DA LA 7.
7w MZBT DIFHEEORRE NI S 7o, cffEEE 300 ppm O 7 1 1 ARV AICEREE S
TeRED LRI, MEICHBERZEITRD DR oz, o, HIRLTWS T v b LT
LTCWRWT v FOFFER, BERX 21D 6 BRICHNON, AMUIEFE THD LA S
Nz, HIRL T\ v Tk, BT EE~DOZER, 300 ppm FEZBWTOH
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D HAL, KTHREEIC I U CHE AR BN R Sz (p < 0.05), HHELTWS T v kTii,
100 ppm HREERE, 300 ppm BREEREIS K OVRERH| R REEZ VT, ITIROFERT E &S, Xt
FRBRIZ bR L THEIN L Tz (p<0.05)

300 ppm #ETIE, MEE 20 PLrf 3L TOHIEIRDBRD HiL, ZNHD 3PED H H 1L TIEA

IR N FED B, R0 2 PETILPEFE O & MW AR OEINAFR® B vz (Table
451 # &) .
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Table 4.51 Mainfetal parameters following exposure to chloroform by inhalation (Schwetz etal., 1974 in US EPA, 2004)

Parameters control g& r;\t/rgc; 30 ppm 100 ppm 300 ppm
Number 01]: mated 77 8 31 28 20
emales
Number of litters 68 8 22 23 3
Mean number of live ———, , , 10+ 4 1242 1142 4+7*
foetus/litter
Mean Implantation —— , 5 11+ 4 1342 122 11+ 4
sites/litter
resorptions/implantation 8% 7% 8% 6% 61%*
litters with total resoption 0 0 0 0 1
litters with resorptions 57% 25% 68% 52% 100%
sex ratio M:F 53:47 45:55 53:47 55:45 34.66*
mean fetal Weight/"t(t;; 5.69 + 0.36 %'12%;-* 551+02 559 +0.24 36%223
CRL(mm) 435+11 421+11* 425+06* 43.6+07 36.9+0.2*
Gross anomalies Percent of litters affected (No. of litter)
acaudia (short tail) 0 0 0 13(3)* 0
imperforate anus 0 0 0 13(3)* 0

Skeletal anomalies

total skeletal anomalies

0, 0, [/%3 0, 0,
(% affected litters) 68% 38% 90% 4% 100%
delayed oss'f'ca;m 21(14) 0 73(16) 30(7) 50(1)
missing ribs 0 0 0 13(3)* 0
wavy ribs 0 0 18(4)* 0 0
split sternebrae 1.5(2) 0 9(2) 9(2) 50(1)
delayed ossification, -
sternebrae 22(15) 38(3) 0 74(17) 100(2)
Soft tissue anomalies
total soft tissue
anomalies (% affected 48% 38% 45% 65% 100%
litters)
subcutaneous odema 34(23) 38(3) 41(9) 61(14)* 100(2)

* statistically different from controls at p<0.05
CRL: crown-rump length

100 ppm #ETI, 4R 23 Bl 3 BICHIRAYETIEA A Hav, 23 Fl 3 Bl F %7213
HRIRF. £72. 23 B 3 BHICHEHILIRF 3580 b, MIREED AR 1/68 Th o7
e, TN OFFHOHEMIE, HREICHK L THETh o, 72720, FEfFT, Pt
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DIFZEERB D bNT-Dn, iz, BENFE URHICRO ONTONE 5 MITONT,
THAZR STV, 30 ppm BETIE, BRFEAEML TR Y, HEG OFCRIE
(16/22 SEHRM]) . BRI (4122 WRURG1) . oy Mg 538 (2122 5E4RE1) 25588 B a7z, %ﬁfiﬂ
MR LT IEFOEIL, HFEEI TR, RMERERFEIZE ST, GRIE: RHMEEME
BH99-%)LOAEC 78 30 ppm, ‘BA&EE OHAMNIEE SN T, FE~DREIC %iéLwECﬁ
30 ppm &HIE ST,

Murray et al.(1979) ®FER TiL, CF-1~ 7 A (34~40 VL/#f) Z. 0 F£721% 100 ppm DOIRED
suanaksz, 1 H 7R, SRRSO 1~7 HH, 6~15 HH, %7213 8~15 HHIZ%
AR U7 (US EPA, 2004 O THIH) . EURBIF > 18 H HIZ, 100 ppm (ZIREE S 4172 S
1 PCAS, W DAERMERGIOFE R L2, TR a2 &, BB %f@%i&<
RO BRI ST, IO 1~7 B BICRE SR 8~15 H HICIREE ST
N Eﬂikioﬁmimﬁwkméﬁmmﬂ# w%hto&%%%@6~mw%5wv
15 NIELWEBDbN D) H BICIRE SRS 8~15 H BICEREE S HETIR, *THREEC
%@Lf\i@%®ﬁw®mﬁﬁgﬂﬁmbfkb\ﬂ?Tﬁﬁ@%m%%L TR b
NZ emt, MoPOFEENRE T EPRRB I,

et — 4 % Table 4.52 127~

Table 4.52 Fetal data from mice exposed to chloroform by inhalation (Murray et al., 1979 in US EPA, 2004)

GD 1-7 GD 1-7 GD 6-15 GD 6-15 GD 8-15 GD 8-15
Parameters

0 ppm 100 ppm 0 ppm 100 ppm 0 ppm 100 ppm
% pregnant 74 44 91 43 65 60
No. Litters 22 11 29 12 24 18
Live 10+3 13+2 12+3 10 +4 12+3 11+3
Fetuses/litter
Resorptions/litter 2+2 4 +5* 2+2 1+1 2+2 2+2
. 1.02 + 0.92 = 0.99 + 095+ "
Fetal weight (g) 01 0.07* 011 013 1+£0.12 0.85+0.17
CRL (mm) 2471 236+£12* 23713 232x11 241+11 229+22*
Cleft palate 31 . . . 11 10/4%°

[litter affected

* statistically different from controls, p<0.05
% six fetuses in one litter exhibited cleft palate

TEARIZZE S T MEOES, WERIM O 1~7 A BICBHE SN LE 6~15 HBIZBEE SN
FETIZ, AEICHED LT,

BAICH T DR ORI, BEICL AR N o T,
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IERRHIM O 8~15 H HIZ 100 ppm (ZIREE S -8R EM) Tlx, 4 EIREIOFIEF T, N&E
HPEHEICRD b, TOMOREFRIL, B oo Tc, MMM 1~7 HE
\ZHREE SALICHE L 8~15 H HICIRER SN HICBW T, BARBODOLNFMTRD b
TBINHME SN TS, BIFOBKRBRE T, W ODOBMARERERICOWT, FE4AHE
FEOEMBRO iz, T7bb, T X TORER T, HEEFOBCEBENSEREISHEML .,
RO 1~7 A BICRE S N8t 8~15 HEIZIRE S NIZRET, WG oo E b
SENFE O Hivle, FHEFEME (RMAE S X OB EORD) BB O LIIC &P R ST RN
7=, BTN L IBFAT R & OBTEYE A FERE DT D Z ST LU,

Baeder and Hoffman (1988) da&Mk Tid, — & MM AHL =72 Wistar 7 » I (20~23 IL/H¥) % |
0, 30, 100 % L <X 300 ppm OEED I nuk/v s, 1 H 7 F#, 4F4E 7~16 A B O,
i AREE L7, BRERIC Ko T MERICATEV A LCRR IR IT S Sl 2 s g, BB T %

TAT@M%ﬂz’)\E@% L7z, IREARAFE OB R & AREIINIHI 2R e, B
gk, Hrligids KL Ol ~ D2, (T HED bhieinoT,

RIS, 30 ppm #ET 2 PLiZ, 100 ppm AT 3 PLiZ, 300 ppm HEFZERE T 8 PLIZFRD Bl
7= (Table 453 #Z:FR), 300 ppm #E i, MBIFAREDL, RHBEC R L CHEICED Lz (-
6%, p<0.05), T XTOREFER T, FEBEE (CRL) 25, ®MREECHE LT, b nThomn
A EIZHEA Lz ()-6%. p<0.05) ,

BTSN ER, HGHARRE, d5 X OVE R OBIEFT IR, BEICEET 2 & b o B3R
DO oI, IR 17 B B ORHMREREA ISV T, GRIE: RMAFEMEIZBI 3 %) LOEC
(FR{FE:LOAEC 2 IE LW & i 5) 1330 ppm, MRS JL & AU 72 GEUR B O HEANZ Fe-S 0
T, GRE:RAE~OREIZET %) LOAEC X 30 ppm & HIE ST,

Table 4.53 Main fetal parameters following inhalation exposure to chloroform (Baeder and Hoffman, 1988in US EPA, 2004)

Parameters 0 30 ppm 100 ppm 300 ppm
N lost litters 0 2 3 8
N live litters 20 18 17 12#
Resorptions/live litters 0.75 0.22 0.53 0.92
Live fetuses/litter 12.4 12.8 12.8 13.4
Fetal weight (g) 3.19+0.3 3.16 £0.19 3.13+0.21 3+0.19*%
Fetal CRL (cm) 3.52+0.17 3.38£0.12* 3.39+0.1* 3.39+0.12*

* statistically different from controls at p<0.05
# statistically different, p<0.005

Z ORI ORI % T, Baeder and Hoffman (1991) M #kBk Tix. — EHM B S H 7=
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Wistar 7 > (20 PC/Ef) 2, 0, 3, 10 H L <X 30 ppm OEED 7 vrad/L A2, 1 H 78
M. 4= 7~16 H H DR, ﬂﬁﬁl%%btoW@@ﬁ%@%ﬁ&ﬂ%;\TﬁﬁﬁQ

(#«f@%ﬁw%%EWMWWGOWm% BHELS 30 ppm BREERED A) 03,
HIR T, WA~ EE O R R 7 IR R R
30 ppm AECHESL 4 IEICFRD BTz, F7=. 30 ppm AL Tl
uw\ﬁwkiU%mAw%%i\m

O bT, i

VE. 10 ppm AL CHER 3 [T,
K FRARIC HRle L CTHEAN L T U7z (p<0.05)

it v
HIBO BN T,

Table 4.54 Maternal feed consumption and body weighta after inhalation exposure to chlioroform (Baeder and Hoffman, 1991 in

US EPA, 2004).

FHLRD

AP

3 ppm Eiflftﬁ%ﬁ 1

Parameters 0 3 ppm 10 ppm 30 ppm
N 20 20 20 19
feed, gd 7-14* 8.03 + 0.68 7.19 + 0.66# 6.45 + 0.70# 5.60 + 0.75#
feed, gd 14-17* 7.07+0.32 7.16 +0.59 7.12+0.67 6.52 + 0.67#
feed, gd 17-21* 6.63 + 0.40 6.49 + 0.61 6.91 +0.33 7.25 + 0.52#
bw (g), gd 0** 1933 +12.2 1975+7.7 192.2 + 6.4 200.0 + 7.4
bw (g), gd 7** 226.0 + 14.7 220.9+11.0 222.9+8.2 230.6 + 10.6
bw (g), gd 14** 255.8 +16.2 253.6 +13.7 237.1+104 237.3+12.3
bw (g), gd 17** 269.1+17.0 260.2 +13.7 255.2+124 253.4+16.3
bw (g), gd 21** 321.9+225 319.1+21.1 308.0+17.5 308.7 +185
weight gain, gd 0-7 32.7+95 31.4+9.1 30.7+35 30.6+7.3
weight gain, gd 7-14*** 29.8+10.5 24.7 +6.3 14.3+8.2 6.7 +8.8
weight gain, gd 14-17*** 13.3+4.6 146 +5.7 16.1+5.0 16.1+6.7
weight gain, gd 17-21*** 529+6.5 50.9+ 115 529+ 11.7 55.3+7.8
weight gain, gd 0-21*** 120.6 +17.8 121.6 +21.0 115.9 + 16.2 108.7 + 16.7

amean + SD

* g feed consumed per 100 g body weight

# statistically different, p<0.005

30 ppm HEDHERL 1 PLAFRVT,
B, BRE, MWWINFASEE, BI04 70 O EFERFEICIX
72 - 7-, Baeder and Hoffman (1991) @itk |

[l CHE R

o RN

IR LN hoTzt SN TWVW5D, LaL, #E

WFNOMER S . AR HEE B AT E THERF L7, 381K
. BREEOREIT
PEIRRFARE &P R RIE, B
FEPOREAT =228 D

&\ 30 ppm BREERE DO IAFIARE & R FEREGR (CRDIZE BB G AMEFIC R L THEIZE

i Té % (Table 455 # &),
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WFTIUZ L ThH, KED 3.0 g 12722 W R FOFIE A3, 10 ppm £ (24%) & 30 ppm (26.9%)

X, KHHREE (3.2%)X° 3 ppm #(14.2%) IZH1T D LV @mrolc Z EAfidE STV 5D, Xt
mﬁ ZHE L CTHERBD RO =00k, 30 ppm BEO EHI AR E & I SEB R O 7
T& 7= (US EPA, 2004),

Table 4.55 Mean fetal parameters (Baeder and Hoffman, 1991 in US EPA, 2004).

Parameters 0 3 ppm 10 ppm 30 ppm
N lost litters 0 0 0 1
N live litters 20 20 20 19
Resorptions/live litters 0.55 0.4 0.75 0.84
Live fetuses/litter 12.4 12.4 12.9 125
Fetal weight (g) 34+03 32+03 32+03 3.2+0.3*
Fetal CRL (cm) 3.58+0.2 355+0.21 3.44 £ 0.26 3.4+0.19*
poorly ossified cranial 42114 4717 48/16 60%/17
bones
ossification of less
than 2 caudal 4/3 14*/5 16*/6 14*/8
vertebrae ®
non or weakly ossified 713 32%/13 35%/14 18%/11
sternebrae
wavy or th|$ckened ribs 10/6 115 29%/10 15/4

* statistically different, p<0.05
$ number affected fetuses/number litters with affected fetuses

3 ppm BEDAETFIEF 1 VB2, W/KBRIEDSZRD B vz, ZlidMz, WIRAEEIX. Wi
DOEETHRD BTN,

30 ppm BEClE, FEHEB OBILARERED LD IEFOEIEHR, BRI L THEICE
Mot (p < 005) (Table 455 &), BHHETOHFIARDEO GNDLFA2H LTVt
IRBIOEIAIZIX, R THEEREIT ol 1 BEHTZ D OB Z T T2 T ORI TH
5 & 7mmT»A~@% AT 3 BETCIE, WTRUCBEW T, BHER XU E i
DEALTR B OSEREMN, *REEOIAIC IR L THEEICE -7 (p < 0.05), EIRGI%L % FEUE
L, BT RDe b 1 ILRD GNTEREECA S & g aiiogk
SOFEEZOWNT DI, AEMEDIFEO b7 (p <0.05), HARIECIEE LTEENRD 6
NI IEFOEIE A, 10 ppm BETIXXBECIE L CE - 72 (p < 0.05), ZOZEE, HiR
Bl A FEECT D L. AETIERI T, MU EHK-HIEERDN, X TORTHIEN
(ZF8 8 B 417z (US EPA, 2004)
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US EPA(2001) 13, Z DB G, FAE~DOEEIZET %5 NOAEC %, 10 ppm (50 mg/m®) &
HIEL TS, B D RHAEIN & RMAREHEINIMENZ K-S\ T, LOEC GRIFE:IEL <X
RHARMEICE T 5 LOAEC &b 5) i, 10 ppm & &7z, JRIFAER L EEBE (CRL)
B ZHASNT, NOAEC 1 10 ppm & X7z, (YU RZREBHIEICEL, BEERRRL L
TERE,)

FECIFEES

D T Ve /7 ICR ~ 7 A2, FIEREL S50 3 HE, 7 v ak/LAn, 31.1 mgkg/
HOHAET, RO &S SN, BAL L, TEmulphor) & 0.9%AEHRIEKE, 1 % 8
TIRA LTWROMEH &7z, BEZ W TR M s g 523 T hiu, #EC oW TR
fil, fERE X ORILOBIRI Iz bz - Thel TG Thhz, RBRTIX, 7 rakiL A
B b5 T2 HED 5 I8 LA RRED 5 IE BRI W S, 5 IEoZnEnnb, 7
iy 8 IL%, A HICHIESIC®RE Lz, HER 7 A BLURBORBROE Y OB, 33T
DOFEMIZ, 311 mgkg/ HOHED 7 v AR/L A E g2, mlgn&ksInk
(Burkhalter and Balster, 1979, US EPA, 2004 O H1C5| ),

BH. BIEICSX 3 COFBIICH LT, b0 i, il m LS, e,
WELECI . WA TR, BSOS . Bom e, B X OBIIRIC BT 5 R 8T
Phz, AR 17 AHIC, WBED, CREH 15 P or MIES IR LT, EHkE
DIRENS TN, HE% 22 HE L 23 BEIC, DD ZAEH 15 I35 2 IS IC
b LC, 2R O RS T b,

WREDRI T, 1 D72 O AAFEIZEITRD S (FE OFEIIRE (A% 7~
21 A HICEARIE) ICHAETERO bhehoTo, AR 7~21 B BOKEREMNN, 7 un
RV L GRET, ARICHH S 72 (p < 0.01), SMHEY U, BBE S E LS, /e
Fp. WrEETE TlEbkE, BRSSO, Bonzae . FIRIE. wWihizonTs, RE
EL7zAaT i, AR Z LIZHENIC B LT T 72, WRLkKE, HAERB L Z 8~
10 HH X THIAEO bzik, 14 HH ETISHA L., 7 v a v M5 & AR
MEELI T, AEEPRDOND HBBEMITHTos, EFRMEME LTIE, Z7rn
RIVAD, ~ T ZADF I OMPATEIRZE 2 BIE S 5 2 L3 otc, BISMIIZ, Ak
EZELISICOWTE, Z7oodv ARG THAER 5~8 HEOFHO A 27 KL
5HHE7HHETIIAEENRD LN (p<0.05),

EFEE N T 2MER L UBD 7 A F T, MERICAEBEREZITRD N hoT, %
B EGRERER TlX, WIFho~o x4, 2 [BH & 3 [BIHORITTIEREDER L, EE S
BHLl-ZEemanz(p < 005), 3EIOFEITICENT, BRIZHOWVWTH, vavZitkd

102/108



EURAR CHLOROFORM

WENZOWTH, 7 aadi/VABEREE BT IRBER CEITER® biv7ed - 72 (US EPA,
2004),

KEEZEFME T 7 2T 5 (NTP) OEEEHE 7 1 k2 LIZ ey, Mo CD1 ~ 7 & (BhiS
T 20 KRR E B G, ZSBLX T 40 REARTRREE) (2, BeplOZERTO 7 A&, Bl &
98 HMDRJEHIFH, 7 7 ad/v A3 # 1 85 7= (Chapin et al., 1997; NTP, 1988,
US EPA, 2004 O CHIH) . Z7oudLAOBREEZRT D L, EERICKRS SRR,
% 6.6, 15.9, 41.2 mglkg ThH o7, AFEKEEICEIT 5. MtV T oOFHIE B IS
WTh, PBRERGICE DB DN oT, 2T 1 b7 HERER, —EF
¥, A FEoOEIE, M, AR FEMOHARKEIZONT, FERERZETED O
IR oTe, R EMTIR E OFMBIX, REWICT X TOETR%E THD L AR I, 3
PEDFIGCHABRAEFRIC, BEZTRD ONRho Tz, EFEFOEREIX, WTHORE
i Ch, BERI TR S0 -o 72, AsaEtIcB4 5 NOAEL 1%, 41.2 mgkg LY K&
EHIE STz,

ORI K 3B 2 4, #iEShTnsd, 1 E ORBRTIX, Sprague-Dawley 7 >
(25 PE/RE) 12, 0, 20, 50 & L< 1% 126 mg/kg/H D7 vad/L A3, 1 H 2 [BIZ531FT, 4F
Bz 6~15 H B A, Wbl O&KEG S, SREECIE, SEROEAE B &G ShT
(Thompson et al., 1974), HFH5IZH4E57, T COMERAA5% L=, 50 35 L 08126 mg/kg/
HEEC, HEBR OB NE O Hiv, T X TOFT, BHEHEORDBRO LN, =
OFREH, AR LIERITE ST, TR EIRICDREBIIED bk holz, 126
mg/kg/ HEETIEL, IR/ 3T A —2 D 5 BAEKREO A, B L CHEICHENL Tk
0. RFERETIAEICED LT (p<005), LT, BEZFRETH- -, HRHE
BB X D MO ZEAGITFR® b7 7= (Table 4.56 22 ),

Table 4.56 Litter data

Dose Corpora . . . )
(mg/kg-day) Implants lutea Resorptions  Live fetuses Fetal weight (g) M:F
0 115+24 13114 1+2.9 10.6+3.9 4+£0.3 52:48
126 135+1.1* 142+1.2 12+£26 12.3+3.1 3.7£04* 56:44

* statistically different from controls, p<0.05

fetr D ANEFS KOS ER/NETE (B kiR, JREYLR, B 08 OREL - BLIIA B FFHEMEL
HHET OARTRER E) 1T, MBMEICEAENED SN, FHE2R L TWIZBfFET
ATHHLNTATEZ R T2 L T EERFE TR TS, ARICHEINL TS b0
RO LR Do T,

2 B OB TIL, Sprague-Dawley 7 » k(15 JL/fE) 12, a— iz AR E LT, Zunrk

103/108



EURAR CHLOROFORM

JL LAY, 0, 100, 200 % L < i% 400 mg/kg/ B D& T, fFIE 6~15 A HIC, HOFFFICX
D B 5 S 7= (Ruddick et al., 1983), 7 kL AREE SN R TORET, HHOKE
WA L, MEROMFIRE &SI L7, BiMERIX. ReHEHETOREM LT (p <
0.05), L2>L. HMEBLONFHEE B, FEAE TR IR b o7, HEB O
IRHI/RT A= LAARFRI N T A —212 HEICLDHENRBD LIV, 7 na R LnE
EENTTRXRTOHT~EZny ~~x b7 Uy b MG YA E M=V ik FERE SR D3
L, 400 mg/kg/ B EECIXARIMERE D3 L, 200 35 7Y 400 mg/kg/ B Bl ig Mk U >
Ea L AT a—)LAEEIIL T,

RIS A & — 25 7= 0 OAEEIRFEICIT, BEIC L D BT DRI > T2 08,
IR E DA L (-19%, p < 0.05), B/NRFOHING AR L TR b, fem &
T aa RV AREE ST RO T, Mg o8 B O ABE ORINNFE O b
7= (Table 4.57 &),

Table 4.57 Data from rat fetuses exposed orally to chloroform

Parameters 0 100 mg/kg-day =~ 200 mg/kg-day 400 mg/kg-day
Number of litters 14 12 10 8
Litter size 11.2+0.2 20 20 19
Fetal weight (g) 54+0.8 53+0.1 5+0.1 4.4 +0.3*
Sternebral 0/0 11 5/3 14/8
aberrations
Runts > 11 2/1 0/0 11/3
Runts > 0/0 11 0/0 26/8

* statistically different form controls, p<0.05

! fetuses/litters

2 among fetuses preprared for skeletal examination, fetuses/litters
8 among fetuses preprared for visceral examination, fetuses/litters

Thompson et al.(1974) DiRBECTIEX, 7H X A5 PL/ED)IC, a—rihzAkEt LT, Zook
VA3, 0, 20, 35 % L <1350 mo/kg/H DHIET, 4EHR 6~18 H HIZ. 5 H ik A& 5
Sie, aBRHICHMER 7 PERSETS L, 50 mo/kg/ HEECOMLCIE, HEtElcls b0 ThH-
72. 50 mg/kg/ B BEDMER Tl REHMIMHINFEO iz, RIREN, T XTORETHRD
57z e HBEE 3 T, 20 mg/kg/ H Bf 2 PE. 35 mg/kg/ H A 1 PT, 50 mg/kg/ HEE 4 JE), 20 B L O
50 mg/kg/ A BECIE, “FHRRAARED, 3HRERCHKR L THRICE2 o 72, BRI, A&
A HNIBATTE RO Lo e, BEEFARAZEFN T X TOHTRD LI, 20
mg/kg/ I B & 50 mg/kg/ A BETIE, 2 OISR A EITH - 7= (p < 0.05), LOAEL 1E 20
mg/kg/H & Sz, (VRAZBAHEIZEEL, EEAZRBRE LTERE,)
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EMZBTRHRE

7 v RV A~ ORRERTE & TR HPERE R & OB ARG S -REO®RE S, 1 47210

B ATV % (Wennborg et al., 2000), 1A ZEFHRFCHMA EB T TO LEMIZHTZ 5

WEEE IR L Tl S o, SRS, 1945 FLRICAEENTZ A T = —F » Ntk ak—
N (697 44, MRMHERIEL 1417) Tholo, MEXEBE L. BRWmERHE. EREREIICEL T
INEWIROBIEL, FITHARKEDOIZ S SXOWNTROMIZON TS, B TmE s
NTWRY, 220, ZORBRIZOWTIE, BEEOHEEII RSN TR, 7 rusR
IV DL OTEHNT IREE SV ATREMENR & 5, IHIRN OB FEM E TOHMMNEWR L,

WS DHEDRENH 5,

JaaR/V AREHKERRFED E LTAERTLHZ G, < OFFEITBWT, AKX
B R g AZ o (Zaar)bhzagte) SR HER S & ORI OB AKET ST
ZDO

1987~1990 FAZKEHT A A UM TERZ XIS & LTI 72 iE Filx BFH A (Kramer et al.,
1992) Tid, BUKEI LIz7 aa kv A~OIgEE & HARMKARE VT GEF] 159 44, xR 795
). FEEVL GEF] 342 4 *FHR 1710 £4) B8 X OV NG V5B B AE GRERF] 187 44, xR 935
%) & OMOBIERFHRHNTND, ZOREE, 10 pg/L LLEDORED 7 v mR/v L ~Dif
Tl FENBBRBEEED Y A7 8N E ORICE#E NS bz (4 v Xt 1.8, 95%(E
FEIX T 1.1~2.9),

King et al.(2000) X, T+ D/ NAI L TIO adm— MMZOWT 1988~1995 4EIZEI1T 5
#BmE OFEZITV., FEOHBERORIFEY (7 aaR L Al E) ~OBREL | FEFEDOY R
7&@%@%@%@ﬁukuw?% B4 575 —%~X—2 n = 49842), 100 pg/L DL LD
FED 7 vV AR LT SE, SHEOHRTY A 7138 156 52 LT, U AT OHEE
(EEN ﬂ?%ﬂét_ié%t#ﬁ%hkt (A=A BN/ = = 3 N PARN/Y! -3 =47 3 S Al IS
LCERLE, 2L, ZoRBRICIZ. 7 oadm L A~OREBEEICET 2 EARNT — &2
RIFTWDHENIREDD 5,

Dodds and King(2000) %, & D ) NA 3 TIND 2k — FI-OWT 1988~1995 4E(Z 8
JABMEMAELITV, 7 BBV A~OREE &S RMERIE & OBEZ fE L 72 (8 S
ICBT 27— 2 _X—2 n = 49842), 2 & TR ASOIEGEIEED 75~99 ng/L OFEL 100
ng/L DL EDORET, Yo lRBE O U A7 OBIIMRTED DLz (FxtY A7 13202 1.9 fis &
1.4 f%5), £7-. 7o RV A~OREEREN 100 ug/L DL EORETIH, nE-nHEROY 2
7 OISR BTz (BT Y 27 15 %),
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Dodds et al. (2004) DJEFIXHEFAA TlL, A EAKEFDO RV g2 X (VaaRVihEE
Te) ~OUEFE L FEPE L ORI OBENFHRLN TS, ZOFRETIE, v FED I/ "2ay
T EFE A Z U AN D 1999~2001 4EDJERF] 112 4. %R 398 4 At S iz,
ZOFER, FEEED A AL (OR) DHIMNAS, 1~49 pg/L OJEE (OR 1.8, 95%EFEXM T 1.1
~3.0) & 80 pg/L DL EDIREE(OR 2.2, 95%(EHHIXH T 1.0~4.8) IZB N TRD bz, £D
B EFHEIMNCTH 5 2 & 23 iHLITER D b o iz,

Wright et al. (2004) D[] & 2tk — A ClE. RMASEIRE “HIC 7 v kL A CHREE S
mt%aw\mémﬁ IR, R L TS WO HEL, BHIFE~OFEN
BafahTnsd, ZofEix,. kKE~YFa—% v VBT 1995~1998 40 HiA:FE
%@?~&m:1%mm_%owfmé 7 a L LPREE 20 ug/L K Evo 726
EHHARAREOBD B0 bz, 72, 7 aai/V A~OREIT, FETER IR O E
BXORMIFED Y X7 O & HBE L TV,

41293 HEHSHOEH

AEFEREIZRI L, BER THENZHA L7201 Land et al. (1979-1981) DA TH > 7=, LT
XL, ZERFEREN 400 ppm F 721X 800 ppm D7 v RV AR SN~ 7 AT, #
W T OBMATRD Sz (WA LOAEC OHEEEIL 400 ppm), ffiZiX,. Chapin et al.
(1997) D ENVFAER T, KB LEROFRESCHKE R LD EEHMAHE SN TWD (EH
NOAEC OHEEfEIL 15.9 mg/ky) . (U AZMREHIEIZEEL, EELRRE LTEE, )

/! thll/b/\@ﬁ/%ggz:&q Lfﬁ%ﬁﬁrz})mu&bE‘ﬂfuﬁﬁk%%ﬁ@a)%{ﬁjﬂﬁﬁ% 1 {H{:%“g&
EEINTWD, ZORETIE. ZOMERN 90 HRELEH SN, EH~OMoR EE
G Y NG A AN

FAEFMICE L X, SAAKTOZ B okl AW TEFITHENER STV D,
7RV A~OEE L BIROERERD, EESLOCOE- DHEHE ORI, PR
BEITIFRD B oTz, 12170, Zh 6 OEREE D% < 13, ﬁa@ﬂm%ﬁ&b
f&mnTwAwmﬁﬁf%ﬁmﬁéé% SRVWREDHIKINHY, 2D LT, BED
RN E LTV D HREMEN S S Z LI ETHAXLERH B,

7 uaR)VhERANSEGE, A REWM T, EIRR, IRRICGR, — B, EFRT
B LI EN RO b, _ﬂ%@%ﬁiﬁ 3. MER O KRE-CEE B ORI 2R bR
FETBRESNLTWD, oL LT, BiFofERED &R (CRL) B, b TNTHE
R DR RSP AIRI R B - ARDPME SN TVD, ZAHIZOWT, FTRIZENT D,
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Table 4.58 Developmental toxicity data on different species

Reference Protocol Doses Maternal effects Developmental effects
30 ppm Reduced food consumption Increased skeletal
on gd 6-7 anomalies
LOAEC =30 ppm based on LOAEC =30 ppm based
reduced maternal body on increased skeletal
Sprague-Dawley weight anomalies
rats 100 ppm Decreased body weight Increased gross anomalies
Schwetz et Inhalation Reduced food _cons_umption,
al., 1974 increased relative liver
0, 30, 100, 300 ppm weight
7 hri/day, gd 6-15 300 ppm Reduced food consumption, Reduced pregnancy rate,
increased relative liver decreased litter size,
weight increased resorptions,
altered sex ratio and
decreased fetal weight and
CRL
Wistar rats All Reduced food consumption, Increased in completely
Baeder &  |nnalation concentrations  reduced body weight LOEC resorbed litters, decreased
Hoffman, =30 ppm CRL LOAEC =30 ppm
1988 0, 30, 100, 300 ppm Decreased fetal weight
7 hr/day, gd 7-16 (300 ppm only)
3 ppm Reduced food consumption Increased ossification
variations
Wistar rats
Baeder &  |npajation -
Hoffman, 10 ppm Reduced body weight LOEC ~ NOAEC = 10 ppm based
1991 0, 3, 10, 30 ppm =10 ppm on decreased fetal weight
7 hr/day, gd 7-16 & CRL
30 ppm Decreased fetal weight and
CRL
Sprague-Dawley 50 mg/kg-day Decreased food consumption,
rats decreased weight gain
Thompson ~ Gavage
etal, 1974 0, 20, 50, 126 126 mg/kg-day Increased implantations,
mg/kg-day decreased fetal weight
gd 6-15
S Dawl All doses Decreased body weight,
p;rague- awley increased liver weight,
rats decreased hematocrit,
Ruddick et  Intubation hemoglobin and red blood
al,, 1983 0, 100, 200, 400 cells count
mg/kg-day 400 mg/kg/d Increased kidney weight Decreased fetal weight,
gd 6-15 increased of sternebrae
aberrations and runting
Decreased weight gain, gd 1-  Decreased pregnancy rate,
7 or 8-15 gd 1-7 or 6-15
] Increased relative liver Increased resorptions, gd
CF-1 mice weight, gd 6-15 or 8-15 1-7
Inhalation i
Murray et Decreased fetal weight and
aI., 1979 O, 100 ppm CRL, gd 1-7 or 8-15

7 hr/day, gd 6-15, 1-

7 or 8-15

Increased cleft palate, gd
8-15

Increased delayed
ossification of sternebrae,
gd 1-7 or 8-15
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Reference Protocol Doses Maternal effects Developmental effects
Rabbits All doses Complete abortions
Gavage
Thompson g 20 mg/kg-day Decreased fetal weight
etal., 1974 2@%%50 LOAEL = 20 mg/kg/day
46-18 50 mg/kg-day Death, decreased body
ga - weight gains
ICR mice Not discussed Reduced postnatal weight
0, 31.1 mg/kg-day gain
; Lower scores for forelimb
Burkhalter 3 weeks prior to
& Balster, Mmating, through placement on postnatal
1979 mating, gestation days 5 and 7
and lactation,
directly to weaned
pups
] ) Reduced bw observed at the No significant differences
_ Mice, continuous delivery of the 4th litterand ~ observed among groups
Chapinet  breeding study by on PND 14 of the 5th litter for the number of litters
al, 1997  gavage for 41.2 mg/kg-day group per pair, litter size,
NTP, 1988 0, 6.6, 15.9, 41.2 proportion of live pups,
mg/kg-day sex ratio, or pup weight at

birth

References in bold are selected as a starting point for risk characterisation

ZIRRBICEA LTI, o7 —2IcES< s, ZraRLallid

DGR %E L BAHIEEERTIEARNY,

BT, U RV EAR)

FAEFMHERAL L, BT —2IcEES< s, ZradRiaid, U A 7% RE3ERA~
AEEDREND Y A7 DA DR S5 125 LT, A7) =3 IZHHT~EThHD,
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