IPCS
UNEP/ILO//WHO
B A4 B R A S

Concise International Chemical Assessment Document

No.58 Chloroform(2004)
JanaiiR)lh

I

TR [ERM e E 2 Vet il

H

SRS S B A AR SR T 2 A G
2009



H &

s

Lo B 0 it aaa e 5
2. WEORFER L UOWER ALZAMEE e 8
B T T e 8
4, B FBLUBREEDOZETETL i 10
4.1 HARFTOFRAENR

4.2 NAHIFEAER

4.3 ‘EpER L MR

5. BREZTHODRBEN 0AT 258 oo 12
51 K &

5.2 /K &

5.3 JE H

5.4 1 B

5.5 EWFH

5.6 BREZH D4R

6. EREITOIRELE FOBEBEE i 14
6.1 BREEFOIRE

6.1.1 K &

6.1.2 EHNZEX

6.1.3 HiFRK

6.1.4 #UEK

6.1.5 JEEIB IO

6.1.6 & i

6.2 t hORFEE RN

6.3 bt hOREETENE

7. EBREWIB Lt P TORNEIRE-REHOHEE 21
7.1 — AR

7.2 PBPKETY 7

8. FEBRMHFLIEIS KON in vitro SRR~ DB 27

8.1 H[E%&EE
8.2 IMZFE
8.2.1 #% N
822 W A
8.3 THIRE



8.3.1 #% N

832 W A

8.4 RWIZEEE LM

8.4.1 FEMAMEDOHEE

8.4.2 JIT figk

8.4.3 & Jigk

8.4.4 £

8.4.5 HUiRR

846 A=vxT—rayv,/7uE—a Wl
8.5 EEEMBLIUEET Y RAA b
8.6 EIHFEME

8.6.1 AFHRE~D

8.6.2 FA M

8.7 fhooFEM:

8.8 1EHtEST

0. B R N D 44
10. EBREBIPHARROAED~DEEE e, 45

10.1  JKAEBRBE

10.2  [EAEBREE

11 BT oo 48
111 fERE A~ R TA

11.1.1  fabRf EEORE

11.1.2  MHAEEEE PR O E ALY

11.1.3 U A7 O#AHIEH]

11.1.4 & MY X7 3l 2 AN FEME
11.2  BREE A~ LA

11.2.1 FHlEHA

11.2.2 BREEF Y 27 OFEHIER

11.2.2.1 [RAEAY

11.2.2.2 KAEAY

11.2.3 BREL U A 7 5HlZ 61T D AHfe I

12. [EBERERBIIC LD Z AU FE TOZRM  cereeeee e e e e e 59
REF E REN CE S ittt e e e 61
Appendix 1 SOURCE DOCUMENT cooiieeeeiee et 91



Appendix 2 CICAD PEER REVIEW  ...cccoiiiiiiiiiiiiieeeeeeeeeeeeecee 96
Appendix 3 CICAD FINAL REVIEW BOARD  ....ooovvviiiiiiieeeiiiecinnnee, 97
Appendix 4 ABBREVIATIONS AND ACRONYMS ..., 100
Appendix 5 DERIVATION OF TOLERABLE INTAKES/CONCENTRATIONS
FOR CHLOROFORM  ........ccoeeuvrnnneee 101
EBAEWE L2t — R ICSC0027 7 B RIL A vveeeeeeeeeiinnn. 109



E B 6 R M 3 Z(Concise International Chemical Assessment Document)

No.58 Chloroform(Z & & 7&/L A)

52
http://www.nihs.go.jp/hse/cicad/full/jogen.html % = R

i

1. K

7 v a kAT 5 ARCICADIX., BT ¥ 8RR # 1% (Canadian Environmental
Protection Act :CEPA) D F CHE At P E #FAfi H (Priority Substances Program)?d—
& LTH F ¥ B4 (Environment Canada)3s X OV 7 # {fd4 (Health Canada) 3 ERK L
72 & EHZHSU T, Toxicology Advice & Consulting LtdiZ & - CTIERk & 7=, CEPAIZE
iF éfﬁ%fti%ﬁﬂ‘ﬁﬁw HEIL, BE~OEEORR LT, —REE TOMEER 2 &N
b ORI TRELET S 2 L 12H D, 199910 H ORF R THEGS S LT — 2 73
JH \ﬁé*ﬁr(Envmonment Canada & Health Canada, 2001) TSI STV 5, FEBHER LR
AR SNT-BEESR 2 R T 2720, BHOF T A 7 —F _— A& B O
72 SCHRAR R 2320032 H 12Tz, Jﬁﬁg\*ﬂr@ BT L E 2 —0OiHB LOAFFEICET S
5 % Appendix 112, &RCICADD BT L ¥ = —B9 % {E# % Appendix 212777, &KCICAD
(2200349 H 8~11 A C 7 /v Y 7 I F1[E Varna T B fi & 72 i #& 13 & B 2 (Final
Review Board) C[E BEaFAf & LT%E Ihic, EEMEIZBS DS IN#E % Appendix 3
T, EHE L FEHE R EMEFBRAPCS) MER L1 7 v r AL AT 5 EHE (L P E R
AMH — FACSC 0027) (IPCS, 2000a) & ACICADIZHx#k ¥ 5,

7 kL A(CASE S : 67-66-3)1%. LMt LW —7 )L B A2 9 5 845 OFHE B IR
KTH b,

MBI CTO 7 o v RV AOBRETORT 7 v 7 A THEMBLZE 66 T Tho, HE
HEDK 90%IXHARFAEIICL LD TH D, 1990 FROZ N ITIL, & LTKE, K
INHE, BEOHARTES 52 1 M BRENES Nz, 7 e, W HEX
BAMEI) & L Th D07 v REA RO BHE H &38R & LEsh s 7 1
0y 74 A (HCFC-22) 0fERHZ T & LM &, HCFC-22 TH) b
«mménéﬂ%ﬁﬂ%é ZoMDEB YA r o aRL AORE~OKHIX, ST - 1l
ML AR B 2 6 1 DR E 36 K ONH 3 H OISR EME I L > TR Z 2,



71 ARV MEEECHER D HHR LT <, RRPTHML, AAF Yy, vrnrn
AL BRIV, —RfbRFE . B bRFE. BROMEKEE AR T D, KA T
O 55~620 HIZ K5, KESHE COESMITIE, KEEY CIIEYBEIIT
MEEER ISR, 78R AORKFREREITET 1 pg/m3 Kl Th b, BHZER
HIREEIT 10 f5RTRIC ER3T528H 00, MRARO Y v U —= ClRKEHFIC—K
FZH 1000 pg/m3 £ CTEATHZ L H D, B TIIAKEIKOEYE) 7 v vkl LRk
1349 10~90 pg/L EMESN TN D, B, BEIK, B LUK O OB REIL,
B L% 0.6~10 pg/kg (KE/H ThH - 7=,

Ja RV AIEALEY IR O, WA, BLORREZ@%., #enIcWIn, HE. Bk
Mz, BIERREHEE LT CYP2EL IKFMEIC L - T, TR LIRFEDO A T H N
HEORAT B I OERL ARSI S, ZuaadRLAORETe PEAY~ T XA TS
T,

suaRVARRIZE FBIOYHXFOR, BLOYHXFOREITHEEEZ RS, &k
WWAT 5 L HREMER 25 27, BASLDLIWVIERARFZE LT v hO~ U A TETH
EHRBOHNTWD, BEBRIC K - T, TR KON 7 v oL LAOEEDOREER
B CTHHZ BRI TS, b M THiflRE KON BZE O ENSRE T
L2 EEREBET LT —ERDOTINTIEELNFET D, 7 1R/ LMIET 55 %7
RIS 1T AR STV, EREMWEBRICE VT, 7 1 a kb 23S L OV CiE
BEFHEELTND, 7 v MBI DENDAMEOME—OFEIUT, 7 nukL g a— il
(R £ 713K PG SN fECOBIEE ORI TH - 7=, B, WADH D VIEIHY
WEXZHAEL LEROBRICK > TRE L~y A THALNZ, SHIZ, Z7ruk
Jb e a— AR R ARG Lo O~ U A TS A B L 72, 7 m e AL A
DIBRTNEICBE T D IAF R TIHIT E A EOEATEEEZ MR TE W, 7 v FTOH
WEBBEEEEZTE L TCWDRBRLH D, FHLOEALZMZET 5 L7 naRL ACIAER
BEFBHETEWN LRI N, U A THLIIEE L OBIRO EREIL, fetto
MR EEGSZ D < ARAT R KT D XL 5 72T X 5)3 L OMEMER 22 ARUE MR
HIRDORER ZIRINCAE T DD TH D Z L &R T, AR FERNGHLSFIET 5, T >
MM 2 S B S D [ARR D A 71 = X AITKET 5 FEEREM T I L 0 RETIEH 573,
ATFARERT — IR BEINTZ AT = AL EFE LRV, S ESEREREWFEE H -
TS AR D 7 m m AL AR R AEFEME CIE R BEEEE LS
THECOARBRREEZH T2 EBNRBEIND,



BRRIC BT 2 IEWMARBEOR/NEEREIL, 7 v MBI~ 7 20 sk o
HiEA S EE Z L7z 9.8 mg/m3 Th o7, KER A HE COR/NEEREIL 10~17 mg/kg
RHE/A T, flix DT RARA 2 MIx L TRR 2B THEEIL T, AFPIsiES5<
77 —~ax 37 4 27 APBPK)ET /LI L O O a k(T oo J5 - E & R4
D AENERD RO HvieA XD 7.5 FHOREBRAERZ AT, U A7 O 5%H NI B
5 HHEHE O tissue dose rate(REMEPN H EFERIE « BAIRE H 72 0 ORRERNERE O
EDEHOL L1205, v NORIRICEIT 527 1 v AL AOMRHHHES.8 mg/L/RF) A T
HENT=, Z OFBHYE D tissue dose rate 13, & F23AJEIZ D2 D JCEKH 37 mg/L,
FIT2EET 9.8 mg/md D/ v a RV ACRBELIEEEE LS EEZOND, ZAHD
95%EHE FIRMEIZZNEi, 12 mg/L BL1 34 mg/m3 THDH, 1 BMAERAERED
0.015 mg/kg R H/H 36 KO D 0.14 mg/m3 225 2 b DENBHE S5,

IBHIZ, PBPKET/VE, ZuaRV AT v N CEIEGZ R Lo B R 2 Hu
T, g & MG RTERZE DR ARE 5% LA S LRHEEZ E FOLAIZY TEDH D &
FNENERE 3.9 & 1.7 mg/L EHEE 47z, A Tl BOBK IS K OVERZ I L 7o 2
FED 9B5%IEHE FIREIX. 21 2363 mg/L #EKIB LN 74 mg/m3ZEX TH 72, #%
FHOHA, REHEEE T 1477 g /L /k$ LY 33.3 mg/m3 285~ D5 575 (95% 1548 T BRAE
RSN TWZRUVINTHEY LT,

U227 OMEHIERTIX, Z7aaRLhOgs, I X0 REROHERBEREL . &
DA L OGRS S AR P T 2 IR BV BB LU F~—7 HHEOM DO 2T,
K2 2HLL ETCTH o T,

7 v bB IO~ T 20RO 2 5] & 3 LW S RAIKIR (9.8 mg/m?)
T, AT FITBT 2ENERT O v a )L AHEEEO TRAR.28 pg/m?3)is & UHEEE
D 95 /3—& U Z A MEB.0 pg/mDE L E 4298 % B L1225 5 ThH 5.

SECEEM LIS I T — X TR SR o To s, R T — 2137 nn
BRIV L DREF SO FEAEDE LM L TE LW A7 2826 RN L 2R
LTW5, HETOFFREOHEICK LT, HEBET L7 —FIIAF TS ol
KA OLE . WK OREITESZMEO &mWAEWREICRT LTS 2 bHEE MR 4 &
AHZ LI TH D, V7 - SRS AMERR, 36 JOMESI#ioD X 9 ZRpESEIR K
FEANFAUTI T O FFE L~ - KL T2V A7 B ZVGL L~UL - [ZE LT3
TN TH D,



2. WEORER L OWHEE - (LR

A
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Fig. 1: Chemical structure of chloroform

7 v a7k )L A(CAS No. 67-66-3)1% + VU 7 o X # L (trichloromethane), A% k1 7
7 J K (methane trichloride). + Y 7 v & 7k /L A (trichloroform) . =¥k * F v
(methyltrichloride), X O*=#ifk/1 2 /L (formyl trichloride) & L CHAE L5,

SR T I VW —T VB AT 5 BAFHOBRMERIKR TH D, (RENLRYEM - (b
FHMEE IR 2 @5 E % Table 112”7, EDIEDOMWEIIACEIHEE O EBELFY
B2 — RACSC 002N ST\ 5,

He

K OZEHLEEL(20°C, 101.3 kPa)iX FRED L EY -
1 ppm = 4.96 mg/m3
1 mg/m3 = 0.202 ppm

A CICAD TiE 20°C D7 0 12 25°CITH31T 2 B HateEk & F O T2 JFE B O A2 5E o
1 ppm = 4.9 mg/m3
1 mg/m3 = 0.204 ppm
3. STk

AR D 7 vv kv Ko —fREYE LI, FREIS pH O 295 BH T A ilg T

1 [EER(SD AL THIEM &2 #7895 WHO D5 #HIHEV, CICAD 3 U — X TIERE D
KRB EE D OPRLE 2T STHALTERRT 5, JLEFE RS ST HLAL THRR L7z E I,
ZOFEEBIMT D, FESHERNAREN TR LIZREIL, ERROE#IRE£(20°C,
101.3 kPa)Z AW TEWZ1T 5, AR TIL2HETLT 5,



Table 1: Physical and chemical properties of chloroform.

Property Value®
Boiling point (*C) at 101.3 kPa 61.3
Vapour pressure (kPa) at 20 °C 213
Water solubility {glitre) at 25 *C T2-93
Density (g!cmzl at 25 °C 148
Henry's law constant {F‘a-ma.fmnl} at 20 *C 304
Log Kos 1.97
Log K, 1.44-279

* Data listed in source document (Environment Canada &

Health Canada, 2001).

NU D AZIRI, R L. B ERNERECD), a7 R R, & 2DV ITE RN
B E A7~ b5 74— (GO L > THOWNT 5, EFEAELEREIC L > THESE
SNTWD ZHODOHENRS %S0, 1997), & DIXECDZ: £ Ol i) 725 HH 24+ 2 i H
GCEHEMT D HIET, XvZy, ~FHh o allm—TV ~TF 2 HLHWNEF L
KA Z MRS E LTV, EERERT0.056~0.3 pg/LThHhs, b9 U EDIZECDAR ED
WU e B E F )~y RAR—ZXGCIZ L 2775 T, TERAIT0.3 pg/LTh s, KE
BRERET (EPA)OHER FIEIL, EMELEEH LWL 7 nEERESAE =T 8
r 7 v 7GC(EPA Method 502) £ 7213 E &0 HrasMS)fF & =27 K 7 v 7GC (EPA
Method 524)% i\ 5 & DT, E&RESIF0.02~0.2 ng/LTH 5,

2L OOHHER, KT O/ aa sV AREOHIEICHWLATWDS, ECD, &4 4
iR, oA A b, H O WITEETEGCER b b — RN TH D, 7
o RV AR, RRE AL THESRTICESER G H D WTEA L, BEIZHET L2 L
INTED, ZNHLOHFERIMHETH D05, #WHEIZIT AP ERKFITHRY
R E CHET 2B ICORMENTRETH D, 2% H OWERNAEETIL, KRB R,
Porapak-N7¢ EOJEEWERIFIZHE L, W& L7zZ mafkL iz hHifbRESCA X/ —b
R E WO R TCHAE L, GCIZHM L CHIET 5, WAEMBBAEE TS, KA E %
Tenax-GC. Porapak-Q. Porapak-N. & 25 MI5D+5 25\ RFE7 R ETEMEWEAIFIZ@E L,
Wi L7z aaiv L MBWisa L, GCI T L~EXHET D, AFBOBEINT v 70
BublT, RRAB 2R ER H D5 WVITIREBR L GHAI S T 20H T v FITEA LIS
NIy TZBL TRV LnEGCH 7 MIBEIESE, WET D, BIMEHW LA TWD
FEOFERNC OWCIE, KEMEZRZ A4 R(OSHA), SERFEL42RHSE), KERERM
BH#H=(ASTM), Ok EE S22 A AT (NIOSH) . 45 K OSKEBRELRE T (EPA) S



Bonst

SHEDORIRE TR & & bicm B L, JRERClE S 7o FRRIZRAF0.1 pg/m3
(T. Dann, personal communication, 1998), 7K#0.001 pg/L (Comba et al., 1993), Fif&
i H10.05 pg/kg(Page & Lacroix, 1993), 5 X OENH0.02 pg/kg (McNeal et al., 1995) TH
%

4. B FBEIVBREORERE

HEE D I KO R O S & SE il COREEIZESE, RaFH~D 7 mrkiL A
DOFSPEHEIX 1 [T 47 7 b > & H#EFE S 7= (Khalil & Rasmussen, 1999), 2003 fE/AF
ORI LD L, BEFOZ7unkL AT T v 7 23BZ5< 1HEMIC 66 77 b FRE L
—E T HEHEOK 90%IZARFEERICE DD TH D, ZOMEBETO T 7 v 7 A%,
1B CTIREKRNPLD 36 TE9 Ty, THET o An60 22 5210 5 b, o HIK
FEAPRCK TSR, HEFHDHD<2 )7 by, BROABIIEENIC L S 6 17 60002 )7
3000 k75> T % McCulloch, 2003),

4.1 HRARRTOREAR

MREIZ K> T a RV AREREESIND Z L n#HE STV 5 (Nightingale et al.,
1995; Scarratt & Moore, 1999), FEERFEIZB W CTHMRFRE T, AEDICET U b OFR
OEHEN LA BIZo&E 12 pg/m?) SN7-Z E1E. 7 v a kb ARAEMIRIC X - TARL
ST & &R LTV b (Haselmann et al., 2000), 7 7 1R /L 5O K& H OfEITH 0.1
pg/md EHEINTVDE N S 160 cm £ TOHEDZEXF TliE 20~30 pg/m3 TH -7z,
TR b (Na3TCD O 3B INERERIC L » CTHIEh o BRA R GEH S iz, BEN
ZOBARERICEE 2 &E 2 B2 L T\b & & 2 5z (Hoekstra et al., 1998),

HDHIN—TN, BREBRERET D700k s NAMICRET S 7 a0 HRLAD
REFICEDDEIAETIZFFELWE LTS, ZOTNV—TT 70l AT Ty A%
1998 T A VT 2 RO T METORRM & 2 DT O HHEAARE R CHIE L, Bk D
7T w7 AX 1 EMICIRR-ARER S 4700 2 (100~15 17 1900 k), {BHAH 2K M

2 BAEHWSLNTWAFEIZ, ko LB : OSHA SKC 2003, OSHA 05, MDHS 28,
MDHS 88. MDHS 96. ASTM D 5466. NTOSH 1003, EPA 0030, EPA 0031, EPA 0040,
EPA TO-1. EPA TO-14A. EPA TO-15A, EPA TO-17. EPA TO-2.

10



52754100 F GO L) EHEE L-, BEIRD X 912, McCulloch (2003) D #i 8
TlX, 7o odsL AOMERBEAEO R EIL 1 EMICK 66 5 T, JEHEDORK 90%I1XH
RBEAEFICLHABDTHDHEESNTND,

4.2 ANAWRAIR

suanmAR g, A, Ik, EE, BRSO OEREI, HOWITHEFEEHW
TeARDE AR DI SF LB TIEDLOWEN G AR ST, BEFY~EH S5, 7b
7 SR AE KRB R . ALTFEELE T T v~ SHBERIGR 7 v a kL LD
N2 HIFE IR T & % (IPCS, 1994a), & 2 HEECHEMIMEM D 3G AE U7 I Ve~
JVIREETR EHARDKITAFET D S F S LR AME D BEK O F b HEIZ IV TN m
FIVAROR %S % 7 m RV LAOERIZEHTHT 5 &% % b5 (Environment Canada
& Health Canada, 2001), Bk X 912, McCulloch (2003) D¥R4E CTld, A&RIFRAIC X
5HOIE, 1TAEMIZ 6 576000+ 2 )7 3000 FTh 2,

T F B T DN EEREIC L - T 28 DT8R T 5D 7 1 r kL A0 1996
FEROREPEHEITRE T~ 288~ KEA~ 156 b BEALEESZR~ 0.019 k|
BLOMNTHIAN 0.127 R TH D Z &3 500272 - 72 (Environment Canada, 1997a).,
NSO THOBEAKTICEBITAZ aah/LAORAERS L O L. EE TR CHEZETLED
RV TBEFEEZEHT 2 L L <79 % (Solomon et al., 1994; M. Henteleff,

personal communication to Environment Canada, 1999),

1996 71 7 & B 2 EG e E HE Y H $k(Canadian National Pollutant Release
Inventory IS S /=7 v r ALV ADBRA~OMRYPEHEIL 208 o Thoto, 1TEAL
oL B B R OBEE T > TTHY | 96%E B2 5 ENKEH, %02
KB ~HEH ST 72 (NPRI, 1999),

HITHE ST W, \WREZMEHT 50 F 7 ONE TR DR E S AT LH3
7 aa RV LOEERREERICRVGD, 7aa RV LT EREE TVRBRT I Ul L
D A K BTEEAR > 7 0 s IZ & o TA R T 5 (Environment Canada, 1999a;
Environment Canada & Health Canada, 2001),

saaRVAMITEND b ENS B ND, T HITBITHHREICEL ST,
H Ak L RS 422 (Canadian Chemical Producers’ Association CCPA)IZFT)E 3
% 3 fiEx D 1996 £ D 7 1 m kL LRHEH E T 145 kg T, 88% N RA~DHH THh 72 =
&3 5 M2 7% o 72 (Environment Canada, 1997a), CCPA OH#EFEIZ L 5 &, EES4EIC

11



£ % 1992 FOBE~DOPEH E X 540 kg T 5 (CCPA, 1992), 1993 /2 HCFC-22 #ii&
FOMERAIZ L > THEH &N -7 v a kL A &lE 31~1040 kg & #EE 7= (Environment
Canada & Health Canada, 2001),

4.3 AEELHRAR

oI EE LUCKE, BINES, BATRIEINTEHY ., 1990 F0HE 057
RELEBEITHEIZ 52 T b Th otz 1995 4, 7 muR/VLE 19 B 5 ETHRIE ST
oo KETOREEIX, 1991 4213 22 77 9000 k > 1993 4F1% 21 J7 6000 k> Th - 7= (TARC,
1999), & T bixeilE ST (Environment Canada & Health Canada,
2001), EU ToO#KRAERIL 31 J7 6000 k> EHEE LTV 5 (ECSA, 1997),

7 unaRLOR G 72 HiEILHCFC-22 AETH Y , Ziuhs EU TOfiHED 90~95%
% 15 % (Zok et al., 1998), HCFC-22 il & L C O HEITHAMEINNICH 203, AU 7
k7 74 v =T L 2 (polytetrafluoroethylene) 72 & D 7 v FZEHEASKDJFA L LTl
RAESEIMEMICHD VW) ZLiE, Z7eakRL A AOFEENREN - ETHLZLEE
g5, DARTOMEEIE S U TOMHILS 74 TIERESITFEIL SN TW DA, — ok
WESLWLS O ORBITREMIEH I TS, T MU A —LEEEWETE) T
HCFC-22 % 2010~2020 FIZthx b s¢5 & LT, Zhick-sTrZ ek A
OBLEDOH O KN FFE EPERR S5 (Environment Canada & Health Canada, 2001),
Fro. ZuuRL NIRRT T, BE-ART, BE, W, FA T R Uy
AL HyER—=F v, BIOBIEOEAIE LT, AL LT, H20IHIHARCT LE
RHPTHEEH STV 5 (ESCA, 1997; Budavari, 2001),

5. RETOBE - 51 - £

5.1 K&

P TR, PRSIz v u AL MO EERIC AR S o FeX v T ULk
BHIZKIET % Kindler et al., 1995), KISARKMIEH A5 (phosgene), 7 ur A X
> (dichloromethane), #i{t.4/1 2 L (formyl chloride), —##{t/x3%(carbon monoxide).
Pk ik F (carbon dioxide), 35 & UMb /K & (hydrogen chloride) T & % (Giirtler &
Kleinermanns, 1994), £ TR H 172 Z OIS OHEE EHIL, 1.0 X 1013~2.95 x 10713
em?/ 5y FIFQ25C) CTh D, RHET, IRE, B FeX 7 VUV oRE, HRKFEZ

EEZL OBRNIEA SN D, HEEFEMIX 55~620 H TH 5 (Derwent & Eggleton, 1978;

12



Singh et al., 1981; Klopffer et al., 1988; Khalil & Rasmussen, 1999), f#H¥&(Z X - TKEL
DINKZNRD DT, ATV 7% 2 55 (Diamond et al., 1994), 45 ffsk 1%
1AEMNCAEER T 25 TT~5BT7 J7 b v FEERT 12 I7~26 77 kv L HEE S 415 (McCulloch,
2003),

5.2 7KHE

HRAKIZE T2 EERRETm B RX, HETHDL, E7 /MERABRICL D L. W)IITD
HEEFRNE 1.6 . WV TIZ9~10 H Th o7 (US EPA, 1984), INDET VLD
LRI CHEENE < LRATE 2EFTOFE ) B EREENIFE WV 2 & 2VR S vz (Kaczmar,
1979; Lyman et al., 1982), K5y OER T, 25 Wk £ THRINGE T OKR TEY
RIXITE & A ERB D7 o 7= (Bouwer et al., 1981; Wilson et al., 1981, 1983; Bouwer &
McCarty, 1984), i F/KTIL, FIENIRERN T, KIS T COEMGENIEL, 1T &
A EDIHFRINGM T CEWD RN HF DNV END, 7 aa i/ L& Db THEREMEN
BB E#E 2 515 (Environment Canada & Health Canada, 2001), JN/K43fi#IZ K 2 -8
1% 1000 4% #8 2 5 (McCulloch, 2003),

5.3 K&

B WBRIZ L o TN, #iEMED A X VARG T ERE, JKEFR OB o it a
HITITHEAT LRV Z EVRENT VD, BEMERM FICB T 28 b 2oz, ik
fbiRFE, A2 v, BIOHILKELVEDY 7un x4 Thh, BEAMESRET TR m
2 AL A DO 10°C T 12 H.20C T 2.6 H Toh 5 (Van Beelen & Van Keulen, 1990),
BESMESRE T TIT N RO TiX, TBOZWIEE TONREMIX 2~37 A Th 7203,
W DL NEE TORIZFZAE T & 225 > 72(Van Beelen & Van Vlaardingen, 1993),

5.4 ti%

7w m RV I FHEFEVEDN 5 < TR EAMEN 0 HIFR 1 C O ENRB IR B R F M O fH
RNERE 2D, Z7ruaRbagGielEKemA HBRIONATZI 7 ma X LRERTIE,
M7maaBRLLD T5%NRKAF~HEREL, KV O me R/ LI HENSRE L2
(Piwoni et al., 1986), W35 &I HHE R Ok 54 EICHEI T % (Dural & Peng, 1995), %%
DIRVNGABRIZ K o TEED, HEMED A Z ARG T 2BRE . LR O L2
THETLR2NZ LAVRENTWVWD, BRI AR, ZIbRFE. A2, B
XML ARFEEVEDY 7 nm A% Th 5H(Van Beelen & Van Keulen, 1990; Van
Beelen & Van Vlaardingen, 1993),

13



5.5 £t

sauaRV 0L X =K ERE (log Kow = 1.901%, 7 1 vk /L ARKREY
HTIEENEEAEMERE L2\ 2 & 2R LTV 5 (Anderson & Lusty, 1980; Zok et al.,
1998), EWMiEfiEtR £ 1 L4k < 690 (Mailhot, 1987). fa(7 )\ —X /v Lepomis macrochirus.
=~ A Oncorhynchus mykiss, #7427 /XA Micropterus salmoides, 33 S O7 I+~
A Ietalurus punctatus) T 1.4~10 T& 5 (Veith et al., 1978; Anderson & Lusty, 1980;
Barrows et al., 1980), ¥{LIZBGHIZEIT L, AHROAET X CTTLEYIX 1 AR TH
% (Anderson & Lusty, 1980; Barrows et al., 1980),

5.6 BRELH D53

T D VTR K O 7 v w AL L3RR LT, FERREE T 99% 80 KISy
fidd 2 & T % (Zok et al., 1998; McCulloch, 2003), KIEMERH D Z End ., KEH
DU AL AMIEDWELE BT B0, FLO TR 2 HEEORNRZ VLS Th D
(Diamond et al., 1994), HHRFE-CIRE & OBFMENME L, BESEEICIE 212308
IV, ET/MUIZE > T, KFINSIEE~BET S22 neRL L08R 5%, <0.06%
(D) ~8%(#h) & FHI =TV 5 (Anderson et al., 1985), HAKRBIAFECIZ KA 99.1%. KF%
0.9%. 15£0.01%, IKHE 0.01% & @& ST 5 (Zok et al., 1998),

6. REFORELL NOREE
6.1 REFORE
1.1 K&K

FTHIZ LT, 7 aRLAOREINRYDIEESDENH D5, BT L To
SEYJREEIL 3.5 png/md [CE TR, 1ZFEAEDREEIX 0.5~1.5 ug/m3 OFPFANTH - 7=
(McCulloch, 2003), 1991 4, R/ ks HAfEHF D Madeira &8 L OV KA Black Forest
DRZHFTOFJEIL 0.2~0.6 pg/m3 (0.07~8.7 pg/m3 DHPH) TH V. 1975 FIZHEE D

BT i T OAUHNE L 72 A5 BT 0.12~0.6 pg/m3 & i STV 5 (McCulloch, 2003),

1989~96 4F, T XD T OO D 47 % FiT 24 KFfEEREL L 7=, 8807 OH 7 d X
Z 69% TZ v/ ARBE SR 0.1 ng/m3 LAl b)), Z oM F, FEREED
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X <0.1 ~0.18 pg/m3, FHEIL 0.12~0.23 pg/m3 TH 7=, MEITEM itk T
S EBHIELS, WHETIEE Y ELS, FEERICHELIZGIITh o> L bEmho7z, 1989~
92 =D 3344 Y7L 1993~96 D 5463 VTN AL E . L DEFIFE IR
RV LRI DT ML 2e o Tz, 1996 A D 24 BRI 0.75 ug/m3 (2,
ZLLENCHH S E iR E X 6.0 ug/m3 TH - 72(T. Dann, personal communication,
1998),

KETORGH 7 v o RV AR, #HET 0.1~10 pg/m3, RO JE LK T 1.4
~110 pg/m3 T - 7-(ATSDR, 1996),

P AL EER DR « HP IR - BUFHIk O RE O 7 1 v RV ARE L 9 BT o THIE
L72AE 0 ) < 2O KRB TIEAE AN 0.2 png/ms &£ TIZ 72> 7228 R I T 0.09
pg/md & OWENH 5, WEHMFF, AEZREMILA 57 H - 72 (Khalil & Rasmussen,
1999),

FAKTEEE EO KRGO 7 1 v kL AL 0.05~0.1 pg/m3, JL¥-ER Tk 0.1~0.25 pg/ms,
5 A5 Tl 0.04~0.07 pg/ms3 EKIEECTH 7=, 2 b OEEIL, 1985 Fr—7 2 v
VIND T L N—T 2 DY = TR L TEARE OV L B X
1982 47 V' L ARGk, 1984 A~ T 4 7, 1985 NS o — Xt G CHRIL - v 7 v
MHD YD TH 5 (Class & Ballschmiter, 1986),

6.1.2 EEARZER

JmaaA/L AT 1991 B2, BT F DO 9IND 754 OEETERILL 72 24 FfY > 7o
11% TR X TW 5 (R HHER A 8.5 pg/m3), # Hik KL 1 68.6 ug/m3 T & - 72 (Concord
Environmental Corporation, 1992; Health Canada, 1999), 1996 #(Z/% Ontario M
(Toronto K#FTHTHE]), Nova Scotia N, Alberta /N o 44 45 i 8 i+ CTOR HIR AR 2.3 ng/ms3),
1997 AF(TIE[R Ui 50 HHAFr 34 fEHy Tl S 41T 2 (R HBR S 0.22 pg/m3), £ 5
KIEFEIT 14.1 pg/m3 T, &t 94 Yo TV ORHEEFEIRIEIX 1.5 pg/m3 ThH o 7(7 v r kL
DARROY o TR TR E D 2 53D 1 OIRE LAE L72), 94 T THho5
T BN DO RER S5 7L ORI AR (<0.22 pg/m?3)~94.5 nug/m3 T, EIROHEE )
% 2.6 ng/m3 TH->72(0Otson & Meek, 1996; Conor Pacific Environmental, 1998;
Health Canada, 1999), 1991~92 4. Ontario /| Windsor @ 146 f:#5H 89 i DEWN
ZERZHNT 7 B AL AR S (R BR AR, FERE Ry D BN 2R IR D &
KAL) FENL 5.6 pg/m3, FEEFUENFIE L2 HE13 L W ® < 16 pg/m3 Th - 72(OMEE,
1994), LU, 1962 42K[E New Jersey MIZ 351 2 A TIZIEMLUE 61 {ikdy & BT 32 {i:
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HMOEKICEED AT LT (& 4, EH 0.60 . 0.85 pg/m?®. FHfE 0.28,
0.23 pg/m3)(Heavner et al., 1996), # /N=2[X IPCS |2 X » THEHERER 7 v iR/l ARE
JR LT E SN2 - 72(IPCS (1994a), KEDENZEXH OB L 0.17~43.9
ng/m3GR KAE 210 pg/m?) & 5 S 7= (Samfield, 1992), 1987 4, KEH U 7 4L =T M
oY BN RAD 248 FRETONVHEEIL 0.9~1.5 pg/m3(x K 13 pug/md) Th - 7=
(Wallace, 1997),

FENZELRF D7 1RV AREIRRAKD O OFFIZ L > THEHRFMIC LRI 5, &<IT,
AP OY v U —ETOREIL, 50% %A D72 11k LORFEIZ L > T 1000
pg/ms %8 %2 5 nfHEMEDY & % (Tancréde et al., 1992; Giardino & Andelman, 1996; Health
Canada, 1999),

6.1.3 HFKk

SFETO 7 m RV AEEE X 0.002~0.015 pg/l LA STV 5 (Class &
Ballschmiter, 1986; IPCS, 1994a; Zok et al., 1998), & %## CTiL. 1980 AX~1990 4
RIZPF TR KRB LT —r v /(T TR R4 Y AT =2 —F v BLOWE)
O RO KFORETL 0.004 ~11.5 pg/l & LTW5D, MDD ITAE AL
% > B OHEH SED O Tldf K 10 ng/L £ THRE SHu7z28, FE T3 oW1 F o
FEYER 72Xy 7 77T o R LU —fR9IZ 0.5 pg/L K Td - 72 (Zok et al., 1998), = —
2y SO PRI SN T, SRR CORFTREREZ GO T7 rrfR/L AREILLS
0.01~70 pg/L T % & #H L I TV % (McCulloch, 2003),

1990~95 4EZ 23T T H F & D Alberta M D HiFEKIs L OHF KNS D 59 %o T % by
Mriiz A 20 TNOHMN 2BL T pg/L &R 1 ng/L %8 2 T 7= (Alberta
Environment, 1996), 1990~96 4™ Alberta 156 ? 321 > 7 o7 To
F7 v RV AP S AR R 1 pg/L), RKIEEIL 2 pg/L Toh - 7z(Environment
Canada, 1996), 1991 F(ZEREL S H7= Superior DK 192 B2 7LD 7 v v k)L LAjRE
13<0.001~4.2 png/L(F9-fE 0.064 pg/L) & & F &F T(Comba et al., 1993), 1990~93 4=
@ Niagara |75 0 293 U > 7 U2 2 5 VT2 e KIEEE1E 0.19 pe/L T - 72 (Environment
Canada, 1996), 1990~93 4 (ZEHL S 4172 Quebec M OHIFEIK 107 V2 7L ORI IR H
REE(<0.2 pg/l)~44 pg/LL T&H - 7-(MENVIQ, 1996), 7% O 4 43T o> 984 Il EE
OHRAEIT <0.2 pg/L, 95 /N—1 ¥ A JVEIT <1 pg/L, 99 73—t > % 1 )UHEIX 2.94 pg/L
T& - 7= (Environment Canada & Health Canada, 2001),

AT ZDHEKIZONT, & ITHIBEAZHNL VT - BERTEHRNT, & 23
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Table 2: Concentrations of chloroform in drinking-water in Canada during the 19%0s.

Maximum
No. of Frequency of Mean concentration concentration

Provincefterritory Period samples detection (%) {pa/litre) {pgiitre)
Mewfoundland 1995-1996 51 100 9.6 29.8
Mew Brunswick 1994-1996 410 100 9.4 T7.4
Quebec 1991-1995 165 95 519 440
Ontaric 1991-1997 3332 95 350 390
Manitoba 1990-1995 832 94 894 1125
Alberta 1990-1997 1765 92 E0.6 1224
Morthwest Temitories 1990-1992 52 75 275 258
All data for 1990s BEOT 96 473 1224

1986 1 T35 N 7 T 80~200 pg/L 7 & miRENHRESINDL Z L H D (OMOE, 1990),
[FERIZ 1970 AR E o & BE LAV T O TR S L7z ¥ o 7V R D e R A 394 pg/L
Th ol & DOFLENH HAPCS, 1994a),

1990 X A ¥ @ Black Forest il Tl S/ 2 & T, WAKPOREIL 11~17
ng/L, FKIEEIT 97 ng/L &% &7z (McCulloch, 2003),

6.1.4 HEhK

suanRh, BRI T I, WHRER AV EBRLER S KOEHFE 7
ADEHREEBRY TH D, REIRLHKTOEEDEREICE > TRERRY, WL
AL, RE, BLOpHIZL s THRELZIT S, BRI AT AR > TKBBENT S
oM, SHICERERAGEX 7 F T, Z7ea iV AREIEFIZEAT 2
(Environment Canada & Health Canada, 2001), 1% CTHE®H LLTZT — % O KEBDTIE,
KAVEEfi R 5 X OVELAK S AT AFORIEMN SO L O TH Y, HEF OO TOREIZHE
T HHEHRITIE E A ET2, 1990 RO T T X DN DO OEEIKD 7 v v kv L
FE R E M R RS 0.1~1.0 pg/L)% Table 2 127577, DT —F ZHWT 95 83—+
VHAVED 166 ng/lL EEH ST, (FREL I 2 RIEBEOFHZRET D70 @i
D 2 HIENWS DT — 2T E2HHTHE. 95 N—k X AU flElE 220 g/l TH -7
(Health Canada, 1999),

L/ OEENRENO XVIRONTEOT —2R¥b 5, 1993 £, BT 4 9 Mo
53 KALBEMFE D> & D 214 B T ND LY TV T ma i/l A0 S (>0.2 ng/l),
LAl 18.4 pg/L. E¥IE 27.6 pg/L. FHKME 336 pg/L Ltk ST 5, INMORED
BATEE 6.6~62.1 pg/L & SE I FE T, BEHNIIAH OB L% 2 %5 Th - 7=(Williams et
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al., 1995; Health Canada, 1999),

Jaa R ARHKPIZAZE6ug/L b5 WTEFE 12ng/lL &Nz &, ¥ U—K
ORI EEIT 24 pg/L TH - 7=(Benoit et al., 1997),

1992 FICE S NI T X ORETIE, IXTLVT4—F—61 K MOV THIZEH Y
7 1RV AR HAIVT (BRI 0.5~3.0 pg/L), 86 DiFE & KV 7 v 1% 7o
THH S 7=(3.7 ng/l), GEREEK, BiHEAK. A Ak, BAEK, BILOEEKEE T,
35 DEZN VBRI 7LD 55 10 % 7 Tr7 ma kL ALK &7z (Page et al.,
1993),

6.1.5 EERB U=

MR INT-TFT—XIFR LN TWVAR, Zaa kLA FEERCHETICZNZERET S
LIFBZLNT, LR TINLOEMRIZZ EICERT 5 £ 135 212 < VW (Environment
Canada, 1999a; Environment Canada & Health Canada, 2001),

6.1.6 Bk

BT O R AJFITAMICHR ST RWR, 7 aa kb Ao T ok
A, #EH, BEOA 7 o OBITHAME Sh, REFRLHUK TR L 72 e 28p R i)
b ZORMEIZEMT HEE L ZLRM~OBEN —DOREEL LTEZLNLTWD, &
LFEORAWNZ 7 ma RV LBRD HND Z EIE, HEEEA = =72 DR MY 7L

LRI DEHERAHAKDHERIC L > THHATE D B bND, WHRLHE I NTHEKD
RO, Ao FABFIZIRV AT aadLb A, FHEEFICERICE > TEBE
HBREIN, BEREHLT TIEEOREIZIE T T % (Environment Canada & Health
Canada, 2001),

NFEDAH Y AINAZ DT BEASHT 13 OfCEH 11 TZ v adL ARNKRH S
7oK 14.8 nglkg), FLRA S TIIME SN2 R IR 0.05 pglkg), D%
L7 47 OBBBLIOEHKEY 7LD 9 b 41 OV 7L TroakViaiBmit s
(23~129 pglkg)., b &b EEEBGO~129 ngkg)?® 3 o FINZ—nED LD TH
- 7=(Page & Lacroix, 1993),

7\7%5%‘/5 D) 7]‘}”’7/]’ /‘U“—@/J‘ L,Eﬁ)%;ﬂﬁj\bf_ﬁ*/l'uu% 33 @ﬁuuﬁi ”%W
Lzl Z A, TR/ — HiEA, 2B, Y7 NRU V7 MRA—7D 5T
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Table 3: Deterministic estimates of average daily intakes for the general population.®

Average daily intake (pg/kg body weight per day) for age groups in the general population

Exposure 7 months —

medium 0-6 months 4 years 5—11 years 12-19 years 20-59 years 60+ years
CQutdoor air 0.002-0.034 0.004-0.072 0.003-0.056 0.002-0.032 0.001-0.027 D.001-0.024
Indoor air 0.559-0.744 1.197-1.596 0.933-1.244 D.531-0.708 0.456-0.608 D_.396-0.528
Food — (included in 0.150-1.145 0.105-0.899 D.060-0&12 0.043-0.478 D.028-0.349

water data)

Drinking-water 1.003-9.536 0.424-4.037 0.334-3.172 D.190-1.806 0.199-1.891 D.209-1.987
Subtotal 1.56-10.31 1.78-6.85 1.38-5.37 0.78-3.16 0.70-3.00 0.63-2.89
Showering® - - - 0.43-4.06 0.36-3.40 0.35-3.35

* Further details on the basis for estimated figures are given in Environment Canada & Health Canada (2001).
® Inhalation and dermal intake from daily showering.

sana kR angt ST, RKREEX 67 ug/l Th - 7= (Enviro-Test Laboratories,
1992), (FlEkD)35 ORMBEDFRROFATIZ, Y7 PRI 7 BLOT L a—AFETO
B v a R AR ST (BRHEIR AR T 1 pg/L. &5 T 5 ngkg) (Enviro-Test
Laboratories, 1993),

RONLTIEW D2 KENS BT — 21365, KERMERLFBEDADO~—7 v b
PRIy MENBELNZBERE Y 7L 231 7 mad/LAE 94 H 0 7L TR &
N KB LT = 4 —F — X TD 312 pglkg T - 7= (Daft, 1988), #M L5 D43 Hr Tii,
7 vV LARE 0.5 ngkg(T ¥ =7)~3400 pg/kg(3) CT&H - 7=(Heikes & Hopper,
1986), BERIA Y 7L 18 H1 10 4o 7V TR S 4, I RKIRFE X3 % —TD 670 ng/kg
T o 7= (Heikes, 1987), Washington, DC TEE S L7z 3% —36 ¥ > 7L Tl 30~255
nglkg 288 Hiv7-(Miller & Uhler, 1988), 234 O dnY > 7V ofr LIofER, 7 unm
RN AiF~—HY (7.3 pgkg). /3% —(38.9 nugkg). BLO7 V—21F—X(110 pgkg)
72844 B T TRH S LT R BR A 5 ng/kg) (Heikes et al., 1995),

KIE D 5 JFkE CHRIALMIM P ORI B ORFL 42 ¥ T 40 70T, IRE 0.1~
65 ng/L 7 v 1 AV A3 47z (Erickson et al., 1980),

6.2 & FOFZRER: EES

BT FORG(EERTAE), BT FEBLOKREO R, 72256 CITEEKON S KON O T

3 Measurement data and assumptions that form the basis of these calculations can
be found in the source document. Z#L5HDFHAED E & & 72 HHET — & 35 L ORIHE LR
HEE TR TE 5,
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Table 4: Deterministic upper-bounding estimates of daily intake for the general population.®

Upper-bounding estimates of intake (pg/kg body weight per day) for age groups in the general population

Exposure 7 months — 4

medium 0-6 months years 511 years 12-19 years 20-59 years 60+ years

Cutdoor air 0.21 0.45 035 0.20 0.17 0.15

Indoor air 16.81 36.02 28.08 15497 13.72 11.92

Food — ({included in 2.87 236 1.58 125 0.a9
water data)

Drinking-water 1306 55.28 43.43 2473 25.90 27.20

Subtotal 147 6 94 62 74.22 42.48 41.04 40.16

Showering® - — - 55.64 46.61 45.90

* Further details on the basis for estimated figures are given in Environment Canada & Health Canada (2001).
" Inhalation and dermal intake from daily showering.

—Z)TOREMEIZIESNT, 1 HEEREOEEMEHEEES L O LR HEEMENEH S
72 (Environment Canada & Health Canada, 2001), Z 15 % Table 3 35 X O Table 4 (Z
R,

ENHEEMIIATIROE =2 ) v 77— 2B LORE, BRAE, BRSKOBREDS
Rl DRI Sz, Rdh, BBHK, 36 KRS O FAE TR 0.6~10 pg/kg A H/
HESESEThD, EROHEMITAK, B, BLOERF CRE SN RRBEEZH
WT 40~95 pg/kg (REE/H SR Sy, kK7 v r b AREN SRS S fEbk T
I EINT-MI NI OREGZ NI TIE, &K 148 nglkg K&/ H Th o7z, HH D
VX U—fEHICE o THEEM A 50~100% EH L7z 7 v—7 4 & 5 (Environment
Canada & Health Canada, 2001), #FHIZFREEHZGEH ST (Environment
Canada & Health Canada, 2001),

EBIC, BFFDOREBIOKNLD 7 vukvh 1 BEREOHRRIHETE, —
RO RZE L HBEL O 2REOFEFO 2 2O F U FIZHONWTHEB IR, &
IEIRC Y v U DR BB CE A BT 5137 — 2B+ m e Bz b
72, 1Monte Carlo fL#{%F £ O Latin Hypercube 5% E 40240 5 B3O HW T, 10000
FFITOY I 2 L—a U MThhT, 2 5D 7 U v ZiEN BB OHEEE NS S h,
BIED /=t o 7 A MMEDOFHHTRERZZ(n= 5. 10000 FERAITOY I 2 Lb— 3 V)
X 5% ZBAT . MEOHBML R UL, —REROVHRZZERDO T U AL, KK
W 1990 FEARICEREL S du7z 8807 o 7 /v 7 1 ik )L I D43 A BN ZERAZ DWW TR
HFZD 154 FEEND DY 2 7 )V DOAGE R EIEFR 5340 O B -1 s JOFE YRR ZEHE E1E
FEIKIZOWTIE A FF OMEB L CHEN NS D 6607 2 T IVOHTIZIES TN D, B
BIAK DR AF L ORI L 2 BIRED 95 /S—% v Z A VEIE, 0.5 7%~60 it —
AT ORI 5 7 )V —7"C 4.9~12.9 png/kg {K&E/H T& - 7= (Health Canada, 1999), %L
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ROEIK 1 BEREDT —Z 2307202 d(EHD, 1998). Z D 7 /v— 7 O RiaHIHETE
TEIXEHTE o iz,

FEL D HREOHFEFNL, REUTHOWTIE 1990 FERUCH T & 0 L EE K Bk 4 7
AT CEREL S U7 800 ¥ F b, MNZERUTHOWTUI A T D T54 FRENH DY 7 )L DR
TEXEOERL 3 AT D -2 6 L OMEMERAHEEME, FOBbKICHO W TG SN2l kb
BT 2 M TO 2527 ¥ T INTIESN TN D, BB K O AR L O O ERIC L > T
B SN E&D 95 /—t ¥ A UHEIX 0.5 ik~ 60+ D — B EROFRR] 5 7 /v—7T
7.0~19.1 ng/kg K&/ H T - 7= (Health Canada, 1999), FLIEOHEIK 1 HIEREDT —
A2 NP7 (EHD, 1998), Z OH 7 7V — 7 O RiGHIHECMIZFH TE o 72,

KETERS N MR 979 o 7L ®D 54% TV 1 v kL AR H Sz 2GR
F0.1 pg/L). BEIXHIE S 7en o 7-(Ashley et al., 1994), K[EH, ==2—Y v ——l
DIERE 72 BED R P EEIL 36.5~48.7 ug/LL T& - 7-(Youssefi et al., 1978),

6.3 b FORER: BE

HSDB(2003) Tl 7 v m k)L AD&FEEIZ SV T, Rocky Mountain Arsenal @ Shell
Chemical Company(3HE TH) DRLE AR L — X — T AR MLVFETABA, BX
OV /it 55 £ O 2% 82 IR RN B2 (TWANIZZ U240 13 mg/m3, 2 mg/m3, 1 mg/m3,
AN—7 v ORI T Tl 10~1000 mg/m3, HELEE LA T 8-FEM NN E A E I
77.4 mg/m3(13~227 mg/m3), 7 v uR/ih 2% E[EAER O 7 4 v 20E T TR
1968~72 A2 34~830 mg/m3(FE¥) 230 mg/m3, ¥ 7 /L# 79) (Santodonato et al.,
1985) L i HIZE L LT %,

7. EREMIB LUt FTOENEIRR- RGO

7.1 — AR

7 aaRVAE, WILEA~ORKO, WA, HDWVIIREREER, 2o, BRI, R
#f. PRt =45 IPCS, 2000b), B MZ 0.5g Z# AR O E Lz Z A, HFHEEDOK 50~
52% MWL S A, WINEDIE & A ET_THA T bRFICRH# S, mFPREE, 1.5
REZICE—ZIZEE LT, BRIN 183 0L 90 5D 2 22 /X— KN AV NET IVTEWVZET
ZIUE T L7=(Fry et al.,, 1972), [38Cl]-7 v m /L A%) 5 mg & BRI A L7-#BrE Tk &
Z 80% I X4 7-(Morgan et al., 1970), BUGAAEDHETEIZ > v U —F 1% O MR IR E

21



AV, Yy U —EBROAEANDREER KO S OBGAA EDFRBUAA &I 58 5 EIA
IZOWTHIRT, ZORER, BEOY v U—MiHTiX 6~21 pg/md, > v U —FDREREN
W AR SN TZGARADR" Y ¥ T —) Tk 2.4~10 pg/m3 THotz, Z OMEITHEG
FIICHEETHY, BRERBRLEBARBEOFERTIZFELNLEZRLTNDHJo et al,
1990),

FENEOLND, 7y b, w7 A, BV VT EEREE L 7= 2 1 1 kL A 60 mglkg
HREEZRAKRG LI ZA, BEE 90% NI, #51% 48 K] T 3§~ Tz
TIPSz, L Ledin, v A TIE 85% M ffbikFE, 5% NRE(EE L
T, P TIX 18% D AN LR FE ., T9%BRELIRE L TR A~BEE ST, 7 v M
W DOHHIT, 67%0 W bR, 20% B REME L LU TR A~HRt S vz, FRF~D
PEI G T v AB L O A TR GEEOB L% 2~3%., 7 FTIEBLZ 8% Th -
72(D.M. Brown et al., 1974), 7 2RV ADORHITE P LD~ ZADIE D 3072 0 W,
7ol 21X, 49 mg/m3 DWARFTIZB T L PO e— 7 AEHHEIL, b FTE~ U 20D
GO T8 43D 1 & TR E TV 5 (Delic et al., 2000),

Corley 5(1990)iX, 7 v FBL O~ T A~DHL RIBETO(~ 7 A~ 49, 440, Bk
1790 mg/m3 ; 7> h~ 460, 1740, 3 X0V 5100 mg/m?)6 R AZEFE O 48 FEfE#
2, FERL IR, BB, I — B AR Db NCEE, 8L — VBRIRO A REZ IE Lz, K
REETIE, MRBNIMFE TR K AT, ~ 7 AT, B O Zfi#E, o s
nukvs, RF, BLOEETORBEWEITZENEN 7.22, 0.03, 0.95, 331 700.05 mg
MY /kg AHE, 7 v b TIEZENEN 31.84, 0.76, 3.34, X 000.04 mg fHY/kg (KETH
STz, LWL G, BELZ 1800 mg/m3 TR O /3 EMNFRD B, T b D% #i
B 2L~ ATIEENEN 217.85, 23.03, 21.24, BL ' 3.84 mg fHY/kg (KE, T v
T 2 Zh 54.85, 16.15, 6.53, F L 10 0.81 mg #HY4/kg {KHE T&H - 7= (Corley et al.,
1990).

~ U ASOMC7 v u L A R 280 mg/kg (KD 10 53 IR ARFRE % £ 7213 2 R
MRICER SN2 A— T V47T 7 Tk, 1BV, Mk, M, AFiE. B Bk
HONZHFRErRRS, B, B X OVNMBESIZ, SIREDEO b, FEHHBIEO HSTREN
KBS, b, IFHE. BN, MERRAR. B X OB, & LoV ORENED D VI
THPED HRE 2L, SR, B L O EIRIZERD S/ (Bergman, 1984), #&ihH#E
BATHR, 7y b, vU A BELOEAE Y FTEIFES TS Nicloux, 1906; Withey &
Karpinski, 1985; Danielsson et al., 1986),

7 1AL LORFH TR, BT & bR SN TWD, invivo 7 —Z 138D
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Fig. 2: Metabolism of chloroform
{GSH = glutathione; G556 = bis(gamma-glutamyl-L-cysteinylglycine ) disulfide; Mu = tissue nucleophiles; R = alkyl group)

20N, ZRBBIRFEIT in vivo DR ERE OB & RGHED Th 5, BLRKIIR AT
£ (Pohl et al., 1977; Pohl & Krishna, 1978) SR & ER L(T7 = 7 S v e % — Lk
&L in vitro THITE)., BIORKIZY 7 aa A F LI ARCEELZERTH(T7 = 2 3L
v X — VIR OFEEEIZ D BT in vitro B X in vive THIE)(Wolf et al., 1977;
Tomasi et al., 1985; Testai & Vittozzi, 1986), F{LfRE., EILRK E LY b7 oA
P450(CYP)- (K (- R TE ML Be Bl 2 1 CHEAT 975, BR(LfRIE & IR CiRIR D /N T o A3 HE,
Ffk, &, BLOMBESEICL > TRR D, EEMIIATIL, BHELEITBE L ELk
o ED XD 7 mERHE L PERRT 5 (Testai & Vittozzi, 1986; Ammann et al., 1998),
7 au RV AOBICIBERSIZE D N rvaa 2% ) — U, S 6ICERNAR
WAL KT L, BSAF UNAERE NS Mansuy et al., 1977; Pohl et al., 1977), kU 7
ma A% ) —LOl FEALKEICZVIERE 1 55 F0, RAT U ONUKGRIZ LD S 61T 2
DITPERS I, FERE LT aafRv b ZBLRFA~OELFINZ 3 55T ORI
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ENDZ &I D,

KEFRBED DR R T AL, KMk S 37 OREERy & A #EG T 5 (Pohl et al,,
1980), F 7=, IFOHIIEANREY'E & FHEAEM L(Uehleke & Werner, 1975) U U iRE D
MRPESEER N 8 D FLERE B9 5 (Vittozzi et al., 1991), HDHWE, KEIG L, —#bRHE
BXOMER % 3 5 [Fry et al., 1972; B.R. Brown et al., 1974; D.M. Brown et al.,
1974), "R L T NE T4 v (glutathione) DA EAEHIZ LY S/ mualivR=1LT L
% F# > (Schlorocarbonyl glutathione) N4 S VD, 7 o B VR= LT NHF 4
X, ST NETFA U EMEIER LT, YFFmEEY 7% F 4 =/ (diglutathionyl
dithiocarbonate) (Pohl et al., 1981)% 5\ 7 VX F 4 ¥ A /L7 4 K(glutathione
disulfide) ¥ L O —21k Rk #(Ahmed et al., 1977; Anders et al., 1978) % £+ 5, ~ 7 %
DEEI 70— I NETFH A vFaX— 5L, JraRLinbDlnb
DEFIDIEINL . & X7 E~ORASMEREG B L OB LRFE~D I 572 5RO
T 5372 (Smith & Hook, 1984), 7 b RV AERENZIUT EEL RWGEA., &tk
TNEF A ANIREINNI~ VAR 70 Y — L DA »F 2_X— F TAEREINTZTX
TO7 va /L AMGHYE Z fite - BrETX % (Vittozzl et al., 1991), H A7 R0~
A TR OMK R EEMEIX, IAXTAy OTFA—N ERAFTU - VAT AV
2 ENEDNOREME % EOREFHATE 20K > TCkED (Figure 2 ),

LA GEE, EEREEHZ R LD CYP2EN(E t%& & ol LE O Pl AFE S
LK ) —VEROE ) X T =B VERRE LI RERIIB T8 5 M
—OHEIR in vivo R TH Y | BLAGEHPEEICB W TEHEREHIZ R L TnD 2
EEAFTEDLT—HDBRLTWD, ZrakLihbHaREED~oRFHZBIT 5
CYP2E1 & 22BN BERFHFEH & 2 WO IXBERINHIF CRLE L 7B xh3 5 3B
E2 2t CYP2E1 RE~ T RICBIT 2B THLH LM S 7= (Brady et al.,, 1989;
Guengerich et al., 1991; Nakajima et al., 1995a,b; Constan et al., 1999; §8.8 &, &), Hi
CYP2E1 &£/ 7 m =)L 2 37 WIS EWERIC L > T, CYP2ELL 127 & k>~
WEEZ > FORFIEI 7 v Y — JZB W TEIREE(0.5 mmol/L)D 7 v v 7k /L A TRl S 7z
KD 81% &> T\ D Z & AR ENT-(Brady et al., 1989), fix KIEE 5 mmol /L © 7 &
nARV AL in vitro TA U FaX— 3N T v FBIO~ U AT~ ML,
CYP2E1 MiilAI DM & 2 WITMREE R /0 £ T CTIIFBL s T, BB T 2 bay o
BEIEM A5 LTV b (Ammann et al., 1998), 7 » B LW~ 7 2 TOIIHRZE O RBIESA
(X CYP2E1 B X7V ZF A OfflEmA & MBI L T2 (Smith et al, 1979;
Ingelman-Sundberg et al., 1988; Tsutsumi et al., 1989; Johansson et al., 1990; Dicker
et al., 1991; Nakajima et al., 1995a,b),
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MR 7 7 RSL DREMEWNE AL, <A T2 0 v, CYP2B1 &7
2 v RV AORBHIBI -7 5 AlHE%E A & 5 (studies reviewed inEnvironment Canada &
Health Canada, 2001), L2> L7223 6 MFEPNIRESSWIEEIE0 L 23R AHKE 0.5
ml/kg KEDOFER), 7 v v RV AOIFFIEIIFEE DO 2 b r— 2t~ CYP2B1 #%%
D7 = 7 e s — A EE Wistar 7 > b TF LIRS L7228, CYP2EL 5% AID nr
AFH AT o b CIIHEER X 72 Ao 72 (Nakajima et al., 1995b),

[UC]7 mE ARV LICFEBE LT v T, RS - & bRBANEFERH Y . WO THRIB X
OB AZTEME AN GR D DAL T, NG PRI EY O HiE & HBIMED & - 72 (Lofberg &
Tjalve, 1986),

7.2PBPKET Y 7

IO 7 aaRkL AT 53 L PBPK £5 /L Cld, 7 v kL AORBHMLE LT
JTligids & OV IS DWW THI & T S 7, BB 38 1T 2 e RAEHNE BE VPR C D de KR
A 2 SRV Z BRI X v, AREIEER OE R L O AR E B BT 5O RENEA SR
(Corley et al., 1990), Z OET VIR EMEDAENT 2 B AdL 5 7= DIEE S i7- (Reitz
et al., 1990), %12, Gearhart 5(1993)72%, M- MIE DA R A EE I L > TEEL, B
FWIEL LOFERIZOW TR 2 WEO 20T ARUAR ZA A AT, T D%, 1Eh
DIFFEE =B, BB TR EBED D OWI A AN, BNEIEIREFIZ OV
THBA ST L2 (Dix et al., 1994; Dix & Borghoff, 1995), 1996 4. &gk & OViFhgo
ET VA= F A MAERENEMER X OMRAREHEE RS2 S 47z (Lilly, 1996),
Z OV #A & Dix & Borghoff (1995)0 2-21 23— k& o MRIE T /L A LS D T4
BB, ATy REIZES T S i D PBPPK €7 /L Cd % (ILSI, 1997),

BT ZREEE L. Brown 51997 DEERY - fRFIFH)NT A —Z ZHNT, A XD
PBPK 7 VZAE LTz, 72720, BT 537 A—=213T7 v hB XL UE hD/RT A
—ZOFENHESL bOTH L, OB S ERIC OV T, ILSIA99NIC L > TT v b
WZOoWTHESINZED LFE LU Th D LE S 7z (Environment Canada & Health
Canada, 2001),

HFEIREEE T FOBT IV BVER LT, AFRERA T A — 2 1% HEEIE B 23 m3 22
S B D it AR, D HEZ RO T Brown 5199000 N7 b D TH %,
ILST (199734 Bl tids L S E EROFHRIE L L THW b, FIIROBEISD AT T »
FDOBHOD LR ERBE SHL, BRI BE I HERIE S 70:30 OFIE THly Shiz, B hOfR

4 N TEGEENFEILSI, 1997; Environment Canada & Health Canada, 2001)
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Table 3: PBPK model physiclogical and metabolic parameter values in rats, dogs, and humans.

Rat {IL5I, Rat [ILSI, 1537,

1987) mdified) Dog Human
Weights
Body (kg) 040 040 15.0 70.0
% of body weight
Fat 0u0a3 0124 0145 02142
Kidney D.007 1 00073 0.0055 00044
Liver D.0253 D.0368 D.oaze 0J0257
Rapidly perfused 00422 D.0E21 D.083& 0.oroe
Slowdy perfused o 0.504 0543 04338
Fractional tissue subvolumes
Liver periportal 0.58 058 D58 0.53
Liver centrilobular D42 042 D42 042
Kidney cortical 0.TG OTG I D.ro
Kidney non-cortical o4 024 nar 0.30
Flowes (litre/h)
Alveolar ventilation (lireh for 1-kg animal) 150 432 285 -0
Cardiac output {lire'h for 1-kg animal) 150 44 0.8 16.5
% of cardiac output
Fat 005 oor oov D.o52
Kidney 025 0141 0173 0.175
Liver 025 0183 0.xay 0227
Slowdy perfused 012 0.336 02ry 0248
Partition coefficients
Bloodiar 208 i} 20.8 743
Fatfair 203 203 203 230
Kidneyiar 11 1 1 11
Liveriair 211 2.1 170 17.0
Rapidly perfusedfair 21.1 21.1 21.0 17.0
Slowdy perfused!air 138 i3 138 12.0
Metabolic constants
Woaee for liver {mgéh for 1-kg animal) G4 Gid4 11.025 15.7
Kox, for liver {mglitre) 0543 0.543 048 0445
W for kidney (g for 1-kg animal) 0094 0.087 0,073 0.0B2
K., for lidney (mglitre) 0543 0.543 0484 0448
Abscrption rate constants for water (h)
ks, (from stomach) 25 2.5 A 50
ki {from upper gastrointestinal fract) 0.5 0.5 MNA oo
ks, (from stormach to upper gastrointestinal tract) a5 35 P& [iTi]
Absorption rate constants for oil gavage (k)
ke 15 1.5 1.5 MNA
k, 0.5 0.5 0.5 MA
ke 1.3 1.3 1.8 MA

#H/ T A —%1% Corley H(1990)I12 L » TG Iz X 912, in vitro 128\ Tk Ml 8
BTV THRIE STV, BIROBEE EH X, Corley 5(1990)1 L - THE SNz in
vitro COFEFITIES W=, FFI 7 v Y —ABZICBNTHALRIZEE S BI 7 Y — 4
E 2B N T A DINIIEEDOBIRIZE SN TE D | Amet H(199NIC L » THE ST,

18 ADE FOBEB IO 7 v Y —AW4yo CYP2EL OREM 2 IEOMHT — X2k -
TESTLNATHWDS, RBHEIZESHNTNDEDOT, ZOET/VL, b N E(COHENA
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7 Uy R)EBRBY OB OB OMEZHSHIZ L TV 5 (Environment Canada &
Health Canada, 2001),

E NETADNLDOMRIZ, Zuua RV bz d ) —7HHDLWIEETF I 7 EAIZAN
THLOYHE G LTz, Fry 5Q972)DOHIE TOMR Y v m kv AREEDE L O
D)

JaudV AT LT =2 LISz, FFRBO 7 va iy MNIERE% 8 WifE £ TH
ES AL, FERH ORZECEOREIA T IR £ COMRIC L - CRHR &SNz, ROEIRO
H—a =2y Mtz inTithbhice hET AV I 2ab—va Uid, vvFar
N—= R AV M ZHANTHEE L7 b D XY Fry 5(1972) O AIZE -T2, LT > T,
Ty bETMIUIINT 3= F A MW RUETH o722, & M DIREOHE
AT ABROE — a3 3 — |k 2 v M@ 23 v 5 47z (Environment Canada &
Health Canada, 2001), K%. K. BLOEBMREEZLNDT X TOZERIFEND D
BOFHEZ AIREIC T 272D ZOET AV BEIES N, #&F V) U 4(§11.1.3 2% 24
R OFHAN TET ML S, 10 3O v v U —1 [, gtERTOERMOENY, Bk
FOKENENDOHERRI G OB A - &0 - BEERE, RORIIEIERREED I 1
ARV AW N &G ATz, (ICF Kaiser, 1999; Environment Canada & Health Canada,

2001),

i

PBPK E7NZFETTLH72OICHNDET v b A4 X, BLOE FOAEFFRYE L OGH
INT A =L Dffi% Table 5 ([T 5, 7 7B/ AOBIRIZE T D Vinax, & D WL
LB g~ DB (Kn) DFEIZ DT 02T 2 03 FIBIC BT 2 O Viax 1T B FDIZ 5 23
7> hEV 2 53 (Table 5 28, ##MIT)RE £H(Environment Canada & Health
Canada, 2001) CTHE L5,

8. EERMILIER X O in vitro RERB~D

8.1 Hi[E|RE

JauRVANET Y MOHT 5 PRECQMEROFEEWE THY . LDso & 0.45~2.0
g/kg KET& 5 (Kimura et al., 1971; Chu et al., 1980), ~ 7 A Tli% 36~1366 mg/kg /&
i & AMERERMEE LDso [ZAHEPHIZ X 5(IPCS, 1994a), F > i CIXaMER A5l - T
RS L OURIRRIEZ 5] X 2 2 L7=(IPCS, 1994a), 10 3 X" 90 mglkg (K% Z 2
s R O ¢ 5 S A7l Osborne-Mendel 7 v b3 LTV F344 7~ N CEMALIESE O JLHEDN
Z 5 7= (Templin et al., 1996a), [ F344 7 » b TiX, 2ME5RHIRE 0 B G-% O IFREE 2R
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TGRSR OBk 2 EEHEENOAEL) B L O/ g &(LOAELIZZnZ 1 30
mg/kg AEF L O 60 mg/kg IRE & % E S 72 (Keegan et al., 1998), 0. 67, 135, F7=
1% 338 mg/kg RE A A U — 7 A gkl O ¥ 5- S 7o Wistar 7 M T, HEIEFERIIC
JH/NEE DRI O BEAE AR A M L 87 7 =07 2 ) 7 U A7 = 7 —E(ALAT)
BEAAREIZ LS L7=(Nakajima et al., 1995b), 250 mg/kg R % & 05 SNz T v
K CIE, APl K ORI 2L A3 A 5 7= (Torkelson et al., 1976), 150 mg/kg (K % i
Hil#E 0 &5 S A7z ik B6C3F1 ~ v A%, fTligids L OB IS M sn 2 4= U, BhgZIXEE
DL & 5172 (Gemma et al., 1996), 240 mg/kg K % HEGRGIE G S iz~ A
TG 48 B ICHHEEE D 2 5 7= (Reitz et al., 1982), 66 mg/kg (KE % HN&K 5 S
T~ A5 4 BE/NERLODLT N ERNA S IL7-(Moore et al., 1982), 90
mg/kg IKHE %2 22— iR ERE 0¥ 5% D F344 7 ~ b3 L VOsborne-Mendel 7 v R~ T,
S EDEER IO 7RSSR 2 5 2177 (Templin et al., 1996a),

Z v FOW A LCso(6 B 2T 9.2 g/m3 & #HiE X TV % (Bonnet et al., 1980), 6 K
[l L7c F344 7 v ~(SHREEMERE 10 PT9°0) T, L 5 g/m3 E TR BNIA Hied»
57273, 10 g/m3 T 20 PEA 17 PEASFEL L 7= Kasai et al., 2002), FAXAREOMEEEIR F 232
PEMABEEOB L RIERTH Y, 2.1 g/m3IT 4 R AZREE L7277 v b THEZRERBRE
HEDVER W B 7= (Frantik et al., 1998),

fE OF1 ~ 7 ATl WA LCs0(6 RfH 21T 6.2 g/m3 & i X4 TV 5 (Gradiski et al.,
1978), 10 ICitff BDF1 ~ 7 A#{I 6 W28 CIRE 2.5 g/m3 £ TIFAAF L7223, 40 g/m3
THLT L., INERLEEZZE L T, i~ 7 237 v oL b ORMER Az O %2
XD T R9 <, 59 mg/m3 ks LN 120 mg/m3 (2 6 REfH[EIRZE%R ., T2 10
VAR 1 PC3s KOV 10 PEFR 8 PERAETS L 7=, IE D SEIRN T B ik D U A JR M BB SE T & - 7= (Kasai
et al., 2002),

1 g/kg (KE % 24 WEfH#EE % O U I JRMIEZMEDR B 7=, TFigo WIRIZE
{1 5372 7> 7= (Torkelson et al., 1976),

8.2 HIZRE
8.2.1 &N

34 mg/kg {AHE/H % 4~5 A = — sk NG S F344 7 ST, B R
DIRZEF L O 2 HAaHEE , SE D2 LA 58 B, &5 3 WEZIZIX 2 b D23 100

mg/kg KE/H THEH L2, 34 mgkg KE/H TIERH L2 -7z (Larson et al.,
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1995a; Dorman et al., 1997).

37 mg/kg RE/H % 14 B OB Shizc~ o AT, BliROMERLILEE, @BF
B, 38 L OERHIIE) I X ORNFIR O Z b (ZE) 23 2 & 11 7- (Condie et al., 1983),

8.2.2 A

F344 7 v B XU BDF1 v 7 A (K REAFEMEME 10 )83°2)% 0, 2.5, 5, 10, 20,
7213 40 g/m3iZ 6 WEE/H - 5 HE/AE - 2 A BRZE S EZ, 7y ME5 g/m3 ETIHAERFL
7273 10 g/m3 LA ETIEd_T 2 HEANIZAET Lz, M~ 7 1% 2.5 g/m3 CTIEAEF LI2D3,
5 g/m3 TlL 4 HENPOHETDNRD LN, B~ T AT, 25 gm3d 1JLE 5 g/m3d 1
VED, Gt 2IEDARAETF LT, B LT2T v NI ) ol & RIEN A S, LIE R EE
OFERELELTAELTE LD EEZ BT, ~ U ADSERIL, BETINIRAE O, AT
INEBIE T o To, HAFT v MIITEALRANE 36 X OV LRI O Z2fa iz A D 1E AT IR
EROWE, FEE, BRI X ORPEE A BIFIED RO bl EERE~ U AT
PRANE BEAE T OREFE D ERR & Z2faiE k., 36 & OWR bR 0 25 & Ik _E R LA N A BTz,
A~ T AR O EESE & RS L OWR « BRI b FZ D3EIE & Bl S AREE IS Z B 4L T2
2, BHEIC 2 b3 72 hy o 72 (Kasai et al., 2002),

HEF344 Z v b~0> 9.8 mg/m3 « 6 RfEl/H - 4 HEOWARTEL, S E RO M H
FENFERD HALTZ, 49 mg/m3 CTHUNREE DJRA N A 57z (Templin et al., 1996b), /i
F344 7 v b ~0 50 mg/m? - 6 KE/A - 7 B OEKEREE, FafanNodl, T,
K fEIR O MG O TUHE . R B O AL & RRNTORENRZE LT
(Larson et al., 1994a; Mery et al., 1994),

it BEC3F1 ~ 7 A~ 10 mg/m3 + 6 K/ H - 7 A/ - 3 EEORE T, SEA M
JRBEFEAS A 5 407223, 1.5 mg/m3 Tl 5 720> - 7= (Larson et al., 1996), M B6C3F1 ~
U A~ 49 mg/m3 « 6 K[/ H - 7 HH OEfERATE T, SO T SH ST ORI EE O TTHE D
A 57 (Mery et al., 1994), ift BEC3F1 ~ 7 A~ 6 ¢/ H « 7 HF D5 5 T, 1500
mg/m3 F CTIXEEICHUNEEGIZA Lo T, M DWW TIEFRX TV
(Larson et al., 1994a),

P2 B OIS X OEAMREEE 2 5 7012 & <7 A v SR -fEic o
WL, § 8.8 ITRHHIZIR D (FEBRIZ W TRERET),

8.3 HHIRE
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8.3.1 &N

B6C3F1~ 7 2~ 60 mg/kg R/ B LI E(Z O #5813 130mg/kg (K HE/H 3 L V270
mg/kg (KH/H) » 90 HH D = — i ilifil#e 0 i 5-C, MR IFREEOH K, FCTORE
DEFER L ORI A& BT, K25 Emulphor D46, fH/MNEEG60 mgkg KHE/
H)CTHOLINT-ME—DREIL, M COFEEM R ThoTe, 7 v kL AT L7 Bl
AR B L IE A D L7 - 72 (Bull et al., 1986),

MEED CD1 ~ 7 A 7 ~12 LD 7 )L—TF~@ 0, 50, 125, F7-1% 250 mg/kg KE/H -
90 A O O#E T, T X COREIZENT, HEEOMAKBIONI /7 1Y — A%
PO EFHE), FFRIRZEMECIRAME Y o SEREFE B e P RFER O BIMEE A (L, B L Ok
JE G OO & TR 7 & B LR O BRIER I A L (HERE) 73 7 5 41 7= (Munson et al., 1982),

it B6C3F1 ~ 7 A~ 90 H /K5 T, 263 mglkg IKH/HIZIBWTHABIIZ L2 A2
5472(US EPA, 1980),

1 Osborne-Mendel 7 » k-~ 90 H K 5-T, 81 mg/kg RE/HIZBW T2 LA
T a—/UEOHE M EANZ 572 (US EPA, 1980),

MERED ©— 7 VR~ 15 £721% 30 mglkg (KE/H(E T F o I 7RO HEZH) - 6
HAE - 7.5 FHEOFEE T, FE~OEENREINTND, FEKTH 19~23 I
S UT-, 7 ha)Viidfo EEx oy fa—L, RAE= Y hr—/L, 7 ook adg
EHOROMY WEExa Ly ha— A RNEENT, SREIMEEZNEN 8L Th - 7ony, M
DHEX o e — RO AEIN CHEEZ T 16 IETh oz, ERECIE&E 6 T
M7 =073/ b7 27 =27 —FPALAT MENAEZIC EF Lz, (KERE CIRimig
ALAT EOFE 2 EFIE 34 WLRICA DN, RBROKRZICITE A ERICHIKRO “fEl;
i NRD Oz, BETIE, FEED LIEE L EEOIBMERIS AL, B g
Tarbhu— KRE, BIORRBETENAEN 115, 6/7, BLXU6/T TH-olo, Ak
(ZHETIX 0/12, 3/8, BL N T/8 THh - 7=(Table 6 BM), 51T X 2 IEE DI EHINITA
7o 7-(Heywood et al., 1979), FENAZENIZITFAMARMERE DR EE D8P E 2 f ik §~ %
AR S D, X R Z 7 N7V 7' Y ROARE L ORE, 3 X OWEN
BEORHCE DD CHEREE 2R3, IhOE#EREAZERITZERICELS AL,
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Table 6: Fatty cyst incidence in dog study.®

No. of dags Ho. of dogs with fatty cysts
examined

Group histologically Occasional/minimal Maderate/marked
Males
30 mg/kg body weight per day 7 1 6
15 malkg body weight per day 7 1] 6
Vehicle control 15 7 1
Untreated 7 2 0
Alternative toothpaste without chloroform 8 2 ]
Females
30 mg/kg body weight per day 8 1] 7
15 malkg body weight per day 8 2 3
Vehicle control 12 3 0
Untreated 5 1 0
Alternative toothpaste without chleroform 7 1] 0

From Heywood et al. {1979).

NEMISE A DA SR ICBZE LB EIND, W TR LS~ 7 87 7 —URIGD
FEAL B, PIR=EWE. FHEIRIC, mik(dbLic~ 2 v 77—V D)EENR, BE 6
SHEWIMGEEIZ K52 EMB IOt A FaFEzE-> TH L5 (D. Malarkey,
personal communication to Health Canada, 2003), [LOAEL = 15 mg/kg {&A&/H]

8.3.2 A

7 v b~OE R EREMEES 10~12 T ; RHAF)120, 240, F7-1F 420 mg/m3 + 7
M/H -5 B/ - 6 5 HEOWARTE T, RIREHOBEIZHSHEEROHKR, BRME -
FZDOIRIIERE., 1 X OWFIZIRAMEEESE I & 8 & 117~ (Torkelson et al., 1976)

it BBC3F1 ~ 7 A~ 1.5, 9.8, 49, 147, F7=1% 441 mg/m3 - 6 FFfi)/H - 13 HHIZ
K S AZBAER T, BE~OFBERA LD LT, 3 HE%. 9.8 mg/m3 Ll ETEF/
[E A8 DT DG TUHE, 49 mg/m3 DL E TRE~b )7 afEmAni@od biiz, 13
W%, 49 B IO 147 mg/m3 TILEIE~DFEEI T DTN TH > 72H, 441 mg/m3 TILH
s 5iE A3 Ffe L Cu 7z (Larson et al., 1996), [LOAEL = 49 mg/m3]

BDF1 ~ 7 A (% 2R i FEREMEIES 10 PL)~D 0, 59, 123, 245, 490, £ 721% 980 mg/m3 -
6 REfE/H - 5 H/AE - 13 W OWARFE T, MEITT X TEESE 720, BT T XToOR
BRECRBEBIERS O LN H vz, 980 mg/m3 Z#FERE T, el L OV go & &8
BR U, e~ 2%, 2EREG mg/ms DL ) CRIRGIAL RS B0 1 L OEECE IEE
MR ER DB ~DEEN R BTz, M~ T A X, RRE CHREFEE(EIRE, B kB
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K OWE bRz DU BRI ZE0) D358 A7z, 245 mg/m3 & ClImrE & & AFIRIZ ER CTH -7z
73, 490 mg/m3 FEMETHIIE ST 980 mg/m3 #E CHEIR &H 5 W ITHEESEN 2 H 7= (Kasai et al.,
2002), [LOAEL = 59 mg/m3]

HEF344 Z > h~O 6 i)/ H - 13 B[R O H &2 T ek OE AL D27 9.8 mg/m3
T UE R OHEHE 2 £F © MlaEE5E O TTHE D 49 mg/m3 TR Hiv7c, 147 mg/m3 UL E Tl
IR BT RS D b BB RE AN TTHE L 72, 1470 mg/m3 TiE, AMIHEGE R & ik
ERFED 5 7= (Templin et al., 1996b), [LOAEL = 9.8 mg/m3]

F344 7 v (% ZBREMERES 10 PE)~0 0, 123, 245, 490, 980, F7=i% 1960 mg/m3
6 FEf/H « 5 H/AE - 13 WE OW AT T, 245 mg/m3 UL _ETRliEIilE L OV & Bk
DEBHRKNH LT, SPENR SR Z Z 0 VR ©. X CoRE tkE E
R OAbE KOEGEHNE, 980 mg/m3 LA L TEEIEN A H Lz, 245 mg/m3 £ TIXE ek, Al &
HICHAMEEAOIZ ER T o 7275, 490 mg/m3 CTRIRD 2 MR TR0 AR S8/ A0 3 2 28
57z (Kasai et al., 2002), [LOAEL = 128 mg/m3]

8.4 RHIZT LM A

8.4.1 EHAM

yuaudvh, MO~ T A TIEa — AR L T LA R GICLo T HD
WIHE~ 7 A TR Y g & 2K L TR ARG > T IFEEZFEIE Lz, oK
58 5 VITRARTE LICGE1E. ~ U ZADRBI ST 2B AR A b o T, B
~ U ASDOWAZRGE D D VITHR Y S 2 AL TR AREERKLD OB 1RFICIH
O K> THEEGZFHRE LR, a—laR e LIZGSITF R Lkh o, Hivo X
(2137 v a BV LB IE OB AMTRBD bR o Tz,

7 a R b Ea— R LOEOKE G S HET » b o 1 RH CEERE AT S
ATy, OKEEE- LIZBIORMED 7 » M TIEFEE SN0 oTz, 7 i Aid, WA
BRdo DI B X R OB G TIXRBAMETRO bR oT-, T v MaidZ anm
BRIV LFHEROBIED TR O R hoTz, ZraRAFa—rlcio&5H 250X
W N\ ZilE CIINFIES 23596 L7 ino T N MED T 1 HED 7 1 DFF 2 DK 53R T,
FRERYTZ DSHFIRIC 331 2 R MY AAE DREHILASFE® BTz,

D OWE I EGRE G E ORISR BT 2 AR meil T2y, £ DGR,
WFFEIEEN IR S B IC B W TR IERER T 2R L7 & TO RY 02 b 2349 2 B
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IZA>TWD, X512, Jorgenson ©(1985) DB gk D A T A NIz oW CTHHMENTTH
NTHY, NCIA976)DIET v~ R b OBHMIZ DWW T I ROl S B AL b
ﬂfb\%)o

8.4.2 FTiE

kD B6C3FL ~ 7 A~ v r kL A 138 mglkg R HE/H LA E(=— 2 iifi{E) - 78
[ D BRI 1 #5-C &» CL IFIEE 2398 S 7= (NCI, 1976)7%, W72 1T ~D K T 1800
mg/L + 104 B (K 263 mglkg R/ H) DK G- TIXFER S /e h > 7= (Jorgenson et
al. w%)%%@Kﬂ??xﬁéwiﬁVCWHAm%“ihﬁ@ﬂ??XAGMWkg
{RHE/H ECIE, 6 BAE - 80 M - SRR N5V & & )T, FFIEGOREROFE
72 ERIFA BN Do f:(Roe et al., 1979), 441 mg/m3 « 6 BF[E/H - 5 H/AE - 104 HF D
W NZFZ I K - T, IFESERIES X OYEE OG5 ORI O T NI H E e EA 23
BDF1 ~ U A CHR LN, BETIEA S0 > 7-(Yamamoto et al., 2002),

7 aaRb AL, D Osborne-Mendel 7 v b ~D i KIEE 200 mg/kg KE/H £ T
111 M o5& HRE 0 % 5-(NCI, 1976), /# Osborne-Mendel 7 » s ~D i KIEE 160 mg/kg
KHE/H F TOMKIES-(Jorgenson et al., 1985). M/t Sprague-Dawley 7 » b ~D i KiE
J£ 165 mg/kg REE/H & T 80 #MH O v tiy g = ik 0 ¢ 5-(Palmer et al., 1979), 721X
MEME F344 7 » h~D 441 mg/m3, 6 B§[E/H 5 A/ - 104 #E DO’ A %7 (Yamamoto et
al., 2002) Cix, FFIEBEZ#FH Len-7-, Wistar 7 v b ~OEKEH(>100 mg/kg (KHE
/B, 185 MM E T)T, HEIINFIEEZ B Lo 7223, METIX, 8% 6  BilEEERE

oy, B OMERNCAEREMAED itz LarL, 2 hr— /BN 22
T & DET, :/hm~wﬁ®$ﬁ%ﬁﬂlms W Toh o7 DIt LT SN Tix
185 W TAEMF LI Z inh BRIEGOF/ARE BT 5720 OMRMA 2 <. ZOFTR
L7 aa R A0 EMEITHB] LI < VW(Tumasonis et al., 1987), miITOERIZ LB &
800 mg/L % 100 # [, Bk 5 Sz 1 BEOMHE F344 Z » F 78 ILTHRAITHER STV
22D, K E(1600 mg/L K, 3% 5 <K 160 mg/kg (KF/H)TiX, 7 v F OFIESA
ANE TR EORFRIEIEE DR AN EH L7=17%xF 5.1% ; P <0.05), ZOfEREOFEME
X7 — X2 X DHERMNIR BT D O THREIZ T E 72V (DeAngelo et al., 2003),

MEED B ERIB LN T o AV = = v 7 (rasH2-Tg)CB6F1 ~ 7 A2 5 H/3H - 26 A -
=1— 2 H R il D&ﬁbtﬁ%f{%*MMM&W@iti%omﬁwmiff ES
MARBDFHUI A BN olz, iz ED IS ERGEIMAEIN, PRV T
= I BIOEN T AT ==y 7~ U AP OIER S X OZERIERDS, M~ © Z(k
TUAYVz=y 7 BLOHATRDIC R K& TR EERAERED AR LT
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(Sehata et al., 2002), BIDORERT, hT7 AV x=v 7 (Tg AC Y2518~ 7 A~DJd
M -5 BAE - 138 - = — sl 0 &5, FFigC V-Ha-ras B s OB EILH
I Mo Te Dy, FFRRRHE S L OV HE5H 2 /R 3 RE L2358 9 & v 7= (Delker et al.,
1999), (ZI B R T AV xz=w 7<= T ADETLREBRIL, Z OFEDORMN AN ZWE D
7a NEATETIIBAYE kbfﬁmmf»A%%wf F& LT o HEDIFIH
o L OBk 5 FERAR M B IE DR DN AME” OISR Z T 254 47 v
AL LTOMEME/ LA RAET DI E s, )

8.4.3 g

# BDF1 ~ 7 A~ 147 % L < 1% 441 mg/m3 - 6 BK§[/H - 5 H/AE - 104 RO A5
R Ko T, JRME RIS A DSEEFE ST, F/NMREED 25 mg/m3 TIEAMEZR SO 5
77 o 7= (Yamamoto et al., 2002), 4 ICI ~ 7 A~ 60 mg/kg AKE/H « 80 #HE] « #Hv
PR X R G Lo T, BRI E & BB R IE DS RTE L’Cﬁ%éﬂ’bt(Roe et al.,
1979), WElE B6C3F1 O~ 7 A~D i KIEFE 477 mg/kg (KHE/H £ T - 78 B D 22—
Hh R ) D&ﬁQ@Iw%)MBM&HV&Xmmmk%fmﬁm%gmgmjﬁ‘m4

HEOEAKEE S (Jorgenson et al., 1985), iff BDF1 ~ 7 A~D i KIEFE 441 mg/m3 £ C -
104 JH[H OW A F#%(Yamamoto et al., 2002), F7=3Mf ICI, # C57BL, CBA, CF/1~
7 A~0 60 mg/kg {KE/H - 80 WM - # 1 & & h# 5 (Roe et al., 1979) Tix, BIEEIT
FlERZ ShiehoTlz,

7 mr /LA, K Osborne-Mendel 7 v ~® 180 mg/kg (AH/H - 111 @D =2 —
AR RS O ST B IEE(NCI, 1976), It Osborne-Mendel 7 v k-~ 1800
mg/L - 104 #[E OFKEE 5-(160 mg/kg (K E/ B ) TRAME HIILIRIES K OWR2Y A(Jorgenson
eum1%aT@m7§%%£%bkomFM47y%~®Wk%Eummmmif-%
KEH(BZ5< K 160 mgkg AE/H) « 100 i [ (DeAngelo et al., 2003).
Osborne-Mendel 7 v b ~DOix KR 200 mg/kg (AHE/H T - 111 HAM = — EPTQ’—?
(NCI, 1976), Mkl F344 7 > b ~D i KiRJE 441 mg/m3 £ T - 6 i¢fil/H - 5 B/ + 104
T O A F#E(Yamamoto et al., 2002), i Wistar 7 ~ b ~D i KIEE 2900 mg/L £
TO 185 HIZ M Sk 5-(Tumasonis et al., 1987), Mk Sprague-Dawley 7 » h~®D
KPR 165 mg/kg (KE/H & CT-80 MFHE 0 # i = 5. (Palmer et al., 197912 X - T,
NS AT & Z e o Tz,

FRIOBNHERTEZRBRT, NI U AV 2=y 7 pb3+(ZEJF TN AW E R M)
B LW pb3t+ BRI~ 7 A DREMEZ N E S, FRIREE 140 F£7-13% 240 mg/kg KE/H F
TOa— il G2 26 B A OFER L& Z A, BETITRME OFAE - B4R
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RO LN, Bl ABAEED EFIIHA L0 572 (Gollapudi et al., 1999), #fEkED
%éﬂﬁiwcmm1F?yyxyl:yﬂmmmmgmﬁdvﬁx~%k%§1@
mg/kg RE/H (k) £ 7213 240mg/kg AE/B M FE < -5 HAA - P D = — o R
EOEE LRI ORER T, BRAMEOTHLIA L2 hoTz, Bz G S I ERHE
DA STV 5 (Sehata et al., 2002), F 7 AV == 7 (Tg AC F-HAR)~ 7 A,
FH&E -5 AAE - 13 O = — o hdsRfilE 0 &5 LRl o<, BigHi V-Ha-ras
BASFORBUIHETE STV R 7oy, HEIZEHHMARE & MR OGO b
(Delker et al., 1999).

R AT D REILD i MR EE & D W TR/ N E TH LIV, B FOYE & [RERD 28R
\ZB8 D34 47 v A 1%, Jorgenson ©(1985)DiRERTH 5, Mf Osborne-Mendel 7 v
r~Z7wurk/L 0, 200, 400, 900, F7=1% 1800 mg/L % 2 HMAAKZE S Lz, Z—
T A XxEER 330, 330, 150, 50, FBLON50 VLT, FREMANE Y 1 AEREILE
ALZEH 0, 19, 38, 81, BL U160 mgkg (KH/H ThH o7, 50 PLOXfIH= 2 b r—/ L
(21 1800 mg/L #f & H R DOEKK(Y 7 m ARV LIEF )% 5 % 7=, Environment Canada &
Health Canada (2002 X % & EERILFEMA T2 Y b e — LREOBHEREREE . 200 38 &
O 400 mg/L BEOHRE OB HEREREE 2V HIBA L7223, 900 35 L O 1800 mg/L A ClifEE LA
Lo, ZOZLid, MEERMI e ) —BZ)0fRE Loz ha— A OE
FEDBMEBE, 35 Z OOk ORER & L ComHER OB BRIk 5 PhEEH
E—HT D, INLORERLE EHLTVDIDOIE, iEay hr—ABETOEERK T TH
0. BOEE iﬁeiéﬁ%ﬁ IRHBIL Tz, e EEOLEIE RV, ME—B A7 Bk Frk
AEERIX BEHIEORRER X OWRDS A OFAER EH T, AR TIIAHBEAERITIAEE
_LﬂLTkUGKQmXO\w\%\& B LW 160 mg/kg (KH/HIZxHT 5/ FH84
FIXZNEI 4/301, 4/313, 4/148, 3/48. 7/50 T - 7=(P<0.001 fH[534T), itz = >
k72— LREETIL 1/50 T&H > 7= (Jorgenson et al., 1985),

Z OB OB AR BAEE 2 O TR S 41, 1800 mg/L BETIE 6, 12, 18, LT
24 H AWZ6 A AD1ILERETXTOT v M T, 900 mg/L #TIX 18 3L 24 » Al
PECCUHNIRAE ERGRIR OGS RS Sy, OB TR IR o7z, T
IROFHEESER O, A 22, BB, BER/NANEY, BB, B O JRME R E K
R EDEAR I BT, MRAFEERMERZE, 72 EICH b5 BARE EERE, 15
PRANE BT R CRE~EREIZRR L Ciz(Hard & Wolf, 1999; H ard et al., 2000)
(Table 7 &18),

[FEE DAL F U RAEO T O NCI (1976) D sil#E 1 8 53805k T D= 03, fikR
72 o - Ha i X fTRE Tl Ze 2y o 72, NCI OFER TH LN 7= B ESSIL. Jorgenson ©(1985)
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Table 7: Histopathology in kidneys of male Osborne-Mendel rats in drinking-water bioassay of Jorgenson et al. (1985).*

Humber of rats Percentage of rats with
Exposure time examined for Percentage of rats with renal adenomas and

Group {months) cytotoxicity lesions® carcinomas
Untreated control 24 24 1] 1.3

18 19 1]

12 20 1]

-] 20 1]
Water-matched control 24 0 2.0

18 18 1]

12 19

-] 19
200 mglitre 24 0 1.3

18 16
400 mglitre 24 40 1] 27

18 19
900 mgfitre 24 48 50 6.3

18 10 58

12 20 33

-] 20 25
1800 mg/itre 24 46 100 14.0

18 17 100

12 18 100

-] 20 95

* From Hard et al. (2000).
" Lesions indicative of tubule injury included nuclear crowding, cytoplasmic vacuolation, and faint basophilia in the mid to deep cortex.

DK THALNZbD LD bEETL R LY 2 fFORkE &7 57~ (Hard et al.,
2000).

844 B

F344 7 > F~m 0, 49, 147, F£721% 441 mg/m3, BDF1 ~ 7 XA~® 0, 25, 147, 7=
I% 441 mg/m3 @ 6 K¢fEl/H - 5 H/HE - 104 HH#EFEORHFRICEB N T, X TORER
ETEFMN (T v NDBIOETR(E 7 2) 0k, B LR OZEHR KO ERAbAED i
STV A(Yamamoto, 1996; Yamamoto et al., 2002), &2 T B A 72 2238 L OWiia
I THEIZ S 200 6T, ZORBREZZLWV R EHERICEWTH, SOEEILR
ATV,

MEHEDOB AERB LN N7 VAV ==y 7 (rasH2-Tg)CB6F1 ~ U 2~ KIEE 140
mg/kg R/ H (#E) £ 721% 240 mg/kg (KHE/H (M) £ T - 5 H/AEA - 26 H[E D = — iRl
BOBE LB, R AREDOIIUIA LR 5T, BPEEZ ST S S ERAEE N
~ B 7-(Sehata et al., 2002),
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8.4.5 HIRIR

HEED Osborne-Mendel 7 vk~ 0, 100, F721% 200 mg/kg /K& - 5 H/H - 78
RIFRHRE OG- L, 111 W% RAL S Uiz, METEIEI 1/19, 8/49., B LT 10/46 & H
WIREE I AR O EFH N LN, FtICA E T2 - 72(NCI, 1976),

846 f = x—gv,/Fuet— 3 VR

7 ma RSV LZFEGEOA == a UERN RN T L R 5 BRDY 2~3 iR
TX %, =& xlE, D Sprague-Dawley 7 v FE LY B6C3F1 = 7 A ~@ H[AIFE 1%
5.(180 £721% 360 mg/kg AE) L TH, FRICBWTA =v=—v a UERIIR S0
o, 72 ) RN VEHX—)LETrnE—H—L L THUWI (Pereira et al., 1982;
Herren-Freund & Pereira, 1986),

7 anrfR/bh0.6~1.8g/L-51~52 HEO#HKEELE T, fib > TCYV=FL=rr V73
YERFTFA= IR Y RFETA =T — F SN T ADOIH L WIIMMRA A E T 0 E—
k L72hyo 7= (Pereira et al., 1985; Klaunig et al., 1986), Y'=F /L=t V7 I £72i
TF L= r VRFEA == —F—L L7z B6C3F1 v 7 AE XV Sprague-Dawley
F v MT v b TIEAFRSOIR) ~0 7 o a kv L 1.8 g/L - 48 W O 512 k- T, iF
B DOIEEEL 7 17— F 720> 7=(Herren-Freund & Pereira, 1986),

Z7v FTO1IRBRIZE > T, AANEHEE LTc7 v o SV NIFEE O EE 7 v E
—F BN HL EPRERINTND, VAFNL=r YT I T =v=—h3h
7= Sprague-Dawley 7 » b~ 7 7 kLA 25~400 mg/kg (KEZ ¥ 2 [0]-11 #[H - 4

V—7 sk O s L & 2 A, IFEFIC ATPase 21, gamma-Z7 /1% I T v
ART FH —B(GGTase)fHtE, 8L O/ U o — 747 U i 3 o H R AFHEE A FRD 5
7z (Deml & Oesterle, 1985, 1987), 7' 1€ — 3 a MEMICBET 2 Z N LIRTOMAE Tk
TrE—F—L LT/ R i%E 180 mgkg KE(N U A Z D Y i)« 2 [A] - %Hﬁ
FehH-LI2E 2 A, GGTase BtER O B2 BRI B 7223388 5 172 (Pereira et
al., 1982),

F344 7 » F~® 900 £7-21% 1800 mg/L + 39 #HDOEKZE G- TlL, P AF /L e KT Z
A = x— b INT=EBEE A EIZED L7z (Daniel et al., 1989), 1800 mg/L - 30 H f#]
DEKREE- T, B6C3F1 ~ U ZDINAEGIZIBNT, BEHED 3 DOEBAME TH S
RV @EL U 1,22V AF e KTV BEN AF L= ba VIRFBOEEREFHERZN
] L7=(Daniel et al., 1991), 1Z2 DOk Cix, M F344 7 v Mg W T, Y=F L=
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fey7IsCf=vz—FrIN, 7=/ 2V EX— LT EE— b EZ1L72 GGTase Gt
BIOWRBEM IV ETF A -S- T A7 =27 —BEHEOBEZGT 5 2 &0 60
I & 72 (Reddy et al., 1992), 7 vkl Ak, Hiii~vv A ZBW I L= bnr VRHE
TA =vx— F SNTIFBROIEGRNR E & Il 5 & O3 % % (Pereira et al., 1985),

oA =y m—ay,/Fue— g yRRBRICBITAS = o— g UEHOKRE
L. Z oo R L MIEEEEORVE TH D &V ) FEILO AT K D i 2 AT
TW5(§8.5 &2H).

8.5 BimitB X UBEEZ RRA b

saaRV MISESERE IR U —= 0 7R B CEEFEICOWTAL RS
TWb, AFTE57—4R L iEMcERNTRERHI R S T 5 (Environment
Canada & Health Canada, 2001),

7 v vV M2, Salmonella typhimurium % X OV Escherichia coli (23T 5#% <
DD 5 B ORYTERFAEHOFEMITRD A TWRWA 2 DO L TEINEI
Salmonella 4 ¥k(Varma et al., 1988)3% X O\ Salmonella 1 #(Pegram et al., 1997) D &%
S BIEREIZBT 23 WERFIEANRE SN TN D, HLMNCZ mukLaidgge b
U L ERCY AR 25 S 2 S oo, iRy R AZH(SCE) B CIafs R £
LELThHo72n, RAEH DNA ARRUDS)HBR CIX S £ I E b M LOFERTANI
IZBIT HERFEHOFETI—E L RO bR D 272, invivo Tk, 4 hO~ v 254
INERBRD 9 B 3 T B IR BT (Gocke et al., 1981; Salamone et al., 1981;
Tsuchimoto & Matter, 1981). 4 {4 H Tl HV F V  (Agustin & Lim-Sylianco, 1978) T -
7=. 7 v hOElERobbiano et al., 1998)% X WiTlE(Sasaki et al., 1998) C/MZERL, 7
v O E#E(Fujie et al., 1990 TYAKBEERF) 2755 Lz, HNA A X —OE Bk 5
T AER 95V MEH OFEILE 7k L 72 (Hoechst, 1987), 7 v b OfiffEs L OVl (Pereira et al.,
1982), ~ 7 A DIENEN 5% OB, ifi, FFlg. 3 £ OVE (Colacci et al., 1991) TH5\» DNA
ARG SN, ~ 7 ADREFREIZOWTORRIELE £ &% T(Topham, 1980, 1981;
Land et al., 1981), ~ v 2'&# CTix SCE 235 T& - 7= (Morimoto & Koizumi, 1983),
7 v B IO~ U ZDAFIaD USD, ~ v AT DNA ¥, A Fuk, $HEIkr & &
. 7 v Ml E Blgko DNA R E 1Zh0=y RRA v MIBET 5 in vivo TOREE
1L TR T o 7= (Petzold & Swenberg, 1978; Diaz-Gomez & Castro, 1980; Mirsalis et
al., 1982; Reitz et al., 1982; Larson et al., 1994d; Potter et al., 1996; Butterworth et al.,
1998; Pereira et al., 1998),
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I 52, R ORBRIT 7 o v AL LAOBEEEEZHEE L TV, b 7p W FEEETE
R ORERICE > T, T v FTOBOBEBHISOATREMENRIBE STV E, L LEEL
T, GHLOEARND, 7 raR/V ANIERRBEREES DWW ERbnbd,

8.6 AFHEME

~U A Ty b BEOUYPXTORAREZEG0AM - RAFEREBRER SN,
HERTEAE DI &G e T e < . IR F~DRBIIREREEO &L L TOHRBE ST
I/\éO

8.6.1 AJEEE~DE

CD-1 ~ U ADHkFEZERFBRIZ I T, Fr AR TITAEARE £ 72 13 AEEA~ DB T e hr o
2o TNHDO~ D AL In utero ¥ KL ORFLH (RFERA~DALE O 7= DI BT S, IRWTH
TR 05 41 mg/kg KE/H (2 —2 PN L > THRBESINT-, ZOMHET,
i C PRI DO ZE DT B 7= (EHRT, 1988), [NOAEL(A£5MEM) = 41 mg/kg RE/R ;
LOAEL(ZFH) = 41 mg/kg A E/H]

8.6.2 FABM

Sprague-Dawley 7 v h~® 50 mg/kg K&/ H « 4T4E 6~15 H « s8H#E O & 5-(=—
H)C, BEEEND . RREE, RV b, 126 mglkg (KE/H TiX, BIFAE
DWW, METFEAIEFA LR O 5472 5o 72 (Thompson et al., 1974),
[NOAEL(GE A F M) = 126 mg/kg A E/B ; LOAEL(E:{A3M) = 50 mg/kg A&/ A ]

AR DOFBERIZI\ T, 100 mg/kg ARHE/H TRAHAFEM (R EE I X OFEEH B L O
B DM F R E) 235 & i 2 7243, 400 mg/kg (KH/H ClIfEarrEIEs4 S s
7o 7=(Ruddick et al., 1983), [NOAEL(FEA M) = 400 mg/kg AH/A ; LOAEL(R&%E
)= 100 mg/kg A E/H]

BRIEE 50 mg/kg RE/H £ T - 414E 6~18 H - il 0 & 5-(a— 2 lH) Tix, &K
TR FE CRER DR EI M E OB N BT, EiHD D WITRFREAE~DO A EEKFED
WIS B 7e > - (Thompson et al., 1974), [NOAEL(RE A M) = 50 mg/kg AREH/
A ; LOEL (R-4&/MEM & )= 50 mg/kg A%/ H]

TR S T2 DB DR ARER RIRDOFERIT D2 —F L T35, Sprague-Dawley 7 v k
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~0 0, 150, 450, F72I% 1430 mg/m3 DFE TlL, H/NRE CREROAZ R AREBD A
28 5 7= (Schwetz et al., 1974), S[LOEL(FAK) = 150 mg/m3]  Wistar 7 v b ~D & —
D FFETIiX, 150 mg/m3 TEEE O I L OFRHER O R BTN & O 378 O b it
(Hoechst, 1988), [LOAEL(f&) = 150 mg/m3] &5 5 ORBRICEB VT H 150 mg/m? THs
{FOFEB R DA B A2b 23388 HALTZ 28, BT OFER Cl3 A B4R 71 Tld 720> o 72, Schwetz
59TV & > TEH B LUNIBA~OFFEENBRE ST n, ARKFEETIEie <,
fEFTAEITFR D BTV 720 (Hoechst, 1988), & 0 RWREE THE Y iR S L7 3 BR Ti, 50
mg/m3 THAFHFAE~DOEEIIA LT, FEROREINE O 235890 5 117z (Hoechst,
1990, 1993), [INOAEL(3$4: %)= 50 mg/m3 ; LOAEL(F:{A% )= 50 mg/m3]

8.7 DM

7 m RV AFRIET P RITEIRT 5 & BEOR A5 & Z 9 (Duprat et al., 1976;
Torkelson et al., 1976), VHXDOEEIZay b /Xy REHWZ eaRLvaziwmfds L,
24 WE#L I AR DBEEAERS K OV I A3 iR 8 B 41 7= (Torkelson et al., 1976),

8.8 YEMIBEFF

CYP2E1 17 v u )L AEWAKFZCR AT V7 EOFENHWE~ERE#T 50T,
CYP2E1 Z G ieflikidr v o R /L A DBMHEDIERI & 725, B AT ATRE M58 < Ml
B Ry ERY U OREMEECRENG T L AT AR S L. HERRERE 0D 58 2 o i BE
% 672 59 (IPCS, 1994a, 2000b; Ammann et al., 1998), 451 &\ LGk PO BE (S kot 2%
T DL, FEetEOMREECE MR e A O#EZ <, ZNHOFERII v
ARV BT K DT o W O P BRI A A 0 = X AR OEERFFETH D &
9. M DRHLAH D, ZORMITZ o a kL A8 LT ORBWE X2 5 EHEO#
BEMED RN E W) FHILO BRI L D HERRIC L - THEST 515 IPCS, 1994a, 2000b;
Templin et al., 1998; Constan et al., 2002),

7 v FBIO~ U A~DORERER., NRELHLIWVITIHETHL-LL-HLTALR
D%, MR L O AMEIE CTh 2, AR E IIAFIRCNE L) 3 KO
IB(EEFEB) Th D, 7 makrhid~ v A THEL LOBBOESEZ. 7 v F TEIEO
JEZ 2 SR Z T, SHIZ, WMABIORARZRERELZT v B~ U A0 EEOWRE %

5 FHERHINTERE CIIR<ABEREZHAVNTWVWLOT, I ZICEHEOBEIIFRER &1
BipoTn5b,
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FIT D, HEMENELS, B MIEKTOZ m L MIEET S,
— X3t FOERSEEIIFBCTH L Z L AR LTV A,

S
i
=
e
‘mn
<
[V}
S
N

suaRLOEMEL BEORREICKIT M —OEER in vivo BRIETH D, B
LA X DRI E (L IR R T UNTER T % (Testal & Vittozzi, 1986; Ade et al.,
1994; Ammann et al., 1998; Environment Canada & Health Canada, 2001), FF4ER o
Sv/129 F£721% B6C3F1 = 7 AD WU b HE DT « BlHAL 25 S 2 L7l
X AT T, WSRO CYP2EL null ~ v A XA MO AR S AS 2 B 3L 72 03>
72 et CYP2EL OB E 2 EINFEH S v7-(Constan et al., 1999), 7 v ahR/L AF
FEOMB IR X OVETEMERE N RO b daeE (P, Bk, SPiX, AWfERs Lo
EMFENOWT O CYP2EL 434 & & B L T2 (Lofberg & Tjdlve, 1986), Wistar 7
v NCRALE £ 7213 CYP2EL A > 7 = —H —ALE) T, 7 v r kL AR OnEE
BE ST/ EL \mmﬂnmﬁU@%ﬁk%Lbfmtomwﬂn4/7:~ﬁ~
ThoH7x /) N\ NVEZ— ) VAER, FHEES/NEROE., FEE. MIRBEEZIZIEAY
CYP2B1 BERIEBLOLE 34 & A5 L T2 (Nakajima et al., 1995b),

AL AR 23~ o A D Al K OV ISR E 2 5l e 2 93l E L C, DBA/2J ~
U A DR L O T, (EE OV VIR Sy 1 ORISR ~DRE & & # T REE D
HEHAHBE B SN 5 (Ade et al., 1994),

7 v RV NeE R ORFEEOFMIL, MED 7 v P B X UHE~ U RIZBT DTS >N
7 ~OIEFEE O & BE Y H 5 (Tlett et al., 1973; B.R. Brown et al., 1974), = O3
FEAITEEIEERAIN T L D £ < b5 [ett et al., 1973; Tyson et al., 1983), in vitro &
BROMERIL, 7y FBEOE FOIFI 7 v Y —AZEBT 2mmf L OISR AL o
RV ADRETS o TR SN TOW R ITIER B 7208 T L Tu 5 (Cresteil et al.,
1979),

YUATIE, 78RV ADBL R BINI s u Y — A~®iﬁ#A PRANE S
DOFEFE & AR & 5 (Tett et al., 1973; Smith & Hook, 1983, 1984), (R 5~
U A DEEZ T 5 /B KOOI K o2& S BfD 7 v ﬁ:/VA{JQﬁETHI: LAY S
(Taylor et al., 1974; Clemens et al., 1979; Pohl et al., 1984; Smith et al., 1984; Mohla et
al., 1988; Henderson et al., 1989; Hong et al., 1989),

FNENDEGE X A TIZHONTEZ LILDIESEH BT IZRETH D8, BILE 72 HFE
HWOEIZITW I 2E R’ H 5,
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B6C3F1 ~ 7 A~ = — W sRHIRE O 4 5% . FFEEAE80 572 25(NCL, 1976), £k
KEEH-TIEFE T 1 HHE THEEITRS bt h - 7-(Jorgenson et al., 1985), H—7 A(5#
RS ) ik ale & 5- L 0 HAREHE O tissue dose rateGRLAR PN H B3R [GRIE: : BAAZRERD &
720 OFBENERBEORDZ NS E, L0 ERLHABEELZ L6072 ThD, BA
DINAFT AN T 2 — i HsERR O &G ZEES MR I H &R, L0 E
DR TRERIC BT LICFRT~ U 2 ORFIE CTixmEd X OIS & Fifie S E 7
(Larson et al., 1994b,c; Pereira, 1994; Melnick et al., 1998), EH/ XA 47 v A IZBWN
THHEIG R AERO EH 255 L2V iEE (Jorgenson et al., 1985) TlE, FHHIMK P IEE#%
DORFIZ BT D HEFE G DR 72 TLHE 1SR S 72 0> - 72 (Larson et al., 1994c),

L7=M > T, B6C3F1 ~ v A TRt F R e ~ D, M. A
farEgE, B X ONEERE DOIRE RTHEZ DR H D E VW2 D,

7 aa RV MIMFESEHEE LY GIRETIIH o720, BDF1 v 7 A~OW AN R&EH
(Yamamoto et al., 2002). & 5\ ME ICI ~ 7 A~D#F D # JE = rhhifilet 0 & 512 K 5 2
(Roe et al., 1979) CBIEZEZFHR LTz, BRIIIEENRH Y, HECORRZ 572, =T A
DENEIZ F 1T D SOSHET G EE ~O NG, Mlamr:, BAMREE, X OEgkE
DOBIHEMEDOFHLUI 53 Th 208, TGRS MR T 2 HFEROS TUE DRI BT 57
—XIFRon TS, EMEARKE T BDF1 ~ v AREICEESE 25| &2 T RE
(Yamamoto et al., 2002) Ci. FEDIKEEE U CTHEFRMIRFEE O 72 Tld7Ze < £
72 IRV B A FEVEAL O BN (Templin et al., 1996¢; Kasai et al., 2002; Yamamoto et al.,
2002) DK CTRRD LA, HETITFRD b oTz,

HEZ v MBI D NEEFHRET OISR T 2T, 38 6 IZEIEGOHEMATED i
7= ME— D% (Osborne-MendeD 2317 2 FRIRHEH D= RARA » MIET 57 —#
DR TNDOT, ~ 7 ADOfFHEE L OEIRICE T 2REM L Y 720, BIEE RN
IE a3 — ARG OG-S D VIR UK %S STV H(NCI, 19765 Jorgenson et
al., 1985), 7 v MIBT 27 v AL LG & BREGFHEREOBIRICET 2 FH b IR
HNTND, I F344 7 v F~DOREHFER T, Osborne-Mendel 7 v  CTIEZZFHEHT D
HAEICELWVHEZEE L Z A, a— U lFgRilee 0 & 5 ClI R tE OB S O TL
HEDZRO BT NEOKER 5 TIER O b x> 7= (Larson et al., 1995a), & 2 EHIOHRE
\Z& % & 1 F344 X EHIOKEER TIXRIEE 2 %8 L T /72 (DeAngelo et al., 2003),
o A e F 25 G B H4 0l oD 0 2 D) O R e MEE K23 147 mg/m3 LA B 4 H | 441 mg/m3
Pl b% 5 BAARGE L= F344 7 v s OUALRME TR 572 (Templin et al., 1996b),
Lol BIEIGOFREIL, ZORDT v b~ORKIRE 441 mg/m3 £ T - 6 KffH/H + 5 H
[ DREFEENOIME—DWANRAFT vEA TIERD LR > 72 (Yamamoto et al.,
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2002), L7=23»>T, £& LTF344 7 v MEMREN A DNRD - 12R) TIrbi iz it
BROT — 2 b M K OURMAE MR F A 12 25 < Osborne-Mendel 7 > k O
DIEN AV OIERMBETFIT Y Th D &2 bivd, Osborne-Mendel 7 > MIDWT, K
NAFT A (Jorgenson et al., 1985)3F L UhHl#FE 1 £ 558 (NCI, 1976) DX 715
DAV T F I OBKAER DT O R iX(Hard & Wolf, 1999; Hard et al., 2000) & 7> T
HETHD, ZOF/IITORRIL. T OIEEFET O 23 Frfe ik O JRAIE M &5 0
7\ a L SE RIS O RIBRRAIC AR R & DB ZIC—ET 5 LD FRORN REST
Lo TWnA,

LIz o T, A LT _NTOLE. DAL T v eAIZB W TITIED 2 WIZB IS
MR 2T DIRE D D WITHEZ W EHRR T, AR FTIETRBE LR LYY R
BLOT v b ORMOITEF L OB TRpeE DM LR & OHIIEE 380 bz,
B L OSHEE 2O TRISO—B LI/ Z — 03, 7 e RV apnlgzg EEZ 756
(3. M L OREMEZ S BEORIBEERIE TH 5 & W Ol & —Bd %, T ORI,
Zuu RV LAPNERRBIEEEOIRBEZIZE AL HTO SR & 2RI RO 'L, T
&> T IKSEMT TV D,

FrgttE O MR IEGFE S RN IEIG A 5| L 2 DI TIE W Z LIZER LT b
720, 7ok 21X, B6C3F1 ~ 7 A(NCI, 1976; Jorgenson et al., 1985)3 L (N F344 7 » |+
(Yamamoto et al., 2002) CTOEHINA FT v A BV TBIEBILFE I SN2 ho 7253,
[ CHiE, BPORE, R UR /IR0 5 2SR TRt 0B 5 E oL X
OWZDOFER & L COMBNEETENGRD 5 Cu/=(Larson et al.,, 1994b, 1995a,b; Templin
et al.,, 1996b), L2>L7e23 6, HIBQEROEENR L BN D & ST THEEN PSS
DI TIERWEBZ NS, MIAFEEIC LY EE L0 & 2 3 2O VER - IR
BHERFICEASN, BBRIORICL - TERLEEZOND, LRI Ty b, vU
AR TG D glre bR AAE T OB A 22 m ORI E O MR B FE L S 2 B3, ek
DEBEES T S NTZBARBREZ I LD, W72 BHRBRTH Z OIS ITEO &
e (Yamamoto et al., 2002),

7 v v RV LOFED AEFIRET D AGE0E. RENC R SEAMREME M WEIC K D
HNAVDIFKRA TN = AL THVED LV | EW TS BT 5 @O RS 55E
WA E X 72D TH D, MEEOTLHEX, REFEZR DNA HRICERT 527 —5 5
WIZNRYE DNA ZbOBIBHEELA~DO I L 5, BE HEO B RS AHE OB
2721 0 155 (Cohen & Ellwein, 1990, 1991, 1996; Ames et al., 1993; Cohen, 1995), X
HIZ, MREROMIC, BEFRIOEIE 726 LEBAICHGT 5, EiahE, LR
JFPED 7 ) MMERGINE Z D 2 L A3 d H(US EPA, 1996), HIEEIEL D TTiE & &M A SR D58
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I —ENRLT LHLHEFETE D EIIRL VDT, MIgHEENERAD—DDY A7 77
7B —=Th2d V) ZORMIRITZIT AN DI TN D DT TR (Melnick, 1992;
Farber, 1996), L2>L., Filk L7k 912, ERA T 0B ATh 0 b 5 BEIK O EMEZ A A
HEBET 5 &, MEEORE EARZWO b —xt—OFEBRZ R~ T L IZR LRV,
AR Z & TIER, BET NS ERNCIE, MR, M, 3 XL OHIBEIED M DS
T AL FEERRIO b O & TR 2 X — kA v N TORGE, BB ekt
WL THELDHRERRENDH D,

T L5 L, saahLAE~v v RICHEREY, vV ABIOT v MBS ZFHRET
%, MEGSOSIZE T DMl JOCRARE RN - Milamt: - FEMRassE - 5o —%, B &
O amEOFFLO B A%, Frgett OISR R 2 £ © B3 CREGIE O M TRIE DS
7 v a iV LB ONEGFHRED IR A D = X LRI AREERDHD LI —5
LTW5, ZOZ LIIEEFROHBRISEBRIIERE CHL Z L L—8T 25, Z oMl
FETB B, 7 e RV AORKIEERFME(F L LTHRRY Vi LU ~ DR {bH
FECREET 5, ZOFAETFICT 2RHLO BRI, ~ U ZAORER RS OB SR L
Tho s bii/I T, 7y FOBEBEIZH L TUILVRBESNLTND,

9. £ h~DE

—fRIZ, 7 aR L ATEREY L F CEMERE e P THHEE 2T, ERITHEED
i (24~73 g/m3 Z2X)CHERF(12~48 g/m3 ZEXOIZH W BT 08, R PEARFE RS A EE
AR, BEREARERODARIZ K D EHINREO b0, 2 b OFEMIEH IS 7=IPCS,
1994a), 7 1w RV AFEORRIS . IADPOBEDIFEREFE O, &, lEH:,
HH, BIE, BRI ONEIEL 5| & 2 U, SR CIIFEEsE - 212390 5172 (Goodman &
Gilman, 1970), FfEEAI & LCoO 7 mrA A0 IR 2, BIRMAEEEIE, Bk
EDOYB LVEBIHEN & 2 (Kluwe, 1981), 2.5 g/m? » 1 ¢l D &fE TITRENED S,
10 g/m3 TITEE DK, 0.25 g/m3 K TIEAPRIEE 72 5T RN H 5 & OWE R H
% (Verschueren, 1983), £ H{EHL L 7236 OIEIRIT, WAL A DAL D REWR & FEEL L Tuh-,
7.5 g ORABIRICEERIERE 2 Lo, BAOFEEREOEBIRBIEEITN 45 g LHEE S
% (Winslow & Gerstner, 1978), IRE~DEIROBKIUIRIEZ G R Z L, BEHEASIX
IROFE 25| &k 24 & i STV b (Winslow & Gertsner, 1978; IPCS, 1994a),

R AT R A 80~160 mg/m3 T 4 » H K%z L7-1E¥# B THE S 72 23(Phoon
et al., 1983), HHIMBRFE/LR DO T OMMIIAMETH D, H7EHE LITMH O LK — T,

e EIE OF A & " 1950 mg/m3 48 2 5", "6 » H A" O 7% % BA# {1 TV 7= (Phoon
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et al., 1975), BIDOHIZETIL., 1~4 M. 10~1000 mg/m3 ([ & LI-/E¥ B T, T XK
D BB THR D589 5172 (Bomski et al., 1967),

TR AP & S A O BRIZOW TR 2 R A - 51T 20, 7 2 v RV A,
KPCTHEHBENFEWE & RGT HEAERT 22 DRIFEMOVEDTH D, W< DONDR
B CHIEMFEARE K D EHIERB IO R U O A X o ~DBRERBIC L DBEMAAD Y 2
7 DHEMPBFRD BTN DA, FERITH LM, MEIEBEE [ T J& L T\ 7= (PCS,
2000b), Z® 9 %, BEFEICIIBRBOERMIFEAEEENTELT, Wk DiEE Y
A7 b7 aaR)V AR RENIS S 952 L3 TERWALSI, 1997; TARC,
1999; IPCS, 2000b), #7227 (XMW OEFHREIEY ., BIFED OIREY. 1 ZDKIGY
W, FIIEFROEHEIKD UL MU a2 X U RREEE & 72 Do BRI
% &5z 55 APCS, 2000b),

10. ERERBIOCHRARICKT 2MOEY~DFE

10.1 /kAREE

7 v AOmEIROKAME, BE, EHEEEY. A EHTHERIA TV S,

ALY v B AT LE DD TURZEREWATEEERH 5, FARIGIROHEN
fi#73 0.1 mg /L CTHIH] X7z (Jackson & Brown, 1970), 0.5 mg/L TIZIENEILIRAEY D
23T B AL ME LAY Tid 15 mg/L & TlitE2S 58 b - B b H 5, Z ORBRTId,
VIR 0.5, 1. 2. 2.5mg/L O v a iRV AEHIGIRAINA, Wil 2t L7 A % >
AERMERE RN S D A B AR R R LTe,  Z ORBRERE 2 SR 3R o0 I I AdL, —HEK
F 7 e (S i g RE# [SRTI50, 25, 12.5 HEDTHUEEL/-& Z A, T3CTOD
TEFETA X AERITIHI S, R 0.5 mg/L TiE, T_XTCo SRT T3 HEIZIZAZ v
ARROEERZED 7, 1 mg/L D1F 9 BEEITD - < U TH - 72 (—FFRF L O
¢ SRT50, 25, 12.5 HIZKkI L, ZHFh 2.5, 4, 11, 25 H), 7 v ak/LA3EME
L ORHEIC 3.1:1 THELS NCEHTE . FID 7 o a L Ao 68%DNEARIZIRE), HikdE
HEAZ AR DI L > THREIZHD Lz, HORERT, A7 ae kL sz
WA ZT=E Z A, 10 mg/L TIEA ¥ AERRICEE T2 > 723, 156 mg/L Tl O
PRGSO BTz, 20 mg/L TiE, 80 HLUNIZHEIEIZA b /e ->7-(Yang & Speece,
1986),

YK LMEEEIZ BT DBV O AFHRETH D, 7 maB/L LD 6 H [H &R HIH
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(2. 1B 185 mg/L CTEIEESE Microcystis aeruginosa O FMIRHEFE D &A1) OIS WA S
72 (Bringmann & Kiihn, 1977, 1978), ##i# Scenedesmus subspicatus D /3 A A~ A%}
T2 48 ] EC1o 2% 225 mg/L(ECs0 560 mg/L) & #1582 S 417-(Kiihn & Pattard, 1990). #f
fadse, S A A~ A ZLIRSBEUAZCL AR 72 E DT R A 2 Mxt L &7z ECso
\Z1%. Chlamydomonas angulosa ® 382 mg/L(Hutchinson et al., 1980). Selenastrum
capricornutum @ >1000 mg/L(Cowgill et al., 1989)7x Eindr 5, A7 V) —= 7 BrD =
SEWHRE T, Ml ROMENT % 7 HE ECso 23, 4 OWEEEMY 7 Z 7 b
® Skeletonema costatum(~7 4 7 * > MIROE®) ., Glenodinium halli(7F ¥ & i) |
Thalassiosira pseudonana(F MR EEREE) . 35 X O Isochrysis galbana(iu/ Nl ) T, B
L7 32 mg/L % #8 %2 TV 7= (Erickson & Freeman, 1978), S. costatum % F\ 7=
i EEER T, MRS % 5 AR ERIZINOEC)S LU ECso (XX T 216 5K
U 477 mg/L T~ 7=(Cowgill et al., 1989), 7 v 1175 /b L OFHIE T P U A U L4 2
Wt OFRER T, RAKFEREZ 7 2 REF A(Chlamydomonas reinhardtin) D FEHEINH]IZ
%92 72 FEfH] ECiol% 8.61 mg/L, 72 IK¢f#] ECs013 18.3 mg/L Th o7z, +572 Wk
IRFEMAG R A RIRT D720, ZORBRTH 220 3= M AV MIEHET 7 2apH0 bR
72 (Brack & Rottler, 1994),

MR SN HEE A ~DRER T, 2D YU ¥ 7 Y Lemna gibba B Lo v %7 4
(Lemna minon4 7 v — Ik 5 28~1000 mg/L O %5z Tl BN A L2z
(Cowgill et al., 1991),

KAEBEBFHEENY) Clx. YR Y L (Brachionus calcyciflorus) T 1 B¢l LCso 2% 2 mg/L
LD NTEZMEN & 0 DT mnoTohy, BEHIFED > 7272 2 OREROE K
<725 (Snell et al., 1991), A4 V> a(Daphnia magna) D4, 48 Hif] LCso 1d 28.9
mg/L(US EPA, 1978)~353 mg/L(Cowgill & Milazzo, 1991) T, 1 & A & DfEFIL 28.9
mg/L &R Lo, BEARRIZHIT D 24 FH#E T, A4 I 3D ECodB LV ECso 132
nNZh 48 B LN 79 mg/L(#4 HiEE)Toh -7~ (Kithn et al., 1989), 44 IV aDplE %
T RKRA L bETHE, 16 A ECs02Y 59.8 mg/L, 16 HE NOEC 7% 15 mg/L & 4
S 7-(Hermens et al., 1985), A A I ad 21 HFE/ENMEABR T, BHRNWS T4 BIEE
1.6~200 mg/L ~D % TlZ. NOEC I 13 mg/L(% B Th - 7=, ErHuZiE 2 [[H Y
Bz 51, NOEC OiIKAHTIEE X 6.3 mg/L T& - 7=(Kiithn et al., 1989), ¥#iEMEE v 7
v 2V 7 (Penaeus duorarum)Ti, 72 FFfli] LCso B8 LN NOEC XN Ei 81.5 B X
W32 mg/Ll & #iE ST 5 Bentley et al., 1979), #EEM Y =V 7O —F Artemia
salina DAL 30 K¢l 14 DLhAE Tl kP IZ %32 24 FEfE] ECs0 23 30 mg/L & i &
7= (Foster & Tullis, 1984), # %(Crassostrea virginica) Dh/AEIZEET 2 2tk EMERER C©
I%. 48 FE ECs0 ® 1 mg/L &, 50 pg/L &\ o 7 AKHEREE COATFE~DEENRE ST
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(Stewart et al., 1979), LU, ZWTEICKMERH D720, Z OREROAH I ITEERT N
¥ % (Zok et al., 1998),

7 v B RV ADRASDEELEAT D720, WS ODDORAKRBA I ThhT\ng, =¥
~ A(Oncorhynchus mykiss) Tl M k.4 B # D LCsol% 1.24 mg/L(5EE 77 /L~ 7 2 200 mg
/1)~2.03 mg/L(REEH /v 7 2 50 mg /L) T 5 (Birge et al., 1979), 7 /v — X )W (Lepomis
macrochirus) DA, /KRR TO 96 FEfE] LCso 1% 18.2 mg/L T& - 7=(Anderson &
Lusty, 1980), #ii/KikEk Cid, #EKHD 1 FE/NH VA (Limanda limanda) T 96 K] LCso
7% 28 mg/L T& - 7= (Pearson & McConnell, 1975), /KRR CREB L% 21 mg/L »7 nn
BV AT 96 HEE. HDUWEKRK 0.151 mg/l £TIZ 9 » HBERE LA X W (Oryzias
latipes) TIIFMEIZ A Do T2y, BB TR 1.463 mg/L ~D %8 Cld, H5ED
A K OMEE B (A4 X ONBE AR ©) 3 FRD bivlz, FFES AT S eho T
(Toussaint et al., 2001),

WAL B a RV AT LR VSR EWE B LD, TREOMATED 7~9 HIH
TR L DA E BB ©, Mk 4 H#£ D LCso 13 0.27 mg/L(h ) F=7 <=
)V Hyla crucifer])~>68 mg/L(7 7 V 717 * 77 = )\ Xenopus laevis])) CéH~>7-, hVJ I=
T HEZLORE 4 H% O LC1 B X O LCwo 1%, £41£41 0.0019 35 X 10 0.0177 mg/L, &
WEZMEOESWEAETH D e a v H )W (Rana pipiens) ® LCs0 3 XN LCio 1%, Th <
N 4.16 3 L1 0.383 mg/L T&H - 7-(Birge et al., 1980; Black et al., 1982),

10.2 FEARE

BB ~D 7 v u L AOBMEICET H1E#IT, T<RoNTWD, b hr—24
IZ 1000 mgkg ZHENEMT 2 &, MAEMOMERZH A MRS EW, 4 HH: CO:
effluxireatment/CO2 effluxcontrol = 1.39), 6 HZIZ 22 b — /L L~-YULIZRE -T2, WVE L[
FRICALES 5 & IO OAR T2k = PRI 2338 S0, 4 B H: CO:
effluxtreatment/CO2 effluxcontrol = 1.77), iED 6 HEZICa Y br— L LULIZK ST
(Walton et al., 1989), 7 v m /L AZ L 2 EARMPEGREARR) CIIMAEDER ITRE SN
72X 9 Th - 7= (Alphei & Scheu, 1993),

PR HEFEHEBIIZ T 5 7 m e RV LADOBEET —Z BRI U< D72, 2 PRI I X
LU aurvAENx Tz ARE O CTHEElEER 217 - 72 (Neuhauser et al., 1985, 1986;
Callahan et al., 1994), BIDOAFFE TlX, 7 v kb bz DT EARLEGEE R X -
THEED OB YRR S =2, BRI HEBR S v 2 & 3 FEGE S 7 (Alphel &
Scheu, 1993), Z# L DORBRITNTN G, HERTOAFREOHEEIEREEE’H D &1
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ZEZ BV,

S E T IXE A OB T 5 7 v n R L AOBMHEIEHRITMHR TE Rn o, FEiR
W ~DRBIE T 57 — X & § 81T,

11. ZEFh

11.1  BE~OEEFM

11.1.1 falRBEEEORE

b MZBITAHZ nafR/LADFEET — 21T OO TRENZEN, & b THLERIW & [FH
CEMEREZ L7263 2 AR IS, S L OBEEEORERH 5, v MBS
HIEMWANEIZDONTIE, AFTEX AT = nbiimaE Z LixTER,

AFTEDE hOT =NV, fGRAEEOHESCHREIN O IEEE LTHE
BREh) CORBRICESNH TV D,

Z v FTOAMROFMHIIFEETH D, 7 v MBI~ U7 A~0 G O & 50
FEER Ty MCHRARRSR OIHIE L OEFEOIRZE N, WREICITFEENRD N, T v
FB X UM~ 7 2 2B D AER ATV, i~ 7 2T X 0 BSZHERE D,

EHRORBICL > TT v MIREVEORZENR, ~ 7 ZNER L OB RO LA
TSN, &R THBORAZRZE T, 7 v MBI~ 7 20 SRR B DN P
iz,

ruanai/viE 90 B~ U AR O &G E7ITBOKE G5 & T~ F2(E
BN, X7 vy — AFRERIEMEOTUE, IRE OB & =)D btz 7.5 FHEN
Bl SiA X T, BERIEMEOTUHECIEN EI O Bl e E PR~ DO EN R BT, 4~6
# HEWARIE LT v b T, HEEWE) B LOBBEZOHMMA 7z, 1382
2R ARVLEERAN LT v NE~ T AORPEREIZ, MBI FRD b,

WM R AMRBR T, a— ek LT mehr szl nixgb Lz &
A= U ARG 35596 STz, MUK G- B0 B & 2k & L 7osmibilft A& b5,
FIEMABRE TR, v ZADIFIRIC R ARER SN T, [~ 7 A~ AT E
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TITRR D PR & AR L Lo N BFE( BT 1 RH OIS & o CTEIBIESE A FHRE Sz
B, A= HEHERICT D EFHR SN, Ty FOLE, 2— U lTOROEE £
T T N R TR TIPS (X555 ST, UK G- TR~ DI AMEDTHIF I DB %
AU DR D o7z, BET v P TR, a—rlzR e L b5 5 WIdEkE b TF
MG A3 a6 S 7oy, WAZRER 72130 S & TOR ARG TIEFHRE SN o7z,
MDD T v FBLO~ T A TIIBES AVITFHEE SN2 o7, REIWMAZEZETIE. 7y B
L O~ U 20 RPERRIC B, B, WA, bz sl S Z Lz, SEGIISI &
S hoT,

AT LORE~OBMEICEA L TIBEDRVER LD AFTE oo, @il 0 &5
L7e~ U ADZERER L OATERRIZIER Tho7o, BRI T 2 @MEEELEIRT v B X
OUHIFICEKELLE A, WMRTHRE SN EILT v FORFEREORD DA TH
ol WRT v b ~DRERARTE T, BHF~O—BMWO RN ERZEDN A~ DR
JETDHFED BT,

yuaak s, BEEEICETISEIEREMA S Y —= 0 SR B THEMICRE S
NTWD, HE LT RARA » MI, M - BERE - > a 7Y a U OZRER . B |k
BLOERBY OB IS T 5525825 - SCE - UDS - Milafp g, 7 v b~
A NDAL —DEE I ERARRIC BT DGRBS, DNARS, BLOHFRFERET
Bbbe WHED in vivo RERNR T v b ~OFHOGLEAKBEEREEL TR L TWD A, BinwEtE
REROFERIIICENENETH D, EHLOEZRNS, 7 v v b MXEEEEEE T
WeEZIHLND,

11.1.2 THABRE BEORELLE

AFTELTF =00, SIEED 7 o a R/ LAIERE LT A2 OERSE L. £
o b O LEERTH 2 (i) = & D3RR S50, b b CREGRRRE R4 LU0 2 /E
CoHIREDOHREIT 0TI < BBEMSEROMINI T 2 HE R L L i) T
X2, SRR JOFEEEME T v R A v NSk DA RS L~V EBIEICRE T D
7o, BRI OT —Z BHNHI TS, Appendix 5 IZFERIZ <,

BIDONARAFT oA T ABIOMET v MIEERFR SN, BMEAFTE D
T A0, EEHREETILESE DNA HEICL 50 Tidkl, £/ nafRLANE
IR AE TIERW L DRI LG TE 2/ Rmond, Licin-T, 7
DaRLLS~DOE SOMEEBEL ~VEHOR—2 L U THRIETH D DT, L%
B Lind & EREWHER T4 572 NOAEL X° LOAEL ([C#H T2 2 & Th 5,
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FFgEAS B MBI DIERIZRE & L CEESN TS 72D, 15 me/kg (KHE/H - 6 H/EH D
7.5 FITOT D8NG T, A XORIBIZAENIFEI 2 78 6 7o ilBRs B e ikl & L TR
Ihic, A X S vz PBPK £ 7V & ERFE R O HR&EOGT — % Z v, B b
DY AT D 5% LF7H . HFNEROREISAL AT 572 0 O PR E(VMRATELS) 0 4
iF 3.8 mg/L(95% (5 #H FIRME=1.3 mg/L/FF, 14 —F=0.00, HHE=1, P =1.00)&H
WD D EHE SN, ZOFHEHPONT tissue dose rate (RPN FH &3 ERE « ALK
Ao 72 Y DR AR E D DI, thmif Zh7= 0 EEPKH 37 mg/L, EIF%ER T
9.8 mg/m3 OV v RNV ACERE LELEICEEONLITHAY ZENTHIENTZ, T
O OEEDOEF FIREIX, ZiZEh 12 mg/L BLN3.4mgm3TH 5D,

b O — B EBRETDD A X, #Y)72 EREHERIC L 5 NOAEL (2, R
250100 Z#H ST 20N —ZITH D, Z ORMEESRENT, FER OSMFICRTT 555 10
Lt MIBIT DEZMEDOMEAZITH T 265510 Lol 2 DORE TR IS, KA
OIREEAEN, EEBFEL e FOMO ML a2 T 4 7 ABLIO N Y aX A FI 72D
%’ﬁT520@@ﬁ4£i@25#%&0(“6&kmm0mmm1%&H@&1%Mm

Z D86 PBPK E7 /VOENC X o THRANARHD A EICES S HIEE WD Z &3 T
B0, B FEERBMICBITE XA XRT 4 7 ADEITHT HBEKANLETHR
5. L7=A->T, TDI OFMHITIE, RHEFEHEOK 25(FF v ax 2T 4 7 AB IO RF
VAL F I AONEICHT D 10 & FF T ad A F I AOMMEICHT D 2.5) %,
PBPK 7 /L6 OBEIZEHAT 5 ONEY TH 5, FIREROBIMIE S & Fngk
Foxtd % TDI i

w =0015mg/ke (38

12mg/ L 2L
25 64 kg

- 12 mg/L 1%, FFIBZERRE AR 5% 25T 25 95% 15 46 T FRAE
- 25 [T AT FELR R

< 2L 1% 1 HITEIR S 1L 2 8RR OF% E &

- 65 kg IR OIEHERE

WA 27 D A I FE (T O

6 VMRATEL & 13t E O/ NEER DRI A AFE H 72 0 ONFEHRFHEE CTH 0 | FIZ
BUIAREEHED 1 >OHTHEETH S,
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Idmgim’
25

= 014mg/m’

- 3.4 mg/m3 [FIATIRIERFE AT 5% 5 95% (5 T IRIE
» 25 [IAHEFELREKL

L%,

700 RV MIB GRS AWE Tl W), EEARIEEEMIRE 2SR DR
FVIERWERBETIE, DADYRZFT RN EEBEZ LN TWDLN, T —ZICEKS5X U X7
R 2TV, FORE R A IS T — Z IS < EIRORHlio H1G D N MR R B &
T 2 D13 AE EZE 2 BN 5, Jorgenson ©(1985)D 7 v F DRIRIE & IR A % Hi>H
TR AT D BB RSRHT, 72 D OB EERHEFE(VMRATERK) 2 v, & R T
MEY A0 Ny 7 7T RL~yL kb 5% FH(TCos) & %5 VMRATEK % PBPK
TINZHESETRIT D L. 3.9 mg/L/MF(95% 5 #H T IRE=2.5 mg/L/MF, 11 —F=0.04,
HHEE=1, P=0.84) %t 7%, Z® VMRATEK (ZBHET 2 FMENRHP D tissue dose
rateGRELAR PN FH 23R R - BAZRER & 72 0 OFERN AR EOFEDIX, 3247 mg/L & A HEK
~OEPERZED L <ITRE 147 mg /m3 OEKITERGFEBEOM R LEBEZ ONDL, ZhbD
BRI AR T IREIL. 22N 2363 mg/L BL 74 mg/m3 ThHh 5, Zh 5O
134 XORBRT — 2 2V CHEHELZ 12mg/LEBL0N34mgm3 LY &<, &N 7 on
RVAZEDE FORPAY A 715 L THRBMNINE > TWD Z ERRBEND,

[FERIZ, Jorgenson H(198HIZLDHATA KO 1ty hEFESHT L., 7 v NBIROMER
CERIRZE IR T o X F~— 27 FEBMD)BER S L7z, MlaEM: 2 Frd & U 7o fRkm
Brany 7 7700 RL~LED) 5%EINEtE 25 NoOFEREHHEE(VMRATEK) X, 1.7
mg/L/RF(95% 548 FIRE=1.4 mg/L/FE, HA —F=39, HHE=2, P=0.149)Th-o7,
Z @ VMRATEK |2 BE:# 7 2 A O tissue dose rate 1%, IR 1477 mg/L OECEK
~OAEJERTE, E 7213 33.3 mg/m3 D495 % (FHE T IRIFIIAI) ~ D 287 12 K D f R
EEABND, INOORIES £z, A XORBRT —F 2N THE L 12 mg/L B LT
3.4 mg/m3 LV &<, BEDEBERAEOFIEE & 722 5 BlgEE T 5 LLZRMINS S - 725l ¢
HHZLERLTND,

11.1.3 U R 7 OBEHIER]

7 VMRATEK & 136 E OB BT A H 7= 0 OFEHREEE TH Y . BB 5
HWED 1 HSOHERETH D,
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JRERFCIL, BN - BAOZEZ L OWA L BE LOKIEK?DOERIZ 10 77
DXV —00DORERBEMZ T, BFTXAND 24 KZEE T U A OVERIZ DWW THE
LTS, ZOTF YA, BARK, ERZER, Vv V—EOER, Vv U —H%ROR
EOZER, KEK, BLOEBMTOREDOTRIB LT 95 N—t L Z A VEIZESNHTH
Do WEDOH RIX, BIKRKRCS Y 7 77 7 R) 0.14 pg/m3, BANKKGEEIRF) 0.27 pg/ms3,
SENZER 2.28 ug/ms, v U—EDZER 833 ug/ms, v ¥ UV —EDOIWEDZER 5 ug/ms,
KIEK 47.3 pg/l, £ 0.0035 uglg TH Y| I T5H 95 N—t U Z A MEIFXENEN
0.31 pg/m3, 0.66 pg/m3, 8.0 ug/m3, 1950 ug/m3, 18 ug/m3, 166 ug/L. 0.0298 pg/g T
bote, 24 RENDO 7 v RV ARBZETHL o L bREWEIGZ HED720E, v U —HDOR
N/ g T L DD TH - 7= (Environment Canada & Health Canada, 2001),

iUzt FOBREST U FORERE L COMBNHEZ ., fFik S/ PBPK 7 L %
MAWTET ME Lz, BREEARTIRED 95 R—t L X A VEICHESE 1 BRFEEN TH
SHL. BIERERR N BN D AT 2 GRS FE R (T Cos) & B 5 HI D 1794 43D
1(95%(FHH FIRME 570) & HEE Shiz, DAL OZETIE, BET TORENPLELD
R O PR P I 2 I & . BMDos TR (T & 5 THIE & D 7E1T 591(95%1E#H TRR
ff 165) T o7c, Lik L7z X 912, MANTKT D IEEF 5 H &S L OB AN 5
I —7 HEIIRH SN TZHEICE SN TEY , Lo T M E(ZoHEIFNA 7Y
v RO)EREMW EDOBO MXF v axxT 4 7 ADHLPLHENERIND Z LT D,
FERAOIS, THAEIRER IS0 2 B2 A HIMREIIR L% 26 THhDH, Z7rrklLh
DG, BBEHEEMEE . PAICKT 2GS R RS LODAUND X F~v—7 flEL D
ZIE 25 KO REW, LEBR-T, REROREREIL, AEICODL-THEAZREL
THLAEEEENNEEZLND LU XY 077 DKW &G S L7z (Environment
Canada & Health Canada, 2001),

SHIC, EHREBRTT v FB LU~ U 20 SMEICHIAEIEZ 5T 2 & S iR
IRFE(9.8 mg/m3) X, T FIZBITHENZERHT D7 ma RV AREOHEIB LN95 /3—
U ANMEMBEVPLITE, DO, Biik L O35 hET
IWVEITOTZDIGER SN EME L R U TH o 72, FAEB L5 S—k o Z A LHEEIE T,
7y PRI U A THIRROC K% T 5 L liE Sh o REED, £nZh 4298 B LW
1225 43D 1 T 5 (ENZER DO T H=2.28 pg/m3, 95 /3—& % A /L=8.0 ug/m3), > ¥
U —fEHFOREDOTHEBLIN 95 N—v o XA NHETEEE DORRIT, DX ) RRB@En
Wit T, 1 HDO O B I ROENTKFRIOATH D720, RWB2NEEZEZ BT,

WHO (3, HHRHEwE LERNT— A2l v n RV LZRBET DIKED Y 275
iz 7> TW5, I—r v Sy EDOENT = VO THT —& Tk, 7 v a R L
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FEIE 11~198 pg/LGx Kk 980 pg/L) & STz, Kili EOZER P EHRE X, 30~214
ng/m3(R K 1630 pug/md) ThH o7z, KEKF OO « WA - BRERIRIZ X D BUAZ &N, #
B PEE, BIOREORBESRMTORECNL, B TORAKE ., BKENCEL T
HEE S HLio, HEEEBRBAIE TO/RNETCIE, 7 v a kL AOREBUAAEIE 0.035 mg/kg &
HEHEE SN, BRE, BO, WARERZNZ 81%., 14%., 5% % 5o T o, RES
TR Tl MBGAAELIHEE 0.2 mgkg (AR E B U7, PEERESMTORATIL,
HEEARIUA 7~ 8% 0.009 mg/kg KE T, #REZ, #H, WARBENZNEN 93%., 1%, 6%
WA LT, BEORFETT ) A T, HEERBUAZ&1E 0.047 mg/kg (KEH L 72 %, vk
FHTIE, HEEBGAZEIL, KESX—ZAT/INEOH O EHEEIL Tz, KFBLIOZERF O
7 v v RV LR EE N IR WA, U E OBGA I TDI %88 2 % AlREMER
b B L S 7=(WHO, 2000).

11.1.4 b FOREY X 7 IHICBT 5 RS

ZDARIZE ST, ED7raRVARBRIIC YV —OfEHEBEZOND, VY
U=~y RO LKPOREN, MATLHMIEVAKEKOIRE L AR TH L0, HDHV
X, ARILBRTIG0HG o A7 A COREREDHEE OIEN DIREERTHENITIT- &
D L7V, BNZERICBE LTI, REMRY 7Y v 7B L UOSHHREORANHETH
%D, FFEORMIZBE LATTE ZRENRT — X NZORMO ML 2 £KI L EET
L&D, B 0RAZBEICET 5 A MEENEL L, L, Z7rrk/LADlE
THEIZ PSR C, BRPEBICE VT LWARRRIIA DNV D, BRI EREIC
FRROONRNT LT W EFETH D, BEFCHE B I U2 L OB EES A
METH LI, ShENEBREOEBERT %27 v udl AOHERISHT DEHEE LK,

Zua RV AOFEEICELTE FOT7T—ZTRE SN TWDHA, EREW CTIIATIRAE
MEETHY, & FTHREREEAOND, MOFEEWE(LENE, Rk, Bt &
OB, 7 va iV A &5 REFEEWE ~D IR O BT % R E 2 El A=
DBLRIFENTH S5, 7vrudL AL O—RIMEEWE, & IUEETH OIS T
TR BICE T DA RAKFE L, PRENDIIFEEDO A D =X L2695, B
FE~OEIELEN, BUFT 57 —FN—ATHoHALNIENTWD Z L33 HEHE
TEv, EE SEIERBEREICLDZ  0FERE YRR T, BiE, ITE. BIL0E
HA~DOREN, —BL TRIEAETEEINTWD, REOAREIL, BIBEDLD
FAEMEOMIIETEIE L . £ ORR & L CORHe AR B 5 2 RN S UL, 8]
LT—ELTWD, ZuaRLLORNAMEIZIBNT, FfietEoMiazttis L OMEE
NSRS R T2 T AR A R EN BAT T 27 — F X—=ZA~DEEE S @D, 2D OARHESE
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PR D, Z O RTIE GO EAIT~ 7 A Dl L ORI ICE L Th - & Hl< .,
7 v N OBIEIELS TIXREN TH 5,

ERENZIE, FHLOEALRZZETH L, 7okl AOBEEETEESNS, FEELE
7 > FRER T, DREOBIEFT R L TN D,

PBPK 7 V2T 280 FE - 2R, © FoRE, & ITEBBICH T 2 A3 OfE
HORMEL T 5121F. AFTELT—ZRP R0 LICEERH D, b FOFEAEIZET
57— X T MBN TN D,

11.2 BRE~DOEETE
11.2.1 FMHIEHE

7\ 1AL MMRITTERITZER P~ S D 53 TR KR~ b i S v d, £72,
HITFAKTH & ATHN HOEFOM T RIZHRD N D, LIzhi-> T, BREFIOH D=
VRIRA o ME EFEIRAEDECH AR T DAY, YOKDOEIKIEAY, T KIZAR
T 540 L BEE 2 & 5 (Environment Canada & Health Canada, 2001), D U A 7 §E
Dk H(Zok et al., 1998) & A LEIZiL#H T 5,

11.2.2 WEF U X7 OHEH

Ky RARA v MR LTI L RN - 72 PR ZE BEEEVS) DGR S, Tl E
#(ENEVY) 1 critical toxicity value(CTV. f/ Ml 2 R R ClR L TEE S n
%o JFREBHERE T F2NZBIT LAY A7 OR[gE 2T 5720, £ KR A v
MZOWTLENINL > 23R (EEV/IENEV) N e Sz, D OFN 1 K DOGE. €
OWEITIRBECEKR /R Y A7 2 b5 S0 s S, U A7 §Hldsei+ 5, LosL
REDTY RARA 2 MR L TREN 1 22 556, Y%= RARA » bOU R 73X
LV BRFEITIESW I~ Lt B ORI OB R SN D, BE D HIETIE
U A7 GHIZRT DI 6 DT ONEFERMEDIFIN N L MENICEL S5, EEV, CTV,
ENEV, BXOU A7 % Table 8 ICE£ & D5,

8 EEV i34 F ¥ DJFEE Tl & T Y, PEC(PHIZRERE) LF—TH 2,
9 ENEV 30+ OFER CHEM S TH Y, PNEC(TFRIEZERE) LF—Th D,

54



Table 8: Summary of risk quotients for chloroform.

Estimated

Environmental exposure valus Critical toxicity Application Estimated Risk quotient

compartment (EEV) value (CTV) factor no-effects value (ENEV) (EEVIENEV)

Termestrial wildlife 110 pg/m® 9.8 = 10° pg/m’ 10 9.8 x 10° pg/m’® 0.11

Freshwater pelagic 44 pgllitre 65.7 pgilitre 10 B.57 pgllitre 6.7

biota

Groundwater biota 13.8 pagllitre 500 pallitre 10 50 pgllitre 0.28
11.2.21 PBEEEY

7\ a0 MIEWER LRV O T, ARHERSRETRESND, KbEVIEEMR
WHOKRKFTHALNDZ b, HOBAAYN 7 v a RV ACERET HEENR D
S EBE, YAHFA L ONUEIER G 5 & bEIECRESND DI, WRESS
< RERBEDPDLTHD, BEBYWOT —ZIIHEER SN TWARWA, BEICET5T
— Z IR I EORBOT —F NAFTE D,

7 v RV NI ARTZ T D EAEAY T, ZRMNCSLo 72 EEV (X 110 pg/m3 T, K
ETHE SN RETERETH - & HEWATSDR, 1996), ZHUZE b CTERELZ B L
HEAE T, B ETHRESNERKBE LV IED0ICE N, KRERFO 7 aarir xR
B BB T 2 HEMEN H DS, BT FICBIT D KRR T ORI, BEE T Tl
Lo TEEV LV iEanicEneELbN 5D,

CTV % 9.8 x 103 ng/m3 T, EBREWZ AW - ABERR CHERBLF| ST L
WEIh7=b o & HIEWIEE TH 5 (Templin et al., 1996b), = & CTV % Ak FE44A% 10(52
BREN O IFANRIEA~OSME, I LOHER - ENOEZEOIE L X 23 L) THRT 5 &
ENEV @ 9.8 x 102 ug/m3 23535115,

EEV _  1l0pg/m’

98x10° pgim’

LREMNISEST2 Y A7 R 1R TH DT, 7 v a kv AO R 772 Ok B4
EMTAER B SE T LIFB AT,

2

I

11.22.2 KELY
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1) RKE L OMEAYH

HFZOMEBEAKTHEZL > ELEWL-VULRBIEINT-O, HEEAKIZHEH LT
WAL TR LR TS < THh o7z, 1989 4D Northwood Pulp and Timber O i
His XV FHED Fraser River, 725 NI Thunder Bay (24 % Canadian Pacific Forest
Products Kraft Mill @ Tt T 1986 258 b i miR X, 21 83 pg/L B LW
200 pg/L TH o7z, 1989 LIRS Nz b F X OHFEAKD 7 v ok ARETIZD

IENHDTH D, 1990~1996 FICT VT v aanB7 TAN=F  FH
VA, Xy 7 OFEINDHEI LTz 984 DKV 7 v s S RIRET 44 g/l
T, ZOfENEEV & LTHEHINTWD,

FIRATE DT —2IZHS< &, b o & bEEMEO SV KRR, FIHIA
IHEEED MY =T~ T Thbd, N IT=T7~ T Lot 4 HED LCso 1 0.27
mg/L(270 pg/L) T - 7= (Birge et al., 1980; Black et al., 1982), 7 F X Eg5544(1997b) 1%
CTV ITkT % EC2 £721% LCes 2 THIL, £OTHMEZ, FEE) D BFAA~OSMTT K
O[] « FENDOEZ DTS D ENBAE L D AMREMEICHT 4% 10 T2 2 & 2 H#E
L TWD, EC2s £721L LC2s # N5 Z & T, B TR 5% AR5 (W LC)DFEED L
NN TEL ALND X HIT, ETMIERSIND Z L RHEFITHRET 55 Moore & Caux,
1997), b U I=7~H T /LDl 4 H#% D LCas 1% 65.7 ng/L(95% 15#EHX ] = 36.6~106
ug/L) Th o7z, ZDOfE%E 10 Thd 5 & ENEV6.57 pg/L B F b5,

EEV 4 ug /litre
1 = . = ﬁ ._ll|
J27 I ENEV 6.57 ug/litre

ZORENSES T2 AT N 1 A TWDH DT, HAKERMEAYIZ 7 1 oL AR
FHaRIET AR Z I NS T 5720, BB LRBEOT — 2 %2 L 03I 2 020
5D, 1990~1996 2T VT 4 v vaanaB7, TAN—F FoHUE Xyl
DEMPBEIL L2 984 OIKH > TVClE, 7 ma R /V ARED 99 B LN 95 X—t ¥
A VEIZZENZEI 2.94 pg/L BLO<1 pg/L, FRIEIZ<0.2 ug/L THHo7-, 7 mnmki
LPEFENENEV 0 6.57 ug/L &8 2 TW = DI 5D T, 77Xy 7 3{4(44,31.6.13 pg/L).
TVT 4y vaanrey 108 ug/ll), 7 N—H 1T pg/l) Th o7z, Lizhi> T,
T HOMEKRD 7 v o R AEEN ENEV 2B X 201XENTH S,

Y =7 < = E AW E R T LCso, LC2s, LC1o, LC1 X2 40241 270 pg/L,
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65.7 ug/L, 17.7 pg/L, 1.9 pg/L TH o7z, @WEEMERER~7 1 b 2L CIIRHBEEIZ 10% 0
FELHENGRD LAV TW D T2 BOERBLEE(Z ORELL B Ol L. BICEC 23R8
HLENIHLD)ERTHDOELE LT LC0 AT ENTE D, 984 DK TLDHL
2H T NDHN LCfEZ 272 LRI TREZEZAL TR MoV 7 VcEgha s
IR LCw EEIEFERUUTHo7z, MY I=T <L b TRE S oA 4H
1T HEMEN o T2, 2 BHIDERZMEOEWEAME(e 2 7 =)V [Rana pipiensl)® LCio
1% 383 ug/L Th o7z, MOFEBEOKAELDGRAEY, BHEMEEY ., FIXS SIS ERME
MNoT,

AFTEAHERIIESLS &, DT X OMFBKRD 7 0 vk LEENEZ MO @V KAEA
YOFREEREZ FRIZ2D3HETH D, LER-T, Zaai/LAN X2 OEKAEY
FICEKRR Y 27287567 13E 2 bR,

HELRBROBREITIIZL D OMELD 225, L L7y oW, B, fHoO
KTHIE L7z ma ARV AREICHES I—r vy D) A7 T, FERORE I
TWDAFTELomMET —F OFEMRMRaN D EHTE 26 - & bKL \%’f&%‘fﬁi@&i
PO ECs0 To 5 13.3 mg/L & i 7= (Brack & Rottler, 1994), = OfEIZF AR EKL
1000 Z i L, AE T2 i (PNECLO) ™ 13 pg/L WS-, B X O/l Tk
SNTARHEE DR 48 Bl ECs0 @ 1 mg/L(Z DA, BILEA~D AN 50 pg/L L9
IR TR D AIVTOIZEEMER 2L 1000 Zi#H 32 & PNEC IE 1pg/lh EHEINLD
(Stewart et al.,, 1979) 2 &3 EH Sz, KEZETIEL, FEHTE 2o & HIRWENE

. B CTHR LN NOEC @ 3.6 mg/LL T - 7-(Brack & Rottler, 1994), FFAfit%%k
50(2003 HFO BEU OHiltE#Htechnical guidance document][ European Commission,
2003ic i3 X)) &M L, PNEC @ 72 pg/L M3 bh iz, ZHEIE/ KB X O
AKIZHEF B — 7 TRIBRBEIR EE (PECSID(Z O A FIEN B RE SN 0.2 BX
V0.5 pg/L &g L=, S 512 PNEC 250 PECERIEIZE S L) TH DirF /1
KB LOWINAKD 11.5 BEL P10 pg/Ll & STz, T X TOHE T PEC/PNEC X 1
Al T db o 7o (—fRATIREE 0.0028~0.007, K —2 0.14~0.16), fEAKIZEIT 5 FHE T
X, VEZIEAFRIER R S 5720, PECIHMES b L& 2 bivie, &KL LT, BIfED 7 1
2RV APREDKMIEEREA~D Y 27 28RS 5O TRV & ffam Siviz, PNEC 2370 % DY)
EORERND 1 pg/L EEESINDHIZLTYH, PEC/PNEC IF0IE 0 — ko 1 L 0K
ZLITRAN KEOHBE TIX1 A2 RS THA D LWV ) RN 72 S 7= (Zok et al., 1998),

ERE LT, BUEDOKT 7 v a RV MRENPOKRCMEEMICER 2w e bl b3 &

10 PNEC (T3 —r vy " THWHILHHEET, ENEV &[H—Th 5,
I PEC 33 —m v/ STHWHNDHEET, EEV &[A—ThH 2,
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FZE 2RI W ERTETRTE D,

2) HTFAKAM

R KIZAERT 2 WO RFET — 2 TR I TR, HE AR MM ~D5
B L P72 HMFCE HME— DO AT AIREARBMET — 213, BEKLELZ W 2 A B
THRBNOES5IN 5, Yang & Speece (1986)1%, #FE 500 ng/L C, HEFEFERMETFTO
FENELE5 28 B O PN 2 Bl L7z, Z D CTV Z A 45510 TER L, 22 M2 L - 72 ENEV
% 50 pg/L L HE Lz, M F/KBEEMEERHEEY ~ DR BIREO FHICHIH CE 57 —#
MIRND 2T, BEAKF OMAEMER ST KBEEBEMA~LIMFTIHERH L7720, =
® ENEV OEHEMHEIIAH ThH 5, BNLH O R B SA: & BIRO 72V T KD 7 a7 )L A
BEIZEL I, AFTEDT —Z1TIT< A0, 1987 B L1989 I FH DT
TaAyaaa BTN TERRES N, N TAD N DTG ETRRO v — R r R e
OHITKEZZ BID 31 OHITARY 7L, WTFHLHRHRRD 1 pg/L %2 TRl T
72 (B.C. MOE, 1996), & 5 (2. V. Carmichael |X. 7 X & ~ @ personal
communication(1996) T, 1992 4 & 1993 FEICERIN L7277V T 4 v aan 7 O
K16 Vo 7 g K7 v/ LRI, 13.8 pg/L LA L7z, 13.8ug/L % EEV & L
THWS & BN T3 EIZRDO X D12/ 5

EEV 13.8 ug / litre
Uz ke = = = 028
ENEV 50 g/ litre

LIedo T, AT H OGRS NSO BT DS OBGETTIE, 7 7 madb 3T K
BEEMADMICITE ALY A7 25 XNt bns,

AT ZD—HFDOHSEH ORI — K OH T KIZH DI DIRRE L ITFEF IR AR D01, &
ITHTEHR, T O OHIBITIHYM & Ale Sh, —RIEF I D 03 2T T
W5, Fo, —RICADNDRIEITERZR D20, 7 v a il L0MOWE DRI
FAESFE ORI O 2 ITIE T TR, BlAIE, 1981 FFICA > Z U A A2 T o
SEHL O HE T K TRAICERD b7 ma kL hOf KIEE L, 53200 g/l Th - 7-
(Jackson et al., 1985), Z QLTI LR KB 2 217 TRV . 1988 FFITIX R U
T T EEIORM T KO 7 au kv AEREN 97.1 ug/l T, BXZ 50 m B SHETO
TATIE 5.8 pg/lL T&H - 7-(C. Moralejo, personal communication to Environment
Canada, 1999), 2 » FTOHERHTHE I N b ot bEWEBETHSL, T2 U AM
Sarnia i < DLFIEFL SO S DIRHAKD 950 pg/l, BELOVr < 7 M Ville
Mercier OHITFKD 916 pg/L 73, HALSHT OB AEDOREIZH N b B bR BIETH -
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7o THHOBERFANOEELZEHRLTH, ZuaRL AN FEOBREICL-6T Y X7
DEBRAHBINENTHSZ LTV EZ LA,

11.2.3 RE~OZEFAMMII T D FHEEME

ZORE Y A7 FHIZ I3 x OANEERDIRKN R 5, EE~OHMMPIZL D7 mrkn
LDOEHEOFHIED 20+ SN T D03, HENETET DBEKLEE TSN 540
BRBE A~ S D 7 ma sV ABIIARIICH D, B0 D i T ORI L -
T, 7RV AORIBICIIEFIIESSXRNd 5, 7 a kL ATHE L A wE
EDORIRIZE S THREF TAERIND N, ZhDDORAERS O EIIRIITHS.

1980 R/ VL7 3 L UMM LI O HiFK C, miRE D 7 1 m L At Shiz,
LR, B2l K> T s otz X 2 HEFCEOMMANIL S, HREWED
A BE IR L7 2 B2 6T 5, FlziE, A TBRLOEK LGN 6OX A 4%
VUBLOT T o OfPEHEIT 1FIT 99% KB L T\ 5, 2 b7 KOG T 507 oK
F7aa RV ARESDRVIKEL TWDAREERH L8, AFTELE=FY 77—
23D, X EEEE @ Environmental Effects Monitoring 7 — % X— X2 K 5 &,
TV T4y vaanreTlH5 4 SORGRT ST THRIRLZ 85 OM#E KT T
X, 7 v oL AREIIRRHBRA 1 pg/L K T & - 72 (Environment Canada, 1999b),

BN D OR R TIIE, 2RV SREOZ nu RV ARRESNL TS, T2
M Sarnia ¥TE DAL FEK S TGN S ORHEFIZ. 950 pg/L & EWiEE(King &
Sherbin, 1986) B EIN TRV, FLRICI 2 FKOBEE EHN, Xy 7 Ville
Mercier T 916 pg/L(Pakdel et al., 1992), 4> % U A M @ Chck 25 pg/L(Barker, 1988)
EHEINTND, BEEEMTONTWOHEINIHS H 0 | HE FARLHIERAKDOHYIZ LD
BT VAR L TV 5, BEKT O & T AR ESERI~DSMFE LB e =
Erb, ZORELETLARMEIMENEC D, LinL, BEAKFOMAEMIZZ 2 a kL AT
TN L, 15 mg/L & TOREICIMA TE L2 LB nhoTe,

R A HEE 63 % 7 v m L A0 FMEICE L CHA T M5 2 < B o
A FREOTRICEEREEMEIT 2V, BEPE AR AHA~ORBEIC O THERIT Y7
LRV, FEREWICET LT —213d 5,

12. EREKSERIC L 5 2 E TOME
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1998 4=, WHO Task Group %, fSKEVKDOIEFIHEHT HILFWE & ZDORIFEMIZ L -
THEbENDY A7 2 LTz, Zook/L B LT, GELOELN S, Mt
BENORMBRIZL > TOLBEIZDADTHER I, BEDKTORRE~ORE T, &
FADFENAY A7 FE TRV EifimS iz, 23— MIBALZZ m v bz 3iH[H
BH LTcth, ~ U A 31T 2 fla Btk L O AR EEIC x5 NOAEL 1% 10
mg/kg IKE/H T - 7-(Larson et al., 1994c), 7 1@ 12 8 /L LD FEN AAMEDVE RIS DO FEHL
ICESE v U 2AOMIIEMEICKTT 2 NOAEL & HVvy, RiEZEMREO 10000 I L O
MZECR LA 10, BEWEERBIFIC L 100& @ H L, TDI 1% 10 pg/kg RE & B S/
(IPCS, 2000b),

R, RO AKEFREHZEE T2 WHO Task Group %, 7 v uk/L A% 7.5 M5
214 X TR @5ntL@ummm5m@g%Em TR IR 1000 &5 L, TDI %
13 pglkg FEEHH L7z, ZHULE 6 BEGE2MIE LB TH 5, RieFEMEEIT, M
7= A%, B L O NOAEL Tld72 < LOAEL fEAICk4 2 ZNENDOFREK 10 b7 5,
A 60 kg Db b3 1 HIZ 2L OKEZEIT 5 LHE L, 2D TDI @ 50% % K IZE]
DYTH L, 7 radRL LT SIREHMEE 200 pg/L #BK & 725, WHO X, 7 v b
R i D EAME Z BT T M K o CTTHRIENTZ 10 T 0 1 OB AOIRBE Y A 7 (248
WD ECBIKIEEE A, AL DT L CRE SN ERKIEE L EBILTWA Z &
\Z¥EH L72(WHO, 1998)12 |

KEKODEDHA RT7A4 BT H8EET, WHO 1% 1979 DA XOIFFRICHS &
RN ANET L RARA > Mkt d 527 vkl A0 TDI % 15 uglkg (K&E/H & F &7,
FENAMEICE L TIE, 7y NOBBIEET —ZI2ES&%, BALY 27 4.2 x 107 pg/m3 A
2R X 7= (WHO, 1999),

RS S AUFZEREBI(TARC, 19991, 7 v a kL Ald e Moxt L TR AWE O A REMEN
& % (Group 2B) L HEGR L7z, Z Offifld, 7 B RV ADFRED A ¢_ﬁﬁétkfmx+
ISREL L | EBREMW) TO RISV b DO TH D,

Joint FAO/WHO Expert Committee on Food Additives (JECFA, 1979)1%. & LT
DR T, 7 mr AL LS L U TR~ & Tidhuv & fam L,

127 ma R BT DEEKOKETA T A A L, WHO (2 X % Fafti 23 1T
Th D,
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APPENDIX 1 — SOURCE DOCUMENTZ3

Environment Canada, Health Canada (2001) Canadian Environmental Protection Act,
1999. Priority Substances List assessment report. Chloroform. Ottawa, Ontario,

Minister of Public Works and Government Services Canada

Paper copies of the Canadian Environmental Protection Act, 1999 Priority

Substances List assessment report on chloroform are available upon request from:

Inquiry Centre
Environment Canada
351 St. Joseph Blvd.
Gatineau, Quebec
Canada K1A OH3
1-800-668-6767

An electronic pdf version may be obtained by request from PSL.LSIP@ec.gc.ca.

Unpublished supporting documentation (Environment Canada, 1999a; Health

Canada, 1999), which presents additional information, is available upon request from:

Commercial Chemicals Evaluation Branch
Environment Canada

14th Floor, Place Vincent Massey

351 St. Joseph Blvd.

Gatineau, Quebec

Canada K1A OH3

or

Environmental Health Centre
Room 104

Health Canada

Tunney’s Pasture

Ottawa, Ontario

Canada K1A 012

13 Essentials of the source document are also presented in Meek et al. (2002)
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The environmental sections of this report were produced by D. Moore and L. Pirie of
the Cadmus Group, Inc. on behalf of Environment Canada and were revised by D.
Caldbick and K. Taylor, Environment Canada. They were reviewed by the following
members of the Environmental Resource Group, established by Environment Canada

to support the environmental assessment:

P. Doyle, Environment Canada
W. Hayes, Dow Chemical

K. Kaiser, Environment Canada

Environmental sections of the assessment report and the environmental supporting
documentation (Environment Canada, 1999a) were also reviewed by internal
reviewers at Environment Canada — namely, P. Cureton and D. Dubé — as well as by

external reviewers:

D. Averill, Water Technology International Corporation
W.J. Birge, University of Kentucky

N. Bunce, University of Guelph

D.B. Carlisle, Brez-Carlisle Inc.

L. Gammie, AQUALTA

D. Gessford, Dow Chemical Company

M.D. Kercher, University of Kentucky

D.J. Price, University of Kentucky

The health-related sections of this assessment report are based in part on the
deliberations of two expert groups, in which staff of Health Canada participated. These
were a Task Group on chloroform of the International Programme on Chemical Safety
(IPCS, 1994a) and an Expert Panel convened by the International Life Sciences
Institute (ILSI) to develop case-studies for chloroform and dichloroacetic acid in the
context of the revised cancer guidelines released in 1996 by the US Environmental
Protection Agency (EPA) (ILSI, 1997).

The IPCS monograph on the health effects of chloroform was published in 1994. The
first draft was prepared by Dr J. de Fouw of the National Institute of Public Health
and Environmental Protection, Bilthoven, Netherlands, and subsequently circulated to

IPCS focal points for comment. The revised draft was subsequently finalized at a
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meeting of the following Task Group members, held in Geneva on 15-19 November
1993:

M.W. Anders, University of Rochester, Rochester, NY, USA

D. Anderson, British Industrial Biological Research Association, Surrey, United
Kingdom

R.J. Bull, Washington State University, Pullman, WA, USA

C.D. Carrington, Food and Drug Administration (FDA), Washington, DC, USA

M. Crookes, Building Research Establishment, Watford, United Kingdom

J. de Fouw, National Institute of Public Health and Environmental Protection,
Bilthoven, Netherlands (Rapporteur)

E. Elovaara, Institute of Occupational Health, Helsinki, Finland

M.E. Meek, Health Canada, Ottawa, Canada (Chair)

R. Pegram, US EPA, Research Triangle Park, NC, USA

S.A. Soliman, King Saud University-Al-Qasseem, Bureidah, Saudi Arabia

L. Vittozzi, Istituto Superiore di Sanita, Rome, Italy

P.P. Yao, Chinese Academy of Preventive Medicine, Beijing, China

The ILSI Expert Panel, which first met in September 1996, was composed of the

following members:

M. Andersen, ICF Kaiser International (Chair)

G. Boorman, National Institute of Environmental Health Sciences
D. Brusick, Covance Laboratories, Inc.

S. Cohen, University of Nebraska Medical Center

Y. Dragan, McArdle Laboratory for Cancer Research

C. Frederick, Rohm & Haas Company

J. Goodman, Michigan State University

G. Hard, American Health Foundation

M.E. Meek, Health Canada

E. O’Flaherty, University of Cincinnati

The final draft of the Expert Panel report on chloroform was reviewed externally by:

C. Klaassen, University of Kansas Medical Center
R. Melnick, National Institute of Environmental Health Sciences

L. Rhomberg, Harvard Center for Risk Analysis
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The outcome of these assessments has been updated and considered in the context of
the approach to assessment of "toxic" under Paragraph 64(c) of the Canadian
Environmental Protection Act, 1999. In addition, the physiologically based
pharmacokinetic (PBPK) model for animals included in ILSI (1997) was refined and a
human component developed by the K.S. Crump Group (ICF Kaiser, 1999).

The contents of the health-related sections of this assessment report and the
supporting documentation (Health Canada, 1999) were prepared by the following staff
of Health Canada:

R. Beauchamp
G. Long

M.E. Meek

D. Moir

L. Turner

M. Walker

The section related to genotoxicity was reviewed by D. Blakey, Environmental and
Occupational Toxicology Division. The PBPK model incorporated herein was reviewed

externally by M. Gargas, ChemRisk, McLaren Hart Inc.

The health-related sections on toxicity in the assessment report were reviewed

externally by:

M. Andersen, Colorado State University

B. Butterworth, Chemical Industry Institute of Toxicology

J. Wiltse, Office of Water, US EPA

D. Wolf, National Health and Environmental Effects Research Laboratory, US EPA

The health-related sections of the assessment report were reviewed and approved by
the Health Protection Branch Risk Management meeting of Health Canada. The entire
assessment report was reviewed and approved by the Environment Canada/Health

Canada CEPA Management Committee.

A draft of the assessment report was made available for a 60-day public comment
period (3 June to 2 August 2000) (Environment Canada & Health Canada, 2000).

Following consideration of comments received, the assessment report was revised as
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appropriate. A summary of the comments and responses can be obtained by request
from PSL.LSIP@ec.gc.ca.

The text of the assessment report was structured to address environmental effects
initially (relevant to determination of "toxic" under Paragraphs 64(a) and (b)), followed
by effects on human health (relevant to determination of "toxic" under Paragraph
64(c)).

In February 2003, a comprehensive literature search was conducted by Toxicology
Advice & Consulting Ltd in order to identify critical data published since publication of
the source document. Databases searched included ChemIDp/us (the ChemlID plus
system searches and/or identifies literature from a wide range of on-line databases and
databanks, including ATSDR, CANCERLIT, CCRIS, DART/ETIC, GENE-TOX, HSDB,
IRIS, MEDLINE, TOXLINE Core, TOXLINE Special, and TSCA); INCHEM (the
INCHEM database consolidates information from a number of intergovernmental
organizations, including the Joint FAO/WHO Expert Committee on Food Additives,
the Joint Meeting on Pesticide Residues, the International Agency on Research in
Cancer, Chemical Inventory System, Environmental Health Criteria monographs, and
Screening Information Data Sets); Registry of Toxic Effects of Chemical Substances;
and EPA Toxicological Profiles.

A substantial amount of information has been published on chloroform in the last 3
years. However, judging from information presented in the above sources (usually only
a title or abstract), few new papers appear to be critical in regard to the preparation of
this CICAD. Critical papers were purchased, assessed, and included in the CICAD,
where appropriate, by Toxicology Advice & Consulting Litd.
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APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on chloroform was sent for review to institutions and organizations
identified by IPCS after contact with IPCS national Contact Points and Participating

Institutions, as well as to identified experts. Comments were received from:

M. Baril, Institut de Recherche en Santé et en Sécurité du Travail, Montreal,
Canada

R. Benson, Drinking Water Program, US Environmental Protection Agency, Denver,
CO, USA

R. Chhabra, National Institute of Environmental Health Sciences, Research
Triangle Park, NC, USA

C. Cowles, Health and Safety Executive, Bootle, Merseyside, United Kingdom

E. Elovaara, Institute of Occupational Health, Helsinki, Finland

E. Frantik, National Institute of Public Health, Prague, Czech Republic

R. Gatehouse, Environment Australia, Canberra, Australia

P. Howe, Centre for Ecology and Hydrology, Monks Wood, United Kingdom

E. Ohanian, Health and Ecological Criteria Division, US Environmental Protection
Agency, Washington, DC, USA

N. Sugawara, Japan Chemical Industry Association, Tokyo, Japan

G. Ungvary, National Centre for Public Health, Budapest, Hungary

K. Victorin, Karolinska Institute, Stockholm, Sweden

J. Weder, National Industrial Chemicals Notification and Assessment Scheme,
Sydney, Australia

D. Wolf, Environmental Carcinogenesis Division, US Environmental Protection
Agency, Research Triangle Park, NC, USA

K. Ziegler-Skylakakis, European Union, Luxembourg
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APPENDIX 3 — CICAD FINAL REVIEW BOARD

Varna, Bulgaria
8-11 September 2003

Members

Dr I. Benchev, Sofia, Bulgaria

Dr R. Chhabra, National Institute of Environmental Health Sciences, Research

Triangle Park, NC, USA

Dr C. De Rosa, Agency for Toxic Substances and Disease Registry, Centers for Disease

Control and Prevention, Atlanta, GA, USA

Dr S. Dobson, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Dr G. Dura, National Institute of Environment, Jézsef Fodor Public Health Centre,
Budapest, Hungary

Dr L. Fishbein, Fairfax, VA, USA

Dr H. Gibb, National Center for Environmental Assessment, US Environmental

Protection Agency, Washington, DC, USA

Dr R.F. Hertel, Federal Institute for Risk Assessment, Berlin, Germany

Mr P. Howe, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Dr S. Ishimitsu, Division of Safety Information on Drug, Food and Chemicals, National

Institute of Hygienic Sciences, Tokyo, Japan

Dr D. Kanungo, Central Insecticides Board, Directorate of Plant Protection,

Quarantine & Storage, Ministry of Agriculture, Haryana, India

Dr J. Kielhorn, Fraunhofer Institute for Toxicology and Experimental Medicine,

Hanover, Germany
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Ms B. Meek, Environmental Health Directorate, Health Canada, Ottawa, Ontario,

Canada

Dr T. Morita, Division of Safety Information on Drug, Food and Chemicals, National

Institute of Hygienic Sciences, Tokyo, Japan

Mr F.K. Muchiri, Directorate of Occupational Health and Safety Services, Nairobi,
Kenya

Dr L. Olsen, Biological Monitoring & Health Assessment Branch, Division of Applied
Research & Technology, National Institute for Occupational Safety and Health,
Cincinnati, OH, USA

Dr N. Rizov, National Center of Hygiene, Medical Ecology and Nutrition, Sofia,

Bulgaria

Dr P. Schulte, Education and Information Division, National Institute for

Occupational Safety and Health, Cincinnati, OH, USA

Dr J. Sekizawa, Faculty of Integrated Arts and Sciences, Tokushima University,

Tokushima, Japan

Dr F. Petrova Simeonova, Sofia, Bulgaria

Dr S. Soliman, Faculty of Agriculture, Alexandria University, El Shatby, Alexandria,
Egypt

Dr J. Stauber, CSIRO Energy Technology, Centre for Advanced Analytical Chemistry,
Bangor, NSW, Australia

Mr P. Watts, Toxicology Advice & Consulting Ltd, Surrey, United Kingdom

Ms D. Willcocks, National Industrial Chemicals Notification and Assessment Scheme,
Sydney, NSW, Australia

Dr K. Ziegler-Skylakakis, European Commission, Luxembourg

Observers
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Dr S. Jacobi, Degussa AG, Fine Chemicals, Hanau-Wolfgang, Germany

Mr M. Southern, Shell International Petroleum Company Ltd, London, United
Kingdom

Dr W. ten Berge, DSM, Heerlen, The Netherlands

Secretariat

Dr A. Aitio, International Programme on Chemical Safety, World Health Organization,

Geneva, Switzerland

Mr T. Ehara, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland
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APPENDIX 4 — ABBREVIATIONS AND

ACRONYMS

alanine aminotransferase
Amencan Society for Testing and Matenals
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average conceniration of chloroform in the non-
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benchmark concentration

benchmark dose

Chemical Abstracts Senice

Canadian Environmental Profection Act
Concise Intemational Chemical Assessment
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eleciron capture detection

estmated exposune value

Emvironmental Health Criteria
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Food and Drug Administration (LESA)

Food and Agriculture Crganization of the United
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International Life Sciences Institute
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organic carbon/water partition coefficient
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Methods for the Determination of Hazardous
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solids retention tme
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APPENDIX 5 — DERIVATION OF TOLERABLE
INTAKES/CONCENTRATIONS FOR CHLOROFORM

Available data indicate that the target organ in populations exposed occupationally to
high concentrations of chloroform is similar to that in laboratory animals G.e., the
liver), but the levels at which effects occur (i.e., dysfunction and necrosis) in humans
are not well documented and are inadequate as a basis to meaningfully characterize
exposure-response. Laboratory animal data have been used to develop tolerable

exposures for chloroform.

Although chloroform is carcinogenic in rodents under certain circumstances, the
available data strongly support the view that chloroform induces tumours in
laboratory animals as a secondary result of sustained tissue damage and persistent
replicative cell proliferation, rather than as a result of direct effects on the genetic
material. For such chemicals, it is probable that there is no cancer risk at exposures
that do not cause the critical neoplastic damage, and tolerable exposures can be
derived by application of a safety factor to a NOAEL (or LOAEL) from an appropriate
study; this approach was adopted for chloroform. For comparison, tolerable exposures

were also derived separately for neoplastic end-points.
Cancer

Chloroform has induced liver and kidney tumours in laboratory animals exposed by
inhalation or by the oral route. There is considerable information on the potential
mode of tumour induction. Available data are consistent with carcinogenicity of
chloroform being a secondary consequence of sustained cytotoxicity, induced by
oxidative metabolites, and associated persistent reparative cell proliferation. Hence,
where chloroform caused tumours, oxidative metabolism in the target organs,
sustained cytotoxicity, and persistent reparative hyperplasia are considered obligatory

precursor steps.

The critical carcinogenesis bioassay is that of Jorgenson et al. (1985), in which renal
tumours were observed in male Osborne-Mendel rats in an adequate and relevant
study in which the route and pattern of exposure were similar to those of humans G.e.,
continuously in drinking-water). In the other bioassays, liver tumours were induced in
mice (males and females) only by administration of bolus doses in corn oil (NCI, 1976)

or possibly (females only) following inhalation at high concentrations (Yamamoto et al.,
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2002). Kidney tumours have been reported in male mice following ingestion in a
toothpaste vehicle (Roe et al., 1979) or inhalation (Yamamoto et al., 2002), but at

concentrations in the latter study that caused severe kidney necrosis.

Unfortunately, no data on precursor lesions such as cytotoxicity or regenerative
hyperplasia were collected by Jorgenson et al. (1985). A recent re-examination of a
proportion of the slides from several dose groups confirmed histopathological changes
consistent with the hypothesis that sustained tubular cytotoxicity and regenerative
hyperplasia led to renal tubular tumour induction (Hard & Wolf, 1999; Hard et al.,
2000), but data amenable for quantification of exposure-response in this investigation
were limited (incidences of histological changes indicative of tubular injury in slides
from the animals sacrificed at 1.5-2 years were 0, 0, 0, 50, and 100% for the 0, 200, 400,
900, and 1800 mg/litre dose groups, respectively).

In the absence of good relevant data from the cancer bioassay, the possibility that
shorter-term investigations of the proliferative response might be an adequate basis
for dose-response estimation was examined. A number of these investigations have
studied responses in the liver and kidney of various strains of mice and rats exposed to
doses and concentrations of chloroform similar to those administered in the cancer
bioassays in which tumours have been observed. Unfortunately, for renal tumours in
rats, most of these investigations have been conducted in the F344 rather than the
Osborne-Mendel strain in which increases in renal tumours have been observed.
Limited available data indicate that the proliferative response in the F344 rat is not an
appropriate surrogate for characterization of exposure-response for an intermediate
end-point for renal tumours in the Osborne-Mendel rat. For example, there is no
indication of sex-specific variation in the proliferative response in the kidney of F344
rats (Larson et al., 1995a,b), although the increase in renal tumours in
Osborne-Mendel rats is sex specific (i.e., restricted to males). In addition, in metabolic
studies in F344 rats, intrarenal activation by cytochrome P450 was not implicated as a
determinant of nephrotoxicity (Smith et al., 1985). Available data are also inadequate
as a basis of characterization of the relative sensitivity of the two strains to cytotoxicity.
In the single study in which proliferative response was examined in Osborne-Mendel
rats (Templin et al., 1996a), it was concluded that they were about as susceptible as
F344 rats to chloroform-induced renal injury, based on comparison 2 days following a
single gavage administration. However, a statistically significant increase in labelling
index was observed at a much lower dose in the Osborne-Mendel rat (10 mg/kg body

weight) than in the F344 rat (90 mg/kg body weight). This latter observation may have
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been a function of the low value in controls for the Osborne-Mendel rats, attesting to
the fact that these data are inadequate in themselves to characterize variations in
sensitivity of the two strains. Rather, the results of this study contribute inasmuch as
they are not inconsistent with a mode of action of induction of tumours involving

tubular cell regeneration in Osborne-Mendel rats.

Since quantitative data on the incidence of precursor lesions for cancer in the strain of
interest are inadequate to meaningfully characterize exposure-response, a tumorigenic
concentration has been developed for this purpose, based on the incidence of tubular
cell adenomas and adenocarcinomas in the bioassay of Jorgenson et al. (1985). In view
of the weight of evidence for the role of oxidative metabolites in induction of requisite
damage and resulting tumours, dose-response for cancer for chloroform is optimally
expressed in terms of amounts or rates of formation of reactive metabolites in the
target tissue. These rates have been estimated from pharmacokinetic models that
include specific parameters related to metabolic rates, enzyme affinities, and enzyme

tissue distribution.

Characterization of exposure-response for cancer associated with exposure to
chloroform in the context of rates of formation of reactive metabolites in the target
tissue is considered appropriate in view of the sufficiency of the evidence to support the

following assumptions inherent in the PBPK modelling:

e Metabolism of chloroform by CYP2E1 is responsible for production of the
critical reactive metabolite, phosgene, in humans and laboratory animals.

e The ability to generate phosgene and phosgene hydrolysis products determines
which tissue regions in the liver and kidney are sensitive to the cytotoxicity of
chloroform.

e This dose-effect relationship is consistent within a tissue, across gender, and

across route of administration, and it may also be consistent across species.

The "hybrid" animal model (ILSI, 1997; ICF Kaiser, 1999; Environment Canada &
Health Canada, 2001) investigated four dose metrics in relation to the labelling indices
(assumed to be representative of response for cytotoxicity, the intermediate end-point
in induction of cancer) in the liver and kidney of exposed F344 rats. As would be
expected based on the hypothesized mode of action, the fit for two of these — namely,
the total amount of phosgene produced and the maximum concentration of chloroform

reached in each experimental dosing interval — with proliferative response was poor.
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Of the other two — the mean and maximum rates of phosgene production during each
experimental dosing interval — the fit with the labelling indices was best for
maximum rate (ILSI, 1997).

Both maximum rate of metabolism per unit kidney cortex volume (VRAMCOR15) and
mean rate of metabolism per unit kidney cortex volume during each dose interval
(VMRATEK) were considered (Environment Canada & Health Canada, 2001).
Although similar, the fit of the data on tumour incidence for VRAMCOR (P= 0.97) was
slightly better than that for VMRATEK (P = 0.84). However, human equivalent
concentrations for the former could be developed only for the 95% lower confidence
limit of the tumorigenic concentrationo: (T'Co1), since the maximum rate of human
metabolism in the kidney is less than that in the rat. The maximum rate of metabolism
that can be achieved in the human kidney, based on metabolic parameters included in
the model (approximately 8.1 mg/litre per hour), was between the animal dose metrics
associated with the benchmark concentrationo: (BMCo1) and the lower 95% confidence
limit of the BMCos.

An exposure-response assessment was carried out for the combined incidence of renal
adenomas and adenocarcinomas in the Jorgenson et al. (1985) study versus the mean

rate of metabolism in the kidney (VMRATEK), fit to the following model:
P(d)=q, + (—g,)x[l-e 2 J

where dis dose, k& is the number of dose groups, P(d) is the probability of the animal
developing the effect at dose d, and ¢:> 0, 1 = 1,..., kis a parameter to be estimated.
The model was fit to the incidence data, and the benchmark doses were calculated as

the concentration D that satisfies:

P(D) — P(0)
1— P(0)

The results showed that VMRATEK in humans associated with a 5% increase in
tumour risk (TCos) estimated on the basis of the PBPK model is 3.9 mg/litre per hour
(95% lower confidence limit = 2.5 mg/litre per hour, chi-square = 0.04, degrees of
freedom = 1, Pvalue = 0.84). This dose rate would result from lifetime drinking of

water containing chloroform at 3247 mg/litre or continuous exposure to 147 mg
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chloroform/m3 in air. Respective lower 95% confidence limits for these values are 2363

mg/litre and 74 mg/m3,

For comparison (although data on dose-response were less robust than those for the
cancer bioassay), a benchmark dose was developed for histological lesions in the kidney
in the reanalysis of a subset of the slides from the Jorgenson et al. (1985) bioassay. The
mean rate of metabolism (VMRATEK) in humans associated with a 5% increase in
histological lesions characteristic of cytotoxicity was 1.7 mg/litre per hour (95% lower
confidence limit = 1.4 mg/litre per hour, chi-square = 3.9, degrees of freedom = 2,
Pvalue = 0.14). This dose rate would result from lifetime drinking of water containing
1477 mg chloroform/litre or continuous exposure to chloroform at 33.3 mg/m3 in air

(95% lower confidence limits were not given).
Non-cancer effects

Repeated-dose toxicity was analysed for bolus dosing by gavage, continuous
administration in drinking-water, and inhalation. Exposures were expressed as
concentrations in the administered medium (for continuous administration by
drinking-water and inhalation) and in mg/kg body weight, based on assumed volumes
for inhalation and ingestion of drinking-water and body weights (Health Canada,
1994), with the exception of those studies in which effects were observed at site of

contact (i.e., nasal lesions following inhalation).

Following exposure to chloroform by inhalation, effects at the site of contact are
limiting, with proliferation in the nasal passages being reported at concentrations as
low as 9.8 mg/m3 in both rats and mice for 6 or 7 h/day, for 4-7 days (Larson et al.,
1996; Templin et al., 1996b). At 25 mg/m3, ossification of the nasal septum was
observed in BDF1 mice exposed for 6 h/day on 5 days/week for 2 years (Yamamoto et
al., 2000). At 49 mg/ms3, cell proliferation and histopathological lesions were reported
in the nasal passages of rats exposed for 6 h/day for 1-3 days and mice exposed for 6
h/day for 4-7 days (Mery et al., 1994; Templin et al., 1996b); ossification of the nasal
turbinates was reported in rats exposed to this concentration for 6 h/day on
5 days/week for 2 years (Yamamoto et al., 2002). In one study (Larson et al., 1994b),
moderate hepatic changes were observed in mice exposed at 49 mg/m3 for 6 h/day for
7 days. At concentrations of 123-147 mg/m3, effects on the kidney and liver in rats and

mice, including increases in organ weights, histopathological lesions, and increases in
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proliferation, were observed following exposure for periods ranging from 4 days to 6
months (Torkelson et al., 1976; Larson et al., 1996; Templin et al., 1996c, 1998).

Following administration of chloroform in drinking-water, renal effects were reported
at the lowest doses in rats and mice, with hepatic effects observed at higher doses.
Regenerative proliferation was observed following 3 weeks’ exposure to 17 and 40
mg/kg body weight per day in rats and mice, respectively (200 mg/litre in
drinking-water) (Larson et al., 1994c, 1995a). Histological alterations in the liver of
F344 rats were reported at 58 mg/kg body weight per day after 4 days’ exposure
(Larson et al., 1995a).

In protocols with bolus administration, the weight of the liver was affected in rats at
the lowest dose following gavage in corn oil for 4 days (10 mg/kg body weight per day),
while at higher doses (34 mg/kg body weight per day), there were histological changes
in the liver (Larson et al., 1995a,b). At 15 mg/kg body weight per day, fatty cysts in the
liver were observed in dogs exposed to chloroform in toothpaste base in gelatin
capsules 6 days/week for 7.5 years. These changes are believed to possibly reflect mild
toxicity to the hepatocytes (see main text for further discussion) (Heywood et al., 1979).
At 34 mg/kg body weight per day, effects upon kidney and liver were reported in mice
(Larson et al., 1994b); proliferation and lesions in the olfactory epithelium were

observed at this dose in rats.

In summary, short-term exposure by inhalation resulted in cellular proliferation in
nasal passages in rats and mice at concentrations as low as 9.8 mg/m3, with
ossification being observed at slightly higher concentrations following long-term
exposure. In short-term studies, moderate hepatic changes were observed in mice at 49
mg/m3; following both short- and long-term exposure at 123-147 mg/m3, there were
multiple adverse effects in the kidney and liver in both rats and mice in several studies.
Following ingestion in drinking-water, regenerative proliferation was observed
following short-term exposure of mice to doses as low as 17 mg/kg body weight per day.
Following bolus dosing, increases in proliferation in the liver of rats have been
observed following short-term exposure at 10 mg/kg body weight per day and fatty
cysts in the liver of dogs at 15 mg/kg body weight per day.

For oral exposure, therefore, lowest reported effect levels in various species for
different end-points are similar and occur following bolus dosing. One of the lowest

dose levels at which effects on liver and kidney have been observed is that in dogs
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reported by Heywood et al. (1979). As a result, a PBPK model in dogs was developed,
since characterization of exposure-response for ingestion on the basis of this study is
likely to be protective, although it should be considered in the context of an example, in
view of the fact that effects on the liver of rodents have also been observed at similar

dose levels.

Two dose metrics were investigated in exposure-response: the mean rate of metabolism
per unit centrilobular region of the liver (VMRATEL) and the average concentration of
chloroform in the non-metabolizing centrilobular region of the liver (AVCLZ2). The two
dose metrics were selected in order to evaluate the possibility of the fatty cyst
formation in the dogs being the result of either the solvent effects of chloroform or

effects of a reactive metabolite.

The incidence of fatty cysts in this study (see Table 6 in section 8.3.1) versus
VMRATEL and AVCL2 was fitted to the model in the manner described for the
assessment of exposure-response for cancer described above. The fit of the data on the
incidence of fatty cysts was better for VMRATEL (P = 1) than for AVCL2 (P = 0.45),
supporting the assumption that a metabolite rather than chloroform itself was
responsible for the observed effects. The mean rate of metabolism per unit
centrilobular region of the liver (VMRATEL) in humans associated with a 5% increase
in fatty cysts estimated on the basis of the PBPK model is 3.8 mg/litre per hour (95%
lower confidence limit = 1.3 mg/litre per hour, chi-square = 0.00, degrees of freedom =1,
P-value = 1.00). This dose rate would result from lifetime drinking of water containing
37 mg chloroform/litre or from continuous exposure to chloroform at 9.8 mg/m3 in air.
Respective lower 95% confidence limits for these values were 12 mg/litre and 3.4

mg/m3,.

The tumorigenic and benchmark doses for cancer and non-cancer, respectively, are
based on metabolized dose and thus account for toxicokinetic differences between
humans and laboratory animals. An appropriate uncertainty factor for derivation of a
tolerable intake for both cancer and non-cancer effects would therefore be about 25 (10
for intraspecies differences in toxicokinetics and toxicodynamics and 2.5 for differences

in interspecies toxicodynamics) (Health Canada, 1994).

The tolerable daily intake (TDI) for oral exposure, based on the increase in hepatic

cysts, thus would be:
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12 meg/litre 2 litres

= iy =0015meg/ke body weight per day
35 64 kg E1NE  Dody WEIght per aa

where:

e 12 mg/litre is the 95% lower confidence limit for the 5% incidence of hepatic
cysts,

e 25 1is the uncertainty factor,

e 2 litres is the default volume of drinking-water consumed per day, and

e 64 kg is the average body weight for an adult.

The tolerable concentration (T'C) for inhalation exposure would be:

34mgim’

= 0.14mg/m’
25

where:

e 3.4 mg/m3 is the 95% lower confidence limit for the 5% incidence of hepatic
cysts, and

e 25 1s the uncertainty factor.
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