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1 MEICHAYT 2ERNEER

1—1 b)Y 0O0OIFLOOYBILZEMEE

Ny ZouxFry B4 : NI Zaanxsy, =HbmFLry) |, Zeokil
LR ZGT 5, HBEMEOEAFEHOWKRT, NME, KiZHETHY, TLra—,
T—T NV DOMOERER LRI 5, ERWBELFEOMEIERR1OEEBY ThH D,

x1 ~)OOOIFLUOYEEEMEE

12 - G 4573 GHCL (CAS &5 : 79-01-6)
S
Cl Cl
H Cl

T E 131.40

LhE 1.4642 (20/4°C)

i —84.8°C

Wb 86.9C

RRE 100Pa (39°C)

KRS 4%<Wh—n

ViR L KIZHFENITHE 25CT 1.1 g/L), FHA KR
2T

EAREL  log Pow 2.61

HARAREL 1 ppm = 537 mgm® (257C)

1 mg/m®> = 0.186 ppm (25°C)

1—2 KNEEE

(1) BRIR

NU ZaaxF L3RRS T EOBIEOBEAITH v, AR A 255 1 @i
4% (IARC 2014),

%#%@wm@ ,%%%2 SFMBZICEFIRBIZE S <, MiZB T A 1EF I
35-70% DFPHIZH U, —MRICLEFRFEEENE <, FRIESE) & B L CEREN
K< 725, A47w$@ﬁﬁfﬂmbttb@m&1®mﬂw Sy BeARENT 812
#WHTH-o7- (TARC2014),

& D HEEURF O WRIUZ DWW T, BE EOFBZEDIEFRENSELNTEREH 5,
FUZooxF Lo OBRENRHTH 722 L0, B, Bt Thbiniz=o
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ORI BT D EMFENIFIHEICOW TOEENRHEEIIREETH - 7228, MR,
JRCHY 7ZmruxF Lo kORI S i, §\EE 13 R R i
KT/ o7z & & TWD (JARC 2014),

IHIC, BENHH ) 7o L Oz TR RS IZ RN S b 2 &N
Mo THY, N rau=F L OREGEER S ~30 5 LNICHE R OREN Y
—JEE R LT OWMENH D, BRI T 2RI EIZ DV TIHEAZEZD K E WD
EDORENBH D (IARC 2014),

(2) 9%

FEEREY)TIX, HEZ > M2 200ppm O Y Z7erxF Lo a5 HE (6K, H)
WASHT, SHEO®E%2, 3, 4, 6ok, WM, T I, BEEEY
MfIZBIT D M) 7reTF L UAREZRE L3R 5 (Savolainen ©H 1977),
IR 1% 2 P Tl R EL, MO ORE TR EMEZ R L, IFE Mo Thi
B EICIT VBT & p o=, BEPHAGE T O IR EE 1% 6 IR Tl & 72 o 7=,

b MZEBT D invivo DFBEDIARITIR DRI HOW TR, < DGERE L ~LAR
HTH LD, FHIZE P BEELITRET O DBEEBFENOHELNTITFREH 5,

FHIZED MY 7muF Lo OREE OMMBRAETIEL, M A, O EE
Jifi e OFRgIC IS < 08 LT, Fio, BREF D OEER LB T, g M &
ik, AEIASE DR A 7 ORI AL TR TRERIBE CH o7, SDIZ, MV Zun=zT
VIR AEIR T S Z ENREN TS (TARC 2014),

AT VRS 2 I CHRIE LTz in vitro (28T 5 4£-#0#% & 1Lk 0 2y Bl AR %,
NENAIZ %9 2 BRI b < 52-64 TH Y, T OMMOFRE TIL 0.5-6.0 DFIPH T
H-7- (IARC 2014),

(3) H&#H

b ROERENY (P (B 5 M) Z7aexoF Lo oFEERRHRKIET k
71— P450 (CYP) (2L Dk (LT, CYPRREE ] LFES,) ROV K T4 S-
N7 A7 x2T—8 (GST) (2L 5 (LLF, IGST#¥ LFES,) ThodH, £h
ZNORBREEOFEMZ L TIorT (K1, K2),

CYP %% & GST BRI X @2 i35 &, RiFII%E LY bARICKRVWHE
TRIFNT 208, BB ENER, KGEDZ W), BRI ZJrneF L
POIFEAEN CYP RETRHIND LD EEEI TS (JARC 2014),

—J7C, GST R X B MREWITEAICITD 220D, LA RLE CROGHED &
<, BIEOMENICER L UEMEE2EET L2 2 bMoNTD (TARC2014),
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Cl, Cl
=
N-OH-Ac-anunoethanol H Cl
O
HOH;(‘%

) CYP
HN—(CH,),0H

N [W

Cly (‘\ / - GST-zeta
UGT (_1V0\V110 acid
o O
ClSch—Gluc / CIH, C 4
HO OH
1 FYSOAIFLUOCYPEEIZE BB R F—L (IARC (2014) H > 4ERE,
— PR %)

BN 7 ANITR LIALEITIRTICHR SN2 b D0 THDH Z L 2T,
[] IR LI AL FRINCA LR E LTI D S D TH L Z & 2R T,

ZDOMDILEDIRFRIZLL T D & B TH D,
*DCAC : 7 uu7r7t&F /7 vl K dichloroacetyl chloride

- GSH : 7 /v & F A glutathione

* N-OH-Ac-aminoethanol : N-t R ¥ 7&F /L7 I /=% /—/ L N-hydroxyacetyl
aminoethanol.

+ trichloroethylene-O : hVU 7 mr=F L > AR K K trichloroethylene epoxide.

« UGT : UDP-Z V7 1 /) )V 7 A7 = 7 —18 UDP-glucuronosyltransferase

- TCA : U 7 vl trichloroacetate

*TCOH: UV Z7mu=xX /—)b trichloroethanol
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H
cl Cl cl S N co0e
J— GST J— \/
—— DNy,

+ GSH i
P 1

DCVT FMO
Acylase NAT o
@

o NH,
| .
cl S
coo® <l S,
>:< : 1\’ coo®

H

Cl
DCVCS NAcDCVC
CYP3A
y

gl ote

CTAC

2 ~YYOBRITFLUOGST FIRICE HHHDRXF—L (IARC(2014) h o 1ERL,

—HR e %)

Rz Ry 7 AWNITR LTALE TR TPICHRE SN D b D TH D Z L 2R,

(] PIE7R LEAE AR AR £ T RSO DT 5 = & &R,

ZDMOALEVDOMEFNILLTD L BY TH D,

- CCBL : Y A7 A &K B U 7 —1E cysteine conjugate S-Lyase

* CYP3A: 7 17— A P450 3A,cytochrome P450 3A

*CTAC : Z7unuF#4/7&F /L7 1zl K chlorothionoacetyl chloride

+ CTK : 7 v v F 477  chlorothioketene

- DCVC : §-(1,2-v7 var B =/1)-1-v AT A  §-(1,2-dichlorovinyl)-L-cysteine
- DCVG : S-(1,2-¥7 v v ¥ =)L)/ )L & F 4> 5-(1,2-dichlorovinyl)glutathione
- DCVCS : DCVC A /L7 3 K DCVC sulfoxide

- DCVT : 1,2-¥7 v r v =/LF 4 —/ L 1,2-dichlorovinylthiol
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*DP : VT F X —E dipeptidase

-FMO : 77 BV & H%E /4%~ —1E flavin-containing monooxygenase

*GGT : p-ZNWH I )V FT AT =7 —F y-glutamyltransferase

- GLy : 7'V 2 glycine

- GSH : 7 )V % F 7  glutathione

*GST : GSH S-h 7 A7 = F—+F¥ GSH S-transferase

« -Glu : -7 V& X & 1-glutamic acid

* NAcDCVC : N-7EBF/N-8(12-¥ 7 v a B =)L)--> A7 A > N-acetyl-S-(1,2-
dichlorovinyl)- -cysteine

* NAcDCVCS : NAcDCVC A /L7RF 3 K NAcDCVC sulfoxide

* NAT : N-7&F /L kT A7 =7 — N-acetyltransferase

L7eRoT, BEHEOFMIZIBVT GST BRI L 2RO EEM: X IR EIRE RO
HDH O LRI RO T S ey (Lash & 2000), ZHuH0Z &5, IARC
(2014) Tix, REWOFEELOFMIZBW T, B O EZ BRI E L CHIlT
THZEIFERENPMLETHDLELTWND,

O CYP #&## (K1)

Yz aoxF L ORBNTITEE D CYP A V3 (CYP2EL %) 3545, &
WO E DI =L LTHIETH 523, =DM b Bk (Cummings S 2000,2001),
fifi (Odum & 1992 ; Green & 1997 ; Forkert » 2005,2006), HMEA5ERHGE (Forkert 5
2002,2003) = &W-%< Dliggs, MHENET LN,

CYP REEIZHBWT, M ZenxF L idgdicHiAEmy (h) Z7enoFL v
THRF Y R-CYP) 2Bk 5, M) zZuanzF L rmREy R-CYP ZFDH%, LIF
D3 ORI A 7= E D0, KEbmid Gii) ORBERRKICL->ThkrsreT—11
2214 % (IARC 2014),

i) ~VZmrzFLrxzRET R (TCE-0) ~DOf\H#f
(i) N-BERFoxv-T7EFN-7I/)xH /) —/L (N-OH-Acaminoethanol) ~D{X 3
(iii) #wkZwv 77— (CH) £/i¥7 vZ7—/ (CHL) CE#RRRE) ~fH

Q) oRFTAELEZ ) Z7roF Lo oRES R (TCEO) 1%, Yr7ueartsF
N7 ml R (DCAC) Zr L THRIIHERIL V7 v alifiz (DCA) MHEMRSND
2y, HOEWIT 2R (OA) DERRSN, WMFEE BIRPICHEH SN D,

vrsuuFiigiyx, N ZuaexTF L rORPREMTH LN, I HIREEZIT D
AREME L H 5, BT, BRI TE /7 o o fiRlc 2k L TRPICHE S b
D, HOHWE, IVEFAH L S-h T AT 2T —F (GST) A VD GST-L 12k - T
R EINTT VA BRIZR Y, FEIZIT T BLRBICOMEI D,
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—77, BRICRHZ (i) OB cAE U=k 7 —v (CH) £/2137 07—
)b (CHL) 1%, 7va—li/kFEEE (ADH) £720X CYPIZLVE TSN TR
nuexX /—/)L (TCOH) \ZZ T 5, 77 b RBKFEREFE (ALDH) (2 XY 1k
INTHY 7 mofigE (TCA) IT2T %,

TCA F—MNCITHE O R S TITRFUITHRH SN G W E S TWDH 2, ik
Fbsh, Y/uuFigE AR T AR LS5, LER-T, V7 aaFHgoORLIR
Wi, N ZepxF L rmARXy NiCEkLEEYZ7enT7®Frrnl RE, 7n
F—)b, faKk7 a7 —))VIZHFK LIz TCA D 2FENH L Z LD,

TCOH 1% CYPs (2 & » TEb & T TCA IZZ&1k, =137 Vv Y i (UDP)

Ivrma )T AT 27— (UGT) ko TV ra v @Bis %%
TCOH 7' /v 7 v U aWZZb+ 5, W & b IRFICHR S 5 73, %ﬁﬁﬁ@?%
I NALBRIZ TV v R A Sy SR RIZ K o THRbi D -8, BH K
HEN5HDIE TCOH TH 5,

PbEZFlond, N ZouF L UlREELEE NOPEYDRIZA LIS EE
72 CYP HEER LA TCA, TCOH T, =DMz y 7 v a i, €/ 7 o o fifg,
TaUBENRD D,

728, CYP#E D CYP2El, ADH, ALDH |[ZiX@&nSR 0N FET D, CYP2EL @
B 2B X D REIEER OB~ DEEITIH S TIXRWA, M) ZrpF L
R L B4 2 SR BUE (269 D IRz M & ORI D ATREME DA (Povey ©  (2001))
Wb, £l-, ks w7 —/1 (CH) {# O ADH, ALDH Oig{n %M DEEIZ-D
WT, 13 ADOFFHIE OFER T ~Tofi R, BER O R BOGCIER T AZED K E W73,
NS OBEFRE OBEMEIIARHATH o2, 2D X DT, BRBOSEE IEAZEN
REWNZHE2PD BT, CH O TR ~ORBFP ) —ETH o722 LD,
ADH, ALDH O {n R LA ORIREIZ 1T 5 E K2 CH OO ZEIZEHF 5 L T
BHA[REMEN B D & B 72 ST % (Bronley-DeLancey 2006) , 525, CH 2% ALDH O]
HjAlE LTl< 2 ENRBEILTUW S (Wang & 1999 ; Sharkawi © 1983),

Fo, EIEEEOEEL LT, TAa— BRI N 7 eaxT Lo oER R
F O CYP2El OIEMEA NS E 5720, NV ZaanoF L oORENMEESNLD & D
FRNESN TS (Bradford 5 2005 ; Nakajima & 1992 ; IARC 2014),

@ GST #&# (1%2)

Ny ZnooxF L ogi /g5 4 (GSH) & S\2 SREBEWELZE T, HEA 4
VEMEELTC, S- (12-YZmanv =)L) FAXTFFr (DCVG) (&35 (IARC
2014), Z OO GSH ?@/\EXW 3% < DlifgR TAE LS D P, FFlRIZIS T 5 wlaliEiE
RN GST EREDT-DICEICHE TEL TS, 7238, TARC (2014) TlE, *E
BREN) N OV S DEIRD G, DCVG NAERI N HENLE LT, &k OB E 2807 T
b\é Lash & (2000) |Z L4UE, DCVG It FTIZ100ppm LA FDO Y /7 mexF L

T 4 IR R L7212 30 4 AP IS L L, &K 12 IFf#%1F 9 %, DCVG PEAE
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IBEENREMEL V£, MU Zunx=F LAl kDB ATIE DR EOMEFE L —
HLTWD,

DCVG 1%, MK EEEZETHD p- I NV Z IV T AT =27 —F (GGT) KT A
TAL TV ORI FE—BIZ Lo THlifit L T =T, ST 5327 A 4
AETHD S 12-YV 7t =)) - 254 (DCVC) AT 5, Z ORI
fFlig, B &6 5 THEZ 228, EITBIROITALIRME 7% BE LTl 2 % JARC
2014),

DCVC (%, EHIZUL T 3FHEORKE TR IND & SNTWDHD, ZOEFMEITHE
HThHD,

(i) 270V —LDVATA A N-TETFNLVEI T AT 2F7—8|(ZLD N-TE
FIUACIZEE D, AN — gl (N-7'FL-S- (12-V7nabE=/) 4-> A
T4 > : NAcDCVC) ~D Lt
NAcDCVC D& GST BEORF D =< —H T LRV, Bl o pEA:
BERITH~v—— B Z LTS, NACDCVC IZRHFICHE S D 1Enc, &
DIZTRLOD 2 FIHORKE TRA SN D LHER SN TV D,
SEALRAEMNTT 2 ) 7T —P HLIC L > T v F b &, BE DCVC
\Z2 b7 % (Uttamsingh and Anders 1999 ; Uttamsingh % 2000 ; Newman & 2007),
cBHOBEFEME AN T IV DANH T — VRGO 1 FEE L LT, CYP3A B4
DEE T, AFAEFL NS D (Wemner © 1995a, 1995b, 1996)
(i) AT A 4G -V 77— (CCBL) (2£%, FUEF AL —FTHD S (1,2-
vZunb=/)) -FA4—/L (DCVT) ~DOf#t
CCBL DOIEMIIIFIR CITIE L, BIR TV, DCVT X, # )7 & ek
Bz 74l ((MIEERL) L<CrZueaF4475 > (CTK) £/ veaF4 7%
Frnual) K (CTAC) #4725 (Dekant & 1988 ; Volkel and Dekant 1998) , CTK K
NCTAC 1T, lifE & HALFRNCARL E CRISMEZ A L, BEE (Muller & 1998a, 1998b),
72 AE<E (Hayden & 1991), U VHEHE & OIERESFIIMEZ LR+ 5720, Bk
RSB OREN ML BEET AIEEREEZE X 5TV 5,
(i) 79U a8AEF/ 4AF27F—F (EMO) I2L 5, /IGHEALERXY RTHD
S- (12-v7mut=L) - AT A L AVEFT R (DCVCS) ~DfRH
7238, DCVG, DCVC DUTALFRAE FIE~D LY 1A IS0 B R VT U R i 26 (R
(OAT1, OAT3 %) 2EEH L TW52, b b T Z OWEERIGELRFZRRH Y, =
D Z & B ORI~ D ZEFEFRITET 5 AN RE STV 5 (IARC 2014),

GST #IKIZ L 2R O R PRI SV, PRIERM D% UG ZE B+ 5
728, FVsZnooxF Lo F2id DCVC (TR L7-EREY (Dekant © 1986b ;
Bernauer © 1996), &'t K (Birner © 1993 ; Bernauer » 1996) D JRHIH> 5 [E]IY X
N AEHIE NAcDCVC DA TH -7z, L7ZN->T, NAcDCVC X kY /7mnx=TF L
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YO E L TRMNBEIRE LD, SRR RN4EU5REELH D,
PR AR O ERE FE TIiE GST RIS L A2 EOHERN IR - S fvTuvd (JARC
2014),

(4) it

b RTHE, WMABBERICEESNZ N Z7eanTF L0 10-28%FREIKE L
TP I HEE &L, 48-85%7% TCOH, TCA & L CRHICHE S D (EU 2004),
70-75ppm O ~ U ZwwxF L& 5 A (4 R H) BREE L7z NSRHE FER T,
I#RFE% 5 HEDOJRH D TCOH Y TCA XWX ED 24-39% TH Y, Jilin s OPEtIX
WU E D 19-35% Td -7 (Monster & 1976, Opdam 1989, Chiu & 2007), JRH D
TCOH, TCA ORI ZFN L 15~50 ], 36~73 BFfitHEE SN TV D
(Bartonicek, 1962 ; Stewart & 1970 ; lkeda & 1971 ; Nomiyama and Nomiyama 1971 ;
Ogata & 1971 ; Ikeda and Imamura 1973), £7c, Mil@KiCBITH M) e F L v
DMK 6 ~44 FFfH] & HEE STV 5 (Sato & 1977;0pdam 1989; Chiu & 2007)

M) smroxF Lo KOREORBOEFEF~OHRHOMAITRE SN TEYD, A
PR 3 A HICRT & RFREDOREE O TCOH & TCA NWEMER TR Sz, 7H
HIZIZEL L@ b SN hoi= & 0L H % (Bartonicek 1962), 1 HH
720 OFEMEITIRED 1/10 R TH D720, ZOER LT IUTIRF~OYEEITHE
B> 10 % & 72 % (IARC 2014),

2 (BREREEM
2—1 ENAERVEGFRESSE

(1) ELFPAMEICEYT ZEFHER

IARC (2014) Ti%, MV 7 oo L v OIBEREEIC BT 2 EFm LI ESWT,
E MIBWTEBOAAZGEEZT LT 2 L & B, FERTF Y R ONT
TS ANZ DWW T EME N ZE S ey, —B LD TiEeneE LT,

Z Z T, IARC (2014) DOIENASED FE L ORHL (Zhao © 2005 ; Charbotel ©
2006,2009 ; Moore © 2010 fh) Z#&Te F VU 7 oo =F L 2 OFRENAMEICE T 5 &M
Fo49 fRICHOVWTIER L Ea—2FE L7z, 3618, BlEPA, FERTF U N E
KON ANZ BT 2 A0 9 B, BREE L~V B O L b - KT IREFDOIF
WAHF O TWA IR E P EZT £ &b, FMmLOEHENME, & IGSBEFRIZ
B 2 FIEICHOW T HHEEH - Mgt L7z,

(a) EREHSA
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N7 moxF L OREE & BIED A DBRIZOWTIE, EEOREFH R NHE S
LTV 5 (Anttila & 1995 ; Axelson © 1994 ; Bahr © 2011 ; Boice & 1999 ; Boice ©
2006 ; Greenland © 1994 ; Hansen © 2001 ; Henschler 1995 ; Lipworth & 2011 ; McLean
5 2006 ; Morgan & 1998 ; Raaschou-Nielsen & 2003 ; Ritz & 1999 ; Selden and Ahlborg
1991 ; Sinks 1992 ; Spirtas © 1991 ; Zhao % 2005: LA E, =2— MAFSE) (Asal & 1988 ;
Briining & 2003 ; Charbotel & 2006 ; Christensen © 2013 ; Dosemeci © 1999 ; Harrington
1989 ; Moore © 2010 ; Partanen © 1991 ; Pesch © 2000 ; Purdue © 2017 ; Schlehofer
5 1995 ; Vamvakas © 1998 ; Vlaanderen © 2013 : LLE, JEFIHRAFZE) .

INODEFHADS L, N ZaaoF Lo ~DIRZE L ~LLHEDO L HNT-A
HIREEOFERNEON TWEEFME E LTI TO4MRNIH D (ad— ML 1
fm (Zhao © 2005), JEHIXREHTSE 3#m (Charbotel & 2006, 2009 ; Moore & 2010)0

Zhao © (2005) DMILZE - FH ESE D ITEIF A xi5 & L TH Nl L7z 28— MIFIET
K- - BIBEBEREC OB L TEE IC OV, [RIEEEZ SR E LT - m%%ﬁw
E g A RBREOMIT Y A7 2R 5 &, FIRER T 1.87 (95%CI (confidence
interval, {5HAX[H) : 0.56-6.20), EREERET4.90 (95%CI (confidence interval, 15 %H X
i) : 1.23-19.6) THY, SEEHTII N 7o F Lo ~OgiEE & Of 57 Bl
Wl LT D, £z, BRI LUV LTZBIED A OFEx U 2 7 BN
7 (p=0.023) %ﬁiﬂxtwé MDATELERIZOWTIE, EDOBRBREICOWVWTHA
BRR¥EINE o7& LTS, 7ods, BUEEEE, faffiriIZER oK1 L

TR S LTV,

Charbotel & (2006) 737 7 > A Arve valley D42 UHIHIZED K A 72 Hidsk D 578 & %
ﬁ%kbf%%bkﬁ%%%ﬁ%?ﬁ,%%®ﬁﬂ?%@bk%%ﬁy%%(mu

GRtEftr AT 4 v ZEIRET AV EMH L CHRE, JEWTESR (BMD Z3H9) |
LM(%%M&%QMJT%OKOik,F)?DDi?V/@+ﬁﬁ$E(EM&
FIEE ORIEIZ S WTHEIL) THGE, HHRGBEHE LB LTEER Y X7
NHER SN DX EREER GEG O RFEREE DY @ 1,126.6+1,139.0 ppm * F
(6,049.8mg/ni £6,116.4mg/mi’ + 4F) ; HHAE : 885ppm « 4 (4,752.5mg/m’ - 4F) ; HiPH
345-5,040 ppm * 4F (1,852.7-27,064.8mg/mi * 4F)) DHTH Y, L ORIL2.16 (95%
CL: 1.02-4.60) Tholz, IbiZ, U=V IBRBEORELZZE LI-G6E, RBERE (B—
JWEBEDH V) ITBWT, FFEREREIZT 2% OR Hid 2.73 (95%CL 1.06-7.07) T&
ST, WGE BRI OEEENEWEDORICIRE LTI LE-BE Y, FEICE
BRMRBTONT, 2b, RREBERE (K- F - ®IRE) (TRE L-BIES A O
& OR OMMMENIZED B hoT-E LT D,

%72, Charbotel & (2009) I%, Charbotel & (2006) &R UT—ZIZEKESNT, KU~
o= LR OUIEI~ORE & BEAA DY 27 & OREEMEIZ W TRisERY 7R
INTEAT - T2 AE 8, YWIHIMICIEE L CWHE T, MV ZrexTF L o ~DIREEN
ACGIH OFFFEEE (TLV-TWA) ToH 5 50 ppm L E (268 5mg/mbll b)) (b7t
1 FEEHOBEDOEFEHIM N 1 FELL L) Th - IZfRE I RE OB IR A O OR (M
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@,mm Efin, VER, MOSEY B~ DORTE 2 FH98) 132.70 (95%CI: 1.02-7.17) T
, BIHIM R TR (% OR2.39 (95%CI: 0.52-11.03)) £V & U A7 2380
5&L1w5 7B, N rZuuex=F Lo EFUETE~OEMREERIL, Thth
WZRRE NV 72 S FEFHFERI 72 G MEITZ Lnos e b LT b,
Moore © (2010) 231 OB I — 12 230D 4 D ENZ BT FE i L 725 51 FaF 7
CREBRIE, JERFI & 7 CIRBE D ABE - SR EE D DAER, MR, E¥tx T~y T o7
éﬁf%ﬂ)?i TRTORERNBHIZOWNWTHDE, P 7ruxT L o giER
5D EREREE & bl L7 A DOFHE OR 1Z, RNV 7 v L O RGEIRE
(BFRE = (ppm - ) —EFFE) OFRAE (0.076 ppm (0.408mg/m’)) LA LR
T 2.34 (95%CI: 1.05-5.21) kimakoﬁgﬂﬁﬁaﬁﬁ@#®éww%v (40%LL LD 57
BENIRER) IOV THEHEAITE, BEAAOTFHBEORIZ N /7 rnaoF L DY
YJug % ﬁf@¢%m«m%mm)ui@ﬁfzm(%%a1%5%)f%ot01
PGEEEIR LS Al (0.076 ppm) ATili DIREEREIZ DWW TIE, T X TOFRERRE KD
W 2 1 H O (E L D= WIS (40% LA LD 7B DIRER) I OWTHATIGEDEL L
WZBWTHBBAADY 27 OF BRI/ oTo b LT D,
F 72, Moore © (2010) [ZRFFEEIZKIT 5 GST REDOREHH OB 52>\ TG
L7, REEER GSTTI ‘Eﬁfﬁ%*’l IZOWTHIHEERIT- TV 5D, FORE, DL

&t 1 DDOBERIENR LB N D DA (&R GSTTL) (2 ;t AN A D OR

(OR 1.88 @ﬂMmessw)ﬁ%ﬁiJ%mbtﬁ,ﬁﬁﬁ” BN 2o8
K%Lfné%ﬁ&K%@@Gﬂn)mu%mﬁ&@uxyiﬁmbﬁﬁotgbf
l/\%)o

IARC (2014) %, Moore & (2010) (28T, OIRFEN TXIHE A FIR 4 2 Iy (2 B
BRI DRI & bAoAt L 7o 7o ARSI F T DWW TR T 2D FREME N B 5 Z
&, QEME BMI, HCOHEICKDEMEDEEREDOKRFNY 27 KF & LTl =
%Vfwéﬁi BASBIRGHIRAT THOW SN TW AW Z & (TR 72 AT TR g A A D
OR ICHEREE (>10%) 2520 0-70272%, b ORFIIEEHRREET
w#%%%éhtd WICE &L LTWD,

3Rk o> 3 #F%E (Zhao © 2005 ; Charbotel © 2006,2009 ; Moore © 2010) DRgEFE AT
DOFAMIR D E B TH D,

Zhao & (2005) DOMEFEFEAMIIStEORA T H5cek (EA DR & & MBIt
FHIM) IO HREgE~ U v 7 X (Job-Exposure Matrix, JEM) 2 d - TiTd
I, BREREL-LNEE BERRL, 1K F, GBEOR a7 XEFEFH) TRS
LTV D, fEABRERECIEEGOKHPIRESEOREMIFFTHH S ATV iRy, 207k

b, BFERTE L~V O EE S MR Y A 7 OBMNERRZR S O THh 5 05O FEH
IR TH D,

Charbotel © (2006,2009) (Z331F 2 A E OEEAMNIL, REBI - 1EZESR1IC
TER S 7 JEM 12D &, FHA XIS ORREEIZHE > TH AN O R bRk & (ppm - F)
EHEELTZbOTH D, EENZ JEM X, A S s oEEEIC L 5 5 —

10
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vay (FEEENMEETHIIGRET — 2 R @E ORPIRES L OR) THER
ENTWDEN, EEEOFFEL TWET =X ONERND T — a v HIEOREITEH
HEEN TV,

Moore & (2010) TiE, FHEXSRE OBREGICEE LT, BEOHEE (1D 5
DOIRFRFMOLLE L L, 14.9%, 530%, >30%0 3 X5 Calli), 58E (MRERE
&L LT, <5ppm (<27 mg/m3), 5-50 ppm (27-270 mg/ m3), >50 ppm (>270 mg/
m3) D 3 X TaHl) OAT TV ANT —ZZMEHL TWDHDY, BEEOHE Gk
KOz 0E), MmEL 3 XKook (7 2 V1k) T 27200Ew, HIEOFEM, &7
3 VINZET D ANBUTHE STy, BRGSO REREE (ppm - ), g
FRE (ppm) OFEHIIRD LB TH S,

PR ER (ppm - ) = BRERE (ST 2 X5 OIREGER B HPH O )
XERBAIE (45 3 X0 2 & OBRFTIERE O H R0 H5)
X TS ~ DIEFAFHL,
THERIREZ N 1 FEU EHEFE LG OREEDO AR LT 5,
YIRS (ppm) = REEREERE (ppm © F) FHEFFE

%

US.EPA (2011) I, ﬁﬁ*@ﬁ@ﬂmﬁ%:owf,i&é%ﬁmowf%ﬁv&
IVENBNLSIT T D 72 OIII 7 DEFEMENE W E LR S b, A58 ORERE R
ELTﬁTﬂ)ﬁWT MW Z ST k- T, BREREECRERE OHEE T
Charbotel & (2006) OHEEREE & LN TIEfETITZRWE LTV,

PLED#EDIED, Vamvakas H (1988) &, R /o L o ~DREEIZLD,
ENED A DY 27 DI FH B D & DGR ZHRE L TV DD, IREE LV, 1,
BMOAT T TREINTHY, KPREEOHEEITFH S A THRY, ks, Z0
WETIZRNH LA T A0 AREMENE 2 T,

Hansen © (2013) WL BIAEER 3 W ED aR— ML 3 wmOT — X e Lz 7 —b
M CIE, BEBERHASERTII NI Z7aaxF Ly o ~DOIREBIZ L ABERAD Y R 7
(%ﬁk%%%,ﬂ@‘ﬁ@ﬂb@ﬁotﬂ R EERE (R TCA JEEE)S 50mg/L )
TILFREANY — RRE (HRR) O (2.04 ; 95%CI1:0.81~5.17) 23D L ST
W5, mREHETEBNADY 27 &< IR o mIE, Zhao & (2005), Charbotel &
(2006, 2009), Moore & (2010) DOHFFEFER LRI TH - 7=,

ZDIEDPDOREF I HOWTE, HA IR TEG/IT M) 7 enF Lo ~OlgE &
B A & ORIEME DS T WVERE D H D, T ERAERINIENT LT X Z 4y
Mre& LT 23 (Scott and Jinot 2011 ; Karami © 2012) 23z F 55,

Scottand Jinot (2011) %, Y AT ~T7 4 v 7 « LEa—IlXL-T, M) ZpmxT
VRS STEREONA (BiEN A, RSV U8 E, BN A) ([CEHE L 7%
FHIRAMN S —EORUEEN = Ul 2k — MR 9w, SEFIXIRAFZE 14 fRa it L,
TIHT LTz, ZDORER, BIEN I OWTORBEHSIRORE LIt A2 (summary

11
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relative risk) (% 1.27 (95%CI: 1.13-1.43), miREBERFHOMRE LIoHxTY A 713 1.58
(95%CI: 1.28=1.96) L7420, FUZooxF L o ~DBREICL > TEAADY 2
I OEIN LTz, 7ok, BEM, WA T RIS o EHEL T D

Karami & (2012) 1%, hUZvrxF L o~k W%%T&D(%ﬁ%@% Jii.
fEVeEAl 2 Ste), BlgN A (g, BiEsate) PR INEFm AR (BEE~
@#5@%wﬁw%%%bk:f~kmwmﬁifmﬂﬁﬁﬁnﬁa%U&mmi
F U DGR T o Ty 5 LM, HEFEREEA, WREUeEA o Bk Eng 22 12 B
THMIELEEND) | ;5f&ﬂﬁ%%MLto%J&muz%vy«@ﬁﬁmi
2 B gD Ao DFEA Licflxt U A7 1%, 2R — MO I TIE 1.26 (95%CI: 1.02-1.56) ,
JEBIREFRAIFZED 2 TlE 1.32 (95%CI: 1.17-1.50) Toh o7z, DO FRIEH|~D
BRFE IOV T, BIES A OFEX Y 27 OF BRI L TAHA N1, T2,
RS A 7 23 S22 Do 72Dy, BRERFHI OFR A K E W AR RIS D
ELTWb

uigrbt&k@ r)ZmaoxzF LoD h~OREEREBIENAD Y 27125
WL, EFmA 4% (Zhao & 2005 ; Charbotel © 2006, 2009 ; Moore ©» 2010) T
X, EIRERENED D WVIXESRERE L EE 2 S 0HICB O TEBRRADY X7
DB E SN TWD, 7 —/LfEHT 1w (Hansen © 2013) 1B WTH EIREERE T
EHER A DU 27 BN@EmL bl N A biizE LTW5, £, —EOHREETE- L
TSR AT EE S < A X530 (Scott and Jinot 2011 ; Karami & 2012) T B &S A D
UZX 7 OHMABHESNTEY, BEFMORDPEO ML H D DD, HEMESS
HR A 7 A3 SN TR E LTS, ZhbERANICEZ, MU Znpnx
F L DOIEFRIT L > TEREDA DY 27 BHEINT 5 & O & | LT,

LU D, ElRoEFMR 48D 95, Moore © (2010), Zhao & (2005) I
BREE L~V DIFRN VOB SN AT Y AT —HIHS D, B-
FOBBARR MG D13 +90 £ B 2 H 47z, Charbotel & (2006,2009) (%, JEM |Z
EOK BHEBREELHE L TRV, BHEEEE TV 1,000 ppm -« 4F %2 2 5 BRi%E &,
F 721X ACGIH OFFAIRE (TLV-TWA) Tdh D 50 ppm LA EOBRTE 2% 1 12RO &
LHEBRBERECBIBNADOY A7 NHEEICHEMLIZE LTS, L, REBRERREIC
K77 L2V 27 OEEIMERNIZ A BT,

(b) FERDF NE
M) ZmaxF Lo ~OIREEEIERTF ) Rl E OREMEIZOWN T, EED
RS D (Anttila & 1995 ; Axelson & 1994 ; Bahr & 2011 ; Boice & 1999 ;
Boice © 2006 ; Garabrant ©> 1988 ; Hansen & 2001 ; Henschler 1995 ; Lipworth & 2011 ;
McLean © 2006 ; Morgan & 1998 ; Raaschou-Nielsen & 2003 ; Radican & 2008 ; Ritz
1999 ; Selden and Ahlborg 1991 ; Spirtas & 1991 ; Zhao & 2005 : LAk, =& — NMfF9D)
(Christensen % 2013 ; Cocco & 2010 ; Deng © 2013 ; Greenland © 1994 ; Hardell &
1994 ; Miligi © 2006 ; Nordstrom & 1998 ; Persson and Fredrikson 1999 ; Purdue o 2011 ;

12
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Seidler & 2007 ; Vlaanderen © 2013 ; Wang & 2009 : DL E, JEGIXFEAFSE)

ZD5b, M) auxF L ~OgEEZ RPGRE TR L 72 bR D a2 7R —
MiF%E (Anttila & 1995 ; Axelson © 1994 ; Hansen © 2001) Ti, fHxfU A7 1% 1.5-
3.5 DHIPA T > 72723, £ OMOHE TIX, FAME/ U 27 OEINTHE S Tunen,
F 7o, JEFIRRUFFETIL, XU 27 OENEHRE L TWL 608 H50, UAZO
HWINABEIN s T E DL, ok, JEFIRIRIIZE CIE, HEERTHERTF
YU UNEIZONWTER D 5HERDEH SN TWD T2, fEROMIRIZIRA D & 5
EZINTWD (Rusyn B 2014),

Hansen © (2013) (2 K 2dEBEkK 3 WE D ar— M3 wROT — X e LTI —v
EATCIE, FERT XU UANEO Y 27 Q¥ e oTc & S Tnb, E£72, Cocco
5 (013) ICkBA4 20T, 7T 0RA, I—u w86 HE, KEDOREG AT 4 1
DT —Z kit GERTx U oRBEOGE b —) LI — VT ORER TIL, JIE
ROF VRO G, RN Y N, B8P Y RERER IO U R 7 OPE
MBI EINTWS, LLRRDL, T —Z e OBORE S FEOK—ILDF
BEENZRBNT, LT —F ORE L-VULBALS LS IEMIZ SR STV RV AREMED &
HLEZONDIEN, EEALOLBRIIBNC, FRVF LV O T I —T
DFENT CL B OREN & 5 2 & O &2 OREF]T ML T E 72 5 3t W T
W5 ZE, MU Zuu=F L SO REA DRI & 25 28 2 5l L7272 -
e Vol NS D Z LG L TWD,

Scottand Jinot (2011) 233k L7z A Z 3#r Tld, BEBEHEEKTHIZLEOME LT
AR Y A7 (summary relative risk) (% 1.23 (95%CI: 1.07-1.42), EiREREEE CTHI-
Gt oA LIcAxt U A7 1% 1.43 (95%CL: 1.13-1.82) T, WIhb#ida LioFaxtY
AT OBV HE S, WHEROEREYE, HhRASA 7 2O TEEtED e S
n<Tna,

UbEDZ G, FERVF Y UANEIICONTIE, M ZennF Lo OREED
BRZ RTINS OOMEILIH L O, KL LTI RBERA S 5 6 O & I3
Wrcx7ehot,

(c) HriEgA A

N ZvoaxF Lo~ e FiEnA BENALZET) OBEMEIZ OV T,
B D a7k — FFZE (Anttila & 1995 ; Axelson & 1994 ; Boice & 1999 ; Boice & 2006;
Garabrant © 1988 ; Hansen © 2001 ; Lindbohm % 2009 ; Lipworth & 2011 ; McLean &
2006 ; Morgan & 1998 ; Raaschou-Nielsen © 2003 ; Radican © 2008 ; Ritz 1999 ; Selden
and Ahlborg 1991 ; Spirtas © 1991 ; Sung, 2007) } OVERxtFEAFFE (Christensen © 2013 ;
Greenland © 1994 ; Vlaanderen © 2013) 3% 5,

WL OMDakR— MIETIE ) Z7aaoF L URE LB AD Y 27 L DR
[CRHEMEZHE LTV ER, URAZ ORREREMNBIE SN 2o T oMmEHZ
WV, FE7o, SEBIRTRAFZETIL OR OF E 2 INE RS ST,

13
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Hansen & (2013) (2 X 5Bk 3 W ED ok — MMIFE3 DT — X ZHE Lf: 7 —)
AT CIX, EE(LIEAL (SIR) THADE MU Zrua=T L2 ~ORFEIC X 2 T
DADOYZATHEEIMNABNTEEESILTND,

Scottand Jinot (2011) 723FEfiE L7= A Z 54 Tld, IRERERILTHIHGEOME L2
XY A7 (summaryrelative risk) 13 1.29 (95%CI: 1.07-1.56) ToHh 7228, EiRER
BREECHAIZHGA O Y A 271X 1.28 (95%CI: 0.93-1.77) Tho7=, Fi=, WERD
W5 e B M, AR SA 7 AT S TR0, BB BB D 22Dk R
LR BEL, BREMRFTRE ST b,

LEDZ &0t BB ANZOWTIHRENZRERICESNTEY, NV s7rax
F L OEGE L ORFEMEIZOWT, HIEZRBERNH 5 L ITHET T E o T,

(2) HAAMICET SEEER

ST, EBREWICHTA RN 7o F LU ORNAMEICED TEAERE &
nFE L7,

WABREFE IR OKRGICL TR Z7aaF L U CBE LB RO MR
DTy MTRWT, BEE (X723 ORERITOTLRBMRALATND
D, MEFFEHNCEBE TH - T=DILHED F334/N 7 » h OBk (NTP 1988) & O} Osborne-
Mendel 7 » + DB (NTP 1988) D& T 7= (IARC2014 ; Rusyn & 2014), L 2>
L7223 5, TARC (2014) 1%, Zi 5 0OiBROIERFBELE CIXBIEEORENFZEIN
Moz b, Bl DY 5T —4 (F344/N, Osborn-Mandel, August, ACI 7 v k
DOXBEEDOT — %) TEEEORAERNIEFITIERNZ L E2BET L &, EMTFHIICH
BETHDEHKLTND

it,mmﬂmm)i,m@r@mﬁ%m CHE AR HE STy
AR (BOEh, WARE) ITBWT, BRERO 1LY, ECH2BEE (BEE 721X
) BBELTNDZEICHLERLTND, 0B, U7 ADRN AR CIXEEED
%é%ﬁMiﬁ%éMTVQwo

DIENZ, T v b EHWTsEfRE O 5-8RIZB W T, D Sprague-Dawley 7
b ]\, D August 7 > SO RAIMIE, W AR Tld Sprague-Dawley 7 v  DFGH
OFVEMIAIES 2 EDRBIZ STV D (Maltoni & 1986, 1988 ; NTP 1988)

F 72, Marshall 7 v b OGREIFE O GHERIZIW TR O MEHRIEE O #0103
FHHILTUWD (NTP 1988),

ZDENPDOFZMMD T v b (ACIL, August) Tl REEORGEEE O AR/ Em (>
75%), FaFFMZRBRHEICBA NS D & S T\s (TARC 2014),

~ U ADEBERAOMEE LTI, BOBEIC oW Il E 72 138 B6C3F1 K&
O Swiss ~ 7 A O fFEE; (IR BIE, ) DA B2 NAN i S <40 Tuw % (NTP 1990;
NCI 1976 ; Anna & 1994 ; Bull & 2002 ; Maltoni © 1986, 1988),

72, v U A (B6C3F1, Crj:CD-1) O ARRZERER TIX, MillEE O R A REM S H

14
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35

36
37

HENTWD A (Maltoni & 1986, 1988 ; Fukuda & 1983), 7 v k, /NAA X —TClLfif

T D FE A SN 22 S LTy (Fukuda B 1983 5 Henschler & 1980)

ZDIEh>, D B6C3F1 ¥ 7 A (NTP 1990), August 7 > ~ (NTP 1988) DfF 14
558k, MED Sprague-Dawley 7 v b O AiEEEEAER (Maltoni & 1986) T, U »/3\iE
M SRAES ORI S ST b,

R DA CHElE ST EREM O RN AR DB ZEICHOWTIE, BIFD X9
RGN B 5
CBEIEEIE, Ty TR SR, s URATITHRE STV Y, £, FU S

nnTF LRI LDBREA~DEBIIONTIE, T b, vUREBITRME

Ao EMI L, EREAENEBIE SN TODR, JEZMEIEXT v hOTTNREW & DX

H.7283 % (Chakrabarti and Tuchweber 1988 ; 1 R/L X — « pEEFITHA BH IS RS -

PEFSMHMEFE V) A 7 E e o % — 2008),

- FFREIS X, B6C3F1 JX O Swiss ~ 7 A TIIFAENRE SN TWDEN, HORKEDO~
DART v FTIEHAESNATE LT, RHECEMREIC L D@ () K5 A
REMENRS D & DR H 25 (Bull2000), £7-, ZOKKE LT, v 7 & (B6C3F1)
DOIFIED CYP IEMENT v MR TEWZ &, BEEORAEICEE L TWnWs &
BEZONDAUVEF U — AOHEFEMENR T v F TR EE2FT, BE L TE K
® CYP {EMEIZ~T A, v hEHELTEBIZHWEDOWENDH D (B ILuEE
MZEE WS, 1996),

- e ANBRBEBRTIL, WIEEORNA~ 7 A TORTHRESNTEY, 7y METIT
WME SN TN LD, FRRICEBZDOH D Z ERBZ 6N TS, vUAT
RV Z7an=F L Uo~DRERICLY, MREXD 7 7 7N FERNICEE 2
FHZENMESNTEY (Villaschi & 1991), Fieh972MiialsE & k45
FABNE O FM S FE SR OB AR D JRIA & & 2 5T 5 (Green 2000)

73 IHMOEEII N JuenF LR TH LK 0T — L OEREMN
JRREBRIN TS (Odum B 1992), ZOmZEHEZ, v~V A TIIFRERKICY
T IR SBEEL, N ZeaF Lo a2k s a g — L~ 5 CYP 15
N7 T T T b E (Green & 1997 ; Green2000) DIZXtL, T v hTli~ T A
LT, 7T TR CYP IEMEDE L <KW E S TE Y (Green & 1997 ; Green
2000), ZNHRYTAE Ty NOMIEREOBEROZERIZEG LD EHERM L
WEND D GV — « FEEFINR G PRI - FERIHEFE Y R 7 & PR
X — 2008),

(8) EEEFESEH

T, MU ZauaxTF Ly (BEAIFEORMD NG D) K EOREHWE T,
TN A DEERI R T b A Bl CRISHED & W RS 2 64+ 5 GST B Of8H

15



O© 00 N O o1l & W DN -

W RN RNRNDNMNMNNMNRNNRNONDNDRRRRR R P B B
O © 0 N o U0 WNPEPO O OWM-NOOU A WDNDERE O

W D& fs1-FEENME (genotoxicity) HZ-DUNT, in vitro 52 K O in vivo & D RRERE B %k
LIz, E6IT, BEFEEROIROZITH, DNA & ORI Z2RE R

(ZHRJFVE © mutagenicity) IR 2 HBERHABRERZMEEL, N I/rp=FL oo
D A D BIE DA HEIZ DOV TIRET L7z,

(a) /n vitroRE&%

M) ZooxF Loz LEBRICOWTHRD &, MlEE V-1 IR 28R 28 ek
B (Ames #BR) TIIEHHEMELZOTNZ LOGEIZIXIZIET X TRREETH Y,
RENEMHALROWINSH Y OGETh-> THIRONTEHBR TCOAGETH -T2, £z,
oAWD& AW - BIam sl BRIC B WO T O BEM RN UL S0, 1FE A LD
PECTh o7, MAIADOEEEMIEZ OB T, /B CHEMERE RN LT
%75 (Wang & 2001 ;Hu & 2008), v 7 XV 74—~k (ZHEFMHRER) (Caspary
5 1988), A~EH DNA A kil (Shimada © 1985 ; Perocco and Prodi 1981), Z#ifilk
Yutt /3 (A7 Ha (SCE) #BR (Galloway 5 1987), YefaikBE 3R (Galloway © 1987)
TIEBARE R G DORE R DT DIV TR,

M ZmonxzF LoD GST @ OREY &G LRIV T, §- (1,2
dichlorovinyl) -i-cysteine (DCVC) Tld, Ames i (Dekant & 1986a ; Vamvakas ©
1988a), AEHI DNA &t (Vamvakas © 1988b,1989), DNA HEHEIHEKER (Jaffe
5 1985) THHMEDFER TH o722y, /IMZEAER (Vamvakas & 1988b) TIEFaMEDRE R
Th o Tz, £7z, §- (1,2-dichlorovinyl) glutathione (DCVG), N-acetyl- (1,2-dichlorovinyl)
-L-cysteine (NAcDCVC) (22 Tlik Ames iABR TR OFEFR 23S S 7= (Vamvakas ©
1988a,1987) .

(b) in vivoiRER %

RIHFO M) 7o xF Lo ~OREIZL DB FEEEZFHNT 2 LTI, in
vivo R R D 5 B TH R ARG O RN EE L 2205, T owEE vz b
V7anxT Lo OWAREIZELD in vivo RO ROERIILLTO LY TH D,

IINERBRICOWTCIE, BB ERMER I35t (Kligerman 5 1994) J2 OVEME

(Wilmer & 2014) DR ZR L, fhdlgds TO/MEZFAEFE (Allen H 1994 5 Kligerman
5 1994), SCE il (Kligerman & 1994), BB EFER (Kligerman & 1994) (2
SWTIERMETH T, £72, NI ATV z=v 7 « =7 2% HW 728 55 MR B

V2 Z TR E s FEE M (genotoxicity) (X,  THILLREERS, ALY E 2 e VEERE T v
77 L(WHO/IPCS)IZ L % iE# [DNA BIEDFE T D b DX DNA G2 HES < JRFE
DM (IR T, REH DNA Ghk, Al /K23 H#, DNA U
DikFEFEEGie) ] ZHETbDOLET D,

WHO (2008). WHO/IPCS Harmonization Project Draft Guidance on “Mutagenicity for
Chemical Risk Assessment”

2 Z Z TRt B HE M (mutagenicity) X, WHO/IPCS O /R REFED B FEEN (&ix
TIRE RGN T OFFR /2 £, RO HARIZ T ) AOBLMED S b
D) ET5,

16
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(Douglas © 1999) & =2 A hakBR (Clay2008) 1ZfEMETH -7, T D O AR
HEBOHMED 5L, R rzooxF Lo OEREME (DNA & ORUSHEICHE-S < 288K
22 - mutagenicity) ZB52 959 XA CHELEBEXIONDIHAZME L2 ONRE 2 T
»H5,

x£2 MUYOOIFLUOBRABBICLZELECFESEHARER (/n vivoHR
BR)
Kligerman & (1994) 1%, hVU Z oo L o 6 BEFEHERIEARE (5, 500, 5,000
ppm) 2KV, T v NMEBEZUEIRIMERD/NMENRERIRE KT L CHEIHEM L
TWHZ LZE R LT, —F, RMMLY 73K T SCE, Yt fkiE, IMEOAE
IE7e -7, 6HEM, B X 4 AROEE (5, 50, 500 ppm) TILE#E2 YR
BR/NE DA BB /20> 7208, ZHUIRBRERIC BT B/ MER AR DN B2 &
STl EBLE LTS, FRROBFESMET, ~ U XA EHEZ2 Y R ER T3/ IMED
EIME 22 o7z, FEEHOIL, 7 v MEBESZ YR MERIC kw(d#ﬁﬁﬁ%ﬁAE%/
7o b, YRR EC SCE BNA LI ->7-DlE, N Zeax=F L
DSEESEARICVER U CBEMEMIE 255 Lo & LTV 5, RBRITEREN) 72 5L T
ITohTEY, MR OFRERITBE FEEEOF BB HWNGEL LD EE X
BT,
Douglas © (1999) I, lacZ #ix - H A~ 7 A~OW AEE (203, 1,153, 3,141 ppm,
6 I, H X 12 HIM) 12 &V filasH CRAE Lo 2R E RO 23 7228, fifi,
fFiek, ‘B, Mg, B CABERMEM o7, 72720, EEOIX, lacZz T
AV x =y 7R CII AR ER DN DOERITHR LIZS WO T, RERRENH
HEINTWDHHREMIIRETCE W E L TWD, F72, ~T AT ) Z7ruexFL
N U TRESZ MR E IR T X 5 L Ot s & 5,
Clay (2008) %, MU ZmuxF L o2 AREEE (500, 1,000, 2,000 ppm, 6 FEfH
SAXS5HM) L72T v FOBFRICHOWT a A v MkBrA i L7725, DNA o
HER EFII o7,
Wilmer & (2014) 1%, #EDO CD 7> MZ hU Zau=x=F L (TCE) % 6 IK¢fiH[A]
W NBEEZ (0, 50, mozwosmwmﬁbtﬁ B BE 2L YeE AR L ER /N DA T
WX 727> 72, 7035, TCE #FRMEDEAKIRDO FREMED & 5728, 0, 5,000 ppm #f
DRI 2 Wk F2 B4 M Qg IR B = &)x&bto%@m% 0, 5,000 ppm A¥ &
HIZ, BBEEOFIR CTIXRIEOFER 220> 7208 (35.5~38C), 5,000 ppm #E
TIHBETE I 25CHOIRTRALNTZ, L LAERD, /IMEEFHRT D IRKRIERIC
ELTWRNWEYD, ZOREOREE FIIMEGRBROMFICEEL 52200 L&
HIEA Lz, ZNHDOREENG, FHOIIARBOSLM T T, TCEIXT v MEHE
IMEABRICEBWTRETHH E LTND,

Kligerman & (1994) 7377z 6 RFFEHEIR AR RBR TIX, 7> MEFHZYLMR

17
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MEROD/IMEDREE IR LA L TR EICHI LT 2d, SRIFim Y > 738k T SCE, %
BARERE, IMEOFBERIEINIR 0> T,

F72, 61 H X 4 HH OB CH 62 VR B MEZ OB B AN A2 o 72,
ZHOIX, Ty MEMZUMIRMERIZB W T/NMEDFER DA LTS b 5T,
o (REE S SCE DALz HiL%E, N7 raxF L OMFER~DIEH
IZE 0 YOROBEENFER SN EEZRLTND EELRL TN D,

Wilmer & (2014) @ 6 R A ABRZERER CIL, 7 v bE#Z Y RIMERD /NMZ
DA BRI 2o 7z,

Douglas & (1999) 23T 572 lacZ BInFHEA~ U ZA~DOW NIEFERER CIL, g+
THA U Te BRI R OB 2 A T2, FREWIZI T 550 A OIERlEE TH 5
B OV, IFHEE, B, RO R RN R o T,

Clay (2008) 2MTo7ZMMABREZIC XL 2 = A > FRBRTIE, 7 v FEIET, DNA Sl
DHER LI n o7,

2B, NV ZuuF L rOROREEIIEENE I X 2RBRICOWTARDS &,
BRI, BRORGICE VEREZLYEIRIMER (Duprat and Gradiski 1980) & & figei e
(Robbiano © 2004) THEMEOREENSEHTZ, F£7-, DNA —AKEIWFELER (Walles
1986 ; Nelson and Bull 1988) (Z-OW T, #RH#& G, BREAKRE & BIZHETH -7,
LvL, REH DNA AidBR (Doolittle & 1987), SCE ikl (Kligerman & 1994),
Yuta R B FRER (Kligerman © 1994) ([ZOWTIZRRMEDORE RN HE SN TV 5,

GST & DR 2 AW T=REBR T, invitro RERD 5 6, 2 H T2 18 IR 2298
BB AL DO BRI 2 W 7 BB TR EMERBR TR R G 6T 523,
in vivo iR D IHEHFILZ LU,

Clay (2008) 1T, GST #& & D TH 5 DCVC % 7~ MMZHRERE O£ 5 (10 mg/kg)
L, ZO2FM%ZICEmD = 2 v FakBRAZ1TV, DNA B HERICHENT S Z &%
WELTWD, L, 16 K% IZIZ DNA YIE O ERBMR A Lo T=Z &
5, DCVC @ DNA HEEFHFIC OV T &M 2 123K+ & LTna,

(c) EBEEFEEHDEEICDOILT

in vitro XN in vivo IR DFERICESE, M 7 ru=F L2 KO% O GST #%i#%
DO DB FEEMEDFHEOIRET 21T > 12, invitro iAHFFH O M) ZJmoxF L v
Z W2 BRBRIZOWTIE, M 2 W18 2e R A 2B (Ames 7ABR) Tidfatto
FERDZ, L LR D, WHALEMW ORFEMN A 7o/ MZRRIR CTHREEL O [ HfE S
PNELNTWS, £72, GST REONRBWIC OV TIE, WABMOEZRMEZ AV
Fl 2 D invitro R THMEORERPFONTE Y, HIFZRREBRAE (Ames k) T
GtEDFERPESILTWA, —F, invivo 2 TlE, M7z TF L 2ReES
W27y FO/MEGRBR TIIBEDORE RGO TWD b O 0, RO 545 DR
BRICBWT—H L7eBEORERITAE STy,

L bEOMAZRENCHET 5 &, R 7o F L RHOFD GST RO

18
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Yix, DNA #HE T 51FHEA L TRV BinFEEEAZ T L5 A7,

(d) ELPAHEOBMEDCDEEIZDONT

BT EEEOHIMED S H, DNA L ORIGHEICEES BB 2R A R (BR
JFPE) DELDHDIZDONTIE, ZORPAY AZIZEENR2WEEZEZ LN TS,
T, 7221 OBEGEEYEIC LD DNA 85T 6 295828 B0 Ys R B o
JFREZRY, BRAERETDHENIZEZICHE S HEDTH D (Kirsch-Volders &
2000), —J7, ZBRFMEEZEERNTRIZVIE TH - TH, fMlanildEEm~o P
BT B ~OERC L > TRIBFEEENEL D Z LD, WHORENREL,
% DX LRI EVERTIUSREN AMCE D EENEN D WREMA H 2 (Elhajouji
2011), ZDX I BBV TUIHEGMOICEENRETE B2 TW5, =
DEIREZFIHEN, P Z7oaxF Lo DORNAMEDOBIEDOAEIC SOV THEF L
77,

M) Z7moxF LU MANTEREFEME (DNA & ORIGHEICE S ZHRER) 28
THNDOELRTEEELEZ DD invivo BROFER 25 &, WABRZRAERTIXT
k2 W2/ MERER COBGEDRER NG H LTV D 2 (Kligerman & 1994), ~ ¥
A AWTIMERRR, NI U ATV 2= w7 - w7 RAEIRIEEER, 2 A v FiRBRTIX
et chy, B LEBEORBENE LN TW Y, oG RERICOWTIE, RV
saraxFLUERE LTy NO/MERBRCHEOR RGO N TWDER, MU
nrzF LD GST BREOREWZ R OG- LT v hoa Ay MABRTlE, DNA
B ORI I TV 720,

708, Kligerman & (1994) (X5, NV Zuaua=F Lo 2R ARE LT v O/
BalBRClL, B8 YVERIMER C/IMZ DFF R BIZE S 72y, KA Y o/ Bk TY
(RE 2 SCE TIIBIE SN2 o T, ZORBICHOWTEE LI, 7 v MBS Y
TRIMERIZA SN /IMEERIZ NV 7 e F Lo ® DNA IS T AEEEHICES S
DTIEAR L, AROZEEBICEET A< EITER LTl &l Z Sz REt: %
R LTWD,

wIZ, P ZaaxF L rORNAOIEDENIEE TH D Bl CIRE R 25
T LHNDIONTHDLE, N zunxF Loz FomBEIcRn&s LRk T,
EC/IMEBERPBEI NI DD, WABRRIZELD NG AV 2=y - w7 A%
SRR BB N N 2 » FRBR CIXEIRICE 1T 5 DNA YIS E R OB R ITMmH S
ieinolz, GSTREEORH#MZ 7 » MIROEEG Liza Xy MRRICBW T, B
& T DNA IS OFH B ITM I S e iroTz,

725, GST DBETDOXA S IZL-> TRV ZuvaxTF Lo ORBNGHEN RS Z L
DHOHNTEYD, TOMELELTRERPAIAZITHERNELLZ ENRHEN NS,
FE AR L LIEFHETIE, N Z7eaxTF Lo OBRBEE=Z T -958ED 5 b,
AEWER GSTT1 OB FREATL57@HE T, M 7rooF L UREICLDE
BB A DFENR ALY A7 03 EF L2y (GEHEAL : OR 1.88 (95%CIL: 1.06-3.33), ik
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Al OR0.93 (95%CI: 0.35-2.44)) L\Wwoiz, N ZrexF Lo GSTIZXDEE
R PEE & B g A & OB EME 2 RIZT 5 HE N H D (Moore 5 2010),
uimﬁﬁ%%éfék,ﬁﬁ@iﬁotmeﬁﬁﬁﬁiméMTwé%@a
F LA EDOBEMERERIIIMEBRTE LN TWD 2 b, WARGERRIC L D/ EHRIT
DNA (2R HEBEAICEI D bDO TRV EEZBND Z &, EHlES TH 5 Bl
TO DNA YIHCZREROFRN/E SN TITR N2 205, M) 7o F LR
RN TERIFMEZ BT DT OWTIIAREE LB 2 D, BB AMEOBEOF EITH
WrT&7Z2inoiz,

KoOMERRISME T, ZORICEBZERMIO [F & (BUTFORHENT DY) ) 235
WIn TN, :®%ﬁhow1i JENSCRR L B 2 — ORfER & R ORr 72 1SR E
%%i&% AREET D kk¢7 ¥, BN AL OH EVEORHI 0 %

(BT 285 (p.31-33 OMEENT IS 1220 ThH, ROV ET D,

(4) F&&H

R ooz LrORENAMEICE LTI, BREAEHEMEESHRE (1996) 128
W, THEFSETIEE MSXT A Y Zaa=F L o ORDAMEICEET 5 2RI
IT L Ho&irnazen) ELTWe, UL, I8, FEBAMEICET 5550
TENEELATR S, TR 26 45 6 HITAER SN EBRS AMFTERERS (IARC) OREAfE
(E/ 777 Vol.106 (2014)) IZHBWThH, EFHAEIZESE, BEALSEN TV
—72A(t%KﬂLT@E<%ﬁhﬁﬁ%é)W%&W~71(tF:ﬁbf%ﬂ
IERD D) ICHRBE SN,

ZorkonEmEREZ, N oo F LU ORNAMEITSR DR R O S
DAFEDY AT AT LT A Z 0 2w e lE L, BEAAICONWTIE, M7 ne
BT L UAORERIZEIY, BNV A7 FHEMT 550 LB Lz, L LRNRG,
PREIR TR B MEE STV D Charbotel 5 (2006,2009) (ZHWT, miREERE (HFE%R
#& 1 CH2 1,000 ppm - FF2 % HWREEE, £ 72IIRFFINE )T 50 ppm L EORER
TR SH D) TORBFIENADY) A7 OFELRENNERE SN TEBY, RFER
BERITIKIE LR N ALY 27 OHEAIMERNIEZR bR T,

DIEDy, FERTF U 3 E K OWFIR S Al DWW TIiE, R U & = tz:r_7’“l/‘/f\0)
IZEDFMAY AT DI RINDE TR S H DD, BMERIZE XD & Wik
ﬁ%ﬁ%khzﬁwﬁwa%é&:Hﬂﬁf%éwnoto

BRI ONTUL, WABRBREZIIROKEGICED M) ZenF Lo ~ORiE
@,?y%?@%m,ﬁ%®@%,Emr,v?X@@ﬁw,%,Uyﬂﬁm%wﬁ
BEOFRAEDERHORBR TS e, Bk I WolEgiconwTx, vk, «
DAD MY 7 aa T L AT DR, REIEESE OTE MR OE VT X D R
MZDHFEN RSN TND
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I B, Bl FEEMICOWTHRD L, nvitro DHIFEZH W= TIX N 7 oo
TF L UTRER SE TG A ITIIRMERE RN LV, GST REORHY (BlgsA LD
B A RIE X N A REY) ICIRE S BT GE IR RN S D, HILE RS
T2 AW BR T, FY ZnoxF Ly, GST BREDORHY O WF I ~DgE
THIEMERERNMEONTZ, £, invivo RERIZE W T H/MERBR TIIGMERE R 5
nic, o Z &b, 2o OWEITEETEEEZAGT 5 LB Lz, L2
NG, BEIFHEIZOWT, invivo BBRAE R 2 HODITRRET LRGSR, 5803 A ORE R figgs
ThDHEBEIT LD, TOMOMELIZI T DNA & ORIGHEIZEE D ZRER DO
FITA S TIE L, BRNTERFMEEZET DOV TIIARKEEEE X DI, BHR
AMEDBIE O I T X 2o 7z,

ERD X I, ERMRICB W TEIENS A DI A Y A 7 OB RN
MEIZITBIE SN e o722 b, RONEEB FEEE (BREMZET) OMFHIB W T
RNANMEOBEOF N HW CE ol taEZXAbYESLE, Nl ZnuoxzF L
> DIED ANEIAR D BE-SBROHEEIZREE - Z 2 oz, B, BoALIZ W
TiX, ELOCBRICBEENEWE T 255ICEMA SN D Y A 73HIFE (== |k
U 27 2 HWT, (REEREORENAY R 7 ZHETHHE) ROBERH S &+
DA SND U R FHMITFED EL B OWT b HAREE S & 2 7,

LEDZ LG, BNANMEEZ T RIRA b E LT EO E &I E Y Tl
Nk EZ T, T2TEL, BENRADY AT NHEINT 5 EHEI SN2 EnG, BBA
PHEERREEBL L TEBEIZIEDL I ENEY EEXT,

2—2 ENAELNDRERTEE

N7 mraxF L ORI AL DORFEZEIZOWT, 3 = REH 2BV TIRL
ESNTERIFR AR RERAEEMEESHE, 1996) K ONZENLRIZAR ST
FHRD Y G, BEE LNV BO L LN ERPIREEOHER/E LN TWDL LD E
HFMCEEEZ B & &8, S ROEENE, & SUSBRICR D FHEICOWTH I -
BEt L7,

TP, BT OV TL, I XD AOBRESCEREM) O BRI O M /LT
bHT2, RELEOKRFNIEEFEH TZ 2 L0 TIE AW, BHERED DL WIZEN
I VEREREOM R L TRV 7 eexF Loy OB ERA2HET A FCEE
ThHI2D, RETAFRINTZMAZFLICED EE DT,

F72, B FRERIMOMAIZEBNT, M ZoaxT L ~DORiE & OB
RINDEaFE~OREL LT, MR, B TR wER, K08, EJHEISE~O
AN O AN 26T 5T %  (US.EPA 2011 ; Chiu & 2013), 2D 9 b, B
PEDFEHLS ELEZHIFEFE L TV D b DI, 55 —IREHF D ET DRI & 72 o TR~
BB, TNLSMNIENR, ER, ATHAE ~ORE, BAEREBTHDL, INHLOEE
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WZCOWTE = IRERLBEOF =ML & O TEE LT,

(1) [HEHE

c)ZvonzF L o~OBREICEID e FOAMEEFEMEICOWTIE, UTOHARD D
(WHO 2010), F7-, 2E £ TCIZEREMOM ALY TR LT,

MU K DEMHREIZ UL, B RAEREDO N ZJnuoF Lo 2R A LTSS,
TR RICEENBN D, £, AR =R EN bz & O
NI D, MRBROAMRE T, N 7o L2 o sy i phis T s
(AUC) L0 bl DR RIRE & BEMENH 5, B OWA DS T, 270 mg/
m® TR K OER AR A U, 600-1,000 mg/m® THREFRIEEI DK T RH B 5,

MR R LA DB L ClE, TREBRESRICOWVTIE, EiEE OREIC X > TLEM
FNEL, FICEDZENRHDE LTZHMAND D, Fiz, &BEIIELEE OSSO
TRV 7o F Lo Z2W A LT 54 WO BN, BEER 7 ~74 FERIZ /iy 72
REE (RPOX I8, N-TE2FVpp-7atI=F—F (NAG) DFEEDHE
INTREND) ZRIELT-FHNSH S (Carrieri & 2007), ZDIED, MY /oo xs
Lo el T AR ZE L Lz 27 O BN, 208 R4e, FFAREEIER,
ORI & 72 0 JE1C U2 EBIN 5D (Takaki & 2008)

FERREW) TIL, SVEREE O ERENT, BEIREE & 2 D% O HHXARRR O & &
HERRECTH 5, Z ML, O & BB O B DOME DN FE T, £ O%RICTEEERRE
IZHEF T35, LCsolL, 7 v hTiX142gm’ (1F:f), 71g/m® (48:f]) T, w7 =&
Tlx46 g/ m’ (4FfH]) TH-o7 (WHO 2010),

7B, PR RA~OEEBICONTIT T v N TIEEEOBEN I E— 7 RENE &
DHEmWNZ END, B NTRHERBMEID QESZHERNENT ERRBINTND
(French Agency for Environmental and Occupational Health Safety 2009)

IOz, v~ RN ZavxF Lo EENE % 1 RFREILINIC E N L 71T
Fhr (YRR TlE, EmMSOELR (EDs 2,623 mgkg), = v N RIZHE F 5K
DY (EDso 336 mg/kg), ERDIILA /Y 2—/b (FR20) (2K 5 AT b &RA)
F (LR—=% T LR D) ITBT A RISEDIKT (EDso 733 mg/kg), MULT F
RT 2 FRBRIZEBT D G ~D 8 (EFL FR20 (Z LD L AA—Z g LEERH D &
D HAT L REHANTIT, SISO LT v RS (T T — DS TWAREZ LR
—EWHTLERY a v I BREZLND5,) BAIMENTZERER) IOV TIZEENTIN
% fe/hE & LT 62.5mg/kg (FR20 A4 =7 > h ikl @ EDso AN O & N O & 5, )
R E SN TS (Umezu & 2014), AT > FRBRCIX, 2 8HICIEY, 4O
NV ZmexF Lok aitTo7-,)

%72, Seo (2008) %, invivo, invitro FRER T, hU 7 onoxF L U BR@EBEEOHR
BRE A I UM, RIEWEAT 4 =— X —FEAEEEL, NV ZenxT L Ui
Ve G- L7127 v FCTRNT 7 4 7% —% il L= R, FAERENICE BT
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U7z, in vitro iABR TiE, NPMC GERREZ » NEREAEG L), RBL-2H3 i 5
PURBSHEDO b A ¥ 2 Ul o A ERFEN 2 b 8 Iz,

(2) MHRER~NDZE

MR ~DORBICBT 2T L LT, BB REHIZB W TRILE SRR
AR GREGEVERZBEAWME 1996) KN FNLBICAR S NTZEFZHMEO S B, I§
B LR BDOL LN RPREEOERNPELNTVWDIHAE LD & DT,

W%ﬁ%%Wﬂ%w%mi,@ﬁ%@ﬁ%ﬁ%%@%@ ZRET % RN 2 ik ENR R
AR DIEFI A T 7=, F#1Z, Ahlmark and Fossman (1951), Grandjean & (1955),
Bardodej and Vyskocil (1956), Liu & (1988), WHO (1981) ®OiR&IE, WIFhoHE
b Y ZvoxTF Ly OBEEZ T IBE xR s LT Th D, BREEEE
HHEESHE (1996) IZBWTRAEREREDORI L oo FHRMATH D, F
7o, WREIREE & B RER O HBLO B 2 f544 L 72 Takamatsu & (1962) H&F&(23 4
TW5, b, Ek}ll EIZIK, HEO NZA4 7 U —=v T ha, @B - #Hini
& T O BAEAIE AR BT DAL TH 5,

Ahlmark and Forssman (1951) , IRAEHIE TP O S EE O B R HIRIER OFF 2 01,
BIREFERIZESNT, NI ZeaF Lo ORBOREZ 401 BRIV,
RO, BENHDLARMEND D, ZENDH D), R TCARE L ORRZ R~
722 A, JRPETCAREN20mg/L #8825 &, TCARELEFHIL TR 7 rEx
FLUDEENRDD LB SNDEENENZ L (40-75 mg/L THIH-%L, 100 mg/L LA
ETKRESY) AL TS, 72720 30 mg/L LA F CIXEENFR CRWEES (T#
BT, S, TERH L AREMENH 5 ITHY)) BEdolzl ST
WD,

Grandjean © (1955) 1%, KHIREED 40 ppm # (¥ 85 ppm) DIEZELL O @3
(FRREERL) TiX, MRER (AR OIERZETe) OAWEN, (KIgiE ﬁ(
HREE 1020 ppm, ¥ 14 ppm), HBREERE (KR 25-40 ppm, ) 34 ppm) |
WRTHEIZEL, £z, BE %%($ﬂ3%$~%l1wﬂ~w$)ﬂﬁ<ﬁé
I EMRIEROBARENELS 2D Z2RELTWD, £, JRF TCA RE TIHF
¥ 96 mg/L (#iPH 10250 mg/L) TEMEDOHEER (B RAPPRIERSE) Nl &
Nzt LTn5s,

Bardodej and Vyskocil (1956) 1%, R7A4 7 V—=2Hisx 1 7 (KHIEE 0.16-
3.4mg/L, JRF TCA JREE 140 mg/L), &J@BshBiAEsed TR 2 5 (RHIREE 0.028-
0.83 mg/L, R TCA JREE 32-75 mg/L) D I8 THix OFMFIEIR BN L Z &, #f
BRI (73— VAR, R, O FEV, MRRETs) 2SIRgEEm & MET 5
:&%ﬁ%bfwé

Liu & (1988) %, & % 3 >OBREHE L~ LD (10ppm LA F, 11-50 ppm, 51—
100 ppm) (27 ﬁb BT R OEGE 6 n ABOERICOWTEMETHE L2
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A, L, BHERE, R, UBRE, DUERSE, DEoAREIZONT, 10ppm BLTF
SN 11-50 ppm DIEERETIXIT & A EZALD 7202 o723, 51-100 ppm DIEFERE Tl
BIRBEOEMMB A OITc LA L TWD, EEFOIERIZOWTIE, BREREITKT
L7EBRBOEIMIA LN N>l LT D,

Takamatsu (1962) 1%, W@EHESRRLE THOHEE 2655 L L-ih 23 L, R
IR EEDY 150-200 ppm O =l EERE (MR UEREEE) O Lsdeim LT 8 flfHO#f
AR (B, OFEV, Bro &R, MEOEVE, 3% 978%%E) %7F %, 50-100 ppm O
HREERE (X A YN N ORI EREET Y OfF) T, LIt L7 e
KDY 4 TS A, 50 ppm Al ORMEERE (7 A1 Y /UL ENOBRIEFEREEN D
BENLTZE) CIEEELL Bz @ L7 ER 1T e o 72 2 E 2 LTz, 7ed8, AR,
BRBEALUERR PR B AW (1996) TiX, THARMESITORmILE S,

ZofM, R ZunxF L rOREE BRIEROBEMEICEAL T, ITD X D 72
ERXHDH (WIRLh WHO 1981 6 D5, ).

NEES O IRE O 200mg/ m® (FiPH 25-2,000mg/ m*), JRH TCA LAY 60

mg/L D F5E)E T, O F W, FR I IIIE S D MEIR N 72 5 1U7= (Zielinski 5, 1973),
- F7, JHPIREOYEN 72-92 mg/ m?, JRH TCA IREONY) (4 FMiIcHEon

PRY 2 TV D) DY 47 mg/L D57 E)E CHRR, R O FAET R O RER (Stancev

and Bonev 1971), J&H TCA F2EE )Y 20 mg/L A5 D 8 3E D 40%, 21-75 mg/L D57

B D 60% K& X 76-760 mg/L D 5583 D 80% THIFRZIFIEIR (Andersson & 1957)

M EIN TN D,

- 77, VIR GEERE N TR T 90 mg/ m® (#iPH 20-650 mg/ m®), R TCA A

T 60mg/L OF#FETIX, MY 7 onoxF L IAZRRT DEFEEENZ2- 72 &

HEINTWD (Fibger 5 1973),

RNT, =X O R R ~DOZ B LA L7 b D & LT, Mhiri 5 (2004)
JOf Ruijten & (1991) DOEREAIIED 8 5, Mhiri & (2004) 1X, F=2=UT DY
RTG53 % Xt G LI e ic 0 ¢, Z v 7 NiEfRfE¥EIc L > ThY 7 an
TF U KRR LT 578 C, P IREE & i U C = AR ARG 5 38 AL (TSEP)
D Ny, Pi, P2iERFDIEIE, Pi, P RFOIRMBOA N @IZE S a7z, H#E I, —
HI7e98 57, EakbEE, RE - BT RLZEEOBKIER A LT, FEE ORETFE
& No ¥R, P IRF & ORICITAEZRMHBERLE (N2 IR T r=0.5, p<0.01, P2 ¥&HF T r
=0.6,p<0.02) 23&H>7=H, RPREWILE & ORITITHBERRIZ R o 7o, JRPR
B OEMEIE, TCOH KX TCA IZHOWT, FHZEH 79.3+8.8 mg/g-cre, 32.6+
4.6 mg/g-cre ThroT=, ZDIEN>, VEFELGOKFIRE LERERIE SN TEY, 50-150
ppm & HEINTWDR, HESET, FEEOFEMIIAHTH L, 2k, RARLTIE
WS, BRI SE D ASKEIRF B ARETH VD, MOEBEHI~DIFEIZHOWNTHHE S LT
eV, FE Tz, AR SIELFEIE K S L B LT\ A 7D, TSEP DFLEkE
RIZ ) A ZAPRBA LT W EDRERASH S (BFD 2001),

24



O© 00 N O o1l & W DN -

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Ruijten & (1991) &, HIRI L3953 % %1502 LA sEic VW, U7 mn
TF LD BFEGEE 5 & RS R ORI E I L (SNCV) O, RN (SRP8O)
DN, = XK AR OB E OBEMENH > 72 L85 L Tnb, THEN
O R rmuoF L REE, FHART3HEMA 17ppm, 3 ~11 4FF1% 35ppm, 11 4F
PLERTZ 70 ppm EHEE L, KIEEICKSHAR COEBFEE T U= O % H N R iER
BEELTWD, A RFEEREEO X 704583 ppm « 4 (160-2,150 ppm * ),
SR FRAERIT 1629 4E (6-374F) Tho7=, b, FABRBEBREZEENOHESIND
TEHRERIRE & LC, Ruijten & (1991) TiL 704 ppm * 4F % EiFEE 40 A TR L 7=
17 ppm Z 7~ LTV 5723, USEPA (2011) Ti 704 ppm « 4F % FHMRFEESL 16 4 CThi
L7244 ppm 2R LCTEY, WEOHMN 2 fFRREHNL TS, ZoZ b, A
RATERGE ) O LR BRIRE A HEET DBRICAEEEDNmWEE X T,

EHZ, PV 7o F Lo ~DOREIC L D HBATEIERE~ DR (FAE LB,
FDOSEDZ) T AR E LT, Murata & (2010) 23d 5, B mTEE £ 72130k
HrE T E OFREICHER L, B O 0 i E I IR 2 e W Iir @ <, BRRRFRF O & (AR H L
RN ORI & FO 55 2 OMEDOFHIEO —EAXM LD bAERICKENWIE (@
<0.05), MV zZwvr=F Lo ~OEHREOEE TH L IRFPREY (TCOH) EH
IBREOHEE CTHLI BHEBREE L FERELIEELIITOSD 2 L ORITHEEBEFR
BRTE L~V TE L2 JIEME OO 5 5 2 & N5 ST b, 78 O L~
JUIZIR B TCA, JRH TCOH, KNI HDEFHDEE TRENTEY, TnFhodh
JLEIX, 1.7 (EiPH 0.1-104.6), 2.5 (#iPH 0.1-88.0), 4.2 (#iPH 0.6-192.6) mg/L T >
72,

ok, M IN-mAEERE (CATSYS 2000, Danish Product Development £1:) (220>
T, BEICIEEHAICE 2V K O RS T OS2 2T 25 Z L A[RE (FFH &
HH, 2012) THAHN, FO—FT, FO5DH2OME L LKL DOMICHEERIED
D ®H % Z &6 (Ishii B 2004), LEFAEIN T2 0 FHAMEIC 229 2 wTREME
NIRf S TS (FHEESEE 2012),

U RIZR LT L 91T, REREEMEZESEME (1996) 128\ THATO RKERE
HEDRHL & 70 o T iR R RE (2t T~ 2 1B M2 BB 3 5 2722 Jn i (Ahlmark and
Fossman 1951 ; Bardodej and Vyskocil 1956 ; Takamatsu 1962 ; Grandjean & 1955 ; Liu &
1988) &Y WHO (1981) (ZBWT, RUZumux=T L |l L EE CHox O
B RARREIR (B, O FEV, BT, HEI7RE) BB TWD 2 & anTlEn
bol, THOWEL, BHORR L (KN, FESE) orVrsernxFL
MR BN T, U LERNBER SN2 L2 RTHEOTH D,

—7, BEWERLBICAR SN (Mhiri & 2004 ; Murata 5 2010) &
DEREREHMEESHE (1996) THIA SN TV D084 FEIFHKRG L7 Ruijten H
(1991) Tix, =XHRREORMREB~DEE RATEERE~D B (FKED
g, FO5D2) BDHESH TS, LOLARRG, TEIKNFRAREETHDLZ L
(Mhiri 5 2004), FEEEOWPERZ /A XPRBAT D AREENER ST b 2
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& (Mhiri 5 2004 ; Murata & 2010) 75, KU Zaa=F Lo ~OlgEiE b O GLE
R0 &3 HITITRERLDS 45 &I L7,

¥, FEREM) (F o) TIEL, 12 B ~26 B OWAGREHAERIZISWT, 376
ppm (1 JREEDOFRER) THIEI~OLE (BHEERHE, #FEZHOHEINSE) (Waseem H
2001), 350 ppm LA L CHAEFHIEN DZE{L (Blain & 1994), 500 ppm LA | CTI7HE)3E
B (5 2 TR 1S3 DR OIR T (Kulig & 1987), 2,500 ppm (B =i )
THERHREDRESE (Albee © 2006) NEBIE I, F7z, 3 HIM~9 B ROFEWI 2
AR 2BV T, 3,000 ppm (FEiRE) [IZBEEFR O T v b ORMIE O R (Arito ©H
1993), 2,000 ppm LA ETITENER (HRESHEL) OBREOIET (Bushnell & Oshiro
2000) BIZE I Tz, Albee & (2006) 1L ANRER R C = XARRFH R EILIZDOWT
HAARTER, BRI R o T, BEROERTIEL, 20X I OB TH 4 D
MR ~DOREBERRE SN TN D,

BE O T, M) 7 aa=T L UTRE L@ IS x O B R sRIE IR
M—EBLTHRESNTWADZ LTz, EREY T HMHRR~DOEENRE ST
HLZE00, N rZraF LU ~OIREIC L DMRER OB R AT ENERIITH
D& R L7z,

51, HREAMRIER %, DE, BRI, R Z ik 225 mE o
BRI AEHLE, Ml rzurT Lo OKHIRET 10 ppm LA TF-100 ppm #, R
TCA ¥R T 20 mg/L AKJiti—100 mg/L # O HLEAYAHIFH IC D725 b D TH Y, AHROIK
W& PP TE-BUGSREBROBRFHIE T 5 Z E N HREE B 2 T2,

LIZ3->TC, b 7mruzF LU ~ORBLIREIC K DR ~OREL LT,
HRRMRIER (B, ©FEV, BRETEE, JOTEEE) (I2OW T, RSO E &R

RN TEET NS EE T,

(3) BiE~DFEZ

N~ DB D FE A D 5 BIREE L~ B DL B /AT IREED
BN E LN TV D STROZEZLH A (Green & 2004 ; Seldén & 1993 ; Vermeulen &
2012) 1%, Wb R ZoaxF Lo ~DEBREIC LD BIHOZE %, Bk
BONAFT~v—I—%HEEE LD Th S,

Green © (2004) 1%, BFRE O T ([H, HkOFiHEz2 L) O @FE 70 A2 x5
& UCREIIZE 21T o 72, IRBEREICBWTBB DO A, A~— DT —TH D IRHF D N-
TYFN-BD-ZNatI=F—F (NAG), T/L7 I OREOHN, BEREKZ DN
A F~—N—THHMEBBOREORMAEE S =0, BEENTIE, NAG KOV
NTIVOREE N Z7aaF Ly OBRRIEETH LR TCA R MK O T4
& DOITHBERRRITIA N o T, BB LR OBEEREREO AN, A~—T—Th D
GST-« DYRE L JR 1 TCA JRE & ORNZITAE 2 MBEEMR (r=0.401,p<0.01) 23H -
=L LT 5d, FEEORT TCA IREOWE)IE 644102 mg/L (FiPH 1-505 mg/L) T
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bV, FEHEOLITZPEETIL32ppm (FiPH 0.5-252 ppm) TH D EHEE LT,

Seldén & (1993) 1%, AU =—7 U O&RINT TEH5EE 29 NExtg L Lkl
WFFEZATVY, F7E)F DR NAG OFEIE & B ORA T 22 ME it LT
i) LD EITo7e, ZO/R, F7EF DR NAG OIREIISE & [FfRE T
HY, NAG & JRF TCA L ORIZHHBRLR (r=0.48,p<0.01) 23d - 7-75, REFEL,
B ARERIR AL, RMERE RS, MMoOBREEE & OMBEERIE R o7 LTS, M
NBRFRIREE (S ERRIINE ) 137 27 mg/m?®, FHRAE 16 mg/m® TH Y, MRED
86% 7% 50 mg/m> K TH - 7=,

Vermeulen ©. (2012) (T EOA&BINTE D 6 THIZBIT 5 80 NDFEFH % x5
& LTI IE 21TV, IREERE IS IV C A OB REED A A~ — D —D 9 5, KIM-
1 (Kidney injury molecule-1), GST-z® 2 FEEDOREHIML, Rl KIM-1 (X2 EE
e L RO IEDOMB (P<0.0001) ZRL7-EME LTS, Rl ZonzFLr~d
B BRI (@R R O RKIRE) O 2224359 ppm T, 96% 23 M HFD K
E @z emA R (OSHA) FFAERERA (8 KFHINIE ) TH S 100 ppm L0 %
Ko tz, £z, MANRHEEREZEEO VYL 35.8E682ppm - FETH -T2, 728, A#H
IR FAREIR L ORI 22 D o T2,

FIROEZFLIM B THO B NIZEBEED A A~ — T —Z oW T, ek, BinER
EOEL L THHASNTELZNAG, TAT7 Iy, al~vAfr7urzua7yy, <
Ar7ura7 ) 3, L0HERBEEDONA F~—T— L& LTHERED 5T
V% KIM-1 (Kidney Injury Molecule-1), GST-«a, GST-rz &I/ 55,

WHFEEEPE D S A T~ — D=2 DN THD L, GST-a LJRF TCA BE L OO E
7eFABERESFR (Green © 2004), KIM-1 & hU /e Lo RFERERE OO
WIEOFHES (Vermeulen & 2012) Wb -72 L L TCWDHD, ZHILH DHFFEEFEDSA A
v —H—ITWVWEFLE N TCOHMROER/N DN Land, B CIEB e D22 D
FRIEEL LCHWD Z LR L & % 7=,

—, RN I TWAEBKED N, F~—D—IZHOWTHDLE, Green H

(2004) Ti, BBRETNAG, 7/V7 IV OBREOHNNZLNTZH DD, JRY TCA
REECIR RS L OFBIRIfR D 72 <, IO REEII A Lol LTS, £
72, Seldén » (1993) K X Vermeulen © (2012) TiE, NAG DA F~—H—DiE
JE~DEBEIIH LN hoT2E LT D,

B, FEBREWTIE, T v o2 FRIARREEER T 300 ppm LA ETHED JRAME O
Mo EMt, EZENBEINT EOHmE (Maltoni & 1988) 236 5,

MU ZmaxF Lo ~DREEICLDBIEA~DZEITOWTIL, e TlEpeks.
OSSN TEBEEEDONAA~—D—T )7 reF L OREICL DAL
MHE ST RN, [ EOEEMHICE W TER T L Z LIIRE & X 7,

P RMLAELER(2008) NERWERHEE. MO ON FI U LAEROBRITRD
ZEMMERIZ DUV T (https://www.fsc.go.jp/hyouka/hy/hy-gaiyou-cadmium.pdf) D 1] 73 2%
FoivDn, R -3y w7 /PR & A JRAIE OMRERE OB & LT 5,
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(4) RER~NDEE

FIE RO BB L CIRE LNV EO L LN R PIREEDOERIE O
TWHHEIRE LTI, mBUEEmRE (R mEREEs) (2B 2 3fRO#HE (Kamijima
5 2008,2013 ; Xu & 2009), fE s a7 U, YA bAoAy, RIEIMY Rk 7 &
v NEA~OREIZEET 25 5 ROHsE (Zhang © 2013 ;Bassig © 2013 ;Iavicoli & 2005 ;
Lan © 2010 ; Hosgood & 2011) 23% %,

BEUEAEGERE (EEENERESE) X, U7 oo LT 30~40 HELE
BREE L= @E TA LN TEY (Kamijima S 2008, 2013 ; Xu 5 2009), hUZon
TF L ACH T HMERIG E R L Tz AL RAT A LA 6 (human
herpesvirus 6 : HHV-6) OFIEMHALAES L TEL SO T, EHERFEEZMN D F,
HEIESS T D HANEBBEUEEBRE (DIHS) & E2 D M A% (Kamijima & 2008,
2013), £72, MU 7 wvu=F L RS 2 EEUEEREE O MEIZIZE F Ak
PUR (HLA, %72 HLA-B*13:01) R85 L CH Y, HLA-B*13:01 A H DR MR &
WZ EDRIBEN TS (Li & 2007), HLA-B*13:01 17 7 ACHAED LD THY

(Li & 2007), HAANTIZ HLA-B*13:01 B FHEIX 1.207% (A HEAN HLA
FIEFTERL) L OHRERDH L, £72, M7 uooTF L UREIC L > GREUEEER
ZRAE L7 H AR ANBENR HLA-B*13:01 4R L T\ /= & OIERIERT (Watanabe ©
2011) bHdH D,

Kamijima & (2008) 1%, HRERIIT O @S O BASEEEESE O @E <, @
BUEIEWERE (ZJEREEREE) 2 RELZEE 19 A, KMV ZeonxF L ol
#2 U 72 DS I BUEE R 2 FIE L 72 0o T B 70 7878 8 N & x4 & L7 RilriF ot %
1To7c, FEEDO RN 7 na=F L o ~DOBRGERNOFEZITV, RV /rep=F L
VIRANCE D VOC RTRPIBAL TWA &R Eoi L, ) ZrnexFL v
SN Em T 2 E 08 /2o 7= 2 L inn, BY 7 va=F Ly BIROSBBEUEEERE %
ELSHLEZEEREL, BREPEHECEI- TR Z7neTF L oKD EES
NDHEI BT TRENECTZZEDNRBREIND L L, BF 19 NOKKIREROD
PR TCA JRE 2 HEE L7-fE R, 206 mg/L (95%CI: 78-542 mg/L) & 72-7-,
F7o, BEOEEK TRR TO TCA JRE O FAKEIX 72-80 mg/L L H#EE STV D,
B, THAO N 7uoaxdF Lo O NRERE (RFRNEE) ORKRMEIE, A
FORE LT 6 THTIT 164-2,330 mg/m®, BEORELRN-72 2 THTIL 74.9-
1,803 mg/m® TH > 7=,

S 512, Kamijima & (2013) (%, FEEFAICENT, M) ZorxF L ORE
2 & HIBBUEIEGERERE 28 A, KOVLU 7o L U THREE LT DS UE R
ZFEIE LR Do o BE 72 978 48 N &2 xtGe & LT RRWrgE 247 > 77—, HHV6 (B h~
NARRAT 4 VA 6) DEEMAL, A "4 T e TrA0, ROEALE R 7B
0T U EBUEE R O BB KRBV (REEFIBMEZER (ED) #, JEED ) & o
BIEIC DWW TR ATV, BBUEEMEIEESE D 89% (24 A28 N\) I HHV6 D FiE
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PEALAS IR B AL, (EEEZ2 9718 # & Hele L C HHV6 DNA RO % DY A~ A > DY
NEMETHIEOEENHEREICE -T2 2 & 2 LT\ 5, £72, HHV6 FiEMAL,
RIS E BUG O b5 & BRI G % (ED BE) & OBEEI RSz, Z
O DOFRERN G, FH BIX HAV6 FEMHAL R YA R A T R 7 me s L
REUEIEERE D NS, A~ — T — L7 H B L LTV D, 7, MBI DS
K THRDOIRT TCA BEEE GRMEY) 1% 58.4 mg/L, H#E TiX TCA DAY RN
57.6 RFNZ EADW THRACENBSHE T IREA OYREE I E U 7o fBIE 153 mg/L G&(385)) ©
HoT,

Xu 5 (2009) 1%, FE, EHIHCTRY 7 ooz LUl EKT 2 m ek R g s 2 %%
SE L7258 21 ANITOWT, FREMRER ORI & BRIRAER 2 R A 9~ 5 72 O O R IF 4T
BAT o T0, RBEHIRE SR o7, FAEORRE, 1E3EYS O HIRE ORI E Y
¥J1E 18-683 mg/m® Th o7z, F£7z, 21 AH 15 AME< 15 TIH T IRE DO
1£45.7£13.5mg/m® TH-o72, 21 A6 ARNME 6 THTIE R 7repTF Lok
HRE DT 17.6274mg/m’ Tho 7o, o, BEDOKGEEORBERFORY
NOBEMN RY 7aaxF Lo ~ORKIBER 2~4 HENLTITOALTEY, JRF
TCA JEFE D V1% 52.5+22.6 mg/L (#iPH 15.2-90.8 mg/L) Th o7z, LL72nn,
CAHLOMEIX N 7T L~ ORI E R ICHHIE S AV IR IRE Tl e wn
e, THE RN Z7naF Ly OKHPREICHIRE T 5 2 S IXINEEE B 2 7,

7238, Kamijima 5 (2008,2013) & U8 Xu 5 (2009) (Z8WTIE, WBUEEWREREBE
SRR 70 77875 O HLA-B*-13:01 fRARILITHRE SvTWniewyy, £/, R Zmenr=x
F L DAL E OREFE A Z T TR WD IRBEIRE SN TE 57, BERIREE &
BUESEBERED T AR L ORI OV TOIEHR G Rl ST,

g 7 a7 Y (Zhang & 2013), A KA > (Bassig & 2013 ; Iavicoli & 2005)
ORI Y »RERY 77~ R4 (Lan & 2010 ; Hosgood & 2011) (Z2W\WCliE, k
VZ7uanxd LR L y@BE oo OENREENHRE SN THDR, Zh
D DOFRIER DAL A ERORBL 2 BE R THEICIT R DNt D L& X7,

B, BRI TE, TAEY PEHAVWEREREERBR TN 7 rnexTF L
1,500, 4,500 mg/kg % FNEH LT8O 66% (R ERRANEN v, BAEL7-8i T
JFl~ D522 (T O EHE O, MigH o ALT - AST - LDH O8I0, FF#tkao
ERRIALE) BNhoTo b STV A (Tang & 2008), Tang & (2002) D[FEIERD
FRERIERBRIZBNTYH N ZuaoF L odsgunEEERE2 R L, o Y 7 a
B HERRII P EEOBIEETH D Z ERMEIN TS, 72, TEN GEREO0 B D)
KOVER Q@BEEET) ICHKIZEEEZ N Z7ooaF LU 2ERLE~Y T ADER
BRI ERE (14,000 ppb) T, FEIEMEEMEUEL (Peden-Adams & 2006) N Bz, 7
Yy MMV ZmrzF L og 4 BERARE S ST T MREEESUREARE 2 JE
L7eiBR T, migERE (1,017.4 ppm) THARISEOIMB N AL TZE LTV D
(Boverhof & 2013), ZDiE7, HOREILEIZOWTHIEINTEY, Keil 5
(2009) TIE bV Z7 oo xF L% 1,400 ppb DIEE CIRE7-foK % 30 @& S5 LT
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B6C3F1 v 7 A (B 72 EBRCHEMH SN2 %8, B CRER O BRFIEILZ < 720,)
T, MREEOHRED, HT dsDNA FUK, 5T ssDNA FURDOEINN A 5T 5, Cai b
(2008) TILTHCOCHEHREBETT /LD MRL-pr/lpr ~ 7 A b ZonxoF L%
0.5mg/mL DL TIRET-HOKZ 48 BIMBE L L 7-b R, PR, B, i, s> S0
KO AAEEETE N A HdL, FHH OIIH CRBREDOBIELZ RETHHD & Lz,
EBREMOMBETIZI RN 7 e o F L U ~DEREEIC L > THERITIR DX 725
B (RERAE, BIEMEERBEOS, T MIEEKAETURREARRE, B OREISES) Bl
SNTED, & MZOWTHRBUEEEIEORENRES N TS Z b, N7
0TS L A~DIRFEIC L D RER DT EERCIIAO N EEZ BN D,
Frlo, EBUEREGERE (RERBIEREE) [2onW T, M) ZarxF L ~0ORiE
Lo THIERBIEND ELEEHENHD 2 L, BZEOBAZENRENLOD, &
ZMEIC RS54 5 HLA &5+ (HLA-B*13:01) X7 U7 ANEHAEO O THY, BA
ANZBWTH 1 %ERIMEAET L EHEIND Z &0, @HEEEL L THENLET
bHHLDOEEZT, —T, BEMRCTHEINZGRE a7V, A b Ak
ORI Y > 7RERY 72 v MEIZOW I EM AR ZLITHRE SN TV D L 00,
WAL OBEMIIAME IRV D LB R T,

EMEMRICIZ N 7 e 02T LU ~OBREICERNT 2 60 LB 2 -iRBUEEERE (K
JEREMEIEE) (2B 5 EEAmI OV \’Cﬂi Kamijima © (2008, 2013) & OF Xu &
<mw>@$¢fib)7muz%v/@ﬁ 2R ESCPRH TCA IR & e Beft
DRERE ORREN A TH D Z L0 h, &— GBHRICHES R E O E &7
L R d e

(5) HEHRR~NDETE

AEFEER AR~ DB L TIRE L N B DO L LN KPR EEDOIFHRNED
hfwéﬂﬁkbfﬁ,%)&uum%V/«@E%%&%%mié%ﬁ%@%@i

RN IT WD 2 G~ T2 3RO HRE D3 & 5 (Chia & 1996, 1997;Goh & 1998)
(Xm%(w%)i U HIR— N DEA RS T O B EE 85 Na kgL
U7 BETF PRI 3T, IRERRE CIXIER 7R RESR 1T WHO HEYEIC K S ERE LY
HIRMD o T2, KEy OB @E TR E, B HRE, B rEstE EwEchoTz &
WE L TW5D, HTREITEBRERE R TCA IR <25mg/g-cre) |2k L CEIRFER

(JRH TCA JRFE =25 mg/g-cre) THEIZED > 7223, WIivd WHO D IE R AL
OFIPH (=20.0X10%mL) (-7 WG LTV D, B, BB (BFEE>120
X10%mL) 1Z2WTIE, TCABENEWIEEARRENEN-TZE LT D,

Chia & (1997) 1%, P> HR—ILOETFHER %LI%@ﬁi B 85 N&Exfge L
L7 BEFZEIc 8T, MY 7 raxF L o ~ORMIEEIC L A NSWM~DEEIZH
WCHRN, REBEFE T ]\DIET/]\DXTD/“H‘/V7I/I) ~ (DHEAS) I3 &
RIEOMBIEZ R L (r=0.2642,p<0.01), PEARALEUFES 7 2T Y v (SHBG) KUYT
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AR AT H Yy EOMICAOMHE (SHBG: r=—0.2733, T A F AT 1 1 r=—0.2864,p
<0.001) NH-o7=EHELTWD,

Goh & (1998) %, Chia & (1997) L[R UAERISE ZXRIZLTC, MV Zmmr=x
FL~ORMBRELMIET A AU U EORIEAT B A RALVE S E OB HEM
DU THEWTAFGE & i L 7=, B AT 0 A KRBT U ACOWTIIgRE 310)¥§1Li£E§L_
PiX7e o720, BRERIECTH DR TCA BENMEFA LAY VIBELDOLAE
RIEOMBE R LI @SS LTS (r=0.277, p<0.05),

VLED 3HRIZ, Wb v AR — L O E s s T35 @& 2 x4 & LRt
W TH 20, 2 TOMRICONT THANORBEENRE SN TV RN &, THA
THIZM S SPTITHIRRAICFE L7257 @E 11X 99 A 7450 A ThH 572 DITEIR
NA T ADAREMNENH D Z &, KR I AETEg~ DR L ORI E 2 55 KA,
FERNE ENn/enz k F V7ooxF Lo ~OBRERE S L TIREFHNEHIN
TWDN, Y TR 2BTER O, BIEZE L COBBRER: DD BRI
@&é:kﬂﬁbkbfﬁf%néoit,mme(W%) TITRE % D& R 1
E L THIRRIEDA WG TWA D, ZORFNAKEER & L THEEIZRDONE WD &
M23d 5,

ks, FEBREMWITIE, ~U R, Ty MOREOETEMRE ~OREBNRESIN TS
W~ 7 A0 1~4 BRI AR 7238k TiE, 1,000 ppm (1 BEORER) TR L
ROFARRDOZENE, ¥ OEE, BEHoRENBlE Sz (Kan 5 2007), #Z » MC
12~24 F R AR S 7258k Tk, 376 ppm (1 IREORER) CTHIEEEOR/D,
45 LR OEEMEN A E I U, B 24 B CIORBREIIE & B 0NMTIERS
Nenolz b G LTV a (Kumar 5 2001), KT~ M2 2~12 BRI AR <7
ABRTIX, 376 ppm (1 JREORER) THME O, HFEEOHEMMEEI N
(Kumar & 2000),

FEBREM OB TII~ U X, 7 v FOEOIFESK - TORENPRE SN TNDH DY,
IR D 3 HFDOEEFIE fiﬂ%##ﬁiéhf%%ﬁ‘@RA4TX@T%@%%%
HZEMD, NlZuarF L U~DREIZL D e N OEEGR R ~OEEITTR TIX
B ClE b o &l L7,

Lo T, M ZmauaxF L ~DOEEIZKDAEFEF DB O W T,
EREAOEEHMICBWTEET A Z EITREEEZ X7,

(6) R4EFE

TN T A & LTI, JERIXRAFSE 4 #w (Yauck © 2004 ; Ruckart &
2013 ; Brender & 2014 ; Swartz © 2015) M OVEREFRINISE 1 #F (Forand & 2012) 73
HEIF LM, ZTHETIOR LIEERMROT X CAF#HEERNRE LD TH -
o2 b 1T, BAREICET EFAMRITWT S N —RER (WEYR L7z 8L
EHAER) BB ELIEbDOTHo T,
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kB, EBREWTIE, By M hY ZooxoF Lo 2fokES LR, BIEO
DA OISR L 7= & D% A (Dawson 5 1993 ; Johnson & 2003) 235 541
TW5 (£3), WABRERERTIL, @BRERE (600 ppm) ORZ > O (I
g, FENROFETEEOHM, REHMOIMGIORE) MBI I N IE IRICIT A IEE
DI 2o Tz EHE LTV % (Carney 5 2006)

£3 ~)o/OOIFLUOEESE BREODLEFR) ISEATL28MRER (BOK
5) OBE

Dawson ©.(1993)i%, #t Sprague-Dawley 7 > h 9~39 LA 1 # L LT, MU 71
nTF L0, 1.5 1,100ppm (WHO |2 LD HEBRKE T, 0, 0.18, 132mgkg/d) %
(WZZECLRT 3 » AR, ()ZELAT 2 » A& OMERM F, Q)R8

HOHO 3 FFEOHMICHOWT, BkEGRBREZIT 7=,

ZORER, CoBRGRHICBOTHREEIIEL S o, BRIV,
FEEE IR ATTE DR EN 3% Tho7=DIlzxt L, Q)0 G5HEITIE, 1.5 ppm it
T82%, 1,100 ppm #ET 92% L 72V, FAERPARITHINLZ, £z, Q)D&KE
HIFM TIE 1,100 ppm B (B8 10.5%) OATHEREMDBIEE Sz,

P, BAEEEERQOINIAMIEICSONT, BIROLIERTEORAEREHEE
HRAEROEIGOR T L, —EH7e 0 ORERE L THRNE WD R Z RO
BT, EREPAY X7 FHEOF—ERE LTV D,

Johnson ©.(2003)i%, M Sprague-Dawley 7 > b 9~13LZ 1 # & LT, N7
2xTF L0, 0.0025, 0.25, 1.5, 1,100 ppm (HEHHE T, 0, 0.00045, 0.048, 0.218,
128.52 mg/kg/d) ZIEHRHIF (22 /) 1Tbiz»> THUKERE LT,

ZORER, BEGREORBUCITBEMET XA LT, BT 0.25ppm UL EOFE T
JEATFE NN L 7=, DA AN S R IEo—EH 7= v OFIEGIX, XHREET
16.4%, 0.0025 ppm #£T 0%, 0.25ppm #£ T 44%, 1.5ppm #£T 38%, 1,100 ppm #f
T 66.7% CThH -7z,

FEFDLITZORRIZONT, HE—CBERDOFEENRBENDDH TR, 0.25
ppm A (BB 8 D & Fak L7223, memw)ﬁ WEERBERQ2010)01EL, Z 0D
FRITHE-ROCBR Z IS AT G A T T2 nE LT 5,

A RIZ O W TR FORERNE Bz,
Yauck & (2004) IZ, %%ﬁ@lﬁ@&%k%)ymm1%V/%mm & DR
(132~ A/V) UL U TR & IR0, HAEROERMEIRBORA
EDOBREE L, ZO/RE, BEOFRE N ZJaexF L o ~DBREORLHAE
FAIXAEETHY, FEENEESE 5 BRI 38 Ll BT, M) Z oo F L U ZigE L
TWBEE, THOERMELERDO OR NAEIZHEIM L2 (OR 3.2 (95%CI: 1.2—-
8.7)), REBIAMEIREE 5K 38 MR CHILAITIL N Z7enF L DBRED
HIEIZE DY R OEITHA LN ST & OFREREST-,
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Ruckart & (2013) 1%, @KLK Y ZemxF Ly, S hI7mrpF Ly, X2
Yo, L= LR T R-12-V7maF L oAliERISN TV Rz B\,
HAE RO KRB & /NRIEMERN A OFAERIZOWTHE LIZHER, £ REICE
HEEKFO R s oo F LU EEICBWTE, SRR (MREXE, DE- 0
=2, NREMERBAAD Y A7 OEEINIBIEE S o T,

Brender » (2014) 1%, MU ZvuoxF L o a2EGiET R4 14 WE ~OREB O
72 LR B (MRE R, DEDER, WEKE, EREOER) Z2Rodto
AR L OB ARE L, BEREICE, HEROEE»DEERZ (RRFP~0
PEHIR) & OBt A PR ETINE L TROZBEY A 72 W, P AT 4
v 7 BUFET VE R, HES, HERORBLOF N, BE, AR, (R
THE L7200 CIiE, DEFRBRKIETR) Z7aexF Lo ~OBE L OBE N5
7275 (OR 1.06 (95%CI:1.02-1.10)), & DD Y RIEEFNZ DOV TIXBEN 7 B A2 D>
ST, IBIT, HERICTEEROFED 35 U LOBHEOFHH >N THDL E, Y
JuonxF L UADBREIZL ST, OER, WIhhrooiE~E, BHZEEDER, L=
HRRREO U 27 N EINL, REBLAS 35 WA Ok U 2 7 L i35 & REVVE
TholotHEL T D,

Swartz & (2015) 1%, hUZnox=F Lo 2 a0 BHOAERRKIGEWE O RS
~OUEFE & 0 K (HARFERE) LoBEEZHEL, BEaXro7orry
AT 4y ZENRET V& W TRRNT LTz, A 570 KRG ' E ~Dg#E 1L, US.EPA &
KfFERIBEFAG S 27 & (ASPEN) 705 A MR EE R L~ 1999 D4 [
PIRERKIRE A TG L, O HEROFEFICESNTEHV YT, Nsrp=x
FLU~DIFFE L~ > TE - - @IRERICT D 8, B EET LT
1%, [REREEAE & ik U 7o PR Y, SIREEREO B HED U X 7 TP REERE T D A4y
ML (OR220 (95%CI:1.27-4.23)), WgigE L~JLITIKRAFE LT U A7 OINI A B2
Mo Tz, BEIBREWEET MIBW TR, ZRHNR 1 L0 KREL RozDiFF /U v
DEMEBERE (1.01) & MY Voo F Lo RgEERE 3.79) Thol-,

Forand & (2012) %, FVUZun=x=FL v, T hIr7naxF L oo HEEE
IZBWT, HEAKDRAIZL > TENZERDNEYR SN IEREICESLRBORE, H
BRSO BIZ DWW TAERE T 2TV, BN N Y 7 e a T U G sl s
FELTWEEEIT, RHARE, RITHEEEE, WHIKHARE, MBIk R
ONT, BB RR PARICHEMLIZEHELTWD, LR L, KA TIEE
NZELRDO N Z7nnxF L U BDREOREITRL, HEPo M) ZJoonxFL oo
BEL RIS TWRNED, R Z7ooxcF L ~ORELIBIE, HARICRLRTE
L OBRICHOWT BRI <, WH OBEMEIZH O TIERWEE 2 bl

PLENS, BAERBZONWTELEDDE, ROLHITHRD,

N7 muxF Lo QPR D O 2 52T 7o R O o Je R DR B O
U 27 Z 058 UT-JE B RRAFSE 2 BF2E (Yauck © 2004 ; Brender & 2014) TIiE, W
b Es GEIRES 5 B 38 Ll b, FIXHERNT 35 Ul b)) ORSENIRE L2
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FHEVRINEL D ENRBINTZ, LOLENG, WTOWE S KRKEE
OFEAMENRE SN TE LT, BERIECTHL MY 7 un=T LU FEHIEN S DR
DL REIEE L OB AR TH D720, ERMEBO Y 27 8L KRR
EDOBRIIAHTH - T,

Z DIEOIER%RAFZE (Ruckart 5 2013 ; Swartz & 2015) TiX, o KA
DY A7 DEMHB A IR, & L ATIRE L ~IVKFE L T2 ) 27 OEINNRA L
RWEERTH -T2, TNHDOMRIZHOWVT Y, K, KaFicsiFs ) Z7en=x
FLYOEAENELNTE LT, HEET ML HHEEEIFEH I,

£/, AREFANFGE (Forand 5 2012) TiX, VU ZvooxF L 2 OBREOREHRN
Bo T (BNZER, TEHRORENAE), RIE, MAERICA - EE
EDERIZH BN TIZ /e EE 2 BT,

FEREMICEBNTE, M) 7o F Lo 2fOKEE LEHES v kORI T
WG SN TWDHA (Dawson © 1993 ; Johnson 5 2003), FEAERODFEH TES
MEARAFMEIZBEE LT, WHO (2005), BMzaZEas (2010) 226 HEDMER I
TW5, T ABRERER GBI OEED BB THE XL TR,

INOERAINCEZD &, BAERBIZOWTILES R L OE £ ot 1k
) ICEE (DRAE) OV AT IRBEND OO, EZEFTRTII MY 7anm
TF LU OBERFERDA T2 THY, BRELDEBIZOWTIIRKIRE &L OBRAR
HTHDZ L, ZOIENDEREEFIZONTIZY 27 OBINAH LML ITEZ bR
MoloZ b, N 7aa=F Lo ~ORRICLDHEREFOY 271250 TITEL
REASUCIEEA S TIZ 2 & L7z,

DX IS, BAEFEB LT RiRA v b L EEMmITREE &5 2 7=,
L L7 B, 5 R L Q@32 ot (B ([T EER (DIEEE) oU 22
DRBINDZ D, ERREZELLTEEICEODLIENWY LB 2T,

(7) F&H

MU Zvux=F L DRENAMELSORFEZEICOW T, 3 IRE R IV TRL
& SINTR R R REAEGMZ B REWE 1996) K ONENLIEIZAR S V%
FHERD D BT, BFE LA EOLONICAFREEOERPELNTHDH D
(ZDWTUREE « BEH L 7oA R, MR M OB B~ DO BB T D8 A 0, £ Ol
(PR, AR R~ DB R OV AT D F ARG O, ZHH D3
MRERE LI REELDDHEUTOEEY TH D,

@ iR~

PRER S DR —IREH TRIE SN KRRBREAEICBW T RARA |
ELTHHSINZZETHD, FWERIZBWTIRILE 72 > 727 R, (Ahlmark
and Fossman 1951 ; Grandjean & 1955 ; Bardodej and Vyskocil 1956 ; Liu & 1988 ; WHO
1981) ZREELZKER, MU 7 muTF L 2Rk LB T2 o B RAHRIE
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2

W (B, D FEV, BB, F7E) n—BLTHESN TS, ZThb DA,
B DR A (RN, FE%) O R 7o dF L A HARICBIT 25D TH
5, BBERNAERDLE, MV Zoo=F Lo ORTIEET 10 ppm LA F225 100 ppm
2 HEIFH, R TCA JRET20mg/L LA F225 100 mg/L Z# 2 2 HiFHD, WI i
IR AHEIFICE S O TH Y, AR ORN & O TE-SEROBRFHIE T Z
EMHRELE B 2 BT,

—J7, BB UREICAF SN2 Mhiri 5 (2004), Murata 5 (2010) } OV =1k
RSB S, A EERE L7 Ruijten & (1991) TIE, = SRRSO KRS
MRS~ DEE, FRATERERE (Y AE.LENE, FO5DH2) BDHESNA TS, L
WU S, R TNRFETHDZ L (Mhiri & 2004), HZESEFEOR|ERFIC /
A ZAPNRBANT D AREMEN e S Cu\bd Z & (Mhiri & 2004 ; Murata & 2010), BgEE
LUV DFEHECH DN BFEREE (ppm ) 25 EHRETRIEE (ppm) ZHEET D
BRICARRESEMERE W E B X LND Z LD, BRI TII IS ORI OV TR
BOEBMICIB N TERET S Z L ITREEE B % 7=,

INHEDTEND, NI ZurzF L ~DIREIZ L AR E~DEEL LT, |
TR BN D Z L IEH O TH Y, E-SUSBROMRFHIE T D E RS EE
BONTWVWDZ D, BEYEOEEMICBWTEETIIHELEZT,

D g~ 5

BN~ DREBIZON T, BHERED NS A~ — D — %I L U CRB AN L 72
LR 3 (Seldén B 1993 ; Green © 2004 ; Vermeulen o 2012) &5 i7-, Flx
DAL F—=T1—DH 5, WERNSHEHINTWDE NS F~—F— (NAG, T/L7
VENIZOWTIE, R ZaaF L ~DBRERIC K DRI LN 7 (Selden
5 1993 ; Green & 2004 ; Vermeulen & 2012), —J5, #fFEEFE® KIM-1 (Kidney injury
molecule-1), GST-a IZOWTIT NV 7 v F L o ~DIRFEIC L AL E 2 S -
2 (Green © 2004 ; Vermeulen © 2012), ZiILH DA F~—T—Z O\ Tlik I T
DFNRDB DTN D, B CIEBRICB T 2 EOREL L THWSD Z EI1XR
L E 2T,

UbDzZ s, N ZooxnF L o ~OREICLDFB~DEEBIZOWTL,
FREOEREMICB N THEET D 2 & VLK EE &l L7z,

@ SR~

TIE RO DN T, BBUEREGERE (FSEEERETE) (Kamijima & 2008,
2013 ; Xu 5 2009), ok a7V, A MhA Y, KEIMY VR T 8 v B
DOEBIZBAT 2 FMAEGTZ, ZObmEra7 Uy, A Mo v R OKRMML
Uo7y MEIZ N 7 oo F L U ~DREFEIZ L > TERESLITEZ S
DN, fEFEEEL OBDb YV IZ YW TIBIR T T2V o Ll L7,

WEESEMERE (RERBEMEIESE) 12OV TiE, P ZuaaxcF Lo ~DREICL -
THIZEZEND LHEENTND I &, BMEOEAZNRRKRENLDOD, B
I54 % HLA a7 (HLA-B*13:01) 37 V7 ANZFHADLOTH Y, HARANITE
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WTH 1 %BNMEETDHEHESIND Z G, HEZEL L CHENLELEZ T,
F 72, Kamijima 5 (2008, 2013) |2k~ T, WBEUESEGERE (R EEMEREE) BFE O
N ZmaaxF Lo ~OREKIBEEZORT TCA BENEEINTNDI b, =
DIEMICEASNWTEREORBEE (M) 7o F Lo OKTEE) OHEENATRET
HY, BEZEOEEMNLBFNIREE BT, L LRNG, BEERE L RARL
DORR, HLA-B*13:01 ££F & 384 & OBIRICHOW CORFHIREE - & 2 7=,

@ 7EFgR R~ D

BT DT T ~ OB T 7L 3 (Chia ©H 1996, 1997 ; Goh ©
1998) IZOWTIE, WTFhomE s, BREMR LR C TSN OXRREEZERE L T
Z LA, WFIERUCED 2 2S/EIK 7 (ERER, S8, MREERESE) OFfREA A AT
B Cholelod, VAT OITHAATSRbDe&Ex b, £72, Chia & (1996,
1997) TiX, BBEFI L MG A VE AR & OBIRZ STV D0, IREZFEES TCE
IZIRER LT T R T2 50 b D0, BIEDOEBEIZE T DUEFFE DO
AR INTEOT, TR ROMBRSKNEETH -7,

LbED X o1z, Ehlae~DORBIZHET 5 SRMOEFMLIZ OV TIE, A,
F— RN FEORBESENAE L7, MU Z7anaxF Lo ORERIC L D4R~
DT DN T ST 72V S L7z,
® wAEpE

M) 7oL o ~ORGE L BERBOBMRZRE LIDERMR L LT, EFX
HEHFZE 4 (Yauck © 2004 ; Brender © 2014 ; Swartz & 2015 ; Ruckart & 2013) &
HAREFLHINFZE 1 #@ (Forand & 2012) IZOWTHEILT7-, FOHE, WTFhomi b,
K, Bk, TEIZBITA RN ZunF L o BEORET —Z 08 &5 TN
ZENNV T LU DORAEREL T D O A TIE L B 2 7o, SER R
2% (Yauck © 2004 ; Brender © 2014) T, & OREE (GTIES 5 BB OAEEH 38
el b, FET IR 35 UL E) AR e T L IAIRERT D Lo
SERMDIRBO Y A7 NN 5 ATREME N R S22y, KREIEBE & OBMRIZAHT
HoTo, TOEDPOEFZMAIZEBNTIL, U A7 OENIRERE L-~VITIKF LT U A
7 DOEIMMN I 50720 F 6 (Ruckart & 2013 5 Swartz © 2015), kU ZpmnxFL v
~DOBEFR & ORI & T2 WEH| (Forand & 2012) Tho7-,

INLERBICEZD L, BRAERBCONTE, M ZooxF Lo ORERR
DA THY, EBEOREN N Z7on o LU AZRE LB A KEERO Y
A7 DEEINT 5 AR RIR S 7=, KEIRE & OBRIFAATH -7, ZDI1Fn
DFTREFEDV AT IZONWTHH LN EITEZ N> T,

EEREMIZ OV T, BUKkERE53ER (Dawson & 1993 ; Johnson H 2003) 28T
IR DDEE 0SS ST 208, BRI Cha 20L& B 2 WS L2 A
ZRM 7D R0oTz, b, HUKEERBREERICOWTIE, BAEROR M AFIECHE
KB LT, WHO (2005), BfvgeZ B4 (2010) »HREER STV 5,

ZDOXDRRIMNS, BAERBELE T RRA Vb E Lo RTINS % 2 72,
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L2NLRN G, A LK O R C ko DR (LIBATE) @ U R 7 N3
BINDHILEBETDHE, BRRFEL L TERICEDDLIENEY EERT,
PlED X911z, MU ZaraxTF Lo DOIEN AN DR EIZ OV TG L 725
B, MR A~OEE (HRAMBIER) oWk, B2 M (K, FE
H) OV 7oz F LR ESGE LIOEFAE T B LT Tns
ZEMD, NV ZunzF L UADBRREICE > TIOIERNEND Z EIXHLNEE
2Tz, SHIT, 2O OEFEN D, BE-RIGCEROBFHIE T 2 HEHRA G LT
HZEMD, EENEOEEMCBWTEE T REEELEZ T,
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