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1 MEICET SERNEE

1—1 YPEEFHHEE

KNy ZoaoxFLy (B4 : M) Zuaaxsry, =T Ly) 1%, Zaakl
LR ZHT 5, FRMEOBEAFEHOWRIR T, RNRME, KICEETHY, T/La—,
T—T VEDOMOFEER RIS, ERmE LB IIER1DOEBY ThH D,

x1 ~)OOOTIFLUOOYEENMEE

o1 G 45 FR : CHCL  (CAS &5 ¢ 79-01-6)
G
Cl Cl
5! Cl

5y 131.40

thE 1.4642 (20/4°C)

[ —84.8°C

h s 86.9°C

AT 100 Pa (39°C)

RRBE 4.53 (ZE&=1)

VRS KIZHOTTHE 25CT 1.1 g/L), HFEAEA
RaB7 A

S BREC log Pow 2.61

HARAREL 1 ppm = 538 mg/m® (25°C)

1 mg/m® = 0.186 ppm (25°C)

2 KREE

(1) BRIR

N7 muF L ATHERAE S RO BIIEDERITH V , AR A A5 @i
9% (IARC 2014),

7 6 O TIE, BREETR 2, 3 RFRHIRICEFIRBIZES <, MRS 2 IF I
35-70% DHFAPHIZH VD, —MRICELFRRFITIEE R m <, FIREE) & B L TEE RN
< 725, A TONMERETHEIE L2t b LK T o fik/2e K54 B e 8-12 @
#PHTH -7 (TARC 2014),

& BRI O R IUZ DWW TS, T EOFBEDIEFIRENSELNTER®REH 5,
Mmoo F Lo OERENRIPTH-7-2 &0, BiE, Bt ironi-i-o,
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B OEEUC BT 2 AR REEIZ W T OE RN HEEIZREECTH - 7228, 1k,
JRTCRY Z7muaxF Ly KOEOREI M S, BEE 13 RERIC i PR E 2
N *foc«)f: EENTW5S (IARC 2014),

2, NS L M) ZuaunF LU ORK XITIRENREICRIREND Z &0
N i’ofrbfio D, Ml ZooxF L o OREIEZEE 5-30 5 LA J?LmEP@KEEQWE —
IEER LTI E DRENRD D, RBREWIUZITBIT DWILEIZ OV T EAZN KR E V&
DOFRNEH 5 (IARC 2014),

(2) 9%

FERENY)CIX, HEZ >~ M2 200ppm (1,076 mg/m?) ® U 7 vwxF L %5 HfH
(6FFfH,H) WASHT, SHHDIEE®R2, 3, 4, 6FMOIMmKK, MM, I,
i, BEBEEVHAGCBTIA NI ZJaeoF LU BELZHE LEZERND S
(Savolainen & 1977) , MgF& 14 2 W] Tl HRIR EE, IO OIRE TR ESEEZ R L,
JHE, Bl O\ T b e mBIC VIR & 72> 7o, B JE ARG H O B I XM EE 1% 6 REf

TiwmfEE e o7z,

b MBI D invivo DFFESAR IR D E BRI OWTIE, %< OAIRE L LR R
HThon, FRickrhmEr if)ﬁiﬂtpﬁ‘%@ﬂz%%ﬂ%%ﬂ)% BONTEWMDEH 5,

HHIZED M) 7 rueF Lo oREE OMBRETIE, M HA, OE B,
Jili e O IS < 0 A L Tnie, £72, BREET 2 DIREE U/ T, AT, M, &
fig, NEWISE DA 7R TR ATRERIEE Th o7, &b, NV Zru=xF
L AR IR T 5 Z ARSI TWS (IARC 2014),

AT AR 2 O CHRITE L7z in vitro (23810 5 &k & ik o 43 Bl AR ki
FERGIZ T 2 S EAR B e b R < 52-64 ThH Y, Z DO TIX 0.5-6.0 DF I“C
&7z (IARC2014),

(3) H#H

b FNREREY (F-otlE) (BTSN ZunxF L oo EERRHERREIZTF b
7 1 A P450 (CYP) | _Jt %.’)néi% (LLF, TCYP 8 LIMES,) KON VETF A §-
N7 2727 —E (GST) IZX oK (LLT, TGST#K) LFES,) ThodH, £
ZNORBBEOFEMAZLLTIZRT (M1, K2),

CYP #£#& & GST BRI X oA T 5 &, FiFEII%E LY bAEIRVWHE
THIFNT 50, BRI KLDER, KISEDZ WD, il ) Z7rexF L
YOIZEAEN CYP RE TR ENS LD LRSI TUVD (TARC 2014),

—J5C, GST R X DRI BRIV 2200, ALFRNCARE E TRUGHED
<, BEIOMENIZER L UEHEME2EAT DL Z LB TS (IARC 2014),

Lo T, AEEOFMmIZIHEVT GST #BRIKIC & 2 o BB L& IR R EE I
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DHDH O BRI TR DT vy (Lash 5 2000), 26D &b,
IARC (2014) 0)@%&»—711 R OHEEOTHMIZ B W TIE, o &
70BN EARILE L CHIMr 2 Z LI ER/MLETHDLE LTV D

Cl Cl
o TCE
N-OH-Ac-aminoethanol H Cl
0
HOH;C‘J|\
) CYP
HN—(CH,),0H
\ ¢l O Cl
[ TCE-O-CYP ] . >A<
H Gl
TCE-O

(‘15C‘4k — c15c4 b - cl

OH H DCAC

CH CHL

ALDH O|
ADH CI:H(.J\
or o)
CYP DH
ael,

BN /- Gmen/

UGT Glyoxylic acid v
O
Cl, C—\ S>_<
O—Gluc / elH, C
HO OH
OH
TCOG co,

1 FUZOOIFL IO CYP RIS & BB R F—L (IARC (2014) 7 531 F)
LW E Ry 7 AR LIALEWITR PSPt S D b DO TH D Z L &2RT,
(] PSR LT b E I FINCAR L E LTI S D TH D Z L &R T,
ZOMPALEIOMEFRILL T DO L IBY) Th D,
*DCAC: v7unr7EF/L71 Y K dichloroacetyl chloride
+GSH : 7/ /V# F 7 glutathione
*+ N-OH-Ac-aminoethanol : N-t K% 7&F /L7 I / =4 / —/L N-hydroxyacetyl aminoethanol.
« trichloroethylene-O : h U 7 m a5 L > =R % ¥ K trichloroethylene epoxide.
« UGT : UDP-Z' V7 1 ) )L kT A7 = 7 —F UDP-glucuronosyltransferase
*TCA: bV 7 m i  trichloroacetate



1 *TCOH: PV Zwmwu=xH /—/L trichloroethanol

2
0 E\l.
«l i l 5 ! Caos
A G571 — \e' \/ By,
:; -: - GSH : i Y\/L
i} Cl 'l Hx
e
TCE DCVG o
Gl
= L-Glu
L
Dp
— Gily
A BN
il 5 8 Tl 5\)\
P, CCHI s Coa®
= Pyr
H L&} H cl
peve
DCVT FMO
Acylise NAT O
0 Bam, /u\
”\/]\ HN
Cl 5,
: — : cog® <l . "‘\/I\“ma
[} Cl : ::
o L&)
DCVES I |x.s.m('\-‘c
CYPIA &
' /U\
0 HN
L A 1 el lxl\)\
%I':x [} I%—Jk >=< [uc]e'
H H ol ¥ o
CTK CTAC
3
4
5 2 YOOI FL2OGST FERRIZKHHKBEIDRF—L (IARC (2014) M55,
6 DCVG DEEX ZEIE)
7 HFRER Y 7 ANITR LIALEWIZIR PICHE SN2 b D TH D Z L 2R,
8 (] MR LTAL G FNCR L E E L IIREDO LD TH D Z & 2R T,
9 ZOMDALEMOMEFIILLT D B0 TH D,
10 * CCBL : v A7 A AAEK B U 7 —F cysteine conjugate S-Lyase
11 * CYP3A: ¥ |7 12— A P450 3A,cytochrome P450 3A
12 *CTAC : 7 muF A&/ 7&F /L7 1l K chlorothionoacetyl chloride
13 « CTK : 7 m a2 FF 47 o chlorothioketene
14 +DCVC : $-(1,2-¥ 7 m 1 ¥ =/L)-L-3 A7 A > S-(1,2-dichlorovinyl)-L-cysteine

4
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* DCVG : $<(1,2-¥ 7 mu € =)L) 7 )L ¥ F 74 S(1,2-dichlorovinyl)glutathione
- DCVCS : DCVC A )V F 2 K DCVC sulfoxide

+ DCVT : 1,2-¥7 v 1 ¥ =/)L'F 4 —/ 1,2-dichlorovinylthiol

*DP: T F L —F dipeptidase

*FMO : 77 BV EAHE /) A% % —1F flavin-containing monooxygenase
*GGT : p-Z VH IN T A7 =T —E y-glutamyltransferase

+GLy : 7'V > glycine

« GSH : 7' /v % 5% glutathione

+GST : GSHS- 7 > A7 =5 —+ GSH S-transferase

* L-Glu : L-7/V % 3 > L-glutamic acid

* NAcDCVC : N-7tEF/-5-(12-7 v B =)L)-L-> A7 A > N-acetyl-S-(1,2-dichlorovinyl)-L-cysteine
* NAcDCVCS : NAcDCVC A /L7R % 2 K NAcDCVC sulfoxide

*NAT : N-7EF )V b T 2 A7 =7 —F N-acetyltransferase

O CYP ## (K1)

KU Zaaxg Ly ORBHTIIESO CYP 4 VEESE (CYP2EL %) M55, 14
WHOE X DlEasT I & LTHIETH 525, £ Oz & &l (Cummings & 2000,2001),
fiti (Odum % 1992 ; Green % 1997 ; Forkert & 2005,2006), HVEASEM (Forkert &
2002,2003) % &H7-%< Olifas, MR ZET 55,

CYP #EHZIZIHBWNT, hY 7 ma=F L3R P RIERY (F) ZaaxFLr
THRFY F-CYP) (86T %, MU ZmmxF LRy F-CYPIZZD%, LT
D 330 ORPHRE ZT- L D0, KT Gi) ORERKICL>Taks7e 77—
24 k4% (IARC2014),

(i) hVZvoz=FLroREy R (TCE-0) ~OHRH
(i) N-b Fex-7EFNL-7I /x4 /—)L (N-OH-Acaminoethanol) ~DfGH
(i) fk7 R T (CH) 72137 77— (CHL) CFHRRAE) ~ofkH

() ORFTELEZ RN Z7oooF L oromRFxS N (TCEO) I, Y7uurtsF
Nr7a Y R (DCAC) %4 L CHARICHMESRE{L LY 7 o aliliz (DCA) PEMRIND
D, BOLNMIT 2T (0A) BAERKRSH, WMFE L BRFICHEH IS,

VrunapiRlE, N r7reF L rORPREITH L, I HICREESIT D
AREEL H D, BlZIE, BEF SN TE /) 7 n oFiRIcZ2 b L CRPICHEH & D
D, HDEWNE, INVETFAS-FT AT 2T —F (GST) A YAID GST-L 12X - T
RN TT U AF IR, EEIIE ZBERFBIC ORI D,

—, B bLZV Gil) ORI TCAEL-AKIZ e T — (CH) £/i37 27—
b (CHL) 1%, 7/va—li/k#EEEE (ADH) £720XCYPIZLVE TSN TR 2
nux¥ /—/ (TCOH) IZZbT 50, 7Tt RBi/KFERESE (ALDH) 2LV ERL
INTHY 7 moafig (TCA) & T %,



TCA F—mIZITHE O R S ATITRFIZHRH SN G W E S TW5H 23, Mtk
Fan, V/uouFiReERT 5L H D, Lo T, V7 aaFEiEoORIR
Wi, M ZeproF L rmARXxy NZHKRLEZEY Z7eer7eFrral Né, 7na
T—)b, k7 mT—/VZHFE L TCA D 2FENHDHZ L2/ b,

TCOH % CYPs IZ & » Tlgfb &N T TCA (ZZ&1k, £7/-1xv VY=V i (UDP)
Inrsma )T AT 27— (UGT) IZL-» T N7 u v Blad 2% T
TCOH 7 /v 7 v AW EALT 5, WE & bIRPITHEM S35 203, A*ﬁﬁﬁ@ﬁdi
INVAVBRRIZ 7 v 7 v AW IR R K o> TRbI D 28 (ZFR
HENDDIETCOH TH 5,

lbzFeon e, Nl ZunxF LU lRE LI NROPEMWMIDORIZA BN D TE
72 CYP HSRERILAREIX TCA, TCOH T, =Dy 7 v ufifg, €/ 7 v o[z,
VaUREND D,

728, CYP#E D CYP2El, ADH, ALDH |ZiX&fn &R NFE(ET D, CYP2EL @
B2 X D RiER OWRE~ORZEITIH S TIERWR, M) ZreF L
R & BE 4 2 SR BUE (269 D IRz M & ORI D FTREME D A5 B] (Povey 5 (2001))
Wb, £7-, K7 a7 —/ (CH) fR#fd ADH, ALDH OBn 12 DEEIZHS
W, 13 ARG T ToRE R, B Om RBUSHEEE T E A ZZ0 K E V3,
INSDBEMGFRE OREMEIIRATH -T2, 2D X 91T, HRSUSHEEIIE AZEN
REWIZHE 25T, CH O MRfGHm~ORE D —ETh o7 Z &0 b,
ADH, ALDH O (s R LS ORIFIZ 31T 5 K2 CH OB OEIRZEIZF 5 LT
HAREMEMN B D & A7 & TS (Bronley-DeLancey 2006) , F, CH 3 ALDH D4
HilAlE LT 2 ERRBEINLTVS (Wang B 1999 ; Sharkawi © 1983),

T, EIEEHEOREL LT, TAra— BRI N ZaaTF Lo o R GEHEE
F D CYP2El OIEHEEEMIE57-0, N ZuouxTF Lo oREMEEIND D
HRENMESN TS (Bradford 5 2005 ; Nakajima & 1992 ; IARC 2014),

@ GST #%i#& (1% 2)

MV ZmuaxF L AZr g T4 (GSH) & SN2 SREBEMKIGEZAEL, HEA 4
CEMBELTC, S- (12-Yr7unvr =) FSLEFEr (DCVG) (22t % (IARC
2014), Z OO GSH #@/\Exlib“ 1< DlgER THE LS DM, MFIRIZIS T 2 #)ElEiE
RE OV GST ERILDT=DIZEITHFIETEL TS, 728, IARC (2014) Tix, *E
BREN) M OV S OIS, DCVG MEMR I LD EMLE LT, FFlik OB gk Z 2515 C
W5, Lash & (2000) |2 X#iE, DCVGiZt kTl 100 ppm (538 mg/m®) LLFD kY
yraaxF LA 4 REERER U721 30 LA P ic Bl L, feok 12 Rz
%o, DCVG EAEITFEMEN LMLV 2L, MU 7 auxF L AT X 5B AFSIE DR
ZHEOMZEE—E LTS

DCVG 1%, MK fifiE& T%é p-INEIN T AT 2T —E (GGT) KD A
TALT N ORTFZ =B Lo Tl L T b E %, fST D AT A4 4
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HETHS S- (12-V7unb =) -L-> 271~ (DCVC) %At 5, ZDORIG
I, BEO EH 5 THEE Z 508, EITEROITALRME b #5E LT Z 5
(IARC 2014),

DCVC %, S HIZLLTO SFHEOMKRKE TRE S ND L SN TVDR, ZOHMITHE
HThHD,

(i) 27/aY—2DTATALHE N-TEFNVETI VAT 2T —FBIZLD N-TE
FIAIZEED, ANV T —VERKE (N-T BT L-S- (12- 7R E=)L) -L-v &
T A > : NAcDCVC) ~DO1RHt
NAcDCVC D&% GST BEORH D =< —HT LW, FEAHm oA
BENKMT H~v——LEX LN TVWDH, NACDCVC ITRHICHERIE S H1EnIs, &
HIT RO 2 M OMRE TRHA SN D LHEH STV D
SALRAE AN TT 2 ) TV 7 =R ILIC L » TIT v F b &, BE DCVC
12243 5 (Uttamsingh and Anders 1999 ; Uttamsingh © 2000 ; Newman & 2007),
OB BE N TN D AN T — VRO 1 FEEEE LT, CYP3A %
D= T, ANLFEFT RIZZ{LT D (Werner & 1995a, 1995b, 1996) ,
(i) YATA 45 BV 7—8 (CCBL) X5, KIGHETFAL—NTHS S (1,2-
vrZunb=/)l) -F4—/L (DCVT) ~DO{RGt
CCBL DOIEMIIAFIR CITIE <, B TEV, DCVT X, # )7 & Teilam ki
Bz 7 vE Al (AR L<C/ZueuaF 477 (CTK) £midznnFdF47+k
Frnual) B (CTAC) #4595 (Dekant & 1988 ; Volkel and Dekant 1998), CTK X
NCTAC 13, i & HALFANCARL E CTROSEZ A L, B2 (Muller & 1998a, 1998b),
= AIE<'E (Hayden 5 1991), V URE & OIFHESIINEEZ LR T 5720, Btk
R ORNANME L BEET HIEMRELEZ X 5TV D
(iii)y 7Z7vrgaT/ 4Axv 7+ —8 (FMO) 1[0k D, AL ARFY RTH D
S- 12-Y7mubE=)) -L-vATA L ANLEFT R (DCVCS) ~DOfREH
72%, DCVG, DCVC DAL PRANE HIIE~D LY 1A BB T V5T B e 5 A
(OAT1, OAT3 %) MG LCW52, b b TIEZ DS RICEEFZ2RR B, =
D Z & DR ORI~ DFEFERITES D REMEN RIR I 1TV 5 (IARC 2014),

GST #R#&IZ X 2 EH O JR FHEC DWW T, AR D% < BROSHEE BT 5
728, M) ZmamuxF Lo Ezid DCVC |[ZWEFEE L7-EBR#EY) (Dekant © 1986b ;
Bernauer & 1996), K O't ~ (Birner ©» 1993 ; Bernauer H 1996) DJRH 17> 5 [EIIY X
NIZREIE NACDCVC DA THHo7=, LT -> T, NAcDCVC i hY 7 mmx=F L
CORBAER E L TRPOEIESID R, 55 REEERNE T DFHEELH VD,
PR OMERE R TIL GST R L 2R EOHENIINFE L S T\5 (IARC
2014),
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(4) HEit

b T, WMABBERICRIENZ R 7T L0 10-28% 3 RE /iR E L
TRER AR X, 48-85%7% TCOH, TCA & L CRHIZHEM EIL D (EU 2004),
70-75 ppm (377-404mg/m®) O LY rwuxFL %5 HE (48R, H) REL-

NiEREE EBRCTlE, BB#E% 5 BB DR O TCOH K OY TCA 1TWINE D 24-39% TH
0, mﬁb>ﬁ>0>ﬁkﬁ& I E D 19-35% ToH->7- (Monster & 1976, Opdam 1989, Chiu
5 2007), JRH TCOH, TCA DML ZFHF4 15-50 HEH, 36-73 R & H#HEE &
LT % (Bartonicek 1962 ; Stewart & 1970 ; Ikeda & 1971 ; Nomiyama and Nomiyama
1971 ; Ogata © 1971 ; Ikeda and Imamura 1973), 7=, HifaxicBiFs vV /7 ne=x
T L2 O NEK 6 44 B L HEE STV D (Sato & 1977 ; Opdam 1989 ; Chiu
5 2007),

M) ZaaxF L ROEORFYOFEFEH~OPMOMRIZELNTE Y, WA
PR 3 A BICRT & RIFREOREED TCOH & TCA NWEHh TR Sz, 7H
HIZIZEL o R b B SN2 ho7= & OWENSH D (Bartonicek 1962), 1 HH
720 OEMRIIRED 1/10 R THH20, ZOFENSTIUTR P ~DO P13
B 105 L7225 (IARC2014),

3 f[EESSEFM
3—1 ENARRVEGFESHE

(1) ENAMICEYT 2EFHE

c)ZooxF LoDORENAMICEL L, ThY) 7 ooz L0k 2 BREE LY
HAZAE SRS (1996) | (LU, MERERAEEMAZESHE (1996) ) L)) 1280
<, THIFSATIHE MotdT 2 MY Z oo L2 ORNANMEICEET 5 5200 ZE
VT Lo Eidnzzeny ELTWe, LML, I8, FERAEICET 2 F5E
INEENTRE S0, R 26 4 6 H AR ST EEEN AAFZERRS (IARC) OFHEEE (£
J 777 Vol. 106 (2014)) IZBWTH, FEFPHMAFEICESE, BBADER I NV—T
2A (B B ?ﬂf@m%<%ﬁ>|$ﬁ%€0iﬂ%7ﬂ*f71(tF 2% L THE A AMED
HD) ICRBEINZ, ZOL X, EFRHLIALZ O L LT, BN A, FERY
XU N, FFIES ADSEERICRET S T D, TARC  (2014) TiE, U7/ nmrB
TF L U DFEEREICBIT HEFM RSN T, B MZBWTBENSAZSI &2
TERHMIT 5 & & BT, FERTIX U N ER QWD AN DV CIIBEE M A B 42 X
N, —BELibOTIERNWE LTS,

% ZC, TARC (2014) DOFENASFED RE L ORI (Zhao © 2005 ; Charbotel o
2006,2009 ; Moore & 2010 fh) Z&de bV 7 maxF L DRI ANEICET 255
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49 ROV TE L B a—2FE i L=, 518, Bl A, FERTF U N E
K OWFIED ANZ B 2D 9 6, BREE LB DL LN - PR LSO
WHAE LI TWD TR A HONT, SR OEHENESE L EOMELZ T £ & O,

(a) EREHLSA

FU 7 waxF L2 OREE L B A DOBERIZOW T, EEOEFMRAAHE S
TV 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 |, =4— FfF4E) (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 : UL E, JEFIXRAFLE)
INOOEFHRD S, BEAAOH Y 27, 4y AR AIICHE BICH
mu, oY e F L ORE L ~LRKTIRESEDIFRISE LTV DY
AU TOARTH S (adm— MIE 1 (Zhao & 2005), JEFI%RBFSE 3 i
(Charbotel & 2006, 2009 ; Moore © 2010),

Zhao 5 (2005) 322 - FH PEZE D THEF 2 xf R & L THEM L7z 23— MFZET
5« e ERREREC O LS @E oW, RIRERAESIRE LT - mRE ﬁ@
BN AFEBREOM Y A7 ZHHT 5 &, FERERET 1.87 (95%CI (confidence
interval, {S#HX M) :0.56-6.20), MEEZERE T 4.90 (95%CIL: 1.23-19.6) ThH Y, =hkiE
HTIE M) 7o F Lo~ORBEEOFERBENR D oo LHE L TND, Fk,
BEEE L ~UITHRAE LT B S A DFESE U 2 7 OBEIIME TR (p=0.023) HHE L TV 5,
MATELERIZONWTIE, EOBBREICHOWTHOAEREINI RN LTS, 72
o, MUEEE, SRR EROZERFICE L TIMRE I T2y, £, RiE
%ﬁ R W TEEREORENRERECIEES OKTIREEDORIEN S TWRNTZD
SRR L~ DN ﬁ?ﬁﬁ)27®ﬁMWLﬁ%&%@f%@\%®ﬁﬁ
FATH D, (BEEFMIZONTOFEMITZERT 5,)

Charbotel & (2006) 737 7 > A Arve valley D22 UHIHIZEDNRK A 7o M D 5581 %
ﬁ%&bf%%bkﬁ%ﬁ%ﬁ%fﬁ,%ﬁ@ﬁﬁ?%ﬁbt%%ﬁyf%(mv
(R 2T7 4y 7 EUFET VAR U THRE, EmfEE (BMD i) |
1.64 (95%CIL:0.95284) Th-o7-, £7z, MUV ZruxTF L ORERESE JEM &
K I BE ORIEIZEE SN THEI) ChizGa, FERERE & i L CTHER Y 2 7 #N
HERS ST DX EMREERE CEG] O SAFEIRZE O anﬂlwomméE%%1
+6,128 mg/m® + 45) ; FHAE : 885ppm + - (4,761 mg/m® + ) ; HiPH 345-5,040 ppm -
. (1,856-27,115mg/m’ - ) OAHATH Y, FWIE OR 1% 2.16 (95%CI: 1.02-4.60) ?&>
o7, BT, E—JBREOREEERE LGS, SRR (BE—JBREHV) |
WT, FERRERHEL ﬁféﬁ%ORwizn(%%am%qﬂnT%otoﬁ%%%%
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T2 R TAR DS FENE DS iE N D IR BRAE Lfﬁ%ﬁ L7ea s, FERICABERBRIE LN
f:o ¥, RERERE (K- - SIRE) (TEEFE L BIED A OFHE OR OB M)

IO LNz LTS,

72, Charbotel & (2009) IX, Charbotel & (2006) & [FIUFT —ZIZEKESW\WT, FV
&qu%V/&U@MEA®% kmM#A@)x&k@%Lr_owTﬁ%%

DT AT o T FE R, WIHIMICIEE L CWAE T, M ZouxF Lo ~DiRE

zme@%E%E(HMﬂm)f%éﬁmmuktewmynui)wﬁxk%1
T OB DOREFEHIM N 1 FELLE) ThH - TR A5 OB A DOFHE OR (BRJE,
BMI, Fiin, M5, OFEME~DIRE 2 %) 1% 2.70 (95%CI: 1.02-7.17) TH Y,
DI B R (G35 OR 2.39 (95%CI:0.52-11.03)) LW & U A7 BNHMd 5L L
TW5b, 28, N vueaxd Lo 30HH~O BMBEERIL, TNEICxE
HZRD I EHFEIRR B IIMEIXZ Loz LTV A,

Moore ©» (2010) NHREONHE I —12 /3D 4 ENZ BN TERE L 72 JE B % FRAFE

CREBRLE, JERFI & 7] CIRBE D ABT « S EBE D DAER, MR, B T~y T 7
SHCGRR) TIE, TXTOFEFZEICONTHDLE, M7 aaxTF L REER
B D MRERRE & L LIRS A OFHEE OR 1L, MU ZunxF Lo O REREE

(AfEEEE & (ppm - ) —{EFFE) OFRAE (0.076 ppm (0.41mg/m*)) LA EOHEE
T 234 (95%CIL: 1.05-5.21) &7eo7c, BREBFHROBEEOEWVIE (40%LL EoJs
BENREE) ([CZOWTAREEAITE, BEAAOHTHEORIZN) Z7ea=F LD
YRRy E O RfE (0.076 ppm (0.41mg/m?)) LLEDOEET 2.41 (95%CI: 1.05-5.56)
T o Tz, YRR DS RAE (0.076 ppm (0.41mg/m?) ) A OERFZREIZ DOV TI,
T RTORAERIGRE L OB ROGEE O @RS (40%LL EOF7 @3 3z |
owfﬁt%émgz%mﬁwf%%ﬁﬁh@ux&@ﬁﬁﬁ%%i@#ot&L
TW5,

F 72, Moore © (2010) IZBFFEEICKIT D GST RO RBY DO EIZ >V TRRGFH
L, R GSTTI ﬁ{ﬁ%ﬂ‘u IZOWNWTHREEIT->TWD, TORER, D7l

1 OOBERIENERSIBE 0N D 556 (EMER GSTTL) (2 j:WM#A®0R
(OR 1.88 (%%@Lum43w)ﬁvﬁﬁ TEEIN L7228, EMERIRINGEIS Y2 o Lk b
KL TWAEES ORIEMER GSTT1) ICIXE A A DY 27 iiﬁéﬁu LZghol=& LT
WA,

IARC (2014) %, Moore 5 (2010) (23T, OIEFBEN Thl IR A 2RI 9~ 2 B2 B2
BHIHE ORI & BRAb L 72 T2 DAL SRR IR FAZ DO W TR A T A O A[REMEDN B 5 Z
&, QBE BMI, HCOHEICK2EMEDEFERORFNY A7 KR+ E L TRl &
%rfwéﬁﬁEﬂﬂ%ﬁﬁ%Wﬁﬁf%uWﬁvtwﬁbqu(%ﬁﬁmm@ﬁf%%m%@@

WCERBIREE (>10%) 25 2700ho7272%, 26 ORFI3E&i 2 ktetes
w#%%%éhﬁdczgﬁbfméo

k> 3 #5E (Zhao © 2005 ; Charbotel & 2006, 2009 ; Moore & 2010) DRgFE A
DFEMIRD LB TH D,
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Zhao & (2005) DOUREFAMIISEORA T L 508k (B A DOIRF N & Uiz ik e 3
W) TS TB-®E~ N U v 27 X (Job-Exposure Matrix, JEM) (2 & O“C{TZI/)?}”L
PREGRER LV NERE (B2 L, K, B, BIBREO R a7 XEFEFE) TrREnT
WD B ER &V%@%%@w$&f FOREMILFLH STV,

Charbotel & (2006,2009) (Z3531F 5 FHARIGRE OMEERFIMIL, FEB - 1EZEGRINIC
TERR & 7= JEM | ﬁo%,ﬁﬁﬁ%%@ﬁﬁ_%of%k@+ﬁ%ﬁa@ml$>
FHELT-LDOTH D, ERENT JEM 1L, FRaE Stk oE(EICL BN F—
vay (FEEENMEETHIGRET — 2 R @E ORTIRES L OlR) TR
ENTWDEN, EEEOHHE L TWET —X ONESNY T —3 3V HEOZEITH
HEIN TV,

Moore & (2010) Ti¥, FHEXIRE OBREFLICEEL T, BEOHEE (1HDSH
DOIRBRFHOLRE L, pw%,&w%,>m%@3z'nmm SREE (MR R
& LT, <5ppm (<27mg/m?), 5-50ppm (27-269 mg/m*), >50ppm (>269 mg/m?)
D 3 X5 TRl OB T TV AT —FZEHLTWDHD, BEEOHE G EOE#S 5
ﬁ%ﬁm)%@*%SEAM( T3V THRODONER, FIEOFEM, &7 Y

BT 2 ANBUTHES ST, ARG O RAERTGE & (ppm - 4F), FRIRER
£ (ppm) OFHITKRDO LB TH D,

PAENEE R (ppm + F) = BRI (ST D K4 OB EE R o )
XURFEMERE (45 3 K4y 2 & OMEERFE O E /R0 i)
X I ~DIEFAERL,
WMARBEN 1EL LREE LS ORBEREO S T 5,
SRR (ppm) = REIRTER (ppm - ) <+ HEFAER

US.EPA (2011) 1%, ﬁﬁ%@%%@ﬁﬁ%:owf,%ﬁéﬁ?:owf%%VN
IWENBN ST T D 72DIiE 0 D EEENE W E LN 6 Y, RERSGE OBREER
kLTﬁTﬂ)ﬁwT A aERWEZ Ik o T, BEGREECIBREIRE OHEEMIX
Charbotel & (2006) DOHEERER & LA TIEfMETIERWVE LTS,

LLEDO®EDIED, Vamvakas & (1998) &, R 7o F Lo ~DIRFEIZLD,
EWEN A DY AT OHIMBHHID & OFERZHE L TVDHD, B L ~VLITIK, H,
FOHATAY TREINTEY, [IPREESOHEEITFLHE STV RN, vk, Z0
HETITRNE L AL T ADOAREMENRE 2 BT,

Hansen & (2013) %, dbBk 3 B [ED 2 R:— MMiF%E 3 'fﬁ@’f HEAE LT — LR
ﬁ%ﬁofwé %@F% MU ZooxF Lo ~ORBRICEDBEBPADY X7 %

IRERE DR CTAHIG AT, ﬂ%ﬂt%%%t($R)ﬁ>101«B%cuym—14y'fkc
Y (£ 5 ﬁ%%%ﬁkbtzf FNERER UL, mlREERE R 11 TCA JREE DS 50 mg/L
#H) CTRAB NP — FEL (HRR) O (2.04 ; 95%CL0.81—5.17) A LNT=N, A
B bOTIERhoTe, 728, FEDOIX, BESANIIABEENMELS, HitFNmR

11
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HAOBRENDTD, S BRHMIEPMETHDLELTND,

ZDIEPOEEFFN NI OWTE, LI/ HEE N e Lo ~DgE &
g A & ORFEMESETIT A WHRE L H D0, T ERAIITHNT LTz A 2 fif
#ré LT 2L (Scott and Jinot 2011 ; Karami & 2012) 23%F H 115,

Scottand Jinot (2011) 1%, Y AT~7 4 vV - LEa—|Zk->TC, M) /mrp=xF
VUgER & STEIEON A (BB A, FERTF U N, A A) (2R L 72
LRV D —EORAER 2 Uiz adR— MR 9 e, JEGIXHIRFZE 14 ez mH L,
ST LTz, ZORER, B A2 OW T OIREBERFRIROHS L7 U 27 (summary
relativerisk) 1% 1.27 (95%CIL: 1.13-1.43), &HREEFEOH G LI Y 2 713 1.58 (95%
Cl: 1.28-1.96) &720, FUZuopxF LU ~DBRRIZE > TRHEBAAD Y A7 N3
MUT=, 7238, BB A OWTIEEN, S 7 23R S ien -7z L i
LTW5bh,

Karami & (2012) %, RV Z oo F L o ~DOBEBENHEETHY FEEREH, W
fESeA &2 & de), BIENS AN S NIEFMA (BEEA~O TGO WIS % bR
ShUT= R — PSR 14 f, JEGIRTIRAFZE 138, hY Zonx=F Lo ~Dg@E a4 -
Te P LIS, R FBEH, DR ORREMERER 2T 28 b E £ 5)
WX DA XN 2 FE/ L=, P ZaaxTF L o ~DREFERIZLDFEDADHE LT
FExt U 270X, 2dh— MFEDOARTIE 1.26 (95%CIL: 1.02-1.56), JiE 5%t BAAFZE D A T
1% 1.32 (95%CIL: 1.17-1.50) Th o7z, TOMOMEEERBER~OBERIZOWVNTIE, B
s A DFEXE ) 27 OFE/RBEII L CTHA BN oTe, Fio, WA 7 A3
HEN7em o7z, BREMEORDPENRKEWAREEIVRIB LD & LT 5,

Dbz Emnt, PV ZenxF Lo ~OBRFEICIDBHNADY A7 IZONWTE
B E, EEMA AR (Zhao & 2005 ; Charbotel 5 2006,2009 ; Moore & 2010) T
X, ERRER D D WILEIRERE L2 BE 2 5 0HICBWTBBAAD U 27 DO
ARG E N TWD, 7 —/UENT 1 #i (Hansen 5 2013) 123 W ClmBRERE C B
MDY A2 (HRR) DI LTZD, HEHFRICAERER DT R)hoT, £z, —
EDRUMEZ T LT FH I EES < 24:0 X 24T (Scottand Jinot 2011 ; Karami &
2012) TliE, B ADY 27 OEMPBHE SN TWD, ZibD XTI, &
figk 23 AU DU THFSE ] O BE PR A 7 A3 ST 722y, Karami B
(2012) (Z2DWTIHEA L7 am R W TR ORRFHAD "I REMEN 8 5 & #Ht
HLTWD,

TNOOMRERAIINCEZ, N ZuaF Lo OREIC L > TEERADY X
I EEIT 5 b0 L L7z,

(b) FEROFY/[E

r)ZaaxF Lo ~OREHELIERIF Y N EE OISOV T, #E D
YA NS 5 (Anttila B 1995 ; Axelson © 1994 ; Bahr © 2011 ; Boice © 1999,2006 ;
Hansen © 2001 ; Lipworth © 2011 ; McLean & 2006 ; Raaschou-Nielsen & 2003 ;

12
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Radican © 2008 ; Spirtas © 1991 ; Zhao & 2005 : LA b, =7— RMF9E) (Christensen
5 2013 ; Cocco 5 2010 ; Deng & 2013 ; Greenland & 1994 ; Hardell © 1994 ; Miligi
% 2006; Nordstrom o 1998 ; Purdue © 2011 ; Seidler &5 2007 ; Wang & 2009 : UL,
S5k FRAESE)

ZD9H, N Zarx:F Lo ~OgERZ R IRE CREE L 72 LRk D =2 R —
MFZE (Anttila B 1995 ; Axelson & 1994 ; Hansen ©H 2001) TiX, FHxIVU A7 O8N0
DWEINTEY, D55 Hansen & (2001) IZOWTITAER LD THHoTZ, F
7o, KEOHZERE - MZEFHEEOTBE 235G L Lizadk— M5 (Lipworth ©
2011 ; Radican & 2008) ([ZHBWTH, FETIZRWAEX U X7 O HE ST
W%, Bahr & (2011) TiIAHXTY X7 OF BRI HE S TW525, IARC DY
—X 7 7)—"7 (IARC 2014) IR+ 7e@E s LTS, ZDIEN0OWmE T
U 27 OEINTHRE STV, JEFRBFZE T, 83t 27 ofinz s LT
WAHLDOHH AN (Hardell 5 1994 ; Purdue © 2011 ; Deng & 2012), U X7 OHIHIAN
Bl SN o T @E b Z N, ok, JEFIRIRIFE T, MEZEMTIERTF U
ARIEIZDOWTHRR D 5B ERRNEH I T D720, ROMRIZIEARSH S &S
TW2% (Rusyn & 2014),

Hansen ©» (2013) 1%, dbBk 3 HED kR — MFIE3I RO T — X e L T — iR
WraiT-> T\ 5, EDOREE, F)&mmi%V/m®ﬁ WL BIERTF Y Nl
DY A7 ZBBREERTAHIL BT, sm,¢126(%%clow—17w fﬁyato
IR 2 B REE L Lok — %W%& IZBWTIEF - mIREREO Y 227 (HRR) |
HEREMIAONT, BEKGELAONR->T2, £z, Cocco & (2013) FA
ZVT, 77X, d—ryN6 BE, KEOREFXRUIE 4 RO 7 — 2 ZHa GF
ROX ) UREOSE L) LI — T2 B L, JERI X D S
B, FRICTENAME YU oE, B Y COoRERMERIMIEO Y R 7 OEEINMN AR BT & L
TS, LOLARRE, ZOMAIIZOWTEIT — XA OBEOBENEOK LD T
FEITBWT, L7 —F DOEE LB T L IEMICKBE S IV TORUWATRENED &
HEBZOLNDITN, FEEALLERIIBWT, ERTUIF Y NEOY T I —T
DFRNT CL B ORI B 5 Z & oA & O JER s B 78 THE R 2 5t liiE 2 W T
WHZER, M) ZunxF L LSOOI R ~OIRGEIC L D A5Hk 2 7l L 727
ST EEWVWSTRENS D Z L EFH LTS

Scottand Jinot (2011) 7233k L 7= A & fif#idT Tl % ERERIAR M NIRRT DWW T
DA LM%Y 27 (summary relative risk) | i%dl%%1123(99%CL1014A2%
1.43 (95%CI:1.13-1.82) TH Y, WIN b HERENTH 72Dy, FE IRV F
YU BT OWTHIEM O BB M, HRSA 7T 2O FREE A FER L T\ D,

PLbEozZ &nn, ERTF Y NEICONTE, M) Z7aoxnF LU DRgEE D
B ZRT W O OWEIZHH DD, —H LD TIHARW EHIB LT,

13
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(c) HiENA

MU ZvuxF Lo ~OgEEEFESA (IBENALZET) OBEMEIZ OV TIE,
B D =R — MFSE (Anttila D 1995 5 Axelson © 1994 ; Bahr © 2011 ; Boice ©
1999,2006 ; Garabrant > 1988 ; Greenland © 1994 ; Hansen © 2001 ; Lindbohm & 2009 ;
Lipworth & 2011 ; McLean & 2006 ; Morgan & 1998 ; Raaschou-Nielsen & 2001,2003 ;
Radican & 2008 ; Ritz 1999 ; Selden and Ahlborg 1991 ; Spirtas & 1991 ; Sung, 2007) }&
OMEBI & FEAFSE  (Christensen & 2013 ; Greenland & 1994 ; Vlaanderen © 2013) 23%
%o

WL OO kR — MIFFE (Anttila & 1995 ; Axelson & 1994 ; Boice © 2006 ; Hansen
5 2001 ; Radican & 2008) TIEAE TIXRWHDODHEX U A7 OHINNH LI TE
V, N ZuavaxF L gL BN ADY X7 & OB OBENEZHE LTV 5723,
Z DA OHE TITFEXT U 2 7 OEINTBIZE STV 7R, F 72, JEFRBFSE Tld OR
DTS S TVRYY,

Hansen & (2013) &, bRk 3 H[EHO = A— MMFSE 3 'fﬁ@’f B Ewie LT — L

WraiToCW\Wb, TOREE, M) 7ooxF L o ~DOgiE HIFEN A DY R %
IR WT#K GiMRﬂl%(%%alw 2%)T%D UR7DOHERR

N HE SN TWD2S, [KIRERZSHREEL Lo 24— MR Tl - @R
anmRﬁlﬁﬁ?%oto

Scottand Jinot (2011) 7235 L 7= A Z AT Cl, BEHDEIC OV TORE L7t
xt U A7 (summary relative risk) 1% 1.29 (95%CI: 107 1.56) Th o7y, EIREREIC
DUVNT O Y 27 1% 1.28 (95%CL: 0.93-1.77) Th o7z, £z, MR AIZONT
WFFERI DO & 2372 BUE M, HRRASA 7 RT3 STV R WD, [RE DD 7T
DITHEH PRI SIME S, REBZRFTRLE ShTnb

UbEDZ E0n, BB AIZOWTIHHEHRPRONATEY, N ZrpF Lo
IRz & ORREZ TR T W O OWETHLH OO, —B LI HOTIX ARV & L7,

(2) EINAMICEAT 2EBYER

ZITE, EREMIICHTA N ZaanF LU DORNBAMEICR D FEREREY &
nE LD,

W AREBE F - I3 OB EIC L > TRy ZaaF L U CRE L - EHCRRE O
DF >y MTEWT, BEE (e E 721308 ORARIZOTHRIEMAZ L TND
0N, FEHFERINCAE TH - 7= DOIFHED F334/N 7 ~ b OiRER (NTP 1988) & Uf Osborne-
Mendel 7 v R OB (NTP1988) DA Toh->7- (IARC2014 ; Rusyn & 2014), L o>
L7235, TARC (2014) 1%, T 6 ORBROIFRFER CIXFRGEORENBILE IR
MmoleZ b, BEOig D 77 — 4% (F344/N, Osborn-Mandel, August, ACI 7 > b
DOREEDOT — %) TEBEGEORERNIEFITIRNZ L 2BET L&, EWFRIICE
EThDEHBLTWND
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F£7-, IARC (2014) 1%, B P“@%jﬁ?r?ﬁﬁ CH BRI AEREINNHRE STV 7N
AR (RRO&E, WAREE) ITBWT, BREREO 1 LUl B TR IER (WIEE 72X
%)ﬁ%ébfwé_k_%aﬁbfwéoﬁk,v?%@%@ AR TR EE O
FARBENINTHRE STV,

ZDIEMT, T v MERAWCGRERE D &GN T, BED Sprague-Dawley 7
v &, MED August 7 v b OB IMLE, W AIRZERER Tl Sprague-Dawley 7 v kD5 H
OFVEMIIES 72 ERBIZ STV 5 (Maltoni & 1986, 1988 ; NTP 1988) .,

F 72, Marshall 7 v F OFRGIFE O 5B IV T S G E O BB MRS O A3
HHILTUW % (NTP 1988),

ZDIEDDORHED T >~ b (ACIL, August) TIERHIREEORFRIEZE ORERNEHL (>
75%), WatFHZe BN H H & T 5 (IARC 2014),

~ U ADREGEIAEO A E LT, BO&GIZ oW TIIMERE E 72131 B6C3F1 &
Y Swiss = 7 A O JIFREE (HHAEARIE ) OB BB E 4T % (NTP 1990;
NCI 1976 ; Anna & 1994 ; Bull & 2002 ; Maltoni & 1986, 1988),

72, ¥vU A (B6C3F1, Crj: CD-1) OW ABGRFEEERTIX, ML O AREI & )
HINTWAH A (Maltoni © 1986, 1988 ; Fukuda & 1983), 7 v k, NA AKX —TlIfE
B DR AERBINIFE STV (Fukuda © 1983 ; Henschler & 1980),

Z DXy, D B6C3F1 ~ 7 A (NTP 1990), August 7 & (NTP 1988) D#F 11
G55k, MED Sprague-Dawley 7 v k O AiREEEAER (Maltoni & 1986) T, U/ \iE
MR IEEE O HE ST 5

J’:ﬁ@%&ﬁbfﬁé’%éﬂf_%@%%ﬂ%@%&ﬁ%m:%E.’)@Faﬁ%c:ob\ﬂi, UFD LD
RIERN D D,

- BIESIE, Ty FTIEHE IR, v U ATIEREIN TR, 2, RU S

nuTF LRI DBIBA~DOREIZONWTIE, Ty b, U RAEGITRME -

Fa o B, ERENBIER SN TODN, BZMIXT v FOFREW E DM

3% % (Chakrabarti and Tuchweber 1988 ; 7= 1%/ % — « FESEHINIR A BH R -

PERSHHE S8 U A 7 & B9 o % — 2008),

- FFIESS X, B6C3F1 M ON Swiss ¥ U A CIEFAENFEINTVDER, thoRFEo~
DART v FTIEHHRE SN TE LT, R L 2E (FEMZ) 2355 0]
REMED D D & DRI & 5 (Bull2000), £72, ZOJRKE LT, v X (B6C3F1)
DOIFIED CYP {&MENT v MZHERTEWZ &, HBESEORAEICES L Tnb L
EBEZONDHAINAF Y — LOMEFEMENR T v F TIHRWTZ L&, BEL e b
® CYP {EMEIZ~ T A, v FEHELTEBIZHWVEDORENDH D (BrbEILUER
M2 B 1996)

- W ABRFR R CIE, WMEEOBMA~ 7 A TCORATHRESNTEY, 7y METIX
WEINTWRNWZ LD, FRRICEMZOH S Z ENBLHLNLTWD, v T AT
TRV 7o F LU ~ORFEICLD, MKE XD 7 7 /Man R EE %
FHZENHESNTEY (Villaschi & 1991), Riehy72fiiasE & il iﬁ“é
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29

PRAEM: D FH AR HE 51 S DO EE NS RS DJRIK & B 2 540 Tv%  (Green 2000)

7SO EETI RN 7auaenF Lo ORI TH LK 05— L OEREH
AR EEBELEINTWD (Odum B 1992), ZOSEEE z2, ~ U A TIIREERICY
T ITRRNLEEMEL, M) ZnunF Lo afiks o — L~ 5 CYP &
N7 T ZHE TR bEV (Green B 1997 ; Green2000) DIZxtL, 7 v hTiE~7 &
T, 7T TN CYP IEMEDZE L <RV E S TEY (Green & 1997 ; Green
2000), ZHBLBRTT AL Ty OGO EROERIIEG LTS LR L
WMENDH D CFmRNF— - FEEFITRG BAFHEAE - FERIHEFWE Y R 7 45 BHIE
& — 2008),

PLEX Y, MABRERERCROBGHBRICBNT, 7y N TIRER, RO,
FE, ~ v AT, B, Vo &M ROEEORAENREINTWD, B,
g, MioEZFICO>WTIEL, Ty b, vUAO N ZuoxF L AT T DR,
R SE DOIEMSCHRE DBWVEIC LA ZEDFEN RIS TV D,

(3) E=FEEH

ZITIE, MY meTF Ly (LEAIFEORMD 72N G D) K OZ OREHWE T,
TN A DFERIdiA: T o 5Bl CROSTED B WH R 2 E4A T 5 GST #REE ORHT
W Di&fs - FEENME (genotoxicity) 'WZ-DOUNT, in vitro 2 KON in vivo Sk D FRERE I &k
LIz, EHIT, BEFEEROI RO TH, DNA & ORI HES  ZERAE R

(ZHJFME © mutagenicity) 4R 2 EERMBERZEAEL, M) /e FL oo
D ANEDBHMED AT OV TRRE LT,

(a) in vitrogB&&

M) ZvazF Lo a2 LERBRICOWTHRD &, Ml 2 A -8R 2R B
B (Ames iBR) TITABENEMELR O LOBAITIHIZIET X TOREETH D,
RENEMHALROWINSH Y OGETH-> THIRONTERBR TOAGETH -T2, F iz,
L DOWEM & AW BlamERBRIC BN TH —HBGMER RS EL S e h, 132 AL
NEMETH - 72, IO 2 W3R T, /IEGBR TR RN S LN

U 2 2 ORI BE 1 REE M (genotoxicity) 1%, I ERERERE ML E 22 2 ERE 7 1
77 L(WHO/IPCS)IZ K % iEF [DNA HHIEDFHIET D b DX DNA HEIZEES < JLFE
DFEE (ZERERIZT <, REH DNA AR, GlikYea sy (K25, DNA {8k
DFEFFEEETL) ] ZHETbDOET D,

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

2 Z 2T A BF M (mutagenicity)ld, WHO/IPCS D R k35 Dt s FFEEN GE&
T-IEIRAE FOY AR I OFFEFE 2 &, AP IERIZ 7 DO EME 5 b

D) &T D,
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TUW5H72 (Wang © 2001 ; Hu & 2008), ~ U AU 74—~k (4 RJFMERR)
(Caspary © 1988), ~iEH] DNA & hk itk (Shimada & 1985; Perocco and Prodi 1981),
fililk Y a3 IR 22 # (SCE) #ABR (Galloway & 1987), Yo (i 4 5B (Galloway > 1987)
TIEMAHERGIEDORERBE LN TR,

MU ZmuxF Lo GST BEEONREM 2 &G LcBRiconTid, s (1,2-
dichlorovinyl) -L-cysteine (DCVC) TIlX, Ames iz (Dekant & 1986a ; Vamvakas &
1988a), R DNA A haERER (Vamvakas & 1988b,1989), DNA HigHEIWiHER (Jaffe
5 1985) THMEDRER TH o722y, /IMEAER (Vamvakas H 1988b) TII2 DR R
Th o7z, £z, §-(1,2-dichlorovinyl) glutathione (DCVG), N-acetyl- (1,2-dichlorovinyl)
-L-cysteine (NAcDCVC) {22\ TIE Ames s8R THtEDOFE RS H 4172 (Vamvakas
1988a,1987) ,

(b) in vivoiRER %R

REHFO M) Z7vaxF Lo ~ORRICE D8R FREEEZFT 2 LT, in
vivo FRERR D 5 B TH R ABRTEREBROFE RN EE L 7250, FolEa vz b
V7rauaxF Ly OWAREIZL D in vivo RO AORERIZLLFTO LY TH D,

IINERBRIC OV TIE, B SRMERMER TIEGME (Kligerman 5 1994) M OF&EME
(Wilmer & 2014) OfERZR L, fldlfas TO/MEZEFRE (Allen H 1994 ; Kligerman
5 1994), SCE &l (Kligerman © 1994), YLafREFHFER (Kligerman & 1994) (2
SWTIZERETH 7=, 77, " T AV =7 « w07 A% AW T8 BE MR
(Douglas © 1999) & =2 A hakBi (Clay2008) IZfEMETH -7, T D OW AR
REROMADH L, M) rZnoxF L oOBREM,E (DNA & ORISHEICHES < 22554
25 5 mutagenicity) #5439 % 9 x CTHE L E X HALHFNHIL Clay (2008), Douglas
5 (1999), Kligerman & (1994), Wilmer & (2014) TH Y, Zh 5 OMEIILLTF O
LBV THD,

Clay (2008) (%, hVUZwvmx=F L &R AREZE (500, 1,000, 2,000 ppm (2,690,
5,380, 10,760 mg/m*), 6 K§f#]HX 5 HfH) L7277 v FOBIZIOWTa A v Ml
#3HE L7=72%, DNA UIioFE R LS IT7ehoT-,

Douglas & (1999) %, lacZ Bz FHBA~ 7 ZA~DOW NIEFE (203, 1,153, 3,141 ppm
(1,092, 6,203, 16,899 mg/m?), 6 K], H X12 HA]) 12XV s CRAE L7 mse
SR B DI 2 5 72208, FEBRENMIZ 51T DM A DIERINRER T & D Bk, fili, i,
B, Mg CAHERBEINI /ot 72720, FEEBIL, lacZ T AV 2=v 7Kk
BRCIImERE BN OERIIMHPRETH D720, KRERREPFEEINLTND
FREMEIITE TERWE LTS, £, ~U X EX MU Z oo L oAlxt LK
PEDERNWE IR CTX 5 L OFL#E L H 5,

Kligerman & (1994) 1%, U Z oo L% 6 KR EE AR (5, 500, 5,000
ppm (27, 2,690, 26,900 mg/m®)) L7=7 > NT, BHHELYLMEARMER D /N D R FE IR
TP L CAHRBICHEML CWD Z 2R Lz, —J, KLY >/ BRTix SCE, #fh
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R, IMEOR BRI a0 -7z, 12, 6K, H X 4 AMOBEE (5, 50, 500
ppm (27, 269, 2,690 mg/m?)) TIIH #lZ% Yl EiR MER/NZ DA B AR AR > > T 73,
ZHUTRREEIC I T B/ NS AERN R B ICE N o T B L TWD, [FEEDIRE
KT~ U AITHREE UTofE R T, BRI SR R T MZ ORI Ao 7o, 35
FolL, 7y MEHZEHRMERIZB W CTNMEIOFE RN A LNTZIZ L b BT, Y.
R ES SCE NALNRN->T-01F, M) 7 uaxd L U BN E8EARICIER L TR
B EZFHE R LT e LTS,

Wilmer & (2014) 1%, v M MU 7 max=F L % 6 RefHEIR AEE (0, 50,
500, 2,500, 5,000 ppm (0, 269, 2,690, 13,450, 26,900mg/m?)) L7-, TDOfER, &
BES UL I ER ME DB B R BEINT 2 o7 728, RY 7 ooz L 3Rk
RIEOFREMEN S D72, 0, 5,000ppm (0, 26,900 mg/m?®) BEDIKIE 2 BRFEFITE K Y
PRERE T =2V 7 LR, 0, 5,000ppm (0, 26,900 mg/m?) #f & & IZHRED
At CIXERIROFE 722 ki o 7228 (35.5-38°C), 5,000 ppm (26,900 mg/m?®) #
TIHRZE I 25COBETRALNTZ, L LARRG, /IMEEFHRT D IRMIRRIZ =
LTWRWED, FH BILZ OREOERIEL T3/ MR O RICEEL H 2 o &
LTW5bh,

728, NV 7ruoxF L OROKGEI3EENRGICE 2 BRICOWNWTHD L,
BRI, ROREGICX U EREZYMEIRIMER (Duprat and Gradiski 1980) & & fig i
(Robbiano © 2004) TIHMEORERNE LT, £72, DNA —AREHGIWEER (Walles
1986 ; Nelson and Bull 1988) (Z2oW\Cidk, RH& G, BEIENKRE L bICEETH - -,
L2vL, REH DNA Akl (Doolittle & 1987), SCE ikl (Kligerman & 1994),
e KRR FEHE (Kligerman © 1994) ([ZOWTIIREMEORE R HE STV 5,

GST R DO 2 W T=38R TlX, invitro iBRD 9 B, HlE 2 W 7218 IR 290K 28
TR O LA ORI 2 W 7 B R BB TR MERE R M5 H AL TV 5 723,
in vivo iBR D FEEHILZ LU,

Clay (2008) I %, GST #&HE D TH 5 DCVC & 7 MM H[ERE O 5 (10 mg/kg)
L, 20 2KMBRICEED = 2 > FBRZITV, DNA YR AREIZHENT 52 &%
WMELTWD, LaL, 16 KE#%I21Z DNA U OB E RN SNtz 2 &
225, DCVC @ DNA HIEFHBIZ OV T EHIB T 2123 A+ LT 5,

(c) EEFEEHDEREICDOINT

in vitro KON in vivo BEBCR DFERICHESE, M) r7nvaxF L KO GST #2i
DREY DB T FEEEDOFEDORG 21T > T2, invitro REBRO R ZJmo T L
W BRBRIZ DWW T, M 2 D72 IR 28R A BB (Ames #BR) Tl tko
FERDZ N, L L7226, WFLENM) OB M 2 7o/ NZ Rk TR oD [ s
PESNTWS, £7-, GSTREOMRBMIZOWTIE, WILE 054 Fv 7=
T % D invitro R CTHHMEORERPE LN TR Y, HIFZERERAHR (Ames iER) T
B DFRERDZGOEN TS, —F, invivo BB TIX, M)/ TF LU 2RES
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BTy bO/MEABR TIIGMEORHRPELNTWD OO, JFHE DR 58K O
BRIZIB VT —H LIZBIEORRIIHE S T,

U EOMBZREHNHET T2 E, N Z7ea=F Lo RKOED GST REOH
Wix, DNA 85T 51EH 4 A L TRV BinFEEEEL~T LB R,

(d) FEALAEDORBEOEEIZDOT

B EENROHHZMED S H, DNA & ORIGHEIZHES S EInF29R B R (LR
JFME) BAELZHDIZONTIE, TORNBAY ATZICBENR2WEZZ LTV,
TN, 72E 21T OBGEEYEIZ X D DNA BIE T H 2R FSCYL AR G O
JFRIRERY, BRAERETDLLENIZZICHESS D TH D (Kirsch-Volders &
2000), —J7, ZBRFMEEZEERNTRIZVIETH - TH, MllanRlEEE~0pEe
Z NI B ~OFERC L > TEIBFREEENET D2 LD, WHOREREL,
%L DX LRI E EVERTIUSREN MCEDEENBN D /TREMR & 2 (Elhajouji ©
2011), ZDOX I BWEICOWTIFHGRMICEMENHETEXHEEZEZXLLNTND, Z
DEHIWREZTFIHEND, PV 7o F L OENAMEOBRMEOAEZOWTHREL
7=

MU 7T LU BN ERNTEREME (DNA & ORIGHEICES S SRER) &+ F
THPDOELRCEHELEZLIND invivo REBRDFERE 5 &, WARBERRTIZT v
b & W IMERBR CO BRGEDFER DI F B TV 52 (Kligerman © 1994), ~ ¥
A AWT/INERER, NI AV =y -y RZERE AR, a A v NRBRTIX
EtEcHhH0, B LEBEORENE LN Ty, BO&GEERICO>\WTIE, Y
sunxF L rERELET v bOMERBRTHEORRENMELNTWDEN, MY 2
TS LD GST REORFMZROKE LTy hoa Xy MaBRTlE, DNA
BIWr OFHEFIT R STV,

72%, Kligerman & (1994) 2K %, MU Z7voxTF LU ZWARE LZT v RO/
BB ClL, B Y MR ER T/IMZ OB BB S 7Dy, KM Y &/ BRTY
REFE R SCE Tl s e oTc, TORRIZOWVWTERLIX, 7 v MEBL Y
FRIMERIZ IR SNT-/IMEERIT R 7 e L d DNA ISR+ ABEEEHAICL S
DTIERL, AROZEEERICEET DA EITER LTl &l Z S lhEtE %
RIBLTWD,

w2, U ZanxF LoD ADEDIENEE Th 5 BEIR CHRERE LT
T LMD ONTHDE, N ZanxzF Loz owBEICR D& LR BT,
FE T/ IMEBERPBEI N DD, WARRIZLD N T oAV 2=y 7 - v 7 A%
IRIE B K N3 A v FEREBRCIXB RIS IS 1T 5 DNA BIEr-Co2R A RO FHR T S
neinolz, GSTREORH#MZ 7 v MIRAEG- Lica Ay MR T, &
i T D DNA 5 OFHR T S g d oz,

728, GST DB T DX A TIZL > TRV ZuvoxTF Lo ORBENEENR RS Z L
DHHNTED, TORELLTREPAY AZICHERNEL D Z ENHERIE NS,
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FHE AR L LTEFRETIE, NV Z7unoF Lo ORBELSZ T 98505 b,
RNEMER GSTTI OB TFHEZAGT 5295 EETIE, M r/rexF L U IRFEICELE
WS Ao DI/ A7 S EF Ly GEMAL : OR1.88 (95%CI: 1.06—3.33), A&
A OR0.93 (95%CI:0.35—2.44)) &\ o7z, R/ F LoD GSTIZLSHE
R PEE & &g A & ORI EME 2 RIBT 5 HENH D (Moore & 2010),

U bR ZRETHE, FEORL ST invivo RBRZANEEI N TWAHH DD,
FE A EDBMERRIT IR TELNTWD Z &, WABRFERBRIC L5/ MEF R I
DNA (2R HEBEFAICEI DD TRV EEZBND Z &, HEHlER TH 5 Bl
TO DNA GIWr-CZ2RE R DOFERNH SN TIH NI End, M) ZppxF LR
RN TERIFMEZ BT DT OWTIIARHEE LB X DL, BB AMEOBEOA 2]
WrCTx7ZehoTm,

—2 ENAEUNDREREE

U7 muxF L DRI AN ORREFEEIZ OV TS, REAERMZ B S
5 (1996) (B W TRKERBEEEDORIL & S NTZRFENH AL NENLIBFEICAR I
TIEFHIRD OB, IBFE LNV EOLLNTERFREESEDOHERNPELNATND S
@%$®K,%ﬁﬁ@%ﬁi%a@fﬁ%%ﬁ@ik@ko

F7, AMEFMEICOWTIE, FHEIC L D ADOBRECEBREN O HiagEE O 7T
HHT, RELEOKRFHIEREFEH TEZ 2O TIERWD, BRREED DL WILEN
I WEBEREOMR L L TR ZeoxF Ly osMEA2ERET 5 L CHEE
ThoHID, WBRIOREIARINTZHARLEZTLIZE D ELDT,

T2, B RRERIMOMAIZEBWNT, N7 unxT Lo ~OIgEE & ORI
RINDBaFE~OFEL LT, MR, B, T, ER, <08, FiEgR~0
BN ORARENZFT 5N TS (US.EPA 2011 ; Chiu » 2013), 2D 9 H, B
PEDFEHLA LRI R FE L TV D S DI, BATO RKIREEEED 72 2R & 72 o -1
RO Z DS B, R, Al ~DRE, BEFETHDL, Z
O DFEIZOWTEREAMER ML Bl (1996) LIEORZ2mE b3 TRAE L
776

( 1 ) n_.\lliﬂlli

M) ZmaoxzF Lo ~OBREIZLSE hOBMREMEIZ YW TE, UTOMERD S
(WHO 2010),

FC X DIEFIREICLINE, e O EREDO N oo F L U2 A LTSGR,
ICHARARR R EN BN D, FTo, FARRS AR BN A LN L ORE
N D, MRBROAMEE Y, Y 7o Lo oSy s th i T s
(AUC) L0 &l ORI & BEEMEN S 5, B oW A DOLA T, 270 mg/m?
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30

31
32
33

TR L OBER IR AL T, 600-1,000 mg/m® THRAESH DK FRAL LD,

PR R LA DB LTI, fEERARICOWTIE, EIREDIREIC L - TLEM
BNEL, FBICRDZ DD E LIEHALRH D, £, @BTIBREE O O
TRV 7o F Lo 2W AL 54 OBMN, BEEH 774 FERIZ A 72
EpEE (RP ORI E, N-T 2 FN-p-D-7Lat I =42 —F (NAG) DIEEDH
IMTREND) ZRIELT-FEHNH 5 (Carrieri H 2007), TDIEH, b ZooxF
LR aaT AR ZELH Lz 27 MO BN, AoBREe, FFAREEI8IEE,
HE ORI L 720 JETC UT2EBIN 5D (Takaki © 2008),

FEEREMW) TIL, SYEREEOERENT, BEIIREE & 2 D% O HHARRSR O & &
MERETH D, Z OMHlE, KE L IEBO WO ML N T, ZO%ICEEREE
IZH#EIT9 %, LCsold, 7 v b TIX 142 gm® (1HF[E]), 71 g/m’® (4B5[#]) T, w7 A
TlX 46 gm® (4 W) Th-o7= (WHO2010),

¥, THRMRERANDEBIZONTILT v FTEEROHN DI E—ZRENE b X
DHEEWNI END, B FTIEERIMID QEZEREWVW ENREBINTWS
(French Agency for Environmental and Occupational Health Safety 2009)

oz, v~ 7RI Y ZavxF Lo a2 EENEG% 1 R LANIC SE e L 72178
FhR (M8 <L, EMKHOEXLR (EDso 2,623 mgkg), = N IZH E 2 FEH
DY (EDso 336 mg/kg), ERDIRL A ¥ 2 —b (FR20) N2 LB AT v &4t
FFICB T D EEROIET (EDso 733 mg/kg), MULT A7 > hMaRBRUZIB 1T 5 K&
SNDOEBIZONWTUTHENTN D /R E LT 62.5 mgkg (FR20 47 » FiRBRD
EDso LN OFFHN O H & THENMi, ) 2ZME ST (Umezu & 2014),

£, EREBWICENT, P 7 oo F L2 OGEIRE DR RS W
HEINTWD, N 7noxT L U g@EEEOTURGER e A ¥ I U, RIEMEAT
4 ==X —PpEE AR ER T, R oo FLrE 0,001, 0.1, 1 mgkg body
weight D& ETHEENE LG L2 v N CTERNT F7 4 7% — %50l L7oFE R, H
BIRARIZHEIZHEI L7 (Seo & 2008), 7235, [RIRFIZ FEHiE S 4172 in vitro R T,
NPMC GGEMRLZ » FIERAE ML), RBL-2H3 M LHURFER e A X 2 VO
M BRI b Blat S,

(2) MHRER~NDZE

PRER DI BT D FIIE & LT, BRETEEREMEZ AR WmE (1996) 12k
TRERBREAEDORIML & SNTMAMTENLURICAR SNIEFHRO O 5, BREE
L ALROIBED B HVIZ AT IREFEDHRPEON TV LA Z LV £ LT,

SRRDO UL AT Y 2 —LICHEL, LAS—Z 4 LN B 42T o R ST,
Y RRELFR20IZE D U A—Z T LR D & WD AT o NI, FiEtEo
FRTG NG (T T7—LDES TWLRC L AN—2 T LER T a v I BRE5EZ D
D) DN &E iz ikbR
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MRERA~DED S G, RLWMENL LD, M) 7rn=F L or~0RMN:
TRERRTR I X D HRIEIRZEICET 20 THY, Znbix, BN, BAR, FEO FZ
A7) —=2 Tk, @RI - S TGO Ak T 2 m A Th
72, ¥FlZ, Ahlmark and Fossman (1951), Grandjean & (1955), Bardodejand Vyskocil

(1956), Liu & (1988), WHO (1981) D%, WTi bERE 2 ) 72 7@+
IZOWTOMBAIZETH Y, BUTORKEREEEOIRIL L 2> - FHRMA TH 5,
ZDIED, WREREEE L B RAER O B B A2 F54E L 72 Takamatsu & (1962) $H %5
Iz Twnb,

Ahlmark and Forssman (1951) 1%, PV Z oo =F LU BREZIT-A T 2—FT O
SEAE 122 N & RIS ATHERERZERC BRI D BT oE 2 350 U 7, s A Il R o0 578 o
B R AFRREIR D EANIC X 2 2R MR ARG R 21TV, EORRIZESNT, Y
sanxF L ORBORE ZHYERM 4 0% Uiz (TN, RS 20,

(ENOLAREMENRD D), ENSH D)), N 7o F L ~DREEIZONT
%, FEEIZONT 1 EILLE, BB L7ZRY TCA IREQR FILL BRI L 7256
B TR L7z, BRIRZ T & L7=D1E, IRKESC/KDOE R &3 i b E ) 7tk g
DT T TCA Bt En 06 E LTS, NI ZruaxF Ll gz oG
BRI Z A, R TCA BEN 11—20 mg/L D3 EE TR 7 enoF Ll k
LB TENHLARER D L], E D D)) PO LIL, 20 mg/L 282 5
&, TCA BEELHMFIL TR Z7annFLrOEERDDH L LS NDEED 5
Z & (40-75mg/L THIFEL, 100 mg/L DL ETHRERSY) 2@ LT\ 5, 7272 L 30 mg/L
VLT TN CRWEIS (TREN W, TR 720, TN D D alFerkn
b5 ITHY)) BEL, ERIIMICESR TR EA2FBE L, #H5i LT 20mg/L UL T
THIITHIAN R EAEZRWTC R 7 aa=F Ly O EEITHN D & iR
L7z, L2L, WHO BREEREEZ 7147 U 7(1985)i%, Z @ Ahlmark & Forssman 737K
L7= TR TCA I 20 mg/L] DEAEIC SN TIE, FREEOEEAEREK T #% 0B
DHLOTHDHD, M ZnoF L rOREL I VIKS AL - - al etk 2 L
THBY, ZoZ b, BREAEHFEMEZESHRE (1996) ITBWTYH, ZOREL &K
RIEEFVERE L L CTRATAZ LIIREETH S L LTV 5,

Grandjean > (1955) I%, MU/ nuoxF LU ~OBERBERH DAL AD 10 T
DOPRHEE TRROIEES 24 # T CREET D 73 NOF@E ZxI5R E LT, BEFEIC
BA5 2 BRWMIF9E 2 S50t L 7=, (R3S 20 D AT ZER % ¥ v 7 fH T 60 %o 7, 1E¥
BORLET24 97, F 8V ENE L, STORE, M) ZonxzF
Lo ORTEEX 1-335ppm (5—1,802mg/m’) T, KEB4yix 20—40ppm (108 —215
mg/m®) DOFPHIZH > 7223, B & 7 38565 CIlEF) 59.5ppm (320 mg/m?®) THh -
oo E72, FAERNRE 73 A0 12 Vo FILORZERL GEROR R IIR
BH), R TCA BEZHIE Li=fER, ¥ 86.7 mg/L (#ilH 8 —444 mg/L) Th o7z,
BRERESNTZHEE DS D, 50 AN WTRE LTER, BB (KHPIRE 40
ppm (215 mg/m?) #, F¥85ppm (457 mg/m’) OIEELOFEE) <TIiX, BHEMPRK
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FRDOREWR Z B ToARIRIR DA IR S, RIREERE (PR 10-20 ppm (54-108 mg/m?),
) 14ppm (75 mg/m?)), HFIRERE PR 2540 ppm (135-215mg/m’), ¥ 34
ppm (183 mg/m?)) (ZHRTHEICEL, £, BEMME CFH 3754, @1 A
15 ) DELRDHIFEMIEROBERENEN -T2, TOREND, FEHELITRH
T T 40 ppm (214.8 mg/m®) (%G 20-80 ppm (108430 mg/m®)), SR TCA &
JE-C¥) 96 mg/L (#EPH 10250 mg/L) T H RAFRIAEIRZE O8O gk 3 5] X
oL Tna,

Bardodej and Vyskocil (1956) 1%, hUZnmno=F L oo, FHECETILE =
—x(7o &, NV nuxTF LT MO EE 76 NExtgl LTH
FNER & O BEEE: A TR D T2 O IR 20 2 S0t L 7=, 78 (REFR O5@+# 8 A
ZBR) X RTA 27V —=vThEax 1 oAt (12 A, K[HIRE 160—340 mg/m?®), @&
AR Ve TR 2 w AT (19 A& 36 A, KHIRE 28—830 mg/m?®) IZH#)HE L Tz,
1 HEOEBEE THRICERIR L, JRP TCAREAZRE LR, oA 27 ) —=70
% CIE 140 mg/L, &b BAR e TR 2 » AT ClEF N4 75 mg/L, 32 mg/L TH
ST, TID OFEIE T2 ORFEIR D A 5 4, #f R DR (7L 2 — VAR,
IRER, OFEV, MPRREE) ITBEHMEHEA L, FE01E, ZoREoEinL
LT, BRTFFEEL200mgm 12 FIF5Z &2/ TWD,

Liu & (1988) 1%, 1987 FCHEALE D MV 7 v r =T L ARk T & O & i
LS T O 83E %2 X502, RRCE OMOIER OF L ONFEEE~DE L |k
V7 maaxd Ly ORARERE L OBEZ T 5 72D ORI 41T - 7o, RER
TREEX, Bt (8 WifE]) DOEANDMRIR O IREZRIE L, WReRNES L7,
B & 3 OO L~V DORE (10 ppm (54 mg/m?) LA, 11—50 ppm (59 —269 mg/m?),
51-100 ppm (274—538 mg/m*)) 1T/ L, EBH K OERIET 6 » HHOIERICOWTE
M CRRA U, CREERT SRR CRER LTo, T DRER, il 6 » A OB, FAERRK,
fis, VURZIRER, DURGRERE, O¥BOFFRFIZOWT, 10ppm (54mg/m3) LLF KON 11-
50ppm (59—269 mg/m®) OBEFTEETIXIE E A EBILD 723> 7273, 51-100ppm (274
—538 mg/m®) DOBEFERETIXARROBMMA A ST &AL, Ptk g0 ErEIC B
L TIE 50 ppm (269 mg/m®) FHEICBENFET 2 2 ENRBIND & LT, ¥5+
DFEIRIZONTIE, BREBEREIKFE LTCAREOEMIA N ol LTS,

Takamatsu (1962) 1%, EBEHEMSRLE THOBIH 25 L LimiiE %2 3 L, BiE
FEEEN 150200 ppm (807 —1,076 mg/m®) O EmgFERE (BARTEIRFEESE) O F5LL LR
i LU C S FEEHOMRYE (FHFR, D EV, Bro -, MEOBBR, IR &
#FZ, 50—100ppm (269—538 mg/m?®) DHIRFEEE (& A VLKL EN O BRI EE
FBEDORE) TR, B HE U7 ER DS 4 FfEA 41, 50 ppm (269 mg/m®) A
DIRIRERE (¥ A YV BN OBNETEEEE D GRENZE) TR LL Ric3tm
L7EdRIZ Ao 7o 2 & 2 UTe, 7ods, RAERLE, SRR EER N Z B W (1996)
HCIE, THIRNLE ST OmC E ST,

ZOM, MY ZunzF L OREEE BREREROBEMHEICE LT, LLTFD X 5 2wk
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HRnHDH (DT H WHO 1981 225 D8, ),

AR O HPIREE DO )Y 200 mg/m? (&fiFH 25—2,000 mg/m?), JRH TCA #EEEDS 60
mg/L D EIE T, F Y, MREEIHIESE OMPRIEIR A4 5 17z (Zielinski & 1973),
- E72, JPREOWEN 72—92 mgm®, JRYP TCA IRE DY) (4FEMICHE LN
JRA > TV D) 78 47 mg/L D78 CHEYE, B O FABT RS O FREIE R (Stancev
and Bonev 1971), JRH TCA J2EE DS 20 mg/L A5 D 7835 D 40%, 21-75 mg/L D55
8 D 60% & 176 —760 mg/L O 5587 D 80% THIFEFIFIE IR (Andersson & 1957)
ME I N TND,

« —J7, WHIUREEIERE SR TP IEEE T 90 mg/m® (i 20— 650 mg/m®), R TCA &
T 60mg/L DI#E TiX, MV unuxF L U CRKT DEEREEN -T2 &
HINTWD (Fibiger 5 1973),

RNT, = AR DR R DB LA L2 b D L LT, Mhiri 5 (2004)
o OY Ruijten & (1991) OFEEF%ED & 5, Mhiri & (2004) 1%, Fa2=UT DY U
W5 @ 2 50 LT gtic Ve, ¥ 7 NigffEEIc L > ThY 7 e
TF U TR L2978, IR & bR U C = AR AR 55 38 AL (TSEP)
D Ny, Pi, PIERFORIE, Py, P IERFORMEOKIEABIER I N, FEE 12, —kF
Wo7edie sy, Eakbad, B BT RLEEEOBKRIER b A LT, FEE OREFK
& No TR, P i & OICITAE2EBERER (N IERFT r=0.5, p<0.01, P i{&KF T r
=0.6,p<0.02) DNd-o7=ny, RPMEIRE & OMICITHEBERERIT 2> 7o, IRPAR
AR OSEYfEIE, TCOH } TN TCA IZHOWT, 4 79.3+8.8 mg/g-cre®, 32.6
+4.6mg/g-cre Th -T2, 728, BEFEREORFEHY OREITEME A IZ 3 [R5 S i,
BHBEZOWTIREERT —2 & LTERASN, Z201E0, EELOKTPIRED
BHERE SN TEY, 50—150ppm (269—807 mg/m?) L ME SN TW5A, HIEH
AT, FEMZEOFMIIARATH D, 78, AL CIIRBE, AES O AHE IR - DA
Thh, MOBAI~OFEFEIZONTHHE SN TV, £70, = XD AL EK
DI E R & BT L TN D 728D, TSEP DFREREMIC /A ANBA LTV & DR
find s (HEDS 2001),

Ruijten & (1991) (&, FHIRI T35 % %502 LA seic VW C, hU 7 en
TF U2 O RAFEGRER B & PEE AR O AR RE I (SNCV) D), R (SRP8O)
DN, = AR O R O8N & OBTEMEN H - 72 LG LT 5, THN
O LY 7meF U RER, AT 3 M Z 17 ppm (91 mg/m®), 3-11 4ERT% 35
ppm (188 mg/m?®), 11 4L ERiT% 70 ppm (377 mg/m?®) L HEE L, FIREICKWIMT
DEEFER ARO[ NBRERER L LTV 5D, 8 A REREEOEHIT 704
+583 ppm * 4F (3,788 3,137 mg/m> « 4F) (160-2,150 ppm * 4F (861-11,567 mg/m> - 4F) ),
IR TAESIT 1629 4E (637 4F) Tho71z, ok, MARBEREENOHESND
EREFRIEE & LT, Ruijten & (1991) Tid 704 ppm - 4F (3,788 mg/m’ « 4F) % #fifsc

> I LT F = UAHIE LT IR AGE IR E 2R T,
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FFH 40 £ TBR L 72 17 ppm (91 mg/m®) 27~ LTV 503, US.EPA (2011) Tl 704 ppm *
(3,788 mg/m® - ) A EHJUEFREL 16 4FCHR L 72 44ppm (237 mg/m?®) 2R L TH
D, TEOBIED 2 EREMA TS, 2O b, EARERERE) O FHGRE
REZHET DEORMEEENENEB X T,

EBHI1Z, N ZaaxdF Lo ~OREIC L HMRITEIRSEE~D 22 (K E.OEE,
FD5DZ) [T LHEME LT, Murata © (2010) 23 5, &S00 £ 72130
B F OFZEICHER L, B O 0 Rk = IR 2 e W Ir @8 <, BARRRF O & AR E L
IR M OREFOS5 D ZOBEOFHAEO —FARIEL Y bAEICRENZE (p
<0.05), U ZwrnxF L ~OEGREDOIERE TH LR PGEY (TCOH) kM
REOIEE CH L2 R HEBREE - FRBELOHEETLIIFOS D 2 L ORICHBEBEERS
BRTE L LR L2 BIEMB OO H 5 2 & BNEHE I TV 5, HEE O L~
JUIZIR T TCA, RH TCOH, LU HDEFDEETRENTEY, TnENDH
JeE, 1.7 (#EPH 0.1-104.6), 2.5 (#iPH 0.1-88.0), 4.2 (#fiPH 0.6-192.6) mg/L T >
7o THEXRREOIRIL, BEBERECOWTITAIE B OISR T, SRV T
%ﬁﬁ%ﬁﬁiwﬁmﬁot%@f%éoﬁk,ﬁ%éﬂtﬁﬁﬁﬁ(QW$smm,
Danish Product Development £1:) (22 Ci%, BRI TIEFHAITE 20X 5 2B T
SH2EHRETHZENAEE (FTH AR, 2012) THLHHR, £ZO—FHT, FO5D
ZDOFRE & E OMICHEBEZRIEOMBEDSH 5 Z 226 (Ishii & 2004), LgfAaHE)

Tz DV FHIMEIC AT D AMREERER STV D (FTHE A H 2012),

FREE R~ DB P 2 ERE O (R ARERR) OMEIIRO LB TH
5,

Tk, v REFE 12 26 B 0% ABEZERERICHBV T, 376 ppm (2,023
mg/m’) (1 {REORER) THIEE~OLE (BEIEEE, & FREZOHEINE) (Waseem
5 2001), 350 ppm (1,883 mg/m’) LI b T &%iaﬂﬁﬂi(ma,% 1994), 500
ppm (2,690 mg/m®) LA ECATENERR (L5 2 FERRAIGRE) | iéﬁﬁ@ﬁTG@@
5 1987), 2,500 ppm (13,450 mg/m?) (HkrifE) CHER Hé = (Albee H 2006)
ﬁﬁ%éhk@ﬁ;3aﬁ9Eﬁmﬁﬁmﬁﬁﬂﬁﬁmﬁwfﬁﬁﬂmmmﬂmm
mg/m?) (FERE) ~OBRET IO RFE (Arito H 1993), 2,000 ppm (10,760
mg/m®) LLETITEN R (BRESHE) OO T (Bushnell & Oshiro 2000) 7%
BRI N7z, Albee & (2006) [EWANRFERER T = XA EALIZ OV T HI~ T
0, TR, BEROBRETIE, 20X HICE < ORER T4 ORR A~

Ej;ﬂﬁﬁ)i&ﬂ:éﬂ"cb\

UL@:&#%,W%%A®%@_OwTik@5k ROLEEBY THD,

R AR R B (1996) (2B W THIATO RKEREESEMEDRYL & 72 o 7o 5%
Fn 5 (Ahlmark and Fossman 1951 ; Bardodej and Vyskocil 1956 ; Takamatsu 1962 ; Grandj ean
5 1955 ; Liu & 1988 ; WHO1981) Ti, hVU 7 mmxT L IRER Lo H @ Ic
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HIV-FE 2 OB RARIER (BR, O F VY, BEETE, W 5EE) oWEic—BEHEn
HY, TNLOWREL, EEORL LM (BIN, TE%) O oo F L gl
Mk OFHERE R TH D, FEHEORBERDIE, KJHPIEE T /MET 10 ppm

(53.7mg/m*) LAF, HAKAET 100 ppm # (537mg/m’ #8), JRH TCA 5 Cldix/IME
T20 mg/L LAF, fAKMT 100 mg/L BETH Y, WIIOBART & BRI S LY
INEFIZ DT DO ThH -T2, ZORERNG, BROMBIERIZI N /7ar=TFL v
~DURFE & ORI & & L7z,

— 7, BREEYER M E B MW (1996) LURRICAR S 7275 R (Mhiri & 2004 ;
Murata 5 2010) M OBRBIAEHMZEZHE (1996) THIIT STV D 234 BIFHR
FfL72 Ruijten & (1991) TlE, = XMREEORMEMRER~DOLE, MHRATEIRERE~

DOFE (HERELERE, FO5DH2) DHESNTNWD, LLens, Ziub Ot

FNZONWTIE, REERFHRAETHDHZ L (Mhiri 5 2004), ZERREEDOHERFC
J A ZXPIRANT DA fER S LTV AH Z & (Mhiri & 2004 ; Murata & 2010) 7>
5, N ZuuxF Lo ~OBgiEE OREM XIS TIEARW &I LT,

FERENY) CIIEE DO W ARERERIZI W T, AREEITE), R, R~
DERE SN TVD

(3) BlE~NDEE

ENEA~ DI T 2 FE LD 5 BIREE L NARLEEO L LIV K[ TRESED
HWMPF LN TS 3ROEFHA (Green © 2004 ; Seldén © 1993 ; Vermeulen o
mu):owT@%Lkowfﬂ%m%%@ﬂ4ﬁv~ﬁ~%%ﬁkLfbuauu
I?V/®E%%ﬁ% L OBIBDOEELFTHNT-bDOTH D,

Green © (2004) | ﬁ%%L@Iﬁ(l,%ﬁ@ﬁﬁ&b)@%@%ﬁﬂk%ﬁ%
& L CREWTFZE %ﬁoto% EREICB W CBEREDO NS, A~ —H—THDHIRF D N-
TEFNBD-ZNatI=F—F (NAG), T/V7 I OREOHEM, HERRRZ DN
A A~ —1—Thb HIBBOREDOHMMBBIE SN2, BEENTIX, NAG KO
NWNTIVOREL N 7o T LU DOBRBRIEIETH DR TCA 1BE &K OUREFI
& DOMNCFBERRIZ A DN oo, L BB O NS I ~v— I —Th D
(BTa@&V&W?WCA&f&Qﬁﬁ XA E 72 FEBIREMR (7,=0.401,p<0.01) 23&% -
7o LTW5, F#E DR TCA JREDFE)IE 64102 mg/L (i 1-505 mg/L) T
HY, BEHFZ IR FEE T 32 ppm (172 mg/m?) (#iFH 0.5-252 ppm (3—1,356 mg/m?) )
ThodEHTE LT,

Seldén & (1993) 1%, AU = —7F ORI LT TEEE 29 NZxtg & Lokl
WEFEZATVY, J78F DR NAG OYHE & &R ORA T 25 E Gffte LT
i) LD EIT o7, ZO/R, F7EFE DR NAG OIREITS A & [FFRE T
HY, NAG &JRH TCA L ORICHEBERELR (r=0.48,p<0.01) 23&H > 722, BEEFIL,
B RERIR AL, RMRE RS, MoOREREE S OMBEERIT o7 LTnD, A
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NBRFRIRFEE (S EERIINE ) 137 27 mg/m?, FHRAE 16 mg/m® TH Y, MRED
86% 2% 50 mg/m’ i TH -7,

Vermeulen ©. (2012) (ZHEOEBINTE D 6 TIHIZBIT 5 80 NDFEE %2 %5
& LRI IE 2170, IR ISR W T, flix OBFERED A A~ — D —D 9 B, KIM-
1 (Kidney injury molecule-1), GST- 7z ® 2 FIADIRENHML, K2 KIM-1 (X2 FHEIR
TR MO IEDOMES (P<0.0001) Z/RL7-EHE LTS, PV ZanFLrad
B AR R (7 Ref P O RZIRE) OFEEIE 22.2435.9 ppm (119—193 mg/m?)
T, 96% 2N YBFOK[E @2 24 (OSHA) FARMEFZERN (8 FFRME ) T
&5 100ppm (538 mg/m?®) £V b -7, £/, (HANRAFEERE BEOFE)IE 35.8468.2
ppm * 4 (193—367 mg/m® + ) Th o7z, 7235, ARG TILIRPREIIRE OFLHE
1372 ho 7,

FROEFIMATHW O NI BHEEED A d~—h =T oW T, 16k, Bikrek
EORELE L THASNTELNAG, TLV73Iy, al~vAfr7nrsu7)y, 2~
A7 rza7 ) 0b X0HEARBHEED NS, F~——& L THIERED 5T
V% KIM-1 (Kidney Injury Molecule-1), GST-a, GST-x &2 605,

IRBEMED N, F~—T1—Z DN THD L, GST-a LJRF TCA BE L DOMOFE
72FHEABISR (Green © 2004), KIM-1 & RU 7 vn=F Lo REEERE R L OMOM
WIEDOFARS (Vermeulen 5 2012) 23 -7-& LTWDR, ZH D DIFFEEIED A 4
V= —FWEZE N TOMAOER-N DN oD, SRR TIXREORED
Rt L L CHWD Z S ITREEE % 2 7=,

—7F, TERMPLHEHEINTOWDEBEEEDONA F~—I—IZO\THDE, Green

(2004) TliX, BTEFETNAG, 7V 7 2 U OBRBEOEMNAALNT-H DD, JRY TCA
BECIRBEES E OMBABMEN 72 <, HONREEIALNE N> LTS, F
72, Seldén & (1993) KT Vermeulen & (2012) TliX, NAG ZED/NA F~— T — D
FEADEBII B LNl LTS,

¥, EEEWTIE, T v o2 FRW AR T 300 ppm (1,614 mg/m*) UL 1
THED JRAME Ofifno B, B BlZZ I & O (Maltoni H 1988) 73
H 5,

PLbEDzZ &g, BlE~DRBZONWTELDDHE, KOEBY THD,

BEEEDNA T~ — I —Z IR & LT TR AW T, 16k b B DfaiE &
LCfERAESNTCEESF~—D— (NAG, TIV7 I, al v~Af a7,
Bl~vAZua a7l r)iZonTiE, NAG K ONT /LT 2 R EOHENNED b
T2HDOD, 5 &R TCASCIEFEAFEL & OBITHENL R S 72 & vy 5 4 (Green
5 2004) BdHD, Fiz, NAG LR TCA BFE L OMBABMRITRO bbb Do,
NAG & IRFEFE, [EARERE, REGRERS, MORERE & OMBEERIT W e

¢ B ZREER2008) WHYWERHEE. B2 60H NI 7 AEIROBURIZKR D
LEVEMEMRIZ OV T (https://www.fsc.go.jp/hyouka/hy/hy-gaiyou-cadmium.pdf) D] 73 25
F oD, R B2-vAIm) w7 ) /PR & A JRAE OREREREE OFEIE & LT\ 5,
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V)R (Seldén B 1993) 3D, T D DOFERMND, HERN S ST E 2B
BEDNRA F~v—T—I2DONTIE, R ZaaxF L ~OEE(RT TCA, M,
WRERAEESE) & ORIENE S 0TI T L7z,

—707, WD AL A~ — T —TdH 5 KIM-1, GST-a lIZOWTIE, FUV /o=
F L v OBEFRIZ L DB D B &y 9 345 (Green & 2004 ; Vermeulen & 2012)
WD, LnLRNRG, ZNHONRA, A~—F—X, & N TOMAOEREN DN
B, HEES T, BHE~OREORIEL LTHWD Z STy ey Sl L7,

7eks, EBREMCIE, 2 A OWARRERRER TR OO LM HE ST
5o

(4) RBREZR~NDEE

b gz 1L, sl (E ERILOMY), B CaEls O LL X —iBE %
Gl x e B EBERRA H7-5 L, R, 5N R o 8 2
ERBEIINE R EORTEDEREZ L7632 13 H 5 (US.EPA2011), F7=, &
FEoRT A—H (BIZIE, THIRE, wEra7 ) v Ig Loy, FRRE CPUR, A1
FA L) DL, BRIRBICIEHL S DR DIIEIT LD IS B 2 D
AL A HRAE LFS D (US.EPA2011) & &R CTWb,

MU ZmuxF LRI K DRE RO L TIRE LNV EDO L5
NIZRHPREZEOERDE LN TS EIR E LT, @BUEREGERE (B m e E)
IR % 4RO (Kamijima & 2008,2013 ; Nakajima 5 2018 ; Xu & 2009), o
NI A=k (g raT ), A A2, KM o8Bk 7 & v M) ~D
BRI 5 5 RO A (Zhang & 2013 ;Bassig & 2013 ; Iavicoli & 2005;Lan & 2010;
Hosgood & 2011) 23% %,

WEUEEGERE (RSB E) X, FU 7o L AT 3040 HELERR
B L= E AL TEY (Kamijima 5 2008, 2013 ; Xu & 2009), kY Zpno=x
F L KT DR & B IRIEE L Tz hAL_XZA T A /LA 6 (human
herpesvirus 6 : HHV-6) OFEMEALNEE L TAEL DO T, HERFEELZE O S,
FIEHRS T 2 HANEBBUEIEGERE (DIHS) & E2 D AR Z L (Kamijima o 2008,
2013, Watanabe & 2010), 7=, ~VU 7 moxF L U |CEET A BBUEE RO K
PEIZIT e b BMmERPUR (HLA, %712 HLA-B*13:01) 23885 L CE Y, HLA-B*13:01 £
BHDOEZENRE N LRI TS (Li & 2007), HLA-B*13:01 (X7 27 AIZ
BAOLOTHY (Li b 2007), HARANTIE HLA-B*13:01 i\ {s 4L 1.207% (A
W EVEN HLA WFSEITER) L oRENH D, £/2, N r/roxF L UREICK
o CIBBUESEGERE 2 FE L7 AR A B MEDY HLA-B*13:01 Z48£F L TV /= & OSFEFIHR
5 (Watanabe 2011) © & 5, £72, Watanabe H 2010 (L H AN 1 £ OIRBUESEGEREF
JEFIHRIT 28y F 7 A NOFREREHE L TRV, faks a7 —VEORBWIILME,
MU ZmuoxF L i@t cho7-, Huang 5 (2015) ORBBUEMEGEREFIES 19 A
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KT By F 7T A FOFERTIE, k7 a7 —LTiE 100%5%THY, R oo
nTX ) — )V TIHBERIIAEEKGTEHNTHY, N Z7ea=T Lo TEFOBBERS
Tholz, ZOZ b, M) 7ZooxTF L U BBUEEGERI IS ARINTH D 2
EMRIBEI = E LTS (Watanabe & 2010, Huang & 2015),

Kamijima & (2008) 1%, H[EAHE ORI O 48 LS O BRI ESESE O 578
FHC, BEUEEGERE EREBEEREE) 2RELZEE 19 A, KR Z7noxT
L UTHREE U 72 AN EUESEWERE & FIE L7220 o T EHE 2R 558 59 N A& x5 s L4
W GE 21T -7, HEED N 7 unF L o ~DRBEROFEEELITY, MU oo
n=F L UEANZE £D VOC B PIRA L CTWADER S 2oL, FJZrno
TF L USMCHSET AME N o722l s, N Zaa T Lo BRD IEEUE
JEBREZA L SEZ e 2frE L, RFMTBHEICL>T R Z7rooF L AAREY
NERBEIND L ORI CTHEENEC-ZENRBRIND & Lz, BE 19 ADOKK
WRFE % DR TCA JREE A HEE L7-AER, 2T 206 mg/L (95%CIL: 78 —542 mg/L) &
Trot, £, BEDOEBEK TR TO TCA BE OERKMEIL 72-80 mg/L & HEE S
TWbd, 7ok, £1TEO N Z7aax=F Lo O NRERE (8 KFEMNE VL) Dk
KAENE, BEORAE L6 THTIE164—2330mg/m?, BEDORE LR -7-2 T
TlE 74.9—1,803 mg/m® TH - 7=,

S 51T, Kamijima & (2013) %, FEEAREAICBWT, M) ZroxF L~
T X DIRBEUEEGEREERSE 28 A, KOVNU Z uu T L U TRERR L T2 0N O SE (5
WA HIE L7 o To R 22 57 B 48 N & x5 & U742 17 > 7=, HHV6 (E b
NIRRT 4 VA 6) OFIEMHAL, A N Te T AN, KOZEALLE N Y
BT L IRBUEE BERE O B R B (REZFHIME E % (ED) A, JEED ) &
DOBEHENZ DWW T E LTV, WEUERE B O 89% (24 A28 N) IZ HHV6 D
TEMAL IS B3, fEEEAR 97 & el L C HHV6 DNA K OEX DY1 b A D
EREETHLEDEENEBEICE N2 EZWE L TCW5b, £7-, HHV6 FIENE
b, RHRMERIE RGO E5- & REFMNER ESR (ED HE92) & OBEMEN R ST,
IO DOFRERND, FFH HILHHVE FEMHEAL L YA M A ML ) 7 e F
U UARBUESEERED NA -~ —T1— L7200 5 5 E LTWD, 28, BEK THORT
TCA JEFE (S EH4)) 1, EEEE/R978E Tk 58.4mg/L, HBE TIL, TCA OEMFH
HaJ ] 57.6 RN DWW THRAK BB TREROREEIZHIE L7 & LT 153 mg/L (5%
fi3E¥)) CThotz,

Nakajima & (2018) 1%, H[E/AHE OFZER T PTG WBE T, 2002—2008 412 AP
L7 MU 7 anxT b U lBBUEREBEREES 150 A, LOVEEDNEE L TW\We6 THT
[FINA DFEFSIZHE SR L TN DI BUEE MR 2 580E L 720> - 7o 2 7@ 38 A%
XG L Lici e 24T o7, WBUEERREEE O 5 b, IBERKH (@K TH) 25
2 BERLAPICIR ZHET X 72 78 A, ([2HOWT, RHMEMIEERE T 7 a—F 2 LV
S THFO IR TCABEZHEE LTz, TORRE, B5EHK TSRO TCA BE D
1% 83 mg/L (95%CIL: 49— 140 mg/L) TH U, 95% T HIX[H(PDIX, 9.6—720 mg/L Th -
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7o, 703, WRER %%b%%fif®$ﬂﬁﬁi%5+moﬁfﬁoto*ﬁ N

70T L CRER U7 SRR A RE 2 RIE L 72 Do 7o 72 @ 38 ANl2HoWn
T, BESHE TR ﬁ%ﬁ@b,ﬁ¢nm%5%%mbk%%,%Wﬁwﬁum@m
(95%CI: 16—984mg/L), /M 9.9mg/L, A 1,617 mg/L Tdh -7, MEBBUEERE
BEARE LR @E DORY TCA BEICESS L, BEO M) ZunxoF Lo O
52 LV 72 B OIREE L~V EEHR D b D Th o Tz, FH OIL, IR TCA B
F£ 10mg/L (GBFH DOJRH TCA IRE ORI FIREIZFEY) ([2xhsd HIREREICE
WTh, BBUEEEBENIIET 22 &R INbsE LTS, b, BF 78 AD
9 H HLA-B a8 % 32 ATHR-L 24, 20 A (62.5%) 7% HLA-B*¥13:01 %1%
LTV,

Xu 5 (2009) %, FEIAHEEAOEINTTRY 7 naTF L SR INT 2@tk
JE R & FEIE L7 978 21 NIZDW T, FREENRER ORI & B RIER 2 AT 2720 D
RRWTAFZE 21T > 7=, RTBRBHIIERE SN2 o T2, REDORERE, 1FEGOKTRE DR
BN 24413 18-683 mg/m® Th 72, £72, 21 A 15 A2MEI 15 T ClidkhiE
FEDY)E 4572135 mg/m® TH Y, 21 AHF 6 AMMEL 6 LHTIX Ry Z7rrF L
Y ORFREDOFENL 17.6£7.4 mgm® ThoT-, BEDORIEEERERORY
NOBEEFUTI M) /e F L o ~OR&iRE% 2-4 HENLTITPILTEY, RKY
TCA JEFEDN-H)1X 52.5422.6 mg/L  (#iH 15.2—90.8 mg/L) T > 7=,

g 7' v 7V v (Zhang & 2013), YA h A > (Bassig & 2013 ; Iavicoli & 2005)
S OKIEIM Y <8y 7 > F4E (Lan © 2010 ; Hosgood & 2011) (Z-2WTiX, b
Vr7uaaxF L UZRE LeHBETIND ORE T A —XOEN AL HE
SHTW5

2k, EREBMICENT, EAEY FEAVWEEERBERRTIE, Moo xT
LV IATBRWEEMEZ R L, (B Y 7 o o JiBIIHEEOREETH 5 Z L 13
HENTWD (Tang B 2002), FIEEDFE/LE v k& T2 REEAEMERERIZ VT,
MU ZmBaxF L 1,500, 4,500 mg/kg & FZNE G L7280 66% 52 JEREAVED 5
AU, JAE U728 THTls~ D 22 (PO FE X EEO PN, i+ @ ALT + AST - LDH
O, AFHIIROZER L) N o722 ERHE S TW5 (Tang & 2008), =
7o, TEN R BD) ROAERK B#llinE ) ICBKIGREEZ N ZJenT
LR L e~ U ADOEBRERIEERE (14,000 ppb) 2BV T, EAEMEEU G2 22
ST Z ENHEIN TS (Peden-Adams 5 2006)

Ty MZh)ZmnzF L og 4 BFRRAREE ST T MlEEETUARE AR
HE L7238 Cl, mgfEaE (1,017.4 ppm (5,474 mg/m?®)) THURISE Ol 03 7 5
Ni=& LTW5 (Boverhof 5 2013), ZMDiE7y, HIEREEICHOWTHAEENT
BY, Keil 5 (2009) TiZRY Z7onxzF L% 1,400 ppb DIEE CTIRE =K% 30
R 5- L7z B6C3F1 ~ 7 A7 C, MAREEOHED, L dsDNA FUK, HTssDNA Hifko

7 B6C3F1 v 7 A : ffEx R EBRCHEHAIND R, BEORZEHROBRBIEILELL 72
v,
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B A 53T 5, Cai b (2008) TIdH CAJERAET /LD MRL-Ipr/lpr = 7 A
MU ZvrxTF L% 0.5mgmL OFRE TIRE MUKk E 48 BWH G U=k 58, I,
B, M, MO JE K OIS - H AL, EH D IXH CAREIR B OIIE 4 e
THHOLELTWNA,

LLEDZ &G, RIER~DRBEIZIONWTE DL E, ROLEBY THD,

T T Y v, A S IA L ROKREI Y VoRERT T e v NSO D
FE 5250 A, 5 # (Zhang & 2013 ;Bassig & 2013 ;Tavicoli & 2005; Lan 5 2010;Hosgood
%2mnfm,b9ﬁmum%vym@%%*;of TN DHIENT A —Z D
H72ZZAE D3 iR STV D03, BRIRSE DEFERCEE & OEEER 2B D IZ DWW TIZBLIR
ﬁﬁﬁfmﬁ%ﬁwﬁ<,%ﬁfiﬁwkﬂmbto

WBUEREGERE (REEBrEREE) (2T 25 A 44 (Kamijima & 2008,2013 ;
Nakajima © 2018 ; Xu & 2009) 1%, HE/LZEED Y 7 v oxF L A HfEx THAE
L7l BUEE RS 2R G L LT b O TH Y, (EESITHIT HREIRECR
TCA IR GEIERIZERIR) OFER R, %ﬁmK@A7f & ORERERE DN WS S
NTW5D, 2 bR ZMF LGSR (FFIC Kamijima & (2008) 2B\ T, MU~
moTF L LSMNIIEE T D ME R NS k%%ﬁ) WEGEEERIT N 7 e
FLU~DBERICL > T ERZ SNZb D LT 2,

723, M) 7maxT L UACERT HMBUEEGERORSMEICIE, v N AmEREUR
(HLA, $¥1Z HLA-B*13:01) 235 L CH Y, HLA-B*13:01 (R E N ERZETH D
T ENHESINTWS, a8 HLA-B*13:01 17 V7 NZRHEFEDOLOTH Y, BHA
ANZEBWTH 1 %ENMREETDEHEINTWNDZ 0D, [EFEL L THENY
L 2 7=, Kamijima © (2008,2013) KUY Xu & (2009) (Z3WNTIE, IBHBUEE G
B 72 9784 O HLA-B*-13:01 fRAIRDLITEHRE STV R0 38, Nakajima o
(2018) 12 XA, HLA-B BEARZH~ZEHF 32 A0 5 H 20 A (62.5%) 7% HLA-
B*13:01 Z{rA L T\,

b oA (Kamijima © 2008, 2013 ; Nakajima © 2018 ; Xu & 2009) |
FHOIERSCIBEFEIR A FFMICHET 22 HME LD TH Y, XHREEZF EL
TV, Z D72, WRERRE L BUEEERE O Y X 7 & QBRSO 7T ST
Wik 7% E/\%[J@ﬁfﬁé IZOWTIEHRE STV ey, Kamijima © (2007) DL E=2—T
X, 7T EHLE Lo BBUEEEREOIEFIRERS S — A ) — XA £ &,
BUESEERED AR (TIHHHAL) & 1% AR —13% EHEE L TV 5D,

WECESEGEREOFEAE LIREE L~V L ORRE A5 &, Nakajima & (2018) T, 1#
U E B AR DR V“”@%E1iﬂbi%fk)ﬁmmi?V/ CHREE Lt
R 72 S5 OgEEE L~V L B 72 > TV 5, Nakajima & (2018) 13, ESBOEE e £
FOR) 7nuxF Lo OREGEL~VEREE L, KT TCA JRE 10 mg/L (KI5
N7 aaxd L OgEE CIRBUEEMRIEDNRIET 5 Z EN RIS E LTS,
Kamijima & (2007) (X7 27 ZH0l & L i@BUEREGEREOEFIHRESr — A ) — X
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Mot ea—L, M) ZnoxoF Lo OBREEE (KTEE) CIBEUEERFEOA
R A TN T 1% R —13% EHETE L TV D28, K EED 50 mg/m’ 75 1,000
mg/m® 2 HEPHIC DT > TREVPHTE Y, ZOREE) b IXBBUEE G DA
(IR ERAFVEDN B D LMl T& 7200,

PLEEX Y, BAEO—HOH LD O I TBBUEE RO A NIRRT EN H 5 & 134
Wrc& 7,

B, EREBWMTIE, Moo F Lo ROFORBMIC LD RIERE BN
MWHAERETRY Z7aanF LT Lz~ U A CIEIEM BB NS ST
W5, ZOED, BOREISES~ORELREINTND

(5) HEHRR~NDEZE

B R~ DEEIZE L TIRE L AR EOL LN TR IREEDERIE D
hfwéﬁﬁkbfm,F)ﬁmmi%v/mmﬁﬁmﬁ%: LB B EE 04
RN WD L FHT 3fmOEME D & % (Chia B 1996, 1997;Goh & 1998).,
Chla 5 (1996) 1%, T2 HHR—/OE -GS T80 BrEsEE 85 A%xt%%é:

LB 9EIc 38V C, IR CIXIEF R FIEEERIT 25.0 % TH YV, WHO HEHEC
SIEFEME (230.0%) L0 HIEN-T208, KERS O EE RIS %%R&,%

FEFBMEIIEFE TH o7 EHE LT 5, KR RIREE ﬁf(FqﬂTCAﬁ%§<
25 mg/g-cre) (2t U CEBRERE (R TCA JRE =25 mg/g-cre) TAH BRI - 7223,
WY WHO BEHEQIEFEERE O#FPH (=20.0X10%mL) (ZH 7= EHELTWD,
2B, B (FHRE>120X10%mL) (Z2W T, TCA EENEWIZEGHFE
e mnolzE LTuna,

Chia & (1997) 1%, v HR—/NOEFHailE TGO B EE 85 NExtg L
LB ZEic W, MY 7z L o ~ORMBEEIC L DN IM~DREICH
WTCHN, BBEEH LT FeobE 7y Faxsar 74 b (DHEAS) WHE
ZRIEOFEZ R L (r=0.2642,p<0.01), PERLE UG 27 Y > (SHBG) MOVT
A FATH Y EOBIZAOMHE (SHBG: r=—0.2733, 7 A F AT 1 1 r=—0.2864,p
<0.001) NHo7=LHELTWD,

Goh & (1998) %, Chia & (1997) LR UfAERSREZXRIZLTC, MV /r=x
FLU~OREMRE & MGETHA > AV RORIB AT v A RAVE S & OBLEM
DUV THWIIZE 2 320 L=, BRI AT 24 RAR/VE NTOWTITRER é:OD%iiLiﬁéél_
PRIZ IR o 128, BERIEECH DIRT TCA BENMET A VA VIBE L DLEE
RIEOMBEE R LI EHE LTS (7r=0.277,p<0.05),

VLED 3HRIE, WIFhb o v AR — L O E e s T & 25 & LRk
M TH LN, ETOMRICONT LHNORBEERHE SN TR &, THN
THRZM D ST AEICFE L2 5@E 13X 99 A7450 N Th D 7= DIER
RA T ADOAREMENR B D Z &, SN I ElER ~D B L ORENE 2 55 08,
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NG ENRN &, P ZuaxF Lo ~DORERE L L CIRBEEMEN S
TWDHN, BT T 2BEELI2 0D, BEZE L CORBEFER OB
THHIENMEE L THETOND, £7-, Chia b (1996) Tk 182 DA T
&L TSIRIRIAA WS TWD A, ZORTFNRAEER & L CHEgl 2o E v ) &
Fll:ﬁz)\g&)éo

B, EBREBMTIE, v~ U A, Ty NOREOATEITE ~DEENRE I TS,
HEZ v~ MIZ 2-12 B ARER S B 7238 TiL, 376 ppm (2,023 mg/m?) (1 2 DR
BR) CHIMIAE OHESE, KB OHMNABIZE 72 (Kumar & 2000), HEZ v M 12—
24 T % ABREE S H7-RBRTIE, 376 ppm (2,023 mg/m?) (1 EBEORER) CHRER
DA, FETEEREOEEMPEDNA BICHD L, BgEE% 24 8 TR & 123
TR LN T2 WA LTS (Kumar B 2001), K~ o A2 1-4 8 )% ABRTE
SE 7B TIE, 1,000 ppm (5,380 mg/m?) (1 JREEDFER) TR B FAR DR DZNE,
K+ O, RBEORFEIBIZE I (Kan 5 2007),

UbEDZ Lo, EHGR~OEBEZONWTE LD D &, BEHEE OAHGRCN
WD 7= 3% (Chia & 1996, 1997 ; Goh & 1998) D¥E=FHFIETIX, b
V7uruaxF L UgiE s ORTAEEREMEEZ TR L TCWDHMENDH HH, £ TOHE
TREEDNE SN TWRWNWZ &, FIRRAEICFERE L7295 @E 1IN A 7 2O A EE
WRH DL, ZERFIZEE, FRAEENRN &, BEFROFEMDBTRITH
HZENMEE LTETOND, 2D D, A ~DREIIBIR TIZH ST
IZ7eu &l L7,

¥, EREW TIIHEOAETHIRE, BT ~ORENRHREINTND,

(6) REEE

FEAEICRT 2 A & LT, JEBIXRHRAFSE 4 @ (Yauck © 2004 ; Ruckart &
2013 ; Brender & 2014 ; Swartz © 2015) M OVEREZAUAFZE 1 ## (Forand & 2012) 723
FIFOoDN, TNETIORLIEEFHMROT X TRFHEEZNRE LD TH-
o2 L TR, BARBICET EFMRITV T LN —RER (R L= R
EHAR) gL THo T,

Yauck & (2004) 1%, HERFORBIOFEREE N 7 voxTF U PR & O Rk
(132 v A V) ZHHEL U CHRERE & FERERIC 0T, HAROSERMEREOIRAE
EDORRENE LT, TORKE, BBOFKmE N yauaxTF L o ~DREDRZAAE
HIZAEETHY, BEBSERS 5 B 38 Ll ET, N ZnuF L U cigi@EL
TWBEE, THOERMELEERO OR BNAEEICHEM LA (OR 3.2 (95%CI: 1.2—
8.7)), BEEIMIENRE 5 HIFIZ 38 R CTHHLAITIT N 7 e a=F L U ORFED
HIZED VA7 OBLITA LN T2 L OFEREET-,

Ruckart 5 (2013) (%, BN N 7 ouxFLy, S hoZanFlLy, o
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o, HLE=A KON TF o R12-V 7 an T L AZIERES TV #IRICE N T,
HA R oS R ELE L /NSRS A DRAERIZOWTHAE LR, T FEICK
HECEKTO R s o F L U EEICBOTE, SRER (MRS XE, 0E - O
=20 NEIEMERNAD Y A7 OEANTEE S o T,

Brender © (2014) 1%, MV Z v F L o 2EGTeEER00A 14 WE ~DOREE O
Bz LRI (MRREXRE, NENHEA, WKXKE, EREOER) Z2Roto
AR L OB A A L, BEREICE, HEROEENDEEMZ (KK ~0
PEHIR) & OBt A FERPEHETINE L TROZBEY A 72 AW, P AT 4
v 7 BUFET VE R, HES, HERORBLOEE, HE, AR, (R
THELEOTIE, DEPRRKE TR ZonF Lo ~DRiE & DAL LN
7278 (OR 1.06 (95%CI:1.02-1.10)), & DD RKEF T OV TIEBEN B 5 L2 0
ST, BT, MERICHBIOFD 35 U LOGEo iz onTHs &, FY
sanaTF L U~ORFEICL ST, OBA, Wi oER, PHAZEEDEE, L=
ROV 27 BENL, REBLAS 35 RO ko U X7 L i3 5 & REVVE
TholzHmELTWVD,

Swartz & (2015) 1%, U ZmuxF L o2 a0 ERRKIGRYE DR
~OURFE & LD ZERE (HARERE) LoBEZREL, a1 7rry
AT 4y VEIRET Vv E O TIRIT LTz, A E R RKKIGYE ~DIgEE 1L, US.EPA 4
K RMEEEFG S 27 2 (ASPEN) 26 A\ O FHAFE I L~ L 0D 1999 4F DA -
PIRERKIREZBG L, RO HEROEFRICESNTEIV YT, N sZrp=x
FLU~DIEE L~V K> TE - /- BIRERIC T DL, B EET LT
%, RBRERRE L PR U7 RREERE, SIREREO 0 FHED Y A 7 I XHREEEE T O A
ML (OR220 (95%CI: 1.27-4.23)), W& L ~/LIIKAFE LT2 Y 27 OHEINEA B
Mo Te, BEIGREDEET VBN TR, ZRHR 1 LV RELS oTeDiTx /2 U v
DOERERE (101) RV oo Lo higERE 3.79) Thot-,

Forand & (2012) 1%, MU Zvouo=x=F L, F hI77mnnxd L oo GG
IZBWNWT, BEAKDORAICL > TENZERDEY: S EFICER BB IE, H
AEWRASDREBIZOW TR 2TV, BN N Y 7 a o T U oG g &
F L TWIGEID, RHARE, RIEIEFEE, FOMRHARE, Mk
DONT, EZERR VARICHEMLIZEHEL TS, LLARRL, R TEHE
NZERDO R 7 aaoF LU ROREOGRHITZRL, PO N JnooFL oo
BEELTRIENTWARNWED, N rZroxnFLo~0iRgEe R, HAeERICALNTE
FHELOBERICOWTHEHEHIT <, WMEDOEEMEIIA LN TIT RV EZ X b,

EBEMWTIL, 1 FORABREREROmM A, 2 FOfUKIRERERO M LA HE S
TW5,

Carney & (2006) 137 v N Z%5C L7z W ABRER SR 2 5E0E L, &IREERE (600 ppm
(3,228 mg/m?®)) DOFZ v bORENE (I, BiOMXIEEORN, KREIIIOM
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Il OFE) PRI, RIBICIIHFBEOREII ol tHEL TWD,

FOKBRERBRE LCL, 7 vy Mo h) ZenxF Lo a2fok&G LR, BIR
DLMERTTE DFERBZHIM LT & D 240 R, (Dawson & 1993 ; Johnson & 2003)
BFELNTVND,

Dawson & (1993)i%, MfE® Sprague-Dawley 7 > k939 L% 1 #E LT, ~UZ/®m
nTFL >0, 1.5 1,100 ppm (0, 8.1, 5918 mg/m?) (WHO 2 X 2% HEHE T, 0,
0.18, 132mg/kg/d) Z(1)AHELRT3 » AR, Q)ZHEHT2 » A MKk OMEIRBIRK A+, )i
R DO AHO 3 O OWT, fokEERBREIT-7-,

ZOFER, FOHERICBOTHRERIIBE SN o, FRIBICOWTIE, *F
FRBECIT DR ATTE OFAEDN 3% Tho7-DIZkt L, Q)OELGHE TIE, 1.5 ppm (8.1
mg/m®) BT 8.2%, 1,100ppm (5,918 mg/m®) FET9.2% L7320, FAERNGEITHIN
L7, F2, Q)OH&EG MM TIL 1,100 ppm (5,918 mg/m?) #E (FEEHE 10.5%) OHT
BERBEMABE SN,

B, BMEZEEBESQOIIARMEICSONWT, BIROUEETEORAR L L &
HREROEIGOARTIME L, —EH7m0 ORAREZ TN E WS RAZHERHO -
T, FEEPAVV AT FHIOF—RERE LTV D,

Johnson © (2003)i%, M Sprague-Dawley 7 >~ h 9-13 LA 1 #E LT, hU/nm
nxTF L0, 0.0025 0.25, 1.5, 1,100 ppm (0, 0.013, 1.3, 8.1, 5918 mg/m?) (/H
B C, 0, 0.00045, 0.048, 0218, 128.52mg/keg/d) ZHEIEHIM (22 BHIE) (2h7-
> THOKE S LT,

ZORER, BHERORBIZITEES LIZA LT, BT 025 ppm (1.3 mg/m?)
UL EORETUIRAF AN LT, DA ENBIE IR o—EH 7= OFIEIT,
T HEHE T 16.4%, 0.0025 ppm (0.013 mg/m?®) #£T 0%, 0.25 ppm (1.3 mg/m?) #£ T 44%,
1.5 ppm (8.1 mg/m®) #£T 38%, 1,100 ppm (5,918 mg/m?®) #£T 66.7% CTh > 7=,

FEHDITZDORERIZONT, & BUSREROFIEDRE S LD DA T2 <, 0.25 ppm
(1.3 mg/m?) RICEMENH D & TR L2, WHO (2005), BiZEEES(2010)%
EHIT, ZOTRITE-FICEREFMICATGEIITIHABETIZR N E LTS,

UbEDZ E0n, BERBIZONTE LD D L&, SEFIXHRIFIE 4 #F (Yauck 5 2004 ;
Ruckart © 2013 ; Brender & 2014 ; Swartz & 2015), AREZAIHFSE 1 #F (Forand &
2012) Zaid L7-AEE, JEGIR RIS 2 @ (Yauck © 2004 ; Brender & 2014) TI,
WG B (IER 5 BEFIC 38 kLA b, F I ITHEERRC 35 L E) OREBIRE %
25 L, FHOERMEEERDY A7 NG 72D Z ERWMEINTWD, L LR
O, WTFADOMES N 7 roF L oHEHIED O O RO A IRERIE S L TH
D, REIREOFEREITHE S TUVRN,

¥ 0 OJERFHRAFSE 2 FR (Ruckart 5 2013 ; Swartz & 2015) TliX, B RAH,
DY AT OEMMNHLIR, b LLIEY A7 OHEINTRERD LD H O DOIRE L~ L
WAKAE LT ) A7 OHINTIER W EHRE SN TS, 26 OBFZE TIEERKF, K
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PRI T O K D HEEEAMEH STV B,

AREFAOMFSE (Forand © 2012) TlE, RS MU 7 vv T L oo 55 Y ik
IZJRE L TWGEIS, RMARE, RIDEEERE, WK ARE, MR IR 5%
FIZOWT, PG A RERICHEM LIt ®E SN TS, L LARRLE
WNZER MK O R OREEIFR S TR0,

UL bEDE2mBNG, N oo L iR L RARE L ORI ST
v & L7,

7B, EREBMICBWT, WARERRTIX, BREOOESE A2 513
Teblahotz, —7, KEE LIEERT v FORIE TILOIREGES A LT & O
HERD DN, FAEFROBEHFESCHEKRAMEIZE LT, WHO (2005), BMZ2ZEE
2 (2010) THIEMER SN TV S,

3 —3 HIEFTOEN - EEFTEDEH

(1) BENEZICHTIASIBEELLE

FUZurxF L ACB LT, FBEORKREREIEE & FRROEHELREL TV D
ENE, SRERPRMN TITAFLE L 722V, WHO BRI 4555 /5> US.EPA (& &7 U X 7 3
fiziToTND DD, Y A7 EBRDORLLERDTA FTA AMERSRIRE 2R
LTWHDHTHD,

(2) ENAMICEAT SERNOHEEFIZE TS E M

M) Zaax=F L O NAMIZEET 5 IARC, K[EPEFEMA T IZF 25 (American
Conference of Governmental Industrial Hygienists: ACGIH), HARPEEMAEFZDITHIT D
FiixER 20 LB TH D,

£2 M)HYOOIFLUDENAMDE

X E AR TN AT
IARC 2014 1 (B MZHTIEIENAERRDBEND)
ACGIH 2007 | A2 (NIZXFT BN AMENR DI TV D WE)

HAPER AR 2016 | H1BE (B Mo L TRBAMERS S Ll tx 35
W - HIA)

® JARCII NV ZuaxF L UORBNAZENERDO 7 V—7"2A (B MIX L TR
EFENAMERDH D) 1B 1 (B M LULTENAMDLRH D) ITEF LT (IARC
2014), FOEFEORRIZ, FEBREICBWCTHTZIEONTESRMA (ak— M
g8, JEGIFERIFZE) I2ESWT, B MZBWTEBOBAZSIEEZ 3 i 5
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EEbIZ, N ZuvuxTF L UOREEELEIERTF Y RE - gD A2 T
WEBEMENBIE S, B LEEboTIERNWE LTS, BlignA & oBE
PEIZHOWTIE, B N R OVEBREMW OB AN TR S TWD 7 L% F 4 (GSH)
A MREY OB ERE SN TEY, GSH A REW I8 G FREEENZRD bR
HTZEENBEINTND
Aamiiﬂ%imﬁm%@ WS A2 L3252 L ERBEL, Wik 19 i
IZRE Sz (ACGIH 2007), £OHT, KREREAEWE - %mﬁﬁﬁ%f
(Agency for Toxic Substances and Disease Registry: ATSDR) (Z & % ATSDR (1997)
SLHEBIAL, NV ZooxF Lo DF k7o h P-450 X° GSH #AatmiTgs ¢
IREBFHRENR DV, EREW CHEEBEORENHDELTND (T FTIE
EHIESS, ~ U A TN, MoMES), £72, B MW T, M ZrBe=x
T U NTHREE Lo 8 E 2 x5 & U T2 ISP 725 798 T, DASEDOB B
HEAMER TR, W < D OIERIEFRAFIE TR B 2 EiR R
B A DEINZ © 72 63 2 & B3RIE éfm‘: ELTW5D,
HAPESERT AT, Rk 28 FRICH M AMEDFTEIC W, kD E 2#EB (B b
IZF L TBELLSEBAMENRG D LW TE 20E - HROH D, GRS ELET
T TRWEGEAR) 1D, B 1EE (B M ﬂbf%m PN D LW CE L2 WE -
FR) ICEE LTS (HEAREEMAEFS 2016), ZOWEIEL, TARC (2014) @
TN OER 22 LTERY, $m9$uh@r%mn1mmmh@ﬁi
U RTINS N2 &, BERICB W THIEEORELZRBD 5 +54
FELR S D Z EREMB A T = AL HOWTE GSH & ﬁﬂ%@Lb%&mﬁ
NBIER SN Z LS R E LTS (AAREEHAESS 2015),

(3) ERNDOEA - ER#EEAFICE T 5 £

MU 7 muxF Lo OFEREENE R TZERNSOBUT - [EEREEIC I T 5 E ERE

DOIRWITE S, £4DLEEBY THD, 72k, Tk 26 20D TARC DFEDS A5 FE FIE L LA
Fe, BEE CEEMOFEREZZE L7 HBES X2,

x3 ~UO/OOIFLUOEEFMEER (—RIRE) CFHMICRLTERLE

(US EPA (IRIS)) PRPA i}

RRZE
AREF | PR (RAESE) R
Guideline Value
(mmmm)' 2000 | 4.3%107 Z v N CORBEOEE (B
(WHO Regional e D IE ;)
Office for Europe)
Unit Risk g A - IS A - FEAR T %

2011 | 4.1x10°
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RfC <~ U ADMREER L, T v b

(US EPA (IRIS)) DGR O Llga T

2011 |2 pug/m?

RfC: Inhalation Reference Concentration: W A2 FRJE &

® WHO /X, WHO FNHilEEH R (2000) (2BWT, 7 v N TOREOEE (B'E

MIROEE) OMIZESNT, 2=y FU A7 43x107 # KKEDOHA KT 4
VEELTHELTWD (ZOMEERERICT D &, AERFFENAY A7 LUV 10
SRR T 2 KK 23 pg/m® PR SND), £, WHO RRINHK S
(2010) IZBWT, FLaz=y NI RV ZENEXETA RT7A4 EE LTHE
LTW5bh,

KIEEREEAH#T (Environmental Protection Agency: EPA) %, US.EPA (2011) 235
WT, Mooz F Loz Te hEPRAMEME] IZHELTEY, BENA -
s A« FER T U U NEIZE T 2 PRI ESNT, 2=y h RS
4.1x10° (ZOfEZEIEICT D &, AFERFEIFENA Y A7 LUV 105 12557 5 KK

BEEX 24ugm’ LR EIND) &

RELTWD, £70, EBAMELSOFEFMEIC

PR DRI HOWNWTIL, vV RET v F TOEBRERICESWHTRASRRIEE
PRELTWD,

x4 ~UOOOIFLUOEEFHHER (FBIRE) LFHEICKRLTERELE

BEEE
BT | AP (RIE%) 5%
TLV-TWA AR R, Z DO FZEE (Bl
2007 |10 54 mg/m’
(ACGIH) PP (33 M) | e kA% S TE) DTS
TLV-STEL XA SR DD B — 7 DR R
2007 |25 135 mg/m’
(ACGIH) ppm (135 Mg/m’) |\ oo | oz = &
TREE (BAR PR L (PP AR R, B RS
‘ 1998 | 25 135 mg/m’ )
e pem (S| w~o)
BHEHIRE (518 2009 | 10 ppm (54 mg/m’) XA R, Z DOt (B g
N LD PP g DEMR OB A ETr) DT
TLV: Threshold Limit Values: 25 i & il

TWA: Time-Weighted Average: i/l 8 -4
STEL: Short-Time Exposure Limit: 5 il B & R Sl

® ACGIH IZ, ACGIH (2007) (28T, BRFEIREA 100 ppm (538 mg/m3) #HCTH
WA (BIR, BRIk L) BAEoind I L&, SEFIXHIRAISE TR
IZRHIMRET 25 LB ADORAEROEMMNBREI N LISV T, TLV-
TWA ZE L T\ 5,
® HORFERMAFZDIT, MR ENBN 2 WIREEIZB W TR ErE s o Fik (58

XA T~ D
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A, FEEME, BEMER YY) %t BN EWND B ZITIESNT, FRIBEESY
RELTWD (AARFEERETS 1997), 7ok, ZNLRE, FRRBEXREIN
NQAYAYAN
T A RIS EHIRELX, ek, BAREEGEAETFSIERK 9 FITIRSE
L, FR 10 FEICHFRBE & U TEIG L7225 ppm (135 mg/m’) S, EFHIREKE
%Z 25 ppm (135 mg/m*) & L TU/=A%, ACGIH 23 2007 42 TLV-TWA % 10 ppm (54
mg/m’) (ZeKE L= 2 & 2% C, Rk 21 AEICEPRERE N 10 ppm (54 mg/m®) |
WESNLTWD

¢
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4 MEFTETM

(1) ARRVOERAERE

M) ZvoaxF L oOAEROHBIIK IR LB THhDH, TEAEHIZ L,
ZRR72MBE~OFERIZ R, RFORERRICEDOE TEEZEN RS HEML, 1971
NI 12 TRy HREICE TR LD, 2ERH T AKBEENPEEL L2 LR En
SWCHE U7z, 0%, Moo F Lo oRBEAE L UEbnC&iz7m v
113 ° LL,I-hU 7 maxy o7 Eollyd - R A s i oBla ) b B
S, EHICCFC (Zuu7ituah—Ry) ORBHIEL T ) Z7roFL %
BFELE L TAESNTEZHFC (0N Ra 7t ali—Ry) BNEWiRsER R4 A9
HZEMBARE AR SN D RE, ZERRER EAG-TR) Zar=TF L
COEFERITHEA MY IR L TE (K3, RBEELEKREEHRHZ V—7 2012),
LovL, SERMCEERITEBDERmICH Y, & ITkimiZfEFEREF LR LIz L
25 2011 AL, (bFTEFFHTIEI N Z7aonoF L ool iTidiEssnia i
S TW5,

140000
120000

100000 /‘A’\K
80000 —# vw‘/%
60000 =
40000 7

20000 |———53#

0 (ol N TN N Y Y N O Y N T Y N N N T Y N N I v |

-t I~
o o
o O

HEE (b )

1953
1956
1959
2010

19
19
19
1995
1998
20

2
200

3 HAEIZEHFD AR O00IFLUONDEEEDHTR
DRIEPEFEE AL LM L0 1ERk

— 7T, 2012 4ELIFE, R U 7 v oo L bR E O A K OMLE S oo HL R B
T OEME (AN 48 EMES 117 5, LN, MESKE] Lvwo,) OF “fEErE(bs Y
BIZHEIN 720, fiE - ARFEORHBTHE ST o4, ARINTND (K5,
R FEZEA 2018), T OWEHIZ I, 202 FLEL | &HE M) /oo F Lo
B« EA B OBMEITHV TR Y, 2016 £EORLE « #AREIL 43,071 F T,
1971 FFEEDAEFERED 12 T F RO D 13 RBREICETHAD LTV,

2B, M ZuoxF Lok, BURCIERIC T AR (RIS &L
THAESNTEBY, ZoMoMf®EeE UL, RISHEA (2 55%), (L22BFEEZ2 ERH
% (BRELE 2012),
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10

12
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21

x5 DHMEICETFLHIFIIO0O0IFLOD x6 DHMEICETFLHF)IOOTIFLOD

BiE AR (B hLF) HEE (E: b o)
G HE-BAE WEE  HAE gr mpy ORURE ZORRE
MRITHEE S
2003 85,049 84,079 970 2003 83,254 46,292 36,962
2004 86,597 86,293 304 2004 88,064 50,836 37,228
2005 82,428 82,239 189 2005 82,899 44193 38,706
2006 79,397 79,299 98 2006 76,656 40,675 35,981
2007 75,783 75,693 90 2007 74,755 38,229 36,526
2008 61,840 61,756 84 2008 61,514 33,825 27,689
2009 49451 49,439 12 2009 54,657 41,686 12,971
2010 50,232 47.894 2,338 2010 49,657 36,515 13,142
2011 51,586 41,990 9,596 2011 49,814 37,377 12,437
2012 46,399 42936 3,463 2012 47371 35,743 11,628
2013 45,731 44812 920 2013 42,975 30,648 12,507
2014 39,171 38,438 733 2014 41,251 30,799 10,452
2015 44122 39,244 4,879 2015 44 895 34,430 10,465
2016 43,071 39,208 3,863 2016 41,682 31,635 10,047

RRFFRESEE o —RRRFEL A WE ORGE - AR OMRFERT LV ERk

U7 vaF L OFEO MR OHERITIER 6 D LBV T, 2003 F2H 2016
AT THIFTEIT L TV D (RBRFFEEE 2018), FRIZ, @i LK O W) & LA
SO ROV ABEZE TH Y, 2003 FEIZEH~R 2016 FE1213 1/3 LLTIZEAD LTWA,
2007 A F TIRIEIEREIT WV THER L TUN=23, 2009 4RI RIFICHEAD LTV 5,

BREEE OFERMEARILAY (VOC) BEH A > b U G BRECFHEAFZERT 2017)
2k, 2015 ST TERVEEAIE LT8725 by 4ED R /7 moxF LM
HancnwiceanTtkBy, mb kO HERTEUSNADO N 7 raF L OXR
PRI TEMAERAE L THERASR TS b0 L Ebils,

(2) HrHIRR

c)ZaaxF LAl on T, BEIREICH 5 HESCH T /KO FF7 7 mnm
TF UV BNAEMSIREIND Z LTI D AERT D E &N TWD BREETE L EREEAFSE
At 1994), DT, L MTEAKPIFEET D M) sreFLiigd, 7 8770
nTF LU DOMEMSIRERIRET D2 LONEENDL EEBDNDEN, TOEIEITINS
7ol - fEH E R DTN THY, BEFO M) Z7an=F L rDidl Al
ANEENCE D BEH A IR E LT EEx bbb, 18 - i PR cIE, -
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BRI ZANOEBREDO M) 7anoF L UoNBHE SN TEY BREETELBRENTSE
AT 1994), HHERIBR AT A OBENLE > TREAHFITIR AT DAl REMED B D A3, 138 - Hi
TARIGGD LN R TIEBR AT ANRKKINRATLDEEZEZXD &, TOREITRELIA
<, REFUIHEETH R 7o FLrDiE e A SIXARTERNCLE O B 72 KR
~OHZRFE LTS EEZBNRD,

OREICEIT D ANAHR ) 7 oo TF L DORE~DBHIZOWTIE, FElbs
WVE DEREE~OPEH B OIS K OVE PRO B DR ICEI+ 27 CERE 11 4E1EE
¥ 865, LT, ME&HE] 29 ,) ITHS< PRTIR HIED T T, BEE~OHEH - B#)
BEOBRHNRRE ST ONTEY, BRSO FEFT LTI DN T OHEGHRE R &
AbETAEENTWS, R ZmoroxF L PRTR Off K OMER #5135 7
(BRI PEIEAS - BREEH 2018a) O LBV T, mHPEHEITHR 2 WA L, 2016 41T
2001 AEEEICEE, LRI > TWD, Rt EIEIE, 2001 44 X
BT, RE~OPEHIHAMEME S U755 R, 2006 455 LIRRIZEAICHR T, 2016 4F
FEIZIE 2006 4EFE D 05300 < FTIZWD LT 5, s EIE, 44 2 4013
FHTRIEN DN T X 72 o 7e 2 L0 B KBS K72 iR & 72> TV 503, 2007 4F
FELURRITRUMERNIC 8 5 (RRPFPEFED - BREEA 2018Db),

£7 PRIRICEKS U200 FLOD
IRIEH - BEIBEO#R (B Mo )

%8 PRIRIZKA MUV OOIFLUNIRE
AR DBHEHEDHS (B : Fo F)

g R EEBE g x4 omw e
Bt Kbk
2001 6,322 1,815 32,527 2001 6,317 6 0 0 6,322
2002 6,048 2.303 12,876 2002 6,044 4 0 0 6,048
2003 5,782 2,795 928 2003 5,775 4 0.001 0 5,782
2004 4,997 3,034 1,017 2004 4,993 3 0.001 0 4,997
2005 5,108 3,098 1,048 2005 5,105 2 0 0 5,108
2006 4 575 2436 1,193 2006 4572 2 0 0 4,575
2007 4,542 2,382 683 2007 4,540 2 0 0 4,542
2008 3,668 2,008 636 2008 3,665 2 0 0 3,668
2009 3,325 1,918 566 2009 3,322 2 0.04 0 3,325
2010 3,373 1,925 791 2010 3,371 2 0 0 3,373
2011 3,198 1,832 585 2011 3,196 2 0 0 3,198
2012 3,082 1,645 567 2012 3,079 3 0 0 3,082
2013 3,039 1,604 494 2013 3,037 2 0 0 3,039
2014 2,833 1,554 470 2014 2.830 2 0 0 2,833
2015 2,667 1,446 540 2015 2,665 2 0 0 2,667
2016 2,538 1,399 325 2016 2,536 2 0 0 2,538

(RRIFPEZEE - BREEYE 2018a,b)
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F7, AR OPEHEE LD &, ZTDITE AL ERKE~DPEH & SN Tn5 (%8,
TRIEPEFEA - BREEA 2018a), i X Gt OPEH B OHEFHI B\ TIX, BRI D HE
HEIFHER STV WS, & TRIBEM O Ja Hd S OF LT B OHEHBEOHER
THDHZ DD, @mﬁ%@wmi@ﬁmﬁwm%A%wizée JaHsh o vV o
nrTF LBl EAERRKUTHEH SN b D EHEESND,

REEONA CERK 11 4F) Jifglci, ERMBRILICBEEEZED TAERK
TEUE O RKA~DPEH 2 Wil 9~ 2 BHRA T T ns, 3ERHEO 2 B (k9
11 AERE, PR 1315 4RFE) (2725 A ENARBHIZ L - T, 2MERICES D 2
neTF L ORKIEHEIE, 1975 FED 7,411 N2 F0 b 2003 FEO 2,519 b
Y EASBITED L (M RREEE RS RKEREEH 2 2003),

Fio, #HEMEARLAY (VOC) RO A Xy M DEEICHTZ->TH,
V7 aazd L rDORI~OHEHENRHEG SN TWD BREEA 2017), VOC OFEHA
PR RVIZBITA RV ZunnF Lo ORG~DOEEHEEZ RS L (F£9), 2005 4F
FED 17,356 b /MBS 2015 4EE1E, 7,343 b AE~ 12 LRI LT 5,

&9 VOCHEHA RV KYIZEDH MUV BAIFLUOARKHHE (B : Mo 5F)

¥ TH e
= SO R V% =pspg e R
L ot = LAl Y R A vk H
) —
2005 17,356 256 58 16,951 68 23
2006 15,572 246 58 15,170 75 23
2007 12,856 228 56 12,516 34 21
2008 11,974 191 51 11,689 24 19
2009 10,207 151 43 9,978 18 17
2010 12,390 160 39 12,148 26 16
2011 9,389 143 36 9,195 0 16
2012 8,597 122 31 8,428 1 16
2013 8,079 114 29 7,920 0 16
2014 7,988 109 31 7,833 1 15
2015 7,343 101 28 7,198 1 15

(BRBE4E 2017)

KEA~OHPEHEDO PRTR Ji IR 2 RN A 5 &, 2016 4-FE 0134 R 5 5l
¥, Wk Ak as ARG, B RRLEEE, —iias RRlggE, 2. +a
RGBENEED 5 B TR 2,137 b/ EO MY ZnnzF L ARG~ HEHLTE
D, ZNHO5¥EETEEROPEHEDOK 8EIZ HH TS (F 10, RFEES - R
4 2018a), FICTEMAWHFAIELCR I ZonoFLUMERIRL TS HDER
b, VOC HEHA o _u Y OFE TS TEMWEEH L L TOERICHE S e K
HoaamED TS (9, BREE 2017), HARATHNY ZJnoxF LU RERKRT S &
DWEITR L, DREICBTARETO R 7anoF Lok, FicdERL%EDR
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WEIZBTDBNETEEA E L THEA SN TV 2 EE TORHICER LTS b0 & H#
H=ns,

%10 PRTRIZEKA FUH/OOIFLUDEENORIADBELHELHE
(20165 E : B : b/ %)

i REHEH &
& Jm R B 2 1481.7
% it s B 3 227.2
T A B s 2 178.8
— kR A B 143.8
223 - ARl RS 105.8
b T3 85.2
F7SIES 80.1
Ik Jm B2 73.6
FEE e B 3 57.1
= A s 3 31.6
7T ATy 7 R RE 26.9
Ve 18.0
Fp A PRE 14.0
Z O3 7.4
HARR « FRI) - [F] R 3E 2.5
Has g 1.4
PEEFERE AL B ZE 1.1
A - o R R 3 0.17

(RRIFPEFE - BRIEA 2018a)

(8) IRIEPTOEd

N Z oo L AdiE R T TIEEICOH 7V L » THfRSh,
VIR B OWME L OIS NWEBZ X HitDd (ATSDR 1997), OH 71 & D
FOSZ L2 3-7 B, AV & OMGMT L2 BT 1 00, WMEgo o h
V& DN L2 ENE 04-4 5 A LHEFFS LD CIrm /L X — - FEEERAITR A B
FEHEAE « PERIME B ) 2 7 S EFZEE o 2 — 2008),

N ZaaxF L A3KBRER CIEmIhic< WeB 2 ois, @ Tk
fRS e e Z3u (US.NLM2011), [b3§iED A& gl I3t nfpt: & e s T
BY CEPEEEESE 1979), MM TOASMIZIETE ITEVO T, BEKPICHEH
ENTHA, FICRE~OEEICL W AKTNSBRESND LTSNS, 27170, &
ENRKED HBREL, KBEMENRKE S 20N En, BEKPICEROEELE
ICHEH S 5A121E, KIS T EEICET 2B x0615 Fre=rrx— -
PESEFATHRA A BT ASAE « PERRAIME S ) R 7 B HWFSE Y o % — 2008), £7=, 47
Z ) =)V KGRI IR R R N S W20, st RV e E 2 B, EREO
A AV EEERBR TS, BEMERARVWEITEWEHESNTWS GRREGEE

44



O 0 39 N L B W N~

—_ = =
N = O

13

14
15
16
17

18

19
20

4 1979),

FHPICFE A S5 E, KLV EL, BEMEW D, HTFESIREL T
W ARBAMEICHE 2 GREETESCREMEAT 1994), 18 - K OBKSHET
CIEETHBEESIC LY, T ho7nnnFLoms hY ZunxoF Ltk
A—J5, N)Zoaz=FLrnl2-UrZaand L ool e =T ) v —a b Ol
SNDAREMEDR DV, bREOM TR IND 12-V7rrF LRl
=NAE/ v—I N e aF L OgRAEREZRFE L TWD EBEZ LD BRE
JTENLEREEMFTERT 1994)

BRRSRAE T DOHIKBIZ BT DA X A AN IEERTIE, PV ZnoxoFL
DAIEDBAIE S5 £ TOFHEEHIRIL 40-300 A T, ZDk 41-110 A TIRIEHME S
iz oHENH S (Johnston & 1996),

(4) RERE=ZAY2TDIKR
F)ZvaoxF Lo ORKIELORBITONTIE, 1997 FFE LRI A E RIS Y

WEE=2 1 7t UL THTARERIC X > TERERS TOID X2k b,
ZOFEICLED M) 7 ruTF L ORKIGRRIOHERL IR 11 O LB THD,

Z11 MY/ OOIFLUORKEEDOTHEEDHS (B : pg/m)

R bR A% PEIE e/ IME KK
1997 55 680 23 0.063 39
1998 271 3,275 1.9 0.049 78
1999 313 3,779 1.8 0.018 60
2000 327 3,948 1.2 0.0039 15
2001 332 3,985 1.3 0.022 26
2002 341 4,092 1.0 0.0012 70
2003 373 4,476 0.92 0.022 18
2004 361 4,332 0.93 0.0030 22
2005 406 4,872 0.75 0.0045 15
2006 397 4,764 0.90 0.0045 13
2007 399 4,788 0.76 0.0042 17
2008 399 4,788 0.65 0.0086 8.8
2009 404 4,848 0.53 0.0052 14
2010 392 4,704 0.44 0.0081 10
2011 364 4,368 0.53 0.0074 17
2012 367 4,404 0.50 0.010 10
2013 369 4,436 0.53 0.0059 16
2014 364 4,368 0.51 0.0078 20
2015 353 4,236 0.48 0.0060 11
2016 356 4,273 0.40 0.0060 11

(BREEA K « KRR 2018)
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SRS 1T 1997 4EFEDN D 2000 EFE T TRE KT L7, 2009 42T
TOTPRIETFZR LD, ZORIIBIEOTHRE L T\ 5, BAMEIT 2002 £ F
T3 50 pg/m’® BB 2 2 iR E 2 7T HUS S b o 722, TR LT BIT 20 pg/m® L
Tz EE->TW5D,

Fl2, K41X, N7z F L rORKUREDOFHEOHER &, kil E s

(2000 FEEE D 2016 L E TO 17 FffkRe L T HRIE L7z 164 Him) OFEfE
DR ZBERTZ LD TH D, WITOREDHERIZ OV TR 2 BTl b

(X4, BREEEK - KKEREER 2018),

E{E (pg/m?3)

1.8
1.6 J;
-__9(\

14 +

—o—2itE - - HEDNTERS |

1.2 ( \x-_-—x-—-x

1.0 + R
08 +
06 T

04 +
02 +

00 T T T T T T T T T T T T T T T 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

FE

4 +~YLOAIFLUVAREEDFHEDCHB R VBRI ERRAICETS
EHEOHE (RIEEK - KRIRER 2018)

BERKGEMEE=42Y 7 (FRFELR) OHSEME, FFEORAEROREL
ZAF e T—REREE |, WEMEME Z > TN D FELOREL RS 57200 TH
EFRAEIREL) & AR HEEOBEIRAIRORE LT 57200 [hE] O 3FEEIC
SIS ILTW D, 2016 R OREHLE O JEMER OFAR R (F12) 215 &, THEE
SEAEVRE ] ORIEHSTO Y 7 1o F L OEEHEE O REI 11 pg/m® &
5l T—fBREs) < [N ST, TEEREFEL) oF=41 v 75
BT D HRE, RKMEE bICEL, HERKSBIOF-EIMEDOLE /534G % # T b,
[ E S8 A VRE L | TR O O TR MR O LR AN E M (K5, BREEA K -
KREERER 2018) BALNDLZ Enb, TEEBAREL OT=4Y v 7Himo—
HTE, N)zaoonzFLrORKEBEN N Z7oanF Lo 2B FEFROE
BEAZITTCOVAHAREMENE VLD EEZHND,

c)ZuavaxF L2 9 FEREDICBWT, L EEIERZITH 720,
PRTR (2 X2 HEHEDO /G HIEREE2 2B 10 L CTEEOHIR CHRE L1772, TORER
ITEE 1 DL B0 T, —HOHIK TITAFERRGEMEE=42V 7 (FIELH) O
(EERAWEL ] OF=4F 1 THEOREICIEASTERE & 7o RS HER I
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TWa,

ARFEIIBREE D RGN E L SNOBE THE L TR 6T, FHIZEOH
2 RRFIEENC XD EE D (L S TRW D, £ ORIER R ITBREE LY & Bl
G T& 2 b O TIEARU, [LZMJEMW) ZOX)RMBTIE, P /e TF L
VS BITHLD 0 FHRPTAILICB T HERSDOBREICEET 20E R H 5, ]

x12 HABRMAOR)O0IFLUOORKIREE=F Y VIR (2016 £F)

SR S P (ng/md) B/ME (ngm?) | BRKRAE (ug/m’)

—fER YR 254 [248]| 0.37 [0.43] 0.0060  [0.0060] 5.0 [5.5]

[ 5 AR 2 39 [43]| 064  [0.79] 0.011 [0.0068] 11 [

ASTE] 63 [61]| 0.37 [0.47] 0.0080  [0.011] 3.1 [4.6]

TR 7~ [ E J8 AR 0 [1] - [0.71] - [0.71] - [0.71]

% s 356 [353]| 040  [0.48] | 0.0060 [0.0060] 1 [

KE=Z U 7/RIE, A1 IRILLEOSEE T 1ER (12 208) JE L7aHs 2 & TE A E 4 H
LT3,

¥ [ ] NOEFRIE 2015 4 E O FEBHEZ R,

S TEERAREL | OBMEIZWE = & 1o —E RO BHAE O P A3 FLIA £ 5 S35 7
S 5 knPANIZ & 2 HEHL RIS B S D,

.

(%
S
(6]

O —hRIREE
BEERER |

OpE —

'
o

L
I

DR
&

=R NN W
o uun o n o nn O
| | | | | | |

Hhigt 73 5RO RIE /D

E TR BN e e—

01UF 01~02 02~03 03~05 05~07 07~10 1.0~20 20~50 50~100 10.0#
F F 91 (ng/m)

5 016FENM)/OBRIFLUICRIAFTARIERMEET =42 L /REBRORES T
RBEEK - KRBRER 2018 M SR, TEMEERER & TEERER S&8H1, )

(5) REEEETE

F)ZmauxF L rOBRER~OHEHIE, PRTR (2 L DEREBAR O EHEEH &
HERBIZ LU, 1 FE A EDRRATICHEHENTWAD, KT h Z7ooxF Lk
M7 EIT Lo TERIAKICEBATL, BEDKSCEMOEBRZ® L T MMIREE éhéiab
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W W W W W W W N N N N N NN DN N N R R e e e e e e
AN L B WD =, O O XN N PR WD, O O NN R WD~ O

PRI D08, FEEMENE <, KBMENMRNZ LD, 1T A EIX %8 U CigiE
INHEEZOBND, 2016 FEOAFERIGEMEET =4V » FHEMKFIZHE S
KENOMERZ B CHBEINS M) ZunzFLrolE, MREZ 15 mid &1
Ll —REREOHMEICK L 5.55pgd ERESND, KEE S0kg & 55 &, KE
ST O— HIRTEEX, —EREOVEEICK L 0.11 ngkg/d, FAEPEILLINEZ S
DI RAEIC K LTI 3.3 pg/kg/d LHEEES D,

FBNZELTO R s oo F U UgRE, JBASEEICED 2012 X ON2013 FEED
H N IEhE S L7 2 E FEREFR A Tl KME T 1.7-2.7 pg/m® Th o723, N TR
RV Zen=F Lo 2T 2 ERIIAY 6T, RREERBRZWEELHLEH
2 HILTHEY, WHO (2010) DENZEZETA F7 A4 2 TED LVTZE (23.3 ug/m?)
S+ TREID DO ThH-o 7o (BAEFEE 2014), BREA DR HERKIGRDEDE =
& v TIRARE R & EA TR O ENERAEEFEERES R TR EIICHET S &,
FENELZNL L RERERKREFBEEO N JunoF L OBZREZITTnD L
Exbhbd,

MU ZwuaxF Lk, JEKOPEHC HEEEYLE 208 U CTRITKOM TR 253 L,
EKCRMOBRAZE LT MNIBFESNOIBENRH D, T, KEKNKEILUE
DRBELIZBWTIE, Yy VUV —CAREICBWTHEENOWINLZY, #ELZH O
EWMALIZV T2 LICE2BELEELC, BEEORENMTONLTND, 21D
DK EEOTAKEKZEL, 2L LTSLAdOKEKICEEND M) 7 oo F
VIR S NS & L THRBEENREINTEY, KEAKDOHGIZI W TIIKIEAK
EHUE 10 pg/L SESF SNAVUSAGEA NS 1ugkg/d 2B 25 F ) 7 oo L (T
B SNDZ LT NWEBZBND, 2015 FFEEITIE, AKEARDIFEKD B 0.011 mg/L LA
O RN 7 ma=T LU NEEOFE TR TR SN, fFaKERK CITEEE L &
25 h)Z7auF LR EhTunieny (HAKERS 2016),

T KERBEILAEIZ DN T, 2016 FFEOFHE TIE, BEMFHAE T3A (BiRE 0.1%),
VY I P EL KR T OAR, Mt il £/ ILEME =4 U 7 FH4& T 240 KD
FHFFATHr) Z7omF L o3 il FKRRERAED 001 mg/L 281 THRIESATVWD
(BREEAK « REKEBRER 2017), wEEEITFGEHETE TO 39mg/L T, RKIZZ D
TR KR ZREIAKRRCATE AR E LTHEMAT S &, 3.9mgkg/d L7250, —BIZiEH Ik
RIEREMEZ X 2 FAKICOWTIIBHABER s b7, HITFK22HH 0.001
mgkg/d ZHZ D M) Z7unF L AZREIND Z LTV EZE2 LD,

BFO N 7o T L UREIZOWTIE, KET 1996—2000 42 A —/3—
ETHEALLLTI0EOBMIZONT 20 B ZEA LI h—2 L Z A4 =y FEDRR
DESNTED, 29FOBLND ngkg A —F —DEL~ULN, (KWBEE TRt &S
LT %  (Fleming-Jones and Smith2003), F£72, KED T AT X TITONIZHET
L35 DINTH TN E T 0.04 pg/L (<0.01—027 pg/L) O hY 7 maruxs

8 WHO (2010) 128132 H A RIA UM (= U RZ) :43X107 75, AEBFIRNAY 27
LoyL 100 IS ST DI ZH M (10° + 43X107=23.26 (ug/m?))
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VU SN EAE ST 5 (Hiatt and Pia 2004)

BRHEREFO M) 7 auTF L UREIZOWTIE, BEADCEIKE G O 2R
TAEERLTHY, —HORAENS M) 7o F LU RREISNTVADR, KA
FNZEXDOWA L EARD L, BBETDT N THLIEEEINTEY, B&ME2ELT
BEINDL M) 7 F LrOEITIRESZNVEDEEZIOLND (R 13, REAR
BEOREEE BR BT 22 g 2001)

x£13 BEHHTO LY/ OOIFLUVEE (BAL: pg/ke)

I 15 HH A R HH AR R A R HH RS
1996 1/9 2/81 nd-0.6 0.5
1997 1/9 1/81 nd-0.5 0.5
1998 4/9 7/81 nd-0.0009 0.0005
1999 3/24 8/72 nd-0.0019 0.0005

(BREEAE BRBE RIS BRBE 22 4258 2001)
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(1) ENAEICEY 25— RICEFROFE

BENRAMEICHONTIE, UV ZoncF LU DREICEL > TBIENADY R 7 )34
MT26D0EHWLI-EZATHD, BRAMEOEEFHMIICEAL T, T ETiZ
WHO BN H %5 /) (2000, 2010) °&% OYUS.EPA (2011) 923, hUZmue=x=JF L
YORMWAMEICBEER 2N DL L Ca=y MY R ERIEL, EhEnA KT
A UEROBIRE L LTRELTWDR, KEEATHE, MBS ED, &
ligs v > U A 7 BEANZ B L CHREE L~ LR D 7 b LT R TTR EEF O RS D
NI PR AR, B EEEEOERFEMECET L MAEZ S &1, RIS
B4 2 B —GBMROHEE (CEFAN) SRENMRI 21T 72, b, FERTF
U 2 NJE R OIS AN DWW TR, EFRHAICBW T R Z7rraTF L2 b o
PENR—EH L bOTIE W, E—RICBEBROBRFHIITORNWZ & & L,

Moore & (2010), Zhao © (2005) D 2 fRIZHOWTIE, BRFENEH E L THEELCM
NDOBRGEREETIE R <, BT SNTREX DO R a7 LR EOREM (1%
BRI B T ORRKIRE L B/NREOYRR) (W72 AT —4) ZHWTY X7
FHE2MTHIL TS Z &, X 5T Zhao & (2005) (T DWW TIEAHEIR 1 (BRI,
FABRFEER) (B L TGREINTW W &b, Zhb 2/ o0V TiE, &
— ICBR Z T D ICIE R+ Th b LB X T,

Charbotel & (2006, 2009) (Z-2OWTidk, MRFRIGH & U CREAN D RAFERTE &
(ppm * ) PHEESNTWDL DD, FlEN A DY A7 OB mlgeEiE (AR
# & C 1,000 ppm + F (5370 mg/m® - ) ZEZ DMEER, F7oIXRERINE ST
50 ppm (268.5 mg/m®) DL EDOWRFEZZ T KBRS V) RO TR, SAREREE
WHEAFE LT3 A ) 27 OBINTIZ Ao Tz, LTER-T, Ok hr—2 %
WCE—SEREHET 2 2 ST@Eb i ne B 2 7=, ok, BRI T,
Charbotel & (2006, 2009) DFEIFLLISNZ, FEDAMEITLR D & — ISBERICOW T
B« ETDFTREREFHIANSE LN TE LT, T EOBZEIITERY, 36
2, BlarEEE (EEREMEZED) ORGHTRBWT, WARERERIC X 5 /MEFH
T DNA KT HEEEHTIIRNWEB 2oL Z &, EMEG TH LB TO
DNA B0 RE B OB I DA SN TRVWED Z LD, BN AMEORBIEOAHEIC

% WHO (WS35 )R) OKRZKE S A K7 A > (WHO air quality guidelines for Europe, WHO
2000) R ONERNZERE VA KZ 4 > (WHO guidelines for indoor air quality, WHO 2010) %, ~U 7~
nuTF L DORENAEEZREERLE LT, 7y FOBEBEOMAIZES 2=y M) R
43x107 2 RKEHA T4 ML LTRELTWD,

10 Sk EBa (R T (B2EZ(R7/T ( Environmental Protection Agency: EPA)) (%, US.EPA (2011) (233
WT, M ZmxzFlL oz Te MERAMEWE] IZHL, BEAA - IFEAA - FFERDF YR
JEIZBT 2E PR RICHESNT, 2=y FU A7 41x10° (ZOEEIEICT 2 L, AJEREFES A
AT UL 10-5 1T DIREEIX 2.4 pg/m® ERHE SN D) EREL TN D,
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DWTITHBICE RN E L2 Z &5 2 08T, Charbotel & (2006, 2009) DT —
2 aENTERBN A A7 OE—RIGBEBROHEEIT I ThRnWZ & L Lz,

F£7-, WHO FRM Hulsi 5% /5 (2000, 2010) K X US.EPA (2011) TIXEfER LD
FEBNAMEE LTa=y M A7 245 @3EER, EyomilicilofFonizr—
Z EARIR I ERRSMT) LTV D0, AREES TITIED AAME D BIE O A M4 W
T&7pWnWE L2 &, &5IT Charbotel & (2006, 2009) %N L% FVNC & — KO B
BEHEET D Z EITEUTIIRNWEEZ -2 b, AZEER BN Ta=y
A7 OHEFHIERA T 220 LIl L7z,

(2) ENARLUNOREZEICET 58— RICEROHE

FENAMELSN DRI L ClE, 7F 2 %5 L Lo E P n 28 &
, TEREHEINTND, 2609 hH, BELNILLEEBDLLILZKAHE
EEDERNELNIEFMAEZ S L2, B—RISEROWEENTTRETH 5 0 s
ZiT-o72,

R R OB T H % B RAMRIEIRICE T 2 @B OEFZEIC BT, )7
B axTF L TR LT A B DA OB RAERER (8, D FE W,
BAET IR, IR I7IREE) OHEIC—EBMERH D, K[HFEET10ppm (54 mg/m3) LLF )
5 100 ppm (538 mg/m®) #Bx, JRH TCA JREE T 20 ppm (108 mg/m®) Ajifin> 5 100
mg/L #8 % DRI D120 T — 2 B’b 5D, Fiz, BEKRFELEEZILTY
L2800, ARORNE I TER-ISBEROHEE 21T 5 Z L ITAREE B 272,

H R AORRIE IR LA ORI R~ DB L U CHRNE ST, = XksE O Rk
TS SR M O TENSBE ~ DRI BT~ B B A ZEIC DWW T, BUIRTIX R Y 7 &
nxTF L O L OBLEMEIIIA S TRV EHIE L2720, B —RUSBER O
I ThRnw & e LT,

WIZ, ER~DORETH HIRBUEEGERECEE T 2 E PRIV TlE, JrfEhE
G & UTOBBUERIES (2361 DIRERIRE & 2 WIXR Y TCA IREIZET 2 #HED
HHLOD, WEUEREICET S MY rronF L UIRBEOHTY A7 & OBMRA
RHTH D Z &, FIEICEREKRFERS D LI c& 22 &, &5, BIEH
DOIFBIRED TIRMEZZEN R OND LE X DN E/NEE & HIed D 0BT
W, ZNETHWTE & KISERICES S FHMMEO R H OB 2 7 & 13k
HHD0THY, 5B TDIBRFINRMETHL 2 ENnD, BRI TIE, &SR
DFHHIZIB N TEET D Z L@ cidin et Bz 7=,

ZDIED, BRA~DOE, R ~DFE, BAEFBIONTL, BEZRT
AELIAt5r, b LI, BET — X KOE—NGBERE R T T —2 DA+ Th
STZEnD, BIRTIZ MY Z7uaxF L o OEE & ORI S s Tldzeun &
W L7 72729, &—RICEROMEHIATh7enwZ & & L,
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LLEDZ e, YFREES T, = FRRA LV M L THRE~DORETHDH
THRIER 2 TR - SEROHEEZITY, M) ZrrF Lol A7 G
MEZEETAZENEYTHD EE X T,

6 JRVFHEENEH

(1) EMMICANIBEZEDEEIZDOLNT

%ﬁ%ﬁ%%éééﬁ%(w%)uh ICAFR SNTEFI LTI, BUTEREICE
WCARHL & U 7= %0 RSN B 7= 1 ﬁﬁ%%@%mﬂﬁ%@ﬁ%ﬁ%%hf,&
DTY A7 FHIfEZFH T2 2 kif%ﬁ#oto*ﬁf TEMERNC BN B DL
HENFIIH 722 ONELNTEY, ZRb0mMmEN, VA7 FHMifELEHEHT 5
BROMATIMRH OB EZ BN TED L IIZEBEIND DN L - T, BREELYE
DIENEDHAREMERH D Z L E 2 bk,

Alal, EMWHNIEERALND EHMTEZ52H 0L LT, BIRBADU AT O
m&%f%~®%@(ﬁ@fﬁﬁﬂ)@ﬁ%ﬁ%%ﬂkk@,Ux&ﬁﬁﬁ%ﬁ@

LERITIE, TNDDEEBIZONWTEREDRLETH DL LB XTI,
fotib FEEFEITONWTIE, HUKKEGIZX E.’)@J%S’%%Tlu TG DFEANT & 5%%
WENE SN TEREY, RaKeZAS (2010) 1%, ZhEEPA iu%@ﬁ%

ﬁf%gﬁﬁﬁkbfwéoL@L&ﬁ%,%ié%*ﬁ,ﬁ?ﬂﬁmﬁwf,bU
?DBI%V/k% WAL OFEM IS N TRWEHBI L2 L, £, WA

L 2R T A~DRENBE I N b OB RN oToZ LD, A
WL T, VAZFHMERHDOBROZBEIZEZ ORI L& L, 2L, 5% b ¥
ERMLBEREETHDLEEXD,

(2) JARVFHBEENEH

AIE TR LcEBD, MROFE (ARAMRIENR) 2= FRA ML
T, B—SEROHELZITY, Ml rzooxFL ool 27 iEaxEH+5 2
L,

B R PRER I DWW T & %5 & U T JAFPH 2 g P oE s dis ST
D, FNDESZIZFHMIES H O HF A (Point of departure : POD) (LLF, PODJ &
W) ERDUBEENLOND LB ONDER/NOKRPRE L~V AR LT,
¥, BUTEAHEZRET DB S B RAMRIERICET 2EM R R G, 2N
RONDEEZ LNAE/NOKPEEL N LEZREF L TERY, BELEHMEES
WA (1996) IZBWTIIRD X H Izl ~Twvd,

[NY 7T U UBREBEHICH LD MHRR DI T 2REN A &5
&, WEERRERIZEE T 5 LOAEL [ZAHY T DIRE AT 2RI E L R HHx OFT —
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ARERTE =, NS OHE—> DX LOAEL ZHEET 51T T2 KN TH
D, KxOMEOT—XOWE, FEEEZMETHE, Mooz FL oot
R~ D BI4 5 LOAEL 13 135270 mg/md (25-50 ppm) D FE#HIZAR
VT 2EEZE2LND, SHIZ, ~EREICBIT27T—# Th HREcH o
T—HThDHZ L, BERE - HHCEET EREOHECH L =2 FT5 2

&, MATRAD TCA LNANLRFRESDHEEZIT O Z EEOTXTOHEIC
T 57— OWEEZBE L ETRAEIZHETT 5 &, LOAEL IZHEY T 55
PREEIE 200 mg/m' (37 ppm) AIZICIREIICHFET 5 B2 52 LR Y TH D, |

BRETAMER PR B WA (1996) LIRS, HriclZIRBRIREFE OB RS BRE ST
% BRAFRRIEIR O LIZE Do laho T Z b h, RELEHMEE SR
& (1996) LIRIULEIRZE &I POD Zfatd 52 & & Lc, BARAYIZIX, Ahlmark
and Fossman (1951), Grandjean & (1955), Bardodej and Vyskocil (1951), Liu &
(1988), WHO (1981) I RSN TWHE—KILBERERTT — 45255 L 35
%N, BRERIMERM R B AWE (1996) IZBW TR ENZEX 2 BET
HELHIZARWZ®, RIUEZHIZEY, POD LR ERA LN EEZLND K
/NOKHRPREEE, 200 mg/m BT OREBIZ/FET DD EERX D,

ek, BEFEHRNOHEONTRET —ZIZB LTI, b hOBRERE - XHPIR
F&@%%&UF$ﬁﬂ%&ﬁk?$ﬁﬁ%@ﬁ#%%méhé% 2R & DRt
2B\, HIEZEIC HiREZIIL Y, RBEMFREZHET S Z LI X DA HEENME
%ﬁ?é_kﬂmkf%éo

WICFHEERBEORE TH 50, BREAEFEMEZESWE (1996) TITKRD &
NIRRTV D,
(RICHFEFARILTH DD, T 2 TIE R AEIMRE OB HFE25EIL, S
SIZE N ORI T AT —F 2 AW T RIS A EEIC BT 5720
DR EE DT,
- —REREEICIZITEIERE &EV, AR, mEE R E ORI TH 2 &
< EREE (RIS 1 B S, 4 0B OWHERER) & —IXBREL CIXBREENY
e QN g DR T 72 B 2 &
* NOAEL %z HHMEIZ /R Z L IXREECTH D Z L vs, LOAEL (ZFYS T D5 RE %
%wfﬁﬁ%ﬁﬁ_&
MZXT DIENBAMEIIRIATE 2N E 0D, R ZaaTF Lo ORPBAMIC
i%ﬁﬂﬁf#é&%i%hé’k
REOREEBEL, RANRBREELTI1000ZHWASZ LY EEZXD, ]

AR S SRRSOV T, NMEFREZ SR am ke L TRIET
bo TORE, TRORZZESTDHI L LT D,
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- BRI T A riiEEE (1 B 8 IRffH], M 40 FEfH, [ 240 H OgER) 76—
hmﬁmkiéﬁm% RNVOL N WAV Y

- RBRERICIT I BEREE 13 0, A, mlE e EOREEZEE BFEET D
&

- RETGRE TR DIEFHIE TIE, BERELZHIE L YT B ERTHLNAD
;Q@NmmL%meL%r#_kil%f%é_k%awf,Jﬁﬁ@%m_
% POD OHEEITITH Y IC A RN H S Z &

c BRI A DU A7 BN A LB Z LA L L ITIEBUEERERE & O BEMED B
HEZEZLNDI &

LLEX Y, A8l LT, 1,000 WA ERE4LEEX S, A
HALTYRZFHIfELZ R T2 & 02mg/mi & 72 5,

728, :@)x&ﬂﬁﬁiﬁﬁ%@kﬁuﬁfkb,mmxmm)K%Héﬁﬁ(%
MAFDOERT) %, FiclcFGonizmilamzxz ETHRIUHEE Lz iz onTH
217,

FERAMEIZE LT, BUTAER E Y RFIEFRRELA LT L+ L IdE 2R
ZEZ2HNTEY, HLIED LWL OORBAMEIERATET, BiEEdHs 510
NWTHBOBERMENEZE I, YRFOREMNREEICBRICE EN T\, 4l $BFE
E:r:i TR A DY A7 BEINMNERD BV D &I U723, E'i‘o%w‘:‘f”?‘ﬂl%

ZENE, VR oI, EREND D VILEREICEE L 2 E R
wf@ﬁk@%hfwéomﬁ,mm:@m@*(i,%m&%mkﬁéGﬁﬁﬁm_
LR OB ZMEDOFTHIIZ BN TS, REM OB Z2ENZIRILE LT 25 2
CITHEENRMETHDLELTWND EZATIEIL LN, BFEMAIZEIT DIRERES &
DBEMRN ST 25 &, AU A7 FHMEE CTHIUE, BmBRBERICBO TERI RN
AMEIARDIEB Y 27 22D Z ENAREE B XD,

T RA~ORE (BEUEEGRE) 1B L i, @EUEEGERICEE T 5 2 R 4 &
(Kamijima 5 (2008,2013), Nakajima & (2018), Xu & (2009)) [Zii#i& T\ 5
BRER RO R P TCA JRESE D, WBEUEEMEEE S RAET 2 FIRME & L THEE L 72X
FIREEIX 26 mg/MFRE CTH -7z (FFHEARD 9 B, IWBBUEEGERESFIAE L 7= 8
FHOPRY TCA JREDR/IME 9.6 mg/L (HEEME) 2 RKKHPIREICHERE L7 & 2 OHEE
i) . WBUESEGEREIC OV T, BIRRRICHB W T, WEUERIEICET S M) Z7rn=x
F L HREE DX Y X&k@ﬁe%%)?ﬁﬂf%é & SOV FERATPE D YW 23 T & 720
Tk, HaxOREHEICELTRAENRS D Z L 2RAHRICLIEBLZITR DM, KR
27 FHIME T oAU, FIE L7 BB OREE FRIE S U THERE S 472 26 mg/mfRE T
ONDIIEEMA D Z ENA[REL B Z D,
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AZEHETIE, SRR THRONIZHAZ S LITRERIZHBTL, bk 5icE
ELLTZDS, BN A O~ D% GRBUEIERRE) 2oV TE, SR bEE
TREFETHY, Ficpmirmoiid, |, FHl - REE1To XETH D,
Fio, FEFESAEMGR~OEEIONTIE, B TIXEENTMEE IRV
DD, WIRA~DOREDOBAN LA R BEET REHETHLLEEXD,

7 F&EOH

MUV ZaaxzF L AcBL T, THETICE L OFZENR 7 S, BREELUERMZ
BawiE (1996) DA SER2 A NARIN TS, LOLARNGL, Z2BWETIX
ROVENRB Y, S%OMBHANHIR SN HREG DRV, 22T, BREAERN
ZESWE (1996) L%, BIfEE Tl b BROREREBIRLMAEZ b L1,
AEBRIBNTIT o 127l SRR &R D,

(1) ENARRVEGFESFMEICSONT

FYZBRZF L ORSAMCE L TIE, BELEEMERSWE (1996) 25
W, TS TIIE MCT 3 R ZaaxF L% AMEICE T A& SR EEiL
FLFT LT EiTnien) & LTWe, LavL, T8, BRAMEICET S50
ZENIEEANTE S, ik 26 4E 6 HI10AE SN EES AR JARC) O EEfLE
(/2777 Vol.106 (2014)) (2B NTH, EWHFMAFIESE, BBADEN IV

A (B MTH LTRERLSEBAMERDH D) nH7A—71 (b M LTEN
IERS D) ICREISNT, ZOL X, BEENIHLIGRL2 b0 E LT, Bligni,
FERTF U NE, D ARG S Tz,

% 2T, IARC (2014) DI ALFDRE L OB (Zhao & 2005 ; Charbotel &
2006,2009 ; Moore & 2010 fth) Z&de b U 7 o =F L o DI AMITET DA
R 49 fRZ2 kL B a— L7 BT, BIEN A, FERTFTU NE, AFIES A IO
TIHRBEERP/FEL T LMAEM L, ZOMEELTRY £ LT,

BB 2N AN DWW T, AR 4 %% (Zhao & 2005 ; Charbotel & 2006, 2009 ; Moore
5 2010) ZAEE L7-AER, SIBRENED D \VILEIRERE L HEE 2 S IcR 0
TEENADY 27 OEEIMBNHRE SN TND, £, —TEDHRMEE - LI2EFH A
(233 21D A X f#MT (Scott and Jinot 2011 ; Karami & 2012) T, BlEAADY
AT OB HEINTND, ZTNHOHIRZRAIIICEZ, N Z7ea=F L o0
WREZIZ L > TEIRSA O Y A7 B3H88INT % & 0 &l L7,

FERTX Y O NJEIZOWTIE, EFEFR 5 (Anttila & 1995 ; Axelson & 1994 ;
Hansen © 2001 ; Lipworth & 2011 ; Radican © 2008) TV A7 O A 5 LT3,
ZDIEMOHRETIZY A7 OIS TWRYY, IERVF Y UNED Y X7 R
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MradT ol 7 — VAT 2 & D 95 5, Hansen © (2013) TiX VU A7 o7 <,
Cocco © (2013) TIHIHEARTF LU VRO OFEETY A7 MR AL NTZH D
D, FE OITHFHAT FES BN FORBEEORERH H L LTWNWD, A ZfFHITT
mﬁﬁy%yuyﬂﬁ@Ux&@%mﬁﬁéﬂkﬁ,m%@@gg@,mmﬂ47x
AIREME DN FEHE S 4172 (Scott and Jinot 2011), ZHUH DA ZHREHICE 2, FERY
%/)/A@_owfib)&umm%v/@% )i X RARGO YN
THLLD0D, —B LD T & L,

RPN AL DWW TS, 5257 55 (Anttila & 1995 ; Axelson & 1994 ; Boice &
2006 ; Hansen © 2001 ; Radican © 2008) THAXF U A7 OMEIMNA ST, ZDIF
MOERETITY 27 OHINEA STV 720, f~w%ﬁ(wmmfbmm)fiu
A7 OIMPHE S TWD, A ZRETTIE, BEHESEICOWTHLESGAIZY XY
DI B AIVTZD, RIBEEDN D722 _mﬁ%%@&mﬁﬁﬁ<,@m%&%
ReEINTWD, ZHHDHMAZRAERINIE X, RS A OWTIHBHRA IR G T
BU, Nl zaonxF Lo OgEiE L OBRREZRTW OhoREEHL 0D, —F
L72b DO TR &l L,

EBREW IOV TE, WMABRFERBRSCROKEGHEBRICBNT, 7 v hTIEER,
WolEy, Ay, ~v A TIEE, M, Vo S@&EisgoOEEOBAENHRE ST
%, B, g MoEEICHOWTIE, Fy b, vURAO M) 7o F LIRS
%Rz M, A SE OTE MO OE WIS L AR ZE DA RSN TV D

ﬁ%%%%@mmwmiﬁ@@iﬁotmWWﬁ%%ﬁiméMTwéﬁma
T A DGR RITIERBR TE LN TV D Z &, W ABRFERBRIC XL 5/MEF %
DNA IZX T HEBEEHICL DO T eWnWEEZbND 2 &, ﬁ%ﬁ“f%émm
TO DNA GIWr-CZ2 R B R DOFERNH SN TIH NI End, M) ZropxF L i
RN TERIFMEZ BT DT OWTIIARHEE LB X DL, BB AMEOBEOA 2]
WrCTx 7oz,

(2) ENAELUNDERREEZEICONT

NV ElclilﬁlL/)/0)§§ﬁ> PELIS DRGSR OV T, BRRETAER R Bl E
(1996) IZB W TRRERESLEDIRI & SN -BHERH RBRL N LEIC AR S vz
EFFRD O 6, BREE L ~NNVORBOB LN ERPREFEDOFRPEFLNLTND SO
ZHOIN, FAMAOEEELZO THEZRD £ & 07,

® 2

FHUIC X DIEFHREIC I, & FAERED N ZrnnaF L 2R A LIZEE,
TN TPIARER IR TN D 25, RIEFEE (AR, =X ([CbRERA LR
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T2 OHENRD D, BEFRHOWADLATIE, 270 mg/m® TR L OBET I E N4
L, 600-1,000 mg/m® THHEAEZ O TNA LD, MRS TIE, @R ERE O
BREFAR~DOE (LEME), BAR - HFR2FEOWMENDH 5,

FERE) TIE, SRR O TN, BUEIRNE & £ D% O TARARRSR O] & &
kB CTH D, vV A MY 7 oo F Lo 2 EHENEG% 1 R LIPNIC 6 L7217
HER (& r%@)fiﬁm@ﬁT DREENRHE I TND

ZDENT, RERNOEBELLLNTEY, 7Y N TRNT 7 4 7% —%5F
ﬁbt%ﬁfi,ﬁm@%EWﬁ%&%Mﬁﬁ%éhTwé

Q@ HER~DZE

BB AER MR B SWE (1996) (ICHB W THYTORKEREEIEMEDIRIL & 72 o 74777
Fn 5 (Ahlmark and Fossman 1951 ; Bardodej and Vyskocil 1956 ; Takamatsu 1962 ; Grandjean
5 1955 ; Liu © 1988 ; WHO 1981) Ti, R~ U7 mux=F L IZIRE LI @& T
Hiz OB REAMRIER (B8R, DFEV, BREE, R7E) OREIC—BMERH D,
ZINHOWEL, HEORELR D I (KM, FESE) oY 7 eexF LR
DWMERER T D, ZOFEND, HRMEIERIL MY 2 nuxF Lo ~DBRE &
D BHEHIN & 7> & HIW L7z,

—77, BRETEVER MR AW (1996) LIRRIZAR SN2 A (Mhiri 5 2004 ;
Murata & 2010) M OBRBIZEERFZE S WS (1996) TR SN TH D035 [E FfR
L7z Ruijten B (1991) TliE, =XHfEFEORMARER~DORE, MHRATEIRRE~

D (FEREOERE, FO5D2) PERESNLTWVD, LNLREL, Zabof

FRIZHOWNTIE, REERTFNRRAETHDH 2 L (Mhiri 5 2004), 2B ORIERFC
J A ZXPBRANT DA[EEMENfER S L TVWAH Z & (Mhiri & 2004 ; Murata & 2010) 7>
5, NlrzumvaxF L ~OEE L OREMEITH O TIEeun & L,

FEREN) TITEHE O AMRERBRIZ IV T, HRERC/TE), HR, R~
DHE SN TND

@ Blig~n=E

BEEEDNA T~ — I —Z 5 & LT F R I8N T, 16k b REE DFEEE &
LTHERHENTEEAASF~—— (NAG, TL7 I, al ~A7urna7l v,
Bl~Azua a7 ) Il Tk, NAG KON VT 2 AZREOHEMNZED Hi
720D, Fi 5 &R TCA RCIERFRHLL & ORIITHBNIL A S 170 &y 5 34 (Green
5 2004) BdHD, Fiz, NAG EJRH TCA BFE L OMBABMRITRO S-b Do,
NAG & IRFEAE, [EARERE, REGRE RS, MORERE & OMBEERIT W e
WO R (Seldén © 1993) 235, ZIUHDOFERNDG, RN OEH ST 7= B
BEDNRA F~v—B—I1ZOW\TIE, N Zauax=F Lo ~DlgEiE (R TCA, BREEEE,
PRFEAEENEE) & OBIEH 6 Tlidleuw & HIT L7,

— 7, MR DA F~—h—TdH 5 KIM-1, GST-a 22\, NV Zoo=x
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F U DBEFRIZ X DAL GRD Bz & vy 9 #4iE (Green © 2004 ; Vermeulen © 2012)
DD, LILENRG, _%iﬂ0“4ﬂ“®~ﬁ X, B N TOHAOEFEI VT
W, BIRFR T, BHEE~OEEORIEL LTHWD Z & 3@ T & Lz,

ﬁk,%%%%f&,2$ﬁ@&ﬂ% % ik CIRAIE OO MRS ST
5o

@ RER~DZE

a7 ) A A ROKEIIM Y o REkY 7y NEAOREIZET S
FE52 50 A, 5 # (Zhang & 2013 ;Bassig 5 2013 ; Tavicoli & 2005;Lan & 2010 ; Hosgood
5 2011) T, M7 F LU ~ORFEICL ST, GENT A —2OENR 21l
WA STV D D, BIREORFEE L OBEHEN B 0 IZ OO0 CIBLR B R T
IZEI R DD 72 < PR Tl 72 &I L7,

WECESE AR (B M) (TR 257 A 4% (Kamijima & 2008,2013 ;
Nakajima 5 2018 ; Xu & 2009) I3, ¢lfﬁé@b)7nmi%v/ﬁ%m % TR
L7l BUEE RS 2 G L LT b O TH Y, (EESITHIT HRERECR
TCA IR GEIERIZERIR) OFER R, ﬁﬁmﬁ@ﬂ7f &@M #% VR S
NTW5D, 2 bR ZMF LGSR (FFIC Kamijima & (2008) (ZBW\WT, MU~
muxF L PAMI R T OME R NS &%%M) %Mffﬁﬁi%)&mmi
FLU~DRERICEL > TR SNZb D LW LT,

¥, NI muxT LU AR HIEBUEE R OB EICIE, B b EERGUR
(HLA, $¥1Z HLA-B*13:01) 235 L CH Y, HLA-B*13:01 (R E N ERZETH D
T ENHESINTWS, a8 HLA-B*13:01 17 V7 NZRHEFEDOLOTH Y, BHA
ANZEBWTH 1 %ENMREETDEHEINTWNDZ 0D, [EFEL L THENY
L 2 7=, Kamijima © (2008,2013) KUY Xu & (2009) (Z3WNTIE, IBBUEE G
B 72 9784 O HLA-B*-13:01 fRAIRDLITEHRE STV R0 38, Nakajima o
(2018) 1T LA, HLA-B M AT EE 32 ADHH 20 A (62.5%) 7 HLA-
B*13:01 Z{#4A L C\ /=, Nakajima & (2018) %, @BUEEMEBEED MY /oo
FLUDOIRFEL~LEHEE L, R TCA JRE 10 mg/L (IZxHed 5 MY 7 nuxF L
> DO EE CIRBUEIEERENBIET D5 2 E RN RIS & LTV

WBEUESEBERED IS AE LIgFE L~ & OREfR %A # % &, Nakajima % (2018) TlIiEfk
JESEERERE ORE L L OHEEMIZFR C TR TRY 7 e L (SRR Lo
Rl O L~V L EHAR > T D, 72, Kamijima & (2007) @ U 7 oo™
F L OBERREE (KHPRE) SlBEUEEEREOAHRE (TR OF EOHNLIE
W CESE AR O R AR NIRRT B D LW TE e, BLEX Y, BIFEDO—H DA
LN DI BOESE R O AR EARAEED B D L 1T HIBr TE 220,

7B, ERIMTIE, Moo F Lo RO OREWIC X D RERE FEWN
MOLAEBE TR 7 r T L UCREE Lz~ U A CBIEHBE SN H]E ST
W5, ZOED, BOREISES~ORELREINTND
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® E£EHRZRNDZE

BT DEFEERLN W~ DB 2 ~7 3% (Chia 5 1996, 1997 ; Goh &
1998) OEZMMZETIE, MV /oo F L UIRHEE OB TAERMEEEZ R LTS
WENRD LN, ETONFETHBEENRE SN TV RN &, HBRREICFRE LS
BE RIS T ADOFREENH D Z L, RAGKRFIZEE, FRPEEnR2ni &,
BREEHOFEMNARHTH D Z ERMEE LTET NG, 202 LD, Adfgs~
DOFBITHUR TIXH S Tl 2w &l Lz,

¥, EREW TIIHEOAETHIRE, BT ~ORENRHREINTND,

© HEZE

SE BT FRAFSE 4 W (Yauck © 2004 ; Ruckart © 2013 ; Brender ©» 2014 ; Swartz ©
2015), AREFAUAFSE 1§ (Forand & 2012) Z 4 L 726G 2R, JEGREBFSE 2 #F (Yauck
5 2004 ; Brender & 2014) TiX, Wi b mkn (GFUE 5 EFRFZ 38 bl b, E7i3H
PERFIZ 35 miLL ) ORBENIBEZEZZ T DL, THOERMKRBO U A7 R&EL D
ZENHEINTWD, LLens, WTFoifsEd FY 7 aaxF v PR D
SOFEFEOIFREABRBERIEL L TR, KEEEOEAMITHRE STV,

¥ 0 OJERHRIFSE 2 fR (Ruckart & 2013 ; Swartz 5 2015) TiX, 7t RE
WHOU AT OEMPA LR, b LR A7 OBINIFED B b O OgE L
ARAFELTZ U 27 OEINTIZ 2 W EHE SN TV D, 2 b OWFE TIEAEIK T,
RKAFEE I T VI LD HEEEDIEH STV D,

AEREFEROMFSE (Forand © 2012) T, R MU 7 vo T L oo 55 Y ik
IR E L TWSEIS, RMARE, RIDEERE, WK ARE, MHEE) IR 5%
FIZOWT, PHEGMERU A BRERICHEM LIt ®ME SN TS, L LARRLE
WNZER MK O R OREEIFR S TR0,

VL EOEZMBNG, P Z7noxF L RGE L EARE L O REMEIIH 5 TR
U & L7

R, EBREWICEBWT, WARGERRER CIX, IBIROODEATTEEZ RO 5 EIT RN
Teblahotz, —7, KEE LIEERT v FORIE TR OIREGES A LT & O
HERD DN, FAEFROBEBFIESCHEKRAMEIZE LT, WHO (2005), BMZ2ZEE
2 (2010) THIE MER SN TV S,

(3) MEREFHMEICOWNT

KN ZarxF Lo DORKIGLEDORIITHDOVNTIE, 1997 4B FE LI A BRI Y
WEE=ZV &L L THIT ALK L > THRFFERMTOND X517k -o
7o EIPRIEIT 1997 HEFED 2.3 pg/m? 7> 5 2000 LD 1.2 pg/m? 12T TRE LR
L7=%%, 2009 FRED 0.53 pg/m* 12 F TOTHRIE T 2R LIZD, ZO®%IFHEIINT
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B L TED, 2016 FEI1E 040 pg/m® & 72> T D, I KAEIE 2002 45 F Tl 50
ng/m® ZB 2 5 EREE A RT AL H o2, ELEETRETe 20 pgm? LTI E
EEoTWn5,

2016 - DOREH RO BB OFHEAE R TIE, [—ERE CERRE 037 ug/m® |,
BKAE 5.0 pg/m?) | ° T CEIREE 037 pg/m® , FKRME 3.1 pg/m® ) | 12T,
[ EFREAWEL CEERE 0.64 pg/m® , KME 1l pg/m® )] OF=41U 7 HISIC
B2 VHRE, ki bioEm <, TREREREL oF=41  7THHO—HT
%, Moz FLroRKEEN N Z7onnF Lo 2B0H ) HEFOEEL
ZUTTVDAEREEREWVE D EEZ NS,

MU ZavaxF Lozl FEMBRIZBNT, X0 EeliEo =D, PRTR
IC XD P BEORMIERE AL SEIC L CHMOMIL CHREZIT o IR, — oK
TIIABERRIGREE=42Y 7 (FREH) o TEEREREL] OF=41
JHUE DOREIZHARTEIRE & 72 5 SRR STV D, AR I BREEIEE DR
P LB & SNABEECTHE L TE 6T, FHAHCHS - RFIEEIC X 228N
WAL S TN, £ ORERS RATBRE A E & B il T & 2 O Tide
W, [L LD, 2o X572, NV 7 unxF L 2L BICH0 ) FH2ERT
JEIZ BT HER~OBERICHEET H2LENH S, ]

)7 auaxF Lo OEREFA~OHPEHTE, PRTR I X 2 EREEAKR O EHBEH £
I LT, 1 E A ERREFICHEH SN TS, RKARFDO M) Z7erxF Ll
IFEAEFIMNRAZBEL TREIND EEZOLND, 2016 FEOFERRIGYE T
=2 U TRERBICESSKRKIP LR 2B TIRESNDL N Z7rnoF L
DEIX, MR EZ 15m’/d &35 &, ~EREOEHMEIZ L 5.55ug/d EREIND,
KEL 50kg L 95&, KEHZVO—HRFERIT, —WEREOVHMHEIZKL 0.11
ng/kg/d, FEATRELCINIE & 5 O To e KAEIZ Xk L TiE 3.3 pgkg/d L RE S LD,

BREEE OFERKIGRWE DE =4 o FIER T & EAETEE OENESAE
FEREREERZREMICHIRET S &, BERNEXRD»L L ERERKERBEEDO NY 7
PR F L DRELZZITTND EELLND,

RIE K DHEFE I IB W TITAE AR AKE A 10 pg/L DESF S AVEKEAR S 1
ngkg/d x5 R 7 F L AIBRBEIND Z L3R EE I 65, 2015 4
FEIZIE, ZKEAKRDFEANSIZ0.01Img/L LLED N 7 maxT L o RN EEOFEETIR
TR SR, BARKTIIEEFEZB 22 M) Z7ra=F L Ui s Tn
AN

T /KBRBEIEHAEIZDOUWNT, 2016 FFEOFHE TlE, MHE TEBOHFF TR 71
BT LRI KERBEENED 0.01 mg/L ZB42 TRIEHE SN TWD A, —RIZIZHT
KERERELZ B2 D FKIZOWTIIBARRERN RS NDH 720, KIS S 0.001
mgkg/d ZHZ D M) Z7unF L AZREIND Z LTV EZE2 LD,

BREREFO M) 7 ma=F L UREIZOWTIE, BREEDEEIKE & D -2
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TEERLCTEY, —HORENS N Z7oocTF Lo BMBHEINTVER, K0
BNZEZDOWALEERD L, BBEIIDT N THIEETEINTEY, ALZ2EUT
BREIND M) ZoocF L rORBIIREL VWD EEZ NS,

(4) E—-REEGROFHEICOWNT

FEDS WA R OFE DS AMELAS DBERERZERC BE T 5 & — BUSERIZOWT, IREE L
IR D I BT R[RTIREEDOHERD G ONTE T EL b L IR 21T o 72,

FRANE (BIERAD Y A7 HM) 12OV TIE, &SRR T D EHRAR
T3, E—RIGREBROMEEZITH 2 ENEYITRWAR TH -7, HEE
EXRIRE LT R 02 (ARIMRIER) ICB3 285075t Tk, fix
O HRERIMRER G, OFV, BANE, EHEE) OmSIC—EBErHD, K
HRFESCIR H TCA IR DT — ¥ NHEAEHIC T2, & BICRERTIE D 8152
ENTWDZ D, AFOIRME O TR —KSBEROREEEITH Z ENFHET
bolz, TOIFNOMEBEREICEL T, BE—oBROHEEEIT I T 26
DMLBERAHRSL, M) ZraxTF L2 OlEdEE OBRHEMNH G TRWEIR TH -
oo ULEZD, MfERA~ORE (BREAFRIER) & HWTE—RISBEROHEE %
TV, VAZFMIEZBEH T2 2D EY THDH LB T,

(5) YARVFHBRENTEH

T RFA Y b & LTHRSRORE (ARIMRIER) 2RV, &0k
WEL, VAZEMMEALEETS L L,

H R AR RIC O W TR @ # 2 x5 & Lo JRd i el s s s dms Sh Tk
n, FTNHESEITMMER O H %S (Point of departure : POD) (LLF, PODJ &
WI,) LMD UBEENALND EEZLNDIR/NDORPRE LV ERR LTz,

REEER M ESWME (1996) DIRE, BriclC@REEOERPME SN TND
H R AHRIEIR DR RIS SN o oo T2 2 LG, BRESJLUER I E Bl
(1996) &LRUEIAZ S LIZPOD it d 52 & & Lz, BARAYIZIL, Ahlmark and
Fossman (1951), Grandjean & (1955), Bardodejand Vyskocil (1951), Liu & (1988),
WHO (1981) IZ RSN TW A E—ISERERT T — 2 2 5& L 352 LITRDR,
BRGEAMERR P Bl (1996) OIFICHEI SNV E 2 T 2B ET HHBILARW2D)
FIUEBZHFIZLEY, POD L5 ERROND B2 bNDE/POKPIRED, 200
mg/m A% OIREBIAFET 2D EE XD,

WIZ, RHEFRE A SR ENRREERET D, TOB, TiLo8E2BET5
T 5,

- RS T DrkeiREE (1 B 8 R, 1 40 WFfH], 4 240 H OIREE) 26—

IBRERIZH5 1) D Bfoehg R «@@%ﬂ%%@ &
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- RBRERICIT I BEREE 13 0, A, mlE e EOREEZEE BFEET D
&

- RETGRE TR DIEFHIE TIE, BERELZHIE L YT B ERTHLNAD
£ 972 NOAEL X° LOAEL /R~ 3 Z LIZREECTH S Z L b EOH T, FHlfEDEHIC
% POD OHEEITITH Y IC A RN H S Z &

c RS A DU R BN A LB 2 LIS L L ITIEBUEERERE & O BEMED B
HEZEZLNDI &

LLEX Y, A5l LT, 1,000 WA ERE4LEEX S, A
HALTYRZFHIEZ R T 25 & 02mg/m & 725,

ZDY AT FHMEEITBITERE L [F U TH Y, IARC (2014) (2B DRHE BN A
SEEDOFH) &, FirlicBonN-mRZNz - EChRIUEE Lz o0 TELT
D&, FENAMICE LTI, BUYTEERER, EEBOBERMENEE SN, YKEORE
FI7RR BN BRI N TW e Z &, FilcicE ol e LTEEA A DY 2 7 N
W DN, FERERED D WIXEREICRE L 5#E 2 3 DRIV ToOR ERb
TRV, EPRHRICB T HBRERES L ORBZRNASHET5 L, K 27 FlETH
U, EIBRERICB O TBIRESNTRBRAMEIRDEE Y 27 Mz 5 2 & A AHE
BZ2D, Flz, RER~OFE BBEUEEMER) (2B L T, BRFRIZBWT, B
JEFRIEICBET D M) 7o F L UREOH Y 27 LOBRBAHATH L Z LR
RERAFEDHIW N TE RN &, Flix ORBEHEEICE L TR ENH D 2 & ZRifE
IZ LB 50, R AT FHECHIVE, FIE L2 BEORE FRIE (HEER
FE 26mg/m) IZBWTHALNDFIEZMMZ D ENA[EEE B X D,

(6) ¥EEELTHREREDRE

HERKIGIE OBRIRE R IGEERIC L D EEEL KRR IET 28800, b
VruanxF L ORMREICHRLIIESE LT, FFHMHE 0.2 mg/m Pl T OEREREE
HIRET D,

AZFBETIE, BREATHOLNTZMAEREMIHW L, U EOREETo7, L
ML, SHOMEDHERIC L » THIZRHMAN MDD Z & 2R LR TR b
RN, LEN-T, ZORESFHICHOWT, FICH LW R AZ RS g5, —
EMEZ L I8 TRl « SR ESND ZEEHETHHLDOTH D,
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