MFE2—4
1,3-TR T VIR L EEY XTSI DLT

1. WEICEY HRANEE

(1) 1,3-T42 o o0PpBeEntts

1,3- 7%V i, FRFETCRBVWERTLETIEAORETHD, (LERISHICESL, 8
@%@#&Ff@%ﬂgéféoit‘ﬂ%ﬁﬁ%<‘gﬁ&%ﬁ#ékﬁ%ﬁﬁ@k%%é&fso
1,3-7 4 Vv OLRMBYLENEEIRE 10LBY Ths,

%1 137451y OMELEaE

TR : 5409

thE : 0.650 (—6/4C)

Fl : —108.966°C

R :  —45C (760 mmHg)

FERIE :  281kPa (25TC)

R s ZKIEE U TEEE (735 mg/L (25°C) ),

TH )=, =—=F N, NEEOFHBBEANIE LT,
T b T BT B,

SyBAREK :  logPow = 1.99 '

HRRE :  1ppm=221mgms, 1mg/ms=045ppm (25°C, 1,013hPa )

(2) 1,3-T2 T UOME - ERAKE

1,37 # P roxRERRRE LT, 48725 (SBR. NBR. BR. CRZ) O, #E (ABS
Hiig. MBSHIEE) ORE. ARALATT v 7 AOERR ERET NS, - {LFEHEOFE K CRIES
OB B KESWCUBITH O IER R T AROAEHMEN, TR 155K T1,461,061 ¢
LBESNTVS, |

(3) REERUHRTRE

1,3-7 # Pm ik, RIS 2 0 Y — AOF b7 n—APAS0DEKEERIC LV | 2EDO2ERAD S by
M (1,2-=RFEL-37F DR Xid2fl (1,2:84-VoRELT ¥ L OER) BEEMICTHE
L&, EUHEABED CHA TR FRERIND, £ULEZARFY Fid, epoxide hydrolase (EH)
Xiglutathione Stransferase (GST) k5T, =HRF VRO ZITHHEEINS (Navhaushb
1996) 23, ELIEMOHZ=RF L TVF—/ (3,4epoxy-1,2-butanediol) BERK SN D HHEME L H
% (Himmelstein® 1997) , o T, RFRHEH L LT+« oSN EEIN D, i, #E]1 ppm
D1,3-7EZ VT OBREEZTTOREFHEORNL,I S, 122K F-3-F T el n g+
FONKEEONYD & DFEEER~E et HMEE LTREBERTWS | (Osterman-Golkar % -
1993 : Begemann & 2001 ; Albertini® 2003) .

P450, EHR U'GSTOEM.RL, AHMACIMENb OO, FFEEAC B THRE S TS (Csanady
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5 1992 ; Boogaard & Bond 1996 ; Boogaard & 1996) . $7z. BHOMRICIIEMEIZEVAS,3-
THEOT U ELETEF ST T URBLT AN H BT L AR S TS (Maniglier-Poulet 5
1995} ,

BI1i1,3-7 & PV o ORERE AT (EESABHEE (IARC; 1999) ) . HJ]’LBODNTQT:%E%H
EFROCERBMICENT, BRICHBETHS B2 R TVS, LU, BRELEEROLS TS U
T ORI, EENTOLE T F VxRt ONHEY ONRBEE. FEERR S, BRNRETHRE
RFEEB DD EPHLRTNS, TORCOWTIRKHTEND

(4) BE - BHEICONT

1,3- 7 #Vx oz - RERET S ERMRCIT. UToL>Rb0RH5, Ats LTS
3, BOFREBRHECERNESREICET AL OTHY, FRLIMIIEE Lo MR,

Bond® (1986) X UDahlt (1991) (., MCTT7 v L7c1,3-7 ¥ ¥ %0.08 ppmEl F5>57,100
ppm¥E TOM L DREET, B6CIF1v VA, SDT v MR I =7 4 P2~ 6RFE, BOH O AR
EfTollZ A, =UA - F v b EHICRBRE TII16~20% D RIBHR INR, BERETORIE
H2.5~4%ITIE T L, vo, REBHETHEL Tb Y VAORNEET v FORINELY b 1SERER
BETCHol L MELTWD, Hin, FATIZ10 ppmOEE T2.9%, 310 ppmOEETL%D1,3-7 &
VECOREBHER SN, VR Ty FOWTRID BEEERLLEHELTNS,

InvitroTE b » Ty b v URDFI Y —AiCkB1,3-7% *‘/“I.‘/'ﬁ>B1,2-Iﬂ'\P"-%“/-3-7°7“.‘/f\
D =R % AL DRE % Kol LB CIE. Vinax/Kmbt (Vinax : BARISEE, Kn: I 0= Y 225
COWT, w5k F>F w |k (Filserb 1992) . HA3WMIvTVA>E F=F v b (Csanady®d 1992)
EVIHABPREEN TN D, Ee, 1,222R/X -3 TF U POV RF LT X o ~DFE _EBEO TR
FIALOEEICODWTIR, SUVA>E b=7 v b (Csanadyb 1992 ; Seaton 1995) &5 #Hid it
BB, Xz, JFI7 Y —LOEHEMED Vinax/Bmbiz 20T, b b=y k> ¥R (Kreuzer
5 1991) . HBWVHEE F>TF v b>v A (Csanady d 1992) . FFOiED EiESET OGSTIEMED
Vmax/KmibicDWTiE, =0 A>5 9 >k kb (Kreuzerb 1991) HA30WEF v h><=9 2>k h
(Csanady b 1992) W ORBRERHV, & FTIET v bow 7 AR TEAEESE <, GSTEMX
B & ShTn3,

Kohn & Melnick (1996) X, 100 ppm®1,3-7 ¥ V6 EERE SNz A0 FOEN1L 2=
RHE-FTTVOEREEIT. 7y bOI. =T RADIBDORICRB L BHEENS LBE LTS,

Bechtold® (1994) ik, #E Ippm?D1,3-7 ¥ P DIRBEZIT TWeHBE OROLTIZESH
EERICBOVWT, B FTHRLZ-ZRF V377 i3 E LCEHIR > TRBIEh, GSTOEEIE/E
WeHEE NS EBEL TR, —F, Csanady b (1992) i1, 7/%Twmmemm%5ﬁﬁﬁg
L<, RUATHGSTOB SOOI RRENEHE LIS LHRE LTV,

Bond® (1996) i, 1,37 % Ui b HiE s REERTBEICONT, BIHENEFAE A
T¥UA, Ty b, ErOERTREEBELAEKRL LT, vURERTy FEY BERBEANEL, &
MI=UARAEDLH Ty MGEWERE LTS,

Johanson & Filser (1996) 12, EEREBIZBI AP REFL FOBELS v FOBESE102T5
&L TUAELE, B MIOSLFHMiiEh S L LTWVS,
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Henderson ™ (1996) X, =~V AL 7T UombAERLZ12-2RF-3-TF L OREBHS%
1,284 V= REFTTH ATEULT BN, Ty MIL2-ZHWE-3-T T L DERBDRWETTRL,
1,234V RE T H ~DBRIE DR KRB GE VA —NBICNAGET S L BRE LTS, £,
FREAOHAR. 12T RE V-3 TFUOERIXT v FED b EBIARL, 20, KR ETF—1
EIHIAR SRS 5 L EER L& BIc],2:83 4 Ui L HAEROE AN ATV LT Mz TN 5,

PlEDESIZ, 1,37 # Vo v ORBICITEMIEE LWEERBD NS, L, eURET v b
DEICRLND 20 L d &, #hT251,3-7F V0B ERIIBII BT AL T v M OERE
ROBNEFETH D TR, £z, b POERAICEWTS, KRBT 2 &N EEESFE
THILEBR~ES B EMEERNWERERETRREINTEY (Boogaard & Bond 1996 ;
Enrionment Canada and Health Canada (ECHC) 1999) | 1,3-7 & P ORI EET 2« OF
HKOBRETHSEOBEEREZBMTWS (Abdel-Rahman® 2008) ,
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(FERIE— 6661 OuV) BEHEBEMNOTLZLLEL | B
mn.._mamhu.q,.ﬂﬁmumanm HRAH: -
98e[0IpAY aprxoda Y , GHEY OTE¥ WOV URE [ ]
a8EIaJSUEI} - UOIYEINA LS GRY Y LW HZYI RO AT LT VEISRYNG: [ ]
09¥Fd PWOI20340: JKD) o BREEYSERTAT () bl C(8) B (V) B ()
. - , (n‘a)
) (ny owa3sAo1-(LoxdfxoIpAIp.¢‘z _— - surnqixedep4g:g 1
(n) ewousdoadAxorpAUIp-g IAQIOWAXOIPAY.T).G-TAI1208 N A:i-..-l-l---mﬂm ............... A-!I-I--I--..H“m. .............. o
z z z ’ A
HOHOOD(HOY'HD HO"HOMSIHO(HOHO(HO) ' HO *HOHOHO™HO
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; ! 0
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: |
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1 1
v ‘00 M m () euwrsLo.T-([AINgAROIpATID
3 " * i F'E) S4B N
m [oTpauBIng—gL-£xods p'g S HO(HO)HO(HO) HO
A I
; , 150 .Y .
[To3nIyp£I8] R \O/ €emmmem- (M) [OTP-G'T-0UOING.¢ Pt dxD
HOHO(HOHO(HOMHO(HOYHD 4 *HOHD(HO)HO(HO) HO A IHO=HO(HOIHOMHO) HO
_ | “
1
| HE
(n) esuresfo.1.([Ausing | (g 'v)
-g-4%0IpLY-T).G- 1410080 < : _“ suanq.g-Lxoda-g'T (8'v)
z 2 i sinininiintsha ittt jmmmmmmmmmmmeeoes ¢
- auspRIng-
HO=HO(HO)HO(S)Y HO IS m *HOSHOHO'HD | e 1 pemnq m 1
U et - /O\ dAd  "HO3=HOHOJ="HO
(N)emeysdo.q.(haedoxdg et 4 \\\
AR WAXOIPAY-T).G-TAIODEN e -=""ISD ; o
*HO=HO(ISIHO(HO)'HO _ m [reesnd €]
! OHO 'HOHO="HO
: m e ISP
(n) ewraysfo-1-([AdordLxorpiy (n) euragsAa.T.([Ayzedxoqres \ 4 ¥ )
-8)5 - 11008 A7 PSR IR e [motoroe] - apAYepreuojon h:whﬁmwmhu-q.nmﬂuﬁdn
HO'HO’HOMS)HO HOOO™HO(SYHO - 18D OHOHO="HD OHOHO=HO®HO 6O T) S TREN

US(HOYHOHOHO="HD
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2. HEEEE
2 —1 RFAUBRVELRTFESYE (ERRMH

(1) EHFE
a. FEMAM

<BBAIEIT HEFHE> | |

L3 7F V2D PORPAECHET DEEREFHAEER 2RUR 3IKE LD,
tﬁL«Dwme&Ihﬁmm1ﬂ%@&i]mmm(m%)%Eﬁbtﬁ%f%U\deﬂBtm%)
ik, ZEHICIIMeinhardt® (1982) & Matanoski® (1990) 2RA L., ELREH LEZRETH B,
%72, Sathiakumar® (1998) i, Delzelld (1996) DEFTHIRD 5 B, %6%%’@%&”:0%“&_
BERTZT o7 bDTHD, EERFRER 4CEWT S, H%iZiB%Delzelln (1996) OXET
T3 R%F (UAB) 2f— MCBT 2HIREEROTL, WTHOBIRIZESWTHBRRREL SV TOE
REBIRILR SRTHARV, |

[EIERH = R — MFEOXRIE, RF Ly —-FZVxr T A (SBR) GRTEOLBE TS ak—
FELST VI LE ) v — BB THORBHEIET 5 b — NoRBIT 52 ERNTESD, 209 b,
WD TPFIER 1 2OHERRNTH L. ETORETLECP2BAOEMZAbh2nbon, —
ERDOJESRR DR AN X DFREELFET L (SMR) OBIMABRE SHTW5B, FFHC ) o 5EMEEROEMIEE
Th. SBREMITEDOFHE =& — b TIRRALKEREML, £k, TF# Vv e/ v—H0ETHOHH
FEaR— MTCIFERTF Y E (U o EE, AR AL Ty, BihEWEHS L0
@, EiELTSMROEMABD B T3, Zh b OBEEEIILBAFRR D, 588 OHE CHEE
TEEEA~TEABRETHY, BEMHLBELVLI L5, Zhb0£L TR — RISER O ML
LWs, EREOFESHERER R VN OBROHEERHET D L. RELTOHFRIZBWT, X EN
BELZIEEBLDNDEFOEFE, LVEWSMRETFTHARSH Y, BE—GERSRBRINS,
IO DOEEMEOH TR HHEMA R E  ELHMRRETMS 2 I TV B0, Delzell 5 (1996)
DUAB= R — FFETH 5, BER D & 5 IZUAB = A — h 3 Meinhardt 5(1982) & Matanoski & (1990)
DafF— hO—EA SR EN., SBREAKT B TLBIC1EL L% Ui BB 244 5 B4#:15,0004 LA
EERHE L, 495EHTI9764 DREEHRL TW5DH, TN ODHE T, H8E OEERICES
&, REBERELppm £L LTHEL, B—RIEBEGERFLTVWD, TOER (K6~ T . &
IR EC100 ppmE B2 2 HEERZEOHEEIS T, AlEoHEE ) X2 (RR) ML, Hie
B — FISEEARD b (Macalusod 1996 ; Delzell> 2001) . Zh & ORERIT, Fih, A,
ERBEME. $RERINL., £ETHATF LV VEBCHTAMELITo TELNWEERETHD, 20
EEEREVLDLEZBNS, Eir, 7 35— MR L TITo e AEOEF I BV TYH., —F L
REMELRTEY (Sathiakumar® 1998 ; Matanoski® 1990) . A= A kPO SE R R ZE T
& % Santos-Burgoad (1992) OFFRITEWT S, HMROFRREM (RF LV IREBHREZEOA v X
ke 7.39) BEEH o TVWS,

%7, £BADSMRIF & OBETIE TE D ABOEEE U v SR E LEHATH, £ DOSMR
HFASTTERS L IKELTELERY, UABaFR— FORLEFBRBEEORE 2K S (362.2ppm:*
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FLLE) TBWTH, £ 6ITT L I ICHMFAORRIIZ8 L HE ShTnd, o T, HEREL -~V
BWTh, ZOHAABRERZTNESEFREWEZ LN S,

LinL—F T, B RISERKICOWTE, B0 THERBRAFR A — FTRFED N TS, SBR
AR TR BIERS, 7& Uz rw ) v —BEEREETRIFA VI ) ARSI 5 &0 D EWE
BHAWB, Y ENBRROBT HHROEEL LS ST, BR300 k- M T, —&KL
ERRBBEN TS, Efe, £3h— NNOBAES CES LIy 7 ak— MR #Rb. 240
RIS HIETARYUREREThoEEHEER TS, - T, BEPHETHEILLEREZER
BEE L HET A -HOWRED 55, BEME (Strength) & —Et: (Consistency) -2\ Tik, 1EIEH
FEERTWA LD LHBICE 3, £, Zh b ORFMEOEET A VIIEBHH 2 F— MFETHY
EEMEIEEC X A IREB IR o b O TH S (R ; Temporal relationship)

FOM, FPEDX 311,37 VT it b EEDERNTI RS LA RFSh, Zhboik
EWTEEFEEERTTRTIEBMLNTWS (R EAZY Y ; Biological plausibility) .

PLEDZ b, #EH (Specificity) ZEWT, REMBRHEOCT-HORAITITTH/E L TVS
Lo LW TE, 1,372V iE MIET A Y o RELRROEMBEL I EREI T O LHEE
ns, |

233, KEBHERMT (USEPA) . ECHCH AW, RAAMOEMEIT-> TV B ELTOEEHE
AR B W TS, 1,374k [k MEH L TRBAMERD D, | HEWE (BRAED
HREERAEV, | LTS, IARCIZ1999FE DM TS N —2A (The agent is probably
carcinogenic to humans) & 3¥fi L. Euorpean Chemeals Bureau (ECB; 2002) 28\ TH, & b
WCRBAENRDH S L RRTRETHBLENTVS, BBETIE I AEEEEESOTERE DRI
BWT, 1,37 # Vo3I (v MoERAREE TS, ) SR TV B,

& 2 ELOERICETIHE
aR—h
TAUVATH
# 2D SBR

WEOEE
Meinhardt® (1982) %, SBRERITE (A BO2TH) 2. 1943~19764F (A
T3 B AHVWI1950~19765F (BLE) oHIFoq¢, 64 H UL L& Li-58F (o

am T B
{NIOSH =
H— )

A— MR ATH1,6624, BIIR1,09440) 268 e LT, 1,37 V= DR AR
WL E OBRERRIT Uz, TORERE, £XA0OSMRIZER L TWadh-o
7o (AT38; 0.78. BT ; 0.53) 2. AT T AMBEOSMRYE EFEMEZR Lz,
ATHTOBAFELTIE, FE R REPOLEREEBBET COBBFILEZR LT
Wiefn, 1943418 ~1945F 128 ORIC6N A U LBE L T e B BE LW THE
RN R Lick 25, BIROSMRIZ2.78L 21 . Z O FHICHEE (p<0.05)
Thol, :

TAVa-7T%
HFAMNOTZ
T EET
3% (Texaco =
A—h)

Downs 5 (1987) iX. NIOSH =h— h® SBRERTBIC T Z Vv E /v —%
BT 5 TH T, 1943~1979 OB 6 7 5 LI EEIFE L B H# 2,682 4120
WT, 1,372 VO ARE LSRR OBRRSET L, FE L T1L3-7
B DT RE ST EES T, 25T 2B AR TN LT ido 728,
BADI L, ERIEF Y VAYE (BHEY R, BWAE) © SMR 2 2.35 (B2
FET-H; 8. p<0.05) LIFMLTWiz, Divine (1990) iF. EHIZZDai— KD
VAT 1985 42 E TRRE (74,219 A - ) L, BIE A7 826 L ORTHITHOWTHE
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W LT, TR, Vi EnBRRADSMR O LEE (SMR; 1.30) AR 5h., &
2V A RIED SMR _EF (SMR; 2.29) 2383 Td o 7, Divine & Hartman (1996)
i, ToBbRaR—-FEHEL, 1,222 ZDRLHICOWOTHET LAEER, EiE0
BREITIZERR I TS, SbIC ERRET —FICESE, RIEEMH L BREH

(FERPICEWIREZZ T BN 48) AT THBELEEZA, VU AREY
U o3RO B A O SMR IRREE (SMR; 1.0, 95%{EHER (95%CD) ; 0.5
~1.8) KL, EREHE (SMR; 1.7, 95%CI; 1.2~2.4) TitEE£2R Lz, 77|
L. MIREHO SMR HERAHMSEVESET LT, ‘

TAV AT
A BPRA—T=
T 1,37
& v Bl
T 4 (Union
Carbide =
A1)

- Wardb (1995 ; 1996) ik, 1,3-7 & P U BIETRICEWT, F kR KES
WeH AL ELS 7 ¥ U A RIEEICHEDE L3644 A SIT, 19814319824
F T3 7 E P DRARE L TR & OBEBRSIE OV TRER2To 7, £ETH
1854 DERASMRICIE ER BB RS0 72, U /BB R OB E D SMRIX
5.8 (35%CI; 1.6~15) EHEEEZF L, £, HBADSMRL2AEHETH T
A3, 95%CID FIRIK0.79¢ 1L F Th o1z, '

TAYARR
& & DSBR
ARSI B
(JHU =2 & —
M) '

Matanoski® (1990) 1%, 1943~1982fEDMic, 14ELU ESBREB IBITEHEL
e B @FE 12,1104 0 5 H, 19824 F TIFET L72,4414 12 DWW TN 21T - 7=
N, Vi EMEBRNRA DD WRBIROSREMITRD Lo, L L, #

RN EIRE ORAGERE Z ST T b B A DI AR ISR [T IRE L, AT

Effoteibd, Vo EmBBRBADSMRIZLSICER Lz, Bt 0hol % |
BN (V 2R, R OF UBEETBIEEZERL) 22V TOSMRIZ2.6 (95%CI
OTREIX12) Liroi, :

%7z, Santos-Burgoa® (1992) kX, HMAE THT Lr—R59% &, TiH. 4
., BRE, EEEERCr —A0ORERHE COETFE~ v F ERTLRI1934IICD
WA b PUEGIRRATIE 21T - 1. BEEEHEL, BEEOX/NHOREDCR
WCONTDAXDERTE L, v X149.36 (95%CL; 2.05~22.9) LAEILHE
X, BPRART 4 v Z7ERSWTCAF LV VBEERRELTH, 4> XHid7.39L Bifx
~L7,. '

TAYART
H1F 4 ®SBR
& kT 5
(UAB = & —
~)

Delzell> (1996) i%. Meinhardt® (1982) ﬁiﬁﬁa L 2T 8 & Matanoski® |
(1990) BRZ L LESTHTOTLEOHHE (WTHbSBRERTHDHHE)
Fak—hi L, ZhbOTHICUEL EMH L5 H%15,6404 (5 HBEET34
) BXBE LT, 1943~199145F COEFWEL R LT, 39764 DECHID I
b ARARTEITSRECHFF - A2 7 ) AN 0GR L EER L (SMR; 0.93)
Thofr, LML, BIFEOAICRET 5 & SMRIZ1.3T, € D9I5%CID TRRIZ0.97
Tholr, Sbic. MEWIDBARBRENAEXWEHER SN 5 10EL 8% LR
M ME (SMR; 2.2, 95%CI; 1.5~3.2) . HA{E¥E (SMR; 2.5, 95%CI ;
1.4~4.1) |, {#5FEd#E (SMR; 2.7, 95%Cl; 1.4~4.5) | ER=HEHHEH (SMR;
4.3, 95%CI; 2.1~7.9) TiX, W bBHEER L,

Macaluso® (1996) X, [ U =2d— MMo2vWT, BIIAEFIZ DWW T Oppm  H5
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DIRITE T & 25 (F5) . ppm FDED _EF 23 L TSMRD LR (p=0.01)
FROI,
Sathiakumar® (1998} X, R U =d— kb, 10FLEEHE L, 2o, BEU

BE204EDL FIRIE LT S S B E A BN LT, L4914 DR THFIZ W T 21T o/

LmA, VR EIBROBAOSMRIELS (95%CITRRME: 1.1) &0, Hizg
MEDSMRIZ2.2 (95%CIFIRME 5 1.5) LEEA TR LT,

Delzelld (2001) 1. EEDT * Y H RGN T FBHEDEE>DSBRARLHIC,
1943~ 19914E D HIZ 14E M LA B U7 BAEREE B 19,8644 0 b IEERFETLR O

| FE2R2 T (1,3544) RUEEMN2 E&#BA LE2H113,1304 2x5ic, TH

DL T EVIY AFUYRUBVAFADFSL S — A~ (DMDTC ; &
ZIEA]D BEOERED D Witk REREEZ KD, E#BE OV TOppm « FRUE
Iz 1,374 P32100 ppmX X RF L 250 ppmbl b & 72 BEEEE (GEHIR R IR
BEE) 2HAELT, 2C (BR#EEE) R®RUIERERIC L > THRELZBLRB
FUH (oL, 40F R XILHEF Bist 105K O L THIIXERSL) 594 L ORE
OWTHNT L, MR EITLS-TZ Y Oppm « EEOHEMIZHE - THIMN
L (& 6., bk, FlL3- 7 ¥V EHUREERBEHE LB LB EITHE,
ppm * EEICE ST L D —ERVWEEARLE (F 7) . ppm « EAICES
HT T, AF L EUDMDTC TS HIMEH T ROEMERD, £/, DMDTCIZ |
DVT AR SR ERE (RREMEOHEERN SEOEVE CRECERSEEL
e, AF VU TREOL D REMERD -, L, 1L,3-7 7Tk
DMDTCOWZEIIFBE L TWAH R Dic, MEOEBRZ KT L Z Lidlkiahot,

Az d— M T, Macalusod (2004) 12k 0 &54E5 0 REBREEOHEEMITT
bh Ty, LfEdDelzellb (2001) BAMAL LTHAVWLNTND, FEHIXZOH
FOF T, BArORBHFHEIIFEMOIC & SHEE» D RTENHECTH - I & BE
LTW5, Txbb, RHERE P REHEMIL68ppm « £ CEEFHEMOMGME TH
V. E—7 A 100ppm %8 2 FEE O FRIEHETE1Z853C, BEFFHEEOK 1L64E
Tholo, L L, FAOHEBMEIEHWHEEZR L. SH&E ORARREOHENHY
RMEAIIZE LR o e b LTINS,

TAUHDT
BBy
T#(Shell Oil
aFR—h)

Cowlesb (1994) i3, 7 # Pz BB THRIZBWT, 1948@'679%1989@&“6@??
IR R R 2 T TR B B 6144 B Ric, B R — MREEEE L, T
BRI 1540 EHIREERILT 6 Th o T, 244 DL BB SN (SMR; 0.48,
95%Cl1 ; 0.31~0.72) . 2. BAR LD iF44 (SMR; 0.34, 95%CI; 0.09~ |
0.87) Thof, UL SEMSRRORAEIL b RHSHEholk, |
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_ i 3 iﬁ?ﬁ%ﬁf%ﬂn@*f%ﬂjﬁ

#lo¥ = aiR—h A% BT H
| AL &% . 1,662 252
Meinhardt &(1982) SBR &5 TAVA | AT mRER - 600 201
B TH:1,094 - 80
' 7* 25y : ) .
Divine (1990) %Zb i TAY .73-- | 2,582 826
. : T AU BB Exic : 12,110 2,441
Matanoski & (1990) SBR &%
R e ERECRED ¢ 3,124 594
: TR STy .
Cowles 6(1994) @gg : TAY 73 614 - 24
Divine & Hartmand TR '
. _
(1996) - TAUL 2,795 1.,222‘
Ward & THEIxT
TR 364 185
(1995 ; 1996) ik * I
: ‘ TAU AR
De_lzeu 5(1996) = SBR &AL B 15,649 3,976
' TAVIET
Sathiakumar, 5(1998) | SBR &L | jJ) J ;,t — 1,491

—: REEARL.

RPN L HETE S D 1943~1945 FIC Bs L B £ RIS,

BEAFVWEEEENS Fﬂféﬂﬂf‘ﬂj BE BRI, ;
Delzell & (1996) @ =tF— hinh 104EEL HBIEK L. BE% 20 EF-MJ:&:@ L 7= REAE 1B % RN BT
Divine (1990) X [FU =d— b OFELHHE,

LIRS

Meinhardt & (1982) MA%f& L L 2 THET Matanoskl B (1990) BB L LE8IHOS LD T I%L.
oL BT Ui Btk S B IR AT, .
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# 5 ppm - 45 BIM% SMR (Macaluso 5 1996)

ppm * § A FEHR - SMR 95%CI
0 102,900 8 0.76 0.3- 15
<1 100,992 4 0.41 0.4-1.1
1-19 90,807 12 133 0.7-2.3
. 20—79 82,885 16 1.66 1.0-2.7
= 80 41,261 18 2.64 1.6- 4.1
&t 58

adR— b AS 124124, 5 BRECHE 3,2714

#6 13-TaCTVREE (ppm - £) LANFRTEOFRE (Delzell 5 2001)

7E Vs g ppm-F)  BWFECH AR - F) RR (95%CI)
0 7 48,139 . 1.0

0< ~86.3K 17 97,623 1.2 (0.5-3.0)

86.3~362.25R7% 18 60,114 2.0 (0.8-4.8)

36228 F 17 28,540 | 3.8(1.6-9.1)=.

a HEFENIHE

%7 SHOEUNSEERREE - AORECEDRS Delzell 5 2001)

TEYxy >100ppm

R A T AMmBEFETH ADA - ) RR (95%CI)
0 | 7 | 65,502 10

0<  ~426.2FK 17 72,956 2.4 (1.0-5.7)‘

42:6.2~2893.0K7H 18 ' 68,489 - 25(1.1-6.1)

2893.0L4 £ 17 ° 27,469 5.8(2.4-14.1)
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<EHNAICET SEHRE>

1,37 Z Vo DERBCH T IBRAREERE LT, ol (vvA Zy b)) XTHK
R RS ER S OPREShTWS, TERLORSE SICE LT,

" B6C3F1v 7 R I 5 K[H DNational Toxicology Program (NTPNC & BHFERL, $IC KM T
B2 AREHBRTH D, 625 ppmé 1,250 ppmD2ODIEEED 1,3-7 ¥ U LHBIREE & *H BB L & Fhi
L FEIOHZ (NTP 1984, NTP IHF%E) Tit. # R LA LS, 1,37 #F UV VIERHEICBW T,
SRR L b B Y R SOEBOBBROEERRREEESHRE L SRR E L, LV
EBEED 1,37 5 U VIRE T34 5B RAT LI#iE OFF% (Melnick b 1990; NTP 1993, NTP
O#F%e) T, MEOHEERERIC, 1,374 Vo VBRI BRI AT, EROBRICRWTE
BOEENRBOLN (F 10) | #1020 ppmDREEN LT ORMBERSRD bhiz, £, BATR
EH I —2DFAL LT, BIZBWTHRREUVHRIC LEEOZHEBED N THD,

Irons & OHF%E (Irons® 1989) Tid. Swiss< VA IZEBWTH, B6C3F1~ UV A L W I38EEIFEY (W
1/4) YO0, 1,37 F VDR ARBITE > T, JRY - SEREMT 5 2 ERERTWS, ¥
2 & DBERMEDEVITOVT, b R UA A RBROFIER L > TBECSF1v ¥ A DREAERHEIM L T
WBLEBENTWAR, 20%, ZOMCHE LR LESSIERYEELRY,

Owen & Glaister (1990) ®SD7 v MBI 2WARERBRIL, &78,000 ppmé 5 HD THRE
D13 TEF TV BBETCOERTHHLO0, £ 1LUTT L D IT, BRECBWVTHLRLFRRED
SR ADOHEMABEINTEY, 5y PCBWTHL3-7# /::/co)j)\ﬁ:ﬁ%@%%%:él%ﬁ 5
FREEEZRTERIGEINLTWS

B6C3F1v 7 A L8DT v b coﬁa'i'c ﬁﬁ%@%&ﬂﬁ%&k%&%ﬁ “b\ﬁ&r‘cﬂfﬁ‘;&:-iﬁ S

BEEME LVWEEREOIS 2 LIZon T, TORBEOREE L W 3 BAL LEFISRR LR TY
Bo FRO LT, 1,37 F VT VIIEBRNTI RS ULERIT. ZOEEREEY CHS1,2- T HF
-8-TT 1284 TVRELTE R4 TRE-12-T R I — AR EEREICBRTAEE
2o TW5, ZOZRFALEA D BRCEERORE L EM, RUMEF 2 ) epoxide hydrolase (EH)
L glutathione-Stransferase (GST) OFEMHEICIIARERBEENSA LN S, ZORF LoEET. £&F
BB BEECEATELOTHER, EOMANRERITH D, ARFEORELHYCHH
T&BPBPKET NV (EFHBHEERTTN) 2BETEDIETITEES TR,

BEDZ &b, TRl S /e RRERBRABEERICRBO T, RETEh2RED~T A K
TIRHEDOF v FOVTHICRWT S, BEREOEELRMBRD b E15, RERLCREIC L
T, TORECELVERRDONE OO, FO—EIX3- 7 ¥ P ORBICEITEEEICL-T

. BHTEDZ b, 1,377 P iR O LTRRAME AT B LEHTE 3,
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£ 8 DMRRICHTHIHR

RANGEHR

NTP (1984, NTP I#f%%) 13, BscaFl—v ryz (%ﬁko%&tﬁfﬁsom) 120, 625X 131,250 ppm®
1,37 # ST R6RH/A, 5RMEAER Sk, SRUINE. 26 OBESHE SRR, B
HHREL . BRIT60 (M) ~61 (@) ETTlEhi, UL, RESHOERCLEDLLT, £ 9
Y Lo, DmERE, BEY o WEBRCHBIER (2R oEZRFBESh,

NTP (1993, NTP II#%) i, B6C3Fr= 7 A (4FIC> & MEHETONC, 7272 LKk i ABEIE90
US) 120, 6.25. 20. 62.5. 200. 625 ppm®D1,3-7# P keRE/A . 5EARAMRE ST,
D625 ppmELE HED 200 ppmBEK 625 ppmBHL2ELFIC A TIET L, 6.25 ppmBEE < hORE
HTHREERNPS0%EBLEHRRBOONE. L L, BEIENRE S, ZOREBRIZBNT
b HEHECEEME Y LB AR R ER P PR :Lrﬁu.mﬁ)ﬁ SRR EDSRHEMR, i, HETIHIRRE
*\iﬁ‘ﬂﬁﬂﬂﬂﬁi (BB LBEE (BB @%%z’ﬁlﬁﬁﬁéﬂ\ %#LE:(D%( WIRERITEE

EObhi (F 10) .

MeImckB (1990) ETNTP (1993 NTPI#F%E) I, BGC3F1—?7>< (BRI & HERE500T)
120, 200, 312, 625 ppm®1,3-7 2 Vx> F6RH/B. 5840, 13~52@FBARE S &, BE
Ao CHERE Y bic ) V8, DB AIE, BEIEE. ATH O A 2 OMOBEREDHE R LHH
BHohi, BEEORET6ES ppm. 1SECRETLHRESN, U EORARREXHIMAE
LWEA, MIREEIRE (51213625 ppmX 2618 ; 60%) DOHPMMERERIFRE (Fl21d312
' pme521._ 1 8%) LV bmEThoT,

Owen & Glaister (1990 ; Hazleton®f52 % 5 VIXIISRPAFE) 11, SDF v b (FREHC> X MERE100
PL) 20, 1,000, 8,000 ppm®1,3-7 ¥ V= #6R:M/H. 5HAR, 105 () ~111 (#) BERA |
RE ST, ERBRPIECHBRLRE L, ERETROEFRIT20~25%Th o7, LEREE (#) |
BRI AT 4 v v HlaE () . o BRI BRED 2V iIEMEREOREEMBRE S
| @& 1D -

BERE - R THREER

van Duuren® (1963 1965; 1966) X, 1,3- 72z DM THH VR F 7 F 1 % Swiss
< 7 AW 3K U0 me/lEl, 3EMB CTAERBERERME Lt 25h, RELESAPBEEN:, X
70.1mg/ll, 1EIAE TR EXEE TEM L RRTIE, BB ORMEREORAE LA HRES
i, '
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£ 9 B6C3F Y VRAOREBREICL DEHHLE (NTP 1984)
RERE (ppm)

& i
' 0 625 1,250
DismE  HEe 0/50 16/49™* 7/49™
BBEHD)  a 0/50 S BV7T: o 18/49**
: HEa 0/50 23/50%* 29/50**
BV oE A ‘
Hy  1/50  10/49* 10/49*
e it = 2/50 14/49 15/49**
(REEHEE) g 3/49 12/48* 23/49™
A o 0/49 7/40* 1/44
[t ﬁl
(RE+HEE) e 0/49 5/42" 10/49**

6 RFR/A X5 BAE X603 (H) ik 6l () BfFE, ThLUBEERCROLDERPIL,
a:p<0.001, b:p<001, ¢:p<0.05 (Cochran-Armitage Trend test)

R p<0.001, **:p<0.0l, *:p<0.05 (Fisher'sexact test) .

% 10 BBC3F; Y 9AMD 2 FRMREEEIC L BMEE%E (NTP 1993)
| | REERE  (ppm)

IE %
0 6.25 20 62.5 200 625
BN LogE MR 4750 2/50 8/50 11/50* 9/50 | 55/73"*
ARERIEAIE  gga 950 1as0  18/50° 1150 16/50  36/80°
' 0/50 0/49 1/50 548 20/48*** 4173
DI P i
i = 0/50 0/50 0/50 1/49 21/50*  23/80™*
WHIELE i3 21/50 23/50 19/50 31/49* 35/50* 3/73
(Rt + ) . 4/50 15/50*  19/50**  24/50~  25/50™  22/78"
B BT B A i " .
B+ B4 i 1/19 0/49 1/48  9/50 8/50 6/79
§LH§B§% ik Tkt *tk
(M- EER) . Mfa 0/50 2/50 4/50 12/50 15/50 16/80

6 WFH/H X5 H/AEX2 FRER. 20ppm XiEEh U Lo CIRIAFEERD Tiod v, Ho 625ppm B, Mo
200ppm % F 625ppm FEFE 2 SELLPIIC 2 A35E - Lz,

a:p<0.001, b:p<00l, c:p<0.05 (Cochran-Armitage Trend test)

*F L p<0.001, **: p<0.01, *:p<0.06 (Fisher'sexact test)
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% 11 SDSv hd 105~111 ERAREIC & HEHHE (Owen & Glaister 1990)

IRFERE (ppm)
g & e
0 1,000 8,000
AR (BME+EM) i 50 79 \ 81"
ik 4 5 1
RIS (B E)
, lﬂﬁ 0 4**‘ .11**
BRIAT 1 v e il Tk 0 3 8
- \ i 3 1 10
TR IR E (RE) ,
: i3 2 0 0
FEEE i 1 4 5
DV IRIEE i 1 1 2
(B M+ ) iy 0 0 4

6 FEH/H X5 HAE X2 R
HE - HEAEE 110 0, BRI T MO ATERIZ 20~25%
** n< (.01

b. EEEFEENE (ERERH

1,37 # P OBRETEEMCET3EAMREE 120E LDk,

TOMROFIIL, 1,375 V= ¥ DIEBERE T O 8% R I BT Ltﬁ{‘%ﬁ“%ﬁmﬁ ¥
DBENEONT, KiFM Y 3 BREE o foin vivoCOREA ORFFCOVTOHRE L RERTWS, %
C O%L i, BENETEEX TR EL~S ppmBBEORE T T, 1,37 ¥ VE L ORIETREEEET
BT BETEIZE b NARNo I EHE LTS, L L, 1,37 % P OREBIEBEN10 ppmdb 5120
ppm & Wo B0 D AHEOHICIE, FHH H WP RIERE S EppmThH-o TH, kR (CA) .
Mg (MN) |, HDVWIEHPRT (ERFY U Fr— 7 =R AR Y RUVERER) £R2EOHE
TRETEELLFRET AT EREEPBERENTVELORDS, iEL, BEOY L ZAIERT
BETHY., THIEEEL TR,

—7., in vitro ORBRTIX, AmesREx (HMRARLREER) RUREHEHIEH DIV IXE P r35kE
AWERR T, FIAENEEROTFETICEBETESEE T T ETHHEL ORENH S, F 1212E
DO—ER LIS D THSHH, USEPAIL, 71 VX, HilE., MR UEIE AV T, L3 78T
T RCEORMEDORETFREEETTH0U LSO LREH D 2 L 2R TWS (USEPA
2002a ; 2002b) . THHOHITIE, b DY L BigEE AVERRT, 1,37 % V= OREHTH
6MMAVIﬁ#VfﬁV&UL?;%#V&f?Vﬁ\Eﬁﬁ&m%ﬁ?%&%i%n&%m&@
W&Xﬁ%ﬁﬁﬂ:%ﬁé%iﬁ'@ (aneuploitiy) PWERE Y BRGHICRET A2 (Xib 1997) | &
fo. L2834 DI RF LT F LT L B G EREEIC T B RSN, Gsmsaﬁ%gmcg:orﬁm
Z & (Vlachodimitropoulos® 1997) & EN&EENB,

EDX iz, 1,3-74 Y= /C’)ﬁ‘fﬁ%ﬁ?—giﬁk’)b\'ﬂi t b ®in vivo ﬁﬁﬁf@?‘ 5’#324“}5?: 8
Ea RV, BREBET CORETEERFBRD IRERD B, St FOY LRSS THA O
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AY

WA FV =2 { Din vitro RERTH. 1,37 # Pz ORBENTHIE/ =REV R, Vo R
RABETEEESZRLTEY., 1,37 Pt +ohERBREShEAITE. »"c@éﬁs?ﬂfw
REEBCCRTFEEEE2E T2 LM CE 5,

£ 12 BECFESHICET 2HE
in vivo D RFHERER

Sorsa® (1994) iX, 3ppmll FD1,3-7 % P VIBEE S TV B HEE 404 DA ML ) L SERD
CA. MigRGEES A (SCE) RUMNEZXHRA304 LB L L 25, WINbAEELA LN
Mmof, .

Kelsey > (1995) it. B¥2 ppmIA FOREEZ T2 FBEA0EIZONT, KM Y > BRkD
SCE# W~ fER, 1,3-7 % P v O TS MIRE & SCEHED LR ICBEIIR bh R o7,

Aub (1995) iE. 1,3-7F Sy OSBRSS ppm® EHBHE 104 o>V T, [T < 0.03 ppm
O BEEIBHE 0L L CAR B LR, BFEERALN T,

Tates® (1996) 1X. FHELS ppm. HHE20 ppmD1,3-7 & /I/Dﬂfﬁﬁ’&‘ﬁ'ﬁfb‘é%'@%
194 & < v F SEI A BI04 R TE LR, CARBHE (5 <0.05) Tho/k#t, MN, HPRTH
ETERIEETCHo 7, '

Sram® (1998) X, FH8{H0.53 mg/m3, HHE23 mg/miD1,3-7 ¥ P OBREEZITTWSEE
BE 194 kﬂﬁ?ﬂil%%ﬁ‘ﬁaﬁtf:fﬁ%‘ CARUSCEIL & b i Bt (b\'f:n%)p<o.01) Tho i,
MNiZEBETh- 7=, '

Ammenheuserb (2001) %, SBREKITIBEOIEXREF4194 DRP1,3- 75’ v /{‘tﬁﬂ% & RAHML Y
Y ROHPRTEROREZ M L. BmREHCIYRE 915 ppm) THMEIREERE (FIREE  #90.15
ppm) £ ¥ HHPRTEREERFE NI L 2HEL TS,

Abdel-Rahman® (2003) %X, Ammenheuser® (2001) & FEORKREZED L L bz, FEREE
#EH T, HPRTERROEREMITI 70 Y —AEHOBEFEEC L~ THBATE 2 L 2HE L,

Albertini® (2003) it, F = 2 DHEHFLILICK T IHFR (244 8F / < —IRE (F#;0.3 ppm) .
MENRY v (¥ 0.8ppm) . 254 B KHR) T, CA. SCE. HPRTEEFERIZBWVT,
BRICEELEEERERRLN o LHEL, = @B%?Erb‘s‘o.muj:maﬁai:ia‘ L C80% D H
AEFTHELTWD,

Zhang> (2004) %, HE®1,3-7 ¥ UV IREIEEE39% (&%ﬁrﬁ%{ﬁ 2 ppm) &vyFER
o BRESSS DAFAG M Y VA EROY AR, HPRTREFERZ B L, BEFREICHER
Rbndolh, GSTRETFEMIBETREDO Ay 7 /50y FL~ULizHE Lk L 8E L,

in vitro DIERFHERR

Arced (1990) KTRAraki® (1994) 2k 3 &, 1,3-7# P vidAmesBRERIZEBWN T, RABEHENER
DEFEETR T, 323 F7 AETA100. TA1635, TALG3TICE L CITEME, TA97. TA9SIZ%f Lxc'az.ti@
M, REBEWP2avrAIZH U T2 L,

Sasiadek & (1991a) (T & 5 &, EFEMENERICL % SCERBRIZ BT, CHO%EE@’E‘FEU‘?L%%
L3-7# VB ROGFEET CRBETH o, i, Sasiadek® (1991b) ik, b T*@?E
Hm ) >8R E AW HEE TR, REEEROFTRCEDLTHEMA R L BEL TS,
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BEF LSV ORE
B6C3F~ ¥ A FFMII 2 A - ZB T, 1,37 # U U EDNAD 2 7 = & NTORB THEAT 5
(Kreiling > 1986 ; Jelitto®> 1989 ; Koivisto® 1996) , 7 .
Koivisto s (1997) X, SDF v }‘Dﬂ?fﬂﬂﬂ%mb\ﬁ_iﬁf‘ 1,3-7# VU IIDNA L DS ETRT
ZEEHR LI

(2) ESFFE

EREHEEC X 5 ERHA Y R EHICOWT, F ISICE LD,

1990 E TR, BB T —F ICES< VR FHERER TH -7, HE, L POEET—
SISV RIHERMITOATND, FOMWMEL R0, Delzellb DUAB= v — M3 B 5F
SRR G, ERAR I AEEETS (International Institute Synthetic Rubber Producers, IISRP)
% LT 1995 IR SN BEBTH B, £ 2 T, EREEH L THES W RRREEL b &
h\Eﬂfﬁt@)z&%%f?//ﬁﬁﬁﬁklD@#@%Tﬂkéfﬁb ﬁannn7x D
BAHERNLRBADRT o —RHELTNS, '

LOFEXYEANCTOEEFERAL, ETOERZMATHAOFHMETT- 7‘_0)7.’J§ECHC (1999) T
B3, Delzellb DAY DF AT —F DRHE T ﬁﬁ&ﬁ%b_ﬂuz’c S, NFL, EAR. RABE.
HEER, Xff‘h/ﬁiﬁé‘:%ﬁ?f}\htf? Y VERSAF R, MRS O Y A2 (RR) Euﬁ
%T&%ﬁ&%rw%&ﬁb‘ﬁk%@n7x.;%Eﬁkﬁ#ﬁwAn@%ﬂgdthﬁiﬁﬁw
b, BRART —E LTAHMBOTCo (FELRR 1 %ENT 2RERE) £ 1.Tmgm3 L IE L,
S OHFFOFEE, BEFROTY SFAF—F B E-TNBI L, Ei, SREROHBORET
FNDBR BT bTe» TRMARH T - TW5 AT, WHO (2001) KbAVWHhTWS, k7,
USEPAI32002FE DIRISKET T Z 00 7 5 OFHli & €7 VREBICHIA L, 72l L, BT F L3RR Y,
Y RZ LSRR BEEICLES L TIPbENT2EBRET AV E BN L, TOWHENRT A—F EXED
ARBEHHICESE, SIS OLOMBOEREMZ T, BEBART ¥ —%LECnT0.56 mg/m3
LIREL, ERMORE L BIEEFERNLOFBRRIENT T, 2=y PY R Z %0.08/ppm & RE
L,

ZOX YL, BKROAMBEICET HIEED Y X7 FHEIE. Delzellb DUAB=A— hOF Y P b
F—RIESWTEBINTVBR, Z0afk— BT 2RBHEEIZOWTR, ZORBFEMMNTT
PITW5S, BREOBEMEMIIT 7w RKREOHEE HEHIC L - TiThhiz b DT, Macalusob (2004)
Tk, BERO LS I RAFIRER T RME TH5E. 100 ppmZEA B [EI%E D YL E THILSIE A X R EiE
KEEShE, TOHLWEEEAL VBT THS &Thid, SEioEEE BV BT EER L
DHYRTEFBRTIMFELTCNA D LIz, Sielken & Valdez-Flores (2001) D#sCix, ZDHF L
A HICE-SV CUSEPAD ) A 7 SHBICRIN 2 R Lc bOTH D, EEHEIFRATHER (2002)
I, Tk I RBRETEE 2, SBROBEAERCRBITAANEEO Y R 7 MO RE LOREREEER L
o, UHORETHIC £S5V =ECHC (1999) OTCa%3IHL, ZohbEHlksREL T2y b
Y27 (0.013ppm) EREHML TS, ZOLS i, EEOEEN ) 27 FHiOERRET —F LzoTH
AEHEMEICBNT, TORMREREEC OV TLEHEZSE L B8EEEToTWVA I e, 5%
- DY AT EEOEELEFEOTMEAE LSO, TORYMEICH T 55 - SR SRV H 0
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EHEZbID, . ' :
—). IRNbHOPEETFMIES VRAZHERICH UTEEN LIRS, RBETHEED RV
BACKT HIZHEN R Y R 7 HEREE LTAVORTWS MR ) 27 EFNVEUABa R b7 —
FICEAL, 2=y N A7 2 BEHLARKERA V2 —Fronn Y v AHHIRFT (Karolinska
Institutet) 7584 XT3 (Karolinska Institutet 2004) , Delzellb iz X 2 IREUEME 2 £ L
TIRERS (F 6) KR LT, BEOFRELSMROMO—KEFERD, £20RAT—F L AT =2 —F
YDAy 777U FEIREEY X 7RG, ==y P Y X7 %£0.0088/ppm & HEE LTV 5,

7 1412 ,ECHC, USEPA, Sielken & Valdez-Flores, B2 EMTHAA- A 2877, & UKarolinska Institutet
DY R FHIE & 2 DOBEBOEZ G OHEREE LD,

# 13 EE#BEOE=FHOMRE :

United State Occupational Safety and Health Administration (USOSHA 1996) iZ ;. 5 & . United
State National Institute of Occupational Safety and Health (USNIOSH) [11993%(Z. Weibu]lc’)
1 stage time to tumor modelZ NTP IITFEIZER L, B AD Y 3RV S ER G 7 R ®
BIEG LIS\ T, 1 ppm@ R ABRE R H 81 1,0004 472 ¥ 12 1~30BI OWRA A& BESE S
EHEL,

USOSHA (1996) X, NTP ISz A~ R D2 Y L3y, Hfﬁﬂiﬂg gﬁ%ﬁﬁ%i LT,
Weibull®> 1-stage time to tumor modelZ B L. Ippm®DBE AR X BRI A DR L, HHE
1,000 5729 1.3~8.1TH D LR LTE_‘O bz, ZOFFRICA-TIE, PEL (permissible exposure
Hmit) #1,000 ppm#5 lppmiZ3 & FIFAREZ{To 2,

ECHC (1999) iX, Delzellt: DUAB= R — M+ AHERHEOA ) VFAF—F 2 AFEL, &
L RREIBEES DL 0 AMRETRIEE, £, AT, XFLVBBRSOTKEREZZELTH
7Y VERSHIC L VT AL L, BONCEEEF N LI FFOANBREEAN»E, —HEBRETT
@%ﬁiﬁ@ﬁﬁ&ﬁ%ﬁibkﬂh&L7m@ﬂk%&btn;@ﬁﬁ\@%%ﬁﬁ%(wmﬂﬁ
%) CESVTHEM SN TCouO MBI FRISMHEICHY T2 LIEH LTV, £, ey A0k
TR BICE ST, R Fv—EBEBEhTWS, Bl EofFRIZ, WHO (2001) IcbEAE
hins,

USEPA (2002) X, Delzelld> DUAB= ds— hMZiHT 3SR RICESWVWECHC (1999) D45
ERA L TALRE TR T ARECTAVERIR Uiz, KEOAQNBERHZEAL. $RT
CRBOESCHYERFER EEFHROZER EEL OBEOEIILECH%0.56 mgm3& BHH L, =
NcEDE, EREBRET TOE-RGEGROEREZHEL. BYWERBEREIOHEENZ T,
=y MU A7 20.08/ppm EHEE L7,

Sielken & Valdez-Flores (2001) iX. Delzell® GDUAB-‘—'I F— MBI AEELDRETMOER
ERTT, U R FME~DEELHREF L TW5, 1998F DO USEPAD Iz T B RO TR
ShTW5, BIFEELED Y X 7 ik, BEFMSFRMEICEEShAZZ & TU251, ECalHOBOK
BRERSOBEEREE. FREVEREFER LI CIHIETTHE LTINS,

PERBIRRABIZERT (2002) 1. Delzellb DA Y PFAF — ZIMERET. Zh%F A LT\_USEPA
ECHC. Sielken & Valdez-Flores® /ML Ea—%EH L TW5, RAREEOEFMOEE S
B LI LT, BROKEES LTECHCOTCo (1.7mg/ms) % HH L. ZhEFLE BERLT
D) KESMEL, 2=y U 270.013/ppm&ERHH L7z,
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"ECB (2002) iX. UABah— hOF—F#hb1,3- 7 P ORARE X oSG IZHAR
BERHY, 1,37 F P it MIERAMRSDD & BT REThHD & BETEEIT > TV 3758,
RSB YETICHE, BN CIRERETE 3B KEBREE N2V E LTERIHIIR%E - T
Wi, o )

'ACGIH (2002) I, 2002E0FHEXCE T, RAAMICHET 3L FNRUBHOF—#ic, Btk
CR—-REEROFT—ERAONS & L, 194EOHE (EHFTAL : AL S WE,
TLV-TWA:2 ppm) %#EHIL T2, TLV-TWARL., BANEEME LTS L CHEERESMES RA
ATND EIRRTINB,

Karolinska Institutet (2004) tX. Delzell® ®UAB= R — FFFEC, ST EINEH LWIEREHEE
BEAVWTE-KISEREZHELTWS, T Y R7e=FA2MA L., AV =—F 0 [ HER

5 — & LBOEDHEMERE LT, AMBRETICHT s 2=y b 27 %20.0088/ppm & HEE L,
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2—2 BAABLSNOEER

(1) FEHEHE

a. %ﬁ-ﬁ:ﬁ i '

% 15\ AT BT S EERAMR LT L, | |

ZRGIC e F OBEEROBICH LT, BREDLT 4V 2 RARE LEFECEN T, ]
?@ﬂ%’%ﬁ&/\@#ﬁﬁ%ﬂﬁﬂﬁ Elﬂﬂiﬁﬁﬂl%ﬁﬂ{’ﬁﬁﬁmﬁ, BRTWAR, “HOOBETH., feL 53K
Rﬂi&%ﬂf‘lﬁf&ﬁ??‘%b‘ ﬁﬂtwiﬁ?—%ﬁ%&%ﬁ LT, SHPRED L D BB EIRVT, ERD
L5 RAMEEE AL E SNTHE, BFCHT 3 LEOEREOR ABBER T, <7 RIT -
BT, MER~OZE jEihifatEiEE aSH (A7 4 P U A ~OREIT T 5LOELAY. £
FLEH200 ppm. 100 ppmTH B & T 2HENH S (Leavens® 1997 ; Deutschmann & Laib 1989) ,

# 15 SHSHICET ISR

b MCET T . _
Wilson (1944) X3 &, 1,378 O o OBBEAMBEIC L0 . TARBROMEER RO,
PR R ORI L BT SRR R H S Z LAMEN TV D,
Carpenterb (1944) 2 X% &, 2,000~4,000 ppm®137‘5' /:/%6~7ﬁﬁﬁ!ﬂ)\ﬁ%ﬁéﬁt$

BT, SHEERROMRLESLEDLIOPEETHH I LEH AL, '

Himmelsteinb (1997) £k &, 1,374 V=< FEHRERMRBRELZRTIE. AROFBERE
©H R ARRESE T T, BHE{ERRTRMAEIRER RS L <BDH LR,

| B ERT—# _

Shugaev (1969) £k B &, 1,3-7 % VD<= 7 ACHT 5 LCsolE, 270,000 mg/m? (#9120,000
ppm=12%) X2WEfH, F v MR BLCsokt, 285,000 mg/m? (#7127,000 ppm=12.7%) X 45
Thb, Fv MILCoDIBEREIZ LV EDRPENLD. :

Deutschmann & Laib (1989) i%. #F v MR~ 7 A, 10, 50, 100, 250, 500, 1,000,
2,000ppm®1,3-7 ¥ Py R TRMBEARE S S L 25, v U A0, M. Dy TR
FEH EMESHOS A BENIBREIEEICEE L TED L, £ OREIBERE 100 ppmA» 5250 ppm® T
Bbhiawi, —F., 7 b CREREHOHBOL THERBOHBD O,
| Leavens® (1997) i¥. < 7 AIT1,3-7 & Y= B (0. 6.25. 62.5, 200, 625 ppmDERE) |

RF LB (50oppm) . ¥£721,3-7# P (0, 6.25, 62.5. 200, 625 ppmDERE) & AF UV
¥ (50 ppm) RS L TSHMBABRR S L ZA, 1,3-7# P BEMD200ppmEL EOFERTRA
F LU BIRER L . BAREDL T U200 ppoid LRIV T, RIEMP DS YR
ROBEEBREFICET L, B~0MBREEAsEd N, £k, 1,372 V= /Bl0200 ppmEL
FORETIE, = Y ADMEN» 51,37V OREH TH B 1,2- TR ¥ -3-7 7 AR Shic s,
1,3-7 # VU VIRERE X OBRITAETIT o1
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b. {EiEtt

F1eliBrREICET A EERMAER L,

b M ARSI IC oW OBES RO TRY . WED,3- 7 F VT o OBERELZ TN
TRREICB VT, TR MK ROEEBPHEEIN TV A DL T, BHELE %%Tﬁ&&aﬂ:
AN .

—¥. EREWE RO EHERAREER T, T ¥R ICH LT ORE TR TR T
Do TDOH, FROFEPAMOETHEY HIFZNTP IHZE Tid, KRIE TR 5 MO 4 T REESE S
g, BESEOMN A TAMPMCV (FEHRMRAR) OEMARD 5N TS (Melnickb
1990) , 7, BRI T DEBRMOFETLBRES LTV 3,

#& 16 {1SMHEEICET HHE
thETHT—F

Checkoway & Williams (1982) iX. ‘P20 ppm (5{£0.1~5 %53 ppm) D1,3-7 % Pr izl
BENTWETF VT « P LUVIREIRICEIET 5 B BE84 L MO6iR (TH40.1~1.0 ppm,
BARO~F 20 ppmD1,3-7 & D= L) O 1544 OB @B DR MG il Ui, §iZ TR
MERE, ~E7 e ERE, fU/MRER U TEREADTCE T L, FLRAESDTAIERL

TWeh, BERELEZRD bR hoT,

Cowles® (1994) X, F#3.5 ppm (CKEIZMZ1 ppmEl F T8EERIMETEE (SEEITWA) 2310 ppm
EBADHHEIBD THRV) DL T F VTV CRBEATWET # P U NEOHEE L ATE

NOFRBEH O MIBFHRELITORERE Licd, WE TABRELOENIRD b,

BYERT ¥

Owend (1987) KU'Owen & Glaister (1990} X, T » M0, 1,000, 8,000 ppmP1,3-7# =
EORH/A, 5EM, P2FEHEERARES S, ESRAECHEIRUEDO LR L & ‘E)IL\ Hom
REHCIIERKTHICBRERED bILE,

NTP (1984, NTP I #%8) iX. =¥ RiZ0, 625, 1,250 ppm®D1,3-7 ¥ /::/%GB#F@/EI 5HAHE.
60~ VERER AR S B/, WMECHIEL T, MERUEAOER, S EFOLE, ARER
A B DRSO & U BT 58 4538 DB, :

Melnick & (1990) 1, =7 R0, 6.25, 20, 62.5, 200, 625 ppmMD1,3-7 % x> & 6REM/H .
S5H/ME., 40BEBANRER S/, B062.5 ppmbl EOREEE TR E R L CRMERK, ~FF o
VRER AN R 2 Y v MEOKT ERERAREO EREAED LR, ‘

1,3-7% v:ywwlﬁ%ﬁﬁkﬂ%&m\Lﬁ‘ﬁ%ﬁ%ﬁm%bt Lz &k, BB A NV RIERD
RN T RERWEERTHEEENTWS (Ironsh 1986a ; 1986b) .
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c. HmRELEHN

1,37 5 UL OARRATICET 5 EERARAEE 1T &bk, |
BEMWICHT 51,878 V5 ORABRREIC L > TELZBE~OFELSWTIE, BEHOKER
MBIHI SN BB LA TH, BR~OERFBEIIER STV Y, BIROEREMAIHShD
EVS MRS H A, BEMITEOTHEENHAR LN DB E T, TRNR BB TR b
BEYIFEND, —F, EFRICHT BRI, BORTIC R DHRE R TRAREC X B8 R
5L, SIEPREEOERE OB TR TR LR ThH B,
| 2 OEERELIRCBRSNEOL, BRAETETHERY LIENTPIHE (NTP 1993) T,
T AT BEREHAEMDLS T F U DR ABBRER TH D, 95 B RT15, B THBFHET
PRTEY, TORBED I b, i~ 7 AOIFRERC OV TOHE SR 18ITR Lic, 94 A DREA TR
62.5 ppmDELETRERIT R S5, 200 ppmbi EOEE CIIERNERICBAEZENRTWS, 154
JTH62.5 ppmBh LD 1,37 F DT U BE TR, 2EOERK TEITIL6.25 ppmbl_E OB TR
KA ISR ORMABEE S, 3 LICEVBRETHIT L D ROREEICIR T b ISR AL
THIEBHRE I, Et. 97 AR5, A THREBROSFESMIBL I TORNI b,
NI & BBFTERER T CRLSF TIPS ~DBRBEIC L APEChHE LHXh 3, 8. Zh
A CHEOFE OEER~ T ARVT v MeBiT 3 HEOERL U HIERETRD b, '
BN AT T 5 EC, 2RO~ U ADERROBEHE YO X ) ICEEST B0, i, BE
R A BERD b RBRRIC BT BEHE LV 5 BBOERIC OV TIEL DU S 5, USEPA
(2002a) SECHC (1999) Tik. ERECHENRLNGZ L REE LT, FRSAEBOTE AT
¥ REA L FE LT AZ AV hTWS, —%. ECB (2002) Tit, AFR~DOEEZENZ
KRR R TIRARN L HEL TS, | | | -
PEDE S, 1378 VT ORAESOREFM VIR T REIR D00, —HoER
BHICIE. RIAOW AR BRI B CAMIROEHABEEICRAET 5 - LAMESATVS, 20

13, IHIC & B IRT AR A S BN D TRIICE SR SN A ME L ERICKINTE 513 LRE
R E T b O TRV, BEREEATED biv, ¥726.25 ppm &\ 5 IKBEIBWT HFENE
BENTWLEABBENTHL, LOLERDL, 20L& 5 RHERKREOREZERE R bIXEHET
W B AREIHHEN L EL bhA D b, BEOEAMIEN LHE S5,

F 17 EERESHCHTIHE

Irvine (1981) . 7 v hOIEIR6~15B1TH T, 0. 200, 1,000, 8,000 ppm®1,3-7 & x>
26/ A RERARE S8/, 8,000 ppmit CREMGOEEHEMABIH S hizdd, FEEICITIEL
Wipdolz, 8,000 ppmfE Tk, BEROEEET. MEOMERE. WEOILEFE2ELROILHE,
BEMERRD DR o7, BB 5 NOELR O REF IS 3 NOELIL, £h£4200
ppm M O41,000 ppm & B X7z,

Hackett® (1987a: 1987b) 1%, SDZ » bR UCD-1+ 7 A DEEIREE6~ 15 HiZAT T, 0. 40, 200,
1,000 ppm® 1,3-7 & P o 2w 6/ A KERARE &, 5o MIER0 B, <7 A IHEEISH
T ORBEWE~I, Ty MTE1L000 ppmBETREMOEEOMEXIHIET 1D s, o
REBREITIR wan&motovﬁzfmmo1mm@mﬁrﬂ¢ﬂ&ﬁ%6#r&otm TR
HEASEARE TV O ppmBEEE S 8D T 40, 200, 1,000 ppmBETHEO IR IR OFEL, 7. 200, 1,000 ppm
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B CHED IR IR D RE DS A RICIET L'C‘J‘?’Lc> L»L, Ty ]* v DALY L‘I&"ﬁ‘ﬁ{ fﬁiiﬁﬁb 63’L7f£
ho Tt_o

 Pacchierottit> (1998) . He= %7 21500 ppm®1,3-7 &# = /%Gﬁlﬁfﬁ 55&@‘5@“@@3
| B, RESEEE IS, H@%ﬁ@ﬁ%@ﬁﬂ@%b%hto

NTP (1993, NTPH ) 29T - %B6C3F1+v 7 A KT 32E/MD1,3-7 # P ORBERNRE
SR (GREMI/E ., 5HAR) THL. 6.25 ppmBt CIEZERE. 62.5 ppmBE CHREMERMDIN (& 18) |
Owenb (1987) B ROwen & Glaister (1990) R{F-7SDF » hiz1,000, 8,000 ppm®1,3-7 ¥
Tz vEIFERERARE (68FE/H. 58/H) XHER T, 93%3‘5 BV \u'rifsﬂf\@%@i‘i’g &
Lot

‘Anderson® (1998) k. HEOCD-1v ¥ R ICER/E. 5AAR, 4ER, ¥k, EECDSD?V el
/R, 5EAB, 108 TL3- 7 ¥ Uy 2 RERARE S %, T3, 7R TiL65 ppmff

THRIEOFETCHMPBEREINZOKEH L, 7 v FTHI1,250 ppm'c%) HEEIROLRT .Y VRET
FED LEBEERENC AR SR,

Doerr® (1996) X, 1,3 7 % /I/CDFC;J#%'C%ZUI 2- I‘l‘“ﬂf'/ 3- 77/%M®B603F17 AL
HDSDF > M0, 0.35. 1.4, 6.3, 25. 100 mg/kg (=M THKR) /H, 308 KEEENEE L,
< 7 AD100 megkgRElTAERD, SIRERTEERORD ., RBFEBEOET & FISEIROERNS
| FEHBNER, Ty FTRWThORELRD bhviedol, £, FRICRBERD1,2:3,4- VR
FTHEEwTAL Ty MTO, 017, 0.78, 3.1, 12, 25 mgkglFE (<@l THRN) /H X30H
REBEENGRE L2RR TR, <V AQIPRICHT 2RV EE (BRORBTESE) £12. 256 mgke
HETROE, 7y NTCHRFEOEEZEDLEN, ZORER AL TRETH Tz, BB,
1,2:34- VR T E OIS v hD2bmelkeE CIHEFICKRE L, BEEF2AMTRT LR,
EEIRBRE O T T, 30 AMDAER S Y10 ThH - 7,

Spano® (1996) i1, 1,37 # U ORBMTHB1,28,4- VT RF LT F vk, B AIE
BRIt (52 mgkg) Ui, REEICHA L OB FERESERASRE Shes, B4R
Ba (stem cell) REE Shirote, SEREMIE (differentiating spermatogonia) 433 RO
ERIAS TS 5825 E155 mg/keg Th o Tt | | |

% 18 BEC3FYHOXRD2EMBAREZICKSIBEER (NTP 1993)
REEE  (ppm)

Bk 7 A ) :
: 0 6.25 20 62.5 200 625
95 A 0/10 0/10 0/10 0/10 9/10* 8/8**
(0%) (0%) (0%) (0%) (90%) {100%)
155 A 0/10 0/10 /10 9/10" 7/10* 2/2*
_ -. (0%) (0%) (10%) (90%) (70%) (100%)
94 & 4/49 19/49* 32/48** . 42/50™ 43/50"* 69/79"

(8%) (89%) (67%) (84%) (86%) - (87%)
a: p<0.001 (Cochran-Armitage Trend test) :
#E I p<0.001, **:p<001, *:p<005 (F1sher s exact test)
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(Z)Eiﬁﬁ

@%%@%kiéfﬁbhﬂﬁﬁﬁﬁkowf ﬁlmiewto

WHO (2001) . %mm&m#ﬁ&ﬂﬁum&mw#ﬁ%ﬁmbrwé wfh@%ﬁ%tbm&.
%ﬁ%w#%fmt< ﬁ%@&lﬁﬁ%ﬁf%h%meﬁbht%@?&U %@%%EE&@%.
% AMREEEER & U CNTPIAFSE (NTP 1993) %Y biF, H~ o OSSR L= FEA v hEL
TWBRBHIBETHD,

TOEBTI, 1,37 # U v ORBIBEC R U AFROE T RMEENEL b EEZ SN TN B,
OAEFROETRERFBMBEORAC LD b0 LEABND I L, OMEFHBIIIRBA & HH
+AEMBETHE L L. OTNbOREE, ATROETIE20 ppmbl b, MEEEZE(LIL62.5 ppm
L EORETRALTBEY, W%%ﬁ#%ﬁ?éﬁﬁlb%%w;a,%maﬁéﬁﬁﬁi/bf4¢
k& L'C*ﬁ?)ﬂ Ehipdhotz,

k. MWHW%@?Wzoﬁﬁiﬁkbtéﬁ%ﬁkﬁﬁ%%?%U W%%W®£9&M@E&
a%%zenarﬁm &ﬁﬂﬁ@@bﬁ@kﬁhé%Aﬁ EMIEMOT L FAA v b & LTRSS
L%ﬁ@ﬁmtwkTé%x%%é Ll ﬁ%ﬁ&%ﬁfﬁy&ﬁ&womﬁﬁiﬁm:m 2T
mﬁbfkb it%ﬁ&ﬁ%ﬁf%émmmmkwOﬁWﬁﬁmBﬁ%ﬁLﬁbfﬁﬁh&ﬁﬁmﬁ
mu. E— EEEE@G‘MF’E@ phdZ az»rg u\-a-jwaﬁzﬁ;li{ﬁr%w'c wg:r_/ M‘/f v P& L'C%Eﬂ%é
nt%@&%z Hhd,

h%~bﬁﬁﬁ&b1@m/%¢w&%ﬁﬁﬁ§mLWTxokIEmm@m%)mﬂwu%m
ﬁm@mﬁﬁﬁﬁ% ﬁ%ﬁ(mm)®£ﬁi§kﬂﬁéﬂ1k@ IR R RS & R 5
M %, USEPA (2002a) 13~ 5 — 7 BECRREZSEHKEEZR LT, RICE0.9ppbe LT3,
EEXBIR AR (2002) X, «/?v—&%ﬁe%ﬁﬁﬁﬁmaﬁﬁv-//%%mL BAR D
ﬁf@)xamméweﬁﬁbfwé

g 19 @ﬁm%%QEEJM®ME

USEPA (2002) i, 137§/1/®%mhﬁu%®%§abr éﬁ%imﬁ%ﬁﬁb NTP
OHFZE (NTP 1993) DFRNP6, %%ﬁ%ﬁ&ﬁfﬁ%éhtﬁ%kb? = Rizis i B IREL
%ﬁ“%:ﬂ/ R#RA v b & LCERTERIT o 1, Eﬁ%mﬁif@uﬁ%ﬂ Y A%t L‘C«\/??—&i}%
Ed){—‘]‘ﬂ/‘ﬂz%ﬁb\ BMCL1& L T0.88 ppm, RfC%0. 9 ppb (2 pg/md) EEMELE, ﬁﬂLB“ﬁ.‘ﬁE
. BREECEKTETY FRA YV e LIERFEOHE LT o248, ERARBEVRICTH 27,
ECHC (1999) i, 1,3-7 % V= OAEER~OEETITE LV MEENHD Z LICER L, D
PRMEHE L Ty KR4 M & LT, NTPI#HFZE (NTP 1993) KKE ST, _RUFv— 7 REDHEE
%470, BMCos& L T0.57mg/m3, 95%CITFERE LT0.44mg/m3s WV S EXEH LA, 2L, &
FLOBEHEST L EE SRV I ERB_bNATREY, T ORBOREOC A I =X AITiE, B
FHOERBNZ LA b, ZOHEOBRICEESZESTHZ LHABAbA TS,
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EEEBIHRAMAETT20020k. NTPO#F (NTP 1993) Rl 2~ v A OEER L= MR
AV E LT, USEPADR U Fw— REFEFEEZEAL, v Fv—7REEZH#E, BMCo,
BMCLo1. BMCos. BMCLos. BMCio, BMCL1o& LT, £Hh-£4, 0.21, 0.15, 1.10, 0.76. 2.31,
1.60 ppm & EH Uiz, ZO#fEIZ, USEPACECHCOFM & AECTholc LiERTWS, EHFHE
DEF, HEORBHERMIC VT oY Fo—7 RESHE SIS, SFERICHT HRENR LIS
ETHo T,

3. ERESEE

(1) K]0 1,3-T2 T 0RE

13- 77 Vrid, ARUOLELREC L > THBERMICERT S, £, TERBELTELL
THH FOERICAVbRSE, BABEKTIE, ﬁ#kk@g&*&eLrA4wvx®Wﬁk;oré
L. mﬁé¢f®%£§MWﬁb/ﬁ%ﬁﬁ%6nfwé(wmd&HmumnoAﬁﬁﬁfm
R O RESMRIECL3 7 ¥ ST URER L, 7D DIECHLITE VT REERTND
TR %Ew#ﬁawwmﬁomﬁgkwmg@@@k@#5&@(m¢%)Jhiéé@@@
Mgk BB OEHERIC L5 L, RAETEL, 20034EEIT B TRE & A3t AKIEIZ292 ¢ 01,3
T VEREHIER, 11t BECERY L LTEREPLBH SR TVD (% 20, HFEXY - &
HE 2005a) TDIH kﬁm@ﬁ?ﬂjﬁmm t T, j(*riﬁwt%I%ﬁ:BﬁFtHén FOENT
AR RS ﬁﬁnnﬂL% s "ﬂf ‘ﬁﬁﬂﬂlnu%m% E?ﬁ]ﬁznn Eﬁ%uu%&L%ﬁc‘:ﬁ‘B ‘E:’tm
~OPHBEIT I BhTW3,

—4. Eﬁ%@%&ﬁ»&u@&%%mamktﬁéls7¢/:/mﬂﬁ¢kwméntkﬁﬁ%
HhTws (£ 21) ., ITH. BEHEEOBEHFEERIT. 49661t &EHﬂﬁFtﬂ%@LO{l‘&%Exél3 -7
FUBHERLTNDS, FEPSHEHEOVSREDLS T# Py B ENTWBHR, Zhidis
HZDECEENTHL SN IBEHE LD D THD (REEEE - BIEE 2005b) , ThbDEH
SHEA DBEHIED B DBEHIZ DV Tk A DA = L OB BT RS BTV RIS, FATRS
HRPHEBZ T, TOZIBREPIBHEShZEELZDNS,

ﬁ%kﬁﬁ%%ﬁ@ﬁ&%ﬁ@%wmﬁLfmé%ﬁ@ﬁ@ﬁ%fm\ﬁﬁﬁtmw%ﬁﬁwL%7
t 2B 1999EEETITIL t ~ L 64%BHIB S TR D . 2 B icHRB S Wiz driR b M A, 1999
FEEDTEI t HH20035EICIT281 t ~ &, 63%HIREN TS (RREFEEE  2005) ,
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® 20 LERICESE1ITHSIOHM-BREETHEEGRE (2003 £E)

{t 14E)

% Ko P BERE T pau oy
SR 0.810 00 | 00 0.080
WS - 0.001 : C 0.0 00 0.0
fb T3 267.299 . 8.111 11.157 0.110
BRI, 1.800 0.0 | 00 0.0
=88 F 17.000 1500 0.0 0.0
fEE 0.0 0.0 00 0.0

O 286.910 4.611 11.157 0.190
# 21 EERIEA ST BHEAD13-TE2CITvOFEEOREL Y (2003 F) e

t/
. JE A B E
Ee[Hany/ _ : JEHPEHE
KR | FEREME K BEiE
HEH B 0.0 . 37.194 108.528 4966.328 . 291.521

(2) RRE=SVVYT

1,37 U OEENBRRIBEIZSVWTE., EDEREL2ERARBETHEOSS L Eh
ez i< RGBS BT S & 19974 RS b BISA S hi- i F ARSI k A B REE LM
BOKSBET=F I 7ICE o CHADTIBESNE L5 I0ikot, ZOWAE TR, EEK300~400
5 THI1,900~4,T00BREBPRE S T\ 5 (BREERETHERHATRER - D BBEREXRE 2005),
2 EH S OE B FHBE O EYIIMEIE, HH01E0.35 ng/msEilE THE L T\ el 20028 E LA
0.3 pgm3LLFEETFTLTWS (F 22) , MEREADT=4 ) U I/ER2ZRTH, RUEHRARRT

mhs (K2,
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£ 22 AFAREEMEE=2 I IRBICETIS 13 TECIVETHREOEEEL

' .' . EHiE B/MA BAE
FRE MR iR (ng/ms3) ~ (ug/m?) (ng/m3)
- 1997 302 . 1,870 . 0.36 - 0.0010 2.0
1998 343 3596 .  0.36 0.0034 20 .
1999 350 . 3752 032 0.0023 26
2000 348 3,847 032 0.0039 2.3
2001 378 4,087  0.33 0.0055 33
2002 388 4379 026 0.0050 16
2003 402 4,664 - 0.29 0.0060 2.1

2004 397 4600 026 0.0060 1.5
By - —AREREE, RAFRD, N -

0.5

[=]
k-
4
3

}
ED;

T (e g/m)

e
N

g
-

1998 1999 2000 2001 2002 2003 2004
£ .

B 2 Egim'ﬁ%ﬂﬁ% At Jﬁ'nﬁﬁmiﬁhlﬂﬂﬁi&ﬁkﬁﬂ‘é
13- TE IV EFHBREOHRS

HERKGRMEE=F J  7RETIK, REMAZ —BRE, BAFEEIETGREDS>OHIES
FITHT T3, 2004EEOTERFBRER D &, — B TITEST0.20 pg/m? (2264142 : 0.0060~.
1.5 pgims) . FAEFAD (1) TROEHT0.30 pg/m? (69HIA 1 0.030~15 pg/m?) . MEIBV
TIETHH0.37 peg/ms (102H12 : 0.0065~1.0 pg/m®) Th-o7o (F 23) , FHETRS L HEIE
bR, L3 T F VT DRE~OPHEO 1 oRFBES IR IZH D 2 EERBRLTVS, LAL,
B R — R PR AR I O A TRILE N TE Y . BERLED RN REREFRCES
LTWBEEZBEND,

WESATZ RD L, INEIZIZ0.1 pg/m3BA FOHUSIZ D22 < . 2L L THMEICEREDH NS

(B 3) . BEFHUCIHAREBRKOERFHRB LY HEVH, 1.0 pg!m3uj:®fcﬁ'§’@bi%iﬂﬁfﬁﬂ
BEL, BEFRUTILEBREDLI T2 ACBRBEINATRERGNEEL bhd.

1) WEASBEOVTRAITRE, EH%LTHS TH FTREORALCibhizE=4 YIRERTHD,
BTLS 137V 2BEERASLTWA LS - BERORBD LB L2,
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% 23 2004 FESEADSLMEE=S U TREICH B MEHNEANO
13- T8 ST VETHRE

EEE . BME A

L S i&)ﬁ%{ . _(ug/m"*)_l (ng/ms)  {(pg/m3)
EHIK . 397 026 00060 15
—ARERE 996 020 0.0060 15
A | 102 037 0.0065 1.0

b tact A b 69 - 0.30 0.030 15

50
~ 40
g
30 0 — TR
ﬁ R
ﬁZO LE:E3:1500]
® 10
Oi
s T 111311z °
Z. < o =} o o o [~
LZI 3 2004 Ef“?ﬁikmﬁﬁéWE% a1) Jd‘uﬁﬁt..a‘al-ré
1,3- 7"5" CIVOEEHBRESH
(3) RERAED

20035 £ DHIFTAKFKI £ A HERRBLYERE CRERED2.1 ngmdnD1,3-7 % VxR’
H&hieDiE, A= EF— hOREFRIOE=4 ) L 7S Ths (BELRETERARRE
R AHBEBEXHER 2004) . THICKRSOR—BREOT=F ) I HEATHEB, 7 kmBlHOH
Elefﬁ/zx%%ﬁT5$¥%mfﬁb FOECRT bR AREREDOT=2 Y S A
TmﬁﬁﬁkﬁWI37ﬁv1/m&&énTw5 ZDHRITITIBEDE=F J  THAPKNTEY
ZORZIABIO kmEANIZ1,3-7 & P L DREDHEN B BT T B RIS ATETE LTVl s
?3@1/\, IO Db APEFH AL > TREFOLY T ¥ V=V RERER L LTEDL-UTH

. TR T EEES L ORI Mb A BEK. KDL 7 ¥ VT L BERE 6Lﬁ< RBHELE
thé _

7RE, ﬁi‘“é&tﬁi&ﬁ/\#&lms%m U 72 19934EBE ~ 20044F FE ¥ TOMAE R R L N BIF Uiz =
7, BIBEHN (E2) OXKFRER, SMEETLI pg/m? (1415 © 0.13~22 pg/m8) THY,
Zhid, BEXRKERPET=F ) - FREO- BB L BAERB L TR S BRl & AEEOM
Tohai,

H2) 1,37 FVx 28 A% L TW5 L F3EHER O BMEAMTII CIThh e IERRTHY . 24
REHIMERRETCH B,
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(4) 1,3-T4 ST OREFH |

B (—BEBEE) KEMDOBEIC YW T, 004 FEEORERRBERGEc=F ) V IRERKRIC
EASNT, BEEEERKALS m¥H. Fi6 m¥/P & L, 24BN AR CBEINT LT L, BRI
B 5 R Bork— AR R EE O Y EY I 5 LTARAO0.06 pe'kg/F F4£0.12 pg/kg/H | %’%Eiﬁﬁﬂf*ﬁfﬁ éa"b
T B AT LTARA0.09 pgke/ B, T4:0.9 pe/ke/H EBHE SIS (3 24) ,

* 24 E—:ﬂimﬁ\bd) 13-TECIODREEDHERE

(ng/ke/B)
x A - T '
PEHME RKIE EHE BAE
— R 0.06 045 . 0.12 09
Rt WAL 0.09 045 - 0.18 0.9

BERNEZNSLOBREIZOVTI, 1,37 F Vv BRA -7 R EOBRBEIC RV RETDID, ENE
K[HEBAER LY LEWVWERESTL, BEHIC L KEEL 25, BARRICERTE~100EV BEE
D1,3- 7 F T UoBERNEGIPORHIRTVWS (Bellb 1993 Hamilton-Wentworth 1997 ; Conor
Pacific Environment 1998) , =7, BEMICEBEEA TETE LTW5 AL, BT 3R
BVALD L1137 X ORBRBKE 2D LELLNS,

T, L3 7 E VPRI oBICEERTRY ., BELBENERTOLS 7TV RETES
T35, REZORWECE, 2EI1xbEYBL%202~04 mgD1,3-7# STUREEN. RELT
WABHNEFTHDLLI T F VT BEIT2.7~19 pg/mdiZR b L HE SN TWS (Lofrothd 1989 ;
Brunnenmann® 1990), 7+ # £+ DUFE COFREER T ENERFRDLS 7 ¥ UV BER,
WRAE L C WAV EE TR pgmS R CTh 27D L, BEL TWAIRETIH25 pgm3Tholk

(Conor Pacific Environment 1998) , RI#RIC, BE L TWARWENTIZ0.3~1.6 ug/m3 TH - 7=DIT
%L ENOBEIEETCIE1.3~18.9 pg/mé L XD NICEVMEEZ R L L T28E b H 5 (Belln 1993),
I OERD1LS T8 U EER, BAKRKL Y b 2HBEEERRL TS, REFRSLER
ZBO1LFTFPIVZBRBEENRZ I LIERY, 1BZ10~15ED7 X2 2% 5 £4~6 mgD1,3-7 ¥ ¥
TUCBREINS Z iz’ (ECB 2002) ,

ECB (2002) X, ThHOBEREZ LD TRBOWRICH) 137XV ORBREER 261285
EEDTWD, Z0ENT, HEIEOERNZGH LR TS ug/md, HATIT7.2 ng/m3D1,3-7 ¥
v Ehico®Esh s,
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% 25 BBOBEERICES1ITEICIVOBRES

(meg/B)

X A7 B
FFAF v I BRICEETAE ) v - OIRE 0.036 0.01
B RBEEN AR ~OTIIC L 5 18R 0015 0.017
NE— Ry (40 ) 16 =
- (80 &) 32 -
R OBFE 0.156

A2V EABA (EEYED) ' 0.069 S =

BENODRECOVWTIL, 1,37 F VT Ui —BITITAEFL LI SV (McNeal& Breder
1987) . 5~310ng/g RGN 1,3-FF PV 2BLT T AF v 7 REBMIAL LIz —F ) Virb H 1,3
TE VU ERHEER TV Y (Startin & Gilbert 1984) , 772U, FREAWMEZMEL2HET AN G
1£23~504 ng/m3dN 1,3- FEUTURRHER TS (Pellizzarib 1995 ; Shields b 1995) .

—5. BREEPI99FEIZIT > L HRAEE nﬁﬁb_:rob\“c AP TAPDLI T & V= /3%1#
PHESNTWS (BEERETERARER 2000) , RIEATE, T, WERCEEL»bENZ
N/1248E, VeERU220ENRomEIhTw5S, ik, ﬂﬁTﬂ(ﬁn‘g@ilfzoﬁ{m:Mﬁﬂj AhT
W5, SRR ETBTHERED H ST, ?@@&tﬁi&??kfﬂ)%ﬁﬁﬂj?%ﬁii ?ﬁﬁ(ﬁkkh‘éo 02 ng/L
Thbd, TOKREFOEFE 1 RICALKD LEET B &, FhicEd>1,3-T# 0= /a)ﬂ%ﬁﬁmo 04 pg/
HER25,

RE, BEANSDL3-TZ VOB IAHLEE., TORKETRTH—RBERKROFERRF
P EORERROTEHENP DEE LIZMMRIC L ABRBR LV BIXDINITNAEL, 1L,37F V0B
BRECKEORALLEEELDBNS,
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4.

¥EFHE

A, KRBT O REABONEL RS ET SHEORSITE L, S OmAN
ERHINTVERE, ARFERAL A5V . 280 RPN BEERD R < 72V, s
HERSASBEMSREY 27 RAFMHZRR T T0ZL2HARMLo0, HBMO 13-
7E Vo ORBPBICHET OMAN D, BRAEBITS 137 F V0t b OREEEICHE
T HHIESEMITOVT, Q‘—ngﬁ{ﬂf%ﬁoto .

(1)ﬁﬁ&U¢Wﬂ%Lour

L3 7FVmid, RiREETTREEE LTHEEL, FFRICE %fxofﬁﬁﬁzﬁ@&dﬁﬂiéné
B ENTc1,3- T8 PR, FRFI 7 nY—A0F M7 m—AP450 (CYP) OBR{LEERICE Y,
2HD2EMEN BB T RE LS h, FERWED THI A% > FREREh G, ER S

- =R%F Y Fid., epoxide hydrolase Xk glutathione-Stransferase L Lo TR RF ‘/ﬁf’) féﬁﬁé&-fﬂ

oF Tﬁ@ﬂ Eh, R Lfﬁ# ORMED IS D,

(2) B - Ef*%l..':)l,\'c

137?/I/ﬁ %@ﬁ%ﬁ%&@ﬁﬁ%%@ﬁﬁm tbk77x¢7/b&a®%%@%h
BWTHETHLHHLDOD, %@iﬁ&aﬂﬁékﬁké‘fi@%ﬁﬂﬁ&b Ea}h\ %k?ﬁi‘l’@ Te F%’7 >4 }~
EHELT, :J:ﬂ"ffrv MEA%#{ZFP'%_§$§L~?°TW&%KB:}LZD .

it\EWLﬂfbﬁiﬁm 137ﬁ/1/%®%@rm&< %@ﬁ%ﬁ%f&émf#vh

‘II:A%P«_J:ZD%)GJE%Z_B%’bé

SHIZ, B MIRWTR, RBEERICRIBETSRICL T, RMEBICEEESFETSLEL

bhb,

(3) #EHBAEICOINT

(3-1) RABAEDEEICONT |
L&f&?:ym\uFmﬁmtib,tb«@%ﬁhﬁﬁﬁ<%%énéo

WERBRE BT HEBE 2 NS L LLEEFRICREOT, 1377 Vv ORBREEY J 1
MR OBHEBIC L SR OFIC, MRAREERERD 5 2 LT 5RENE, —iE,
RE MR MR SRR T D 2 L,

BROFRHO~ T ZARUT v Mok 5 BEBARBRERITI T, SRORII RS DR
MATD B, =7 AT, ERORFKITBNT Y L EMEROBHEE» S B OEED

 RARMARDLRB L,

TUARGRTG v hE PO, L3 7 XSV BEBRBA I =X LR BAA T =X AD
B EFTERRE RN &,

TRF Y FEAEB~ORBIBICH 5 EREBY B OMEE, RHES, BEREICBIT 5BZHEOR
. BBELEELTNWSZ L,
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b hD U LB E Ve in vitro RERICRBWT, Y L oSEMBREMEE TR b RAKER
OEERFEIRTNHEIE,
bt h~ORBAMEZEETSENTEHRIZ2NZ L,

3(3 2) E {Ea)iﬁﬂl._ot\'c

1,37 F VN TR, TOEBIZE Y, %#bﬁk%éﬁﬁH&W%wkﬂ%Téo
E FDin vive RBICBWT, TR EREZRNHOD, ﬁ%ﬁwﬁﬁ'l:kkb"fﬁr?‘]‘m%ﬁ
ERDLIHBERDHD L,
B ROV REESLE A OEIRE AV 2£ < Din vitro RRICB W T, ﬁﬁﬁ%f&é%/:
BEF YRRV R I FRBEBETFE Eﬁ%Tfﬁﬁﬁ%Bﬂfwé & SRR

(4) BEMNAHLADHEEICONT

AMEMICOVWTIE, b FOEEHR TR, BREDLS TV IIREShICER L\m¢ﬁ
W7 &~ OREREHIER e R MR ER AR E Sh T D, Ll %@ﬁﬁm%< E )
TRRREIC IS BB LV T, HRRPREO LI RBFEERV TAERBERR LRV E SRT
Wa, —7, B ERTIZ, < UVRBNT, mﬁﬁkuﬁ%¢®%ﬁ&#EEﬁﬁiuw74b
y }1/) f\@%@ﬁéﬁﬂ:éﬂfi’o v, ZOLOEL (Lowest Observed Effect Level B/ %ﬁ) ii

%I}’b%:}’b200 ppm (442 mg/m3) 100 ppm (221 mgfm3) L HEENTND,

MR OWTI, b N OB T, ﬁmm <m6nrkb mﬁﬁﬁéﬁﬁt%ﬁﬁk
BT, bfmﬁmﬁ%ﬁﬁﬁwgk#ﬂﬁﬁméﬂfwé031%5 —J. BIERTI, <V
ATRNT, %t$®%m iﬁﬁ%ﬁ&ﬁﬁm&&®ﬁmﬁkﬂTé%@#ﬁ¢énTm6 i
L. HEECROHIMTOVTH, ﬁ@%W%Ekiéﬂ&m&ﬁﬁf%é&%x&hfwé

| éﬁ%&wﬁh%ﬁ#éﬂ¢@ éf%%%%h;é%@f&é %#%&%%iﬂﬁ%%ﬁhT
FF—FERNLOD, <Y ARKHT 2 EHORAREERIZBNT, wmvvxoéﬁﬁﬁﬁmﬁ
SEEEICHEL L. ol v R OFFEEEROBINA6.25 ppm (13.8 mg/m3) &\ LERIERE DR
%Tﬁ%éhfwboL#L&#B\hhmmvvzwﬁﬁﬁwﬁﬁfkét . SOOI RO
G TR B 5 A RRRIENZ &2 D, AR R RANITHMT 2 LT, BR
DOERETEVEHBTEN S,

(5)m§—ﬁm7txxybtauf"

1,37 # S TR B RRAMIT OV T, B-KEEGEZRTARRSDZ Lb, b FORE
WAL LERHBE—RISTREAAY FEFTI ZLERFARERTH S, ﬁ%ntﬁﬁm¢fm FE
BEEHROPFTRLREIREL, mo%ﬁt@@ﬁﬁ#ténrwé r.oEi, SEWESCH
T AHEIRARHER SN TS T &2 EH b, Delzelld (2001) DKET F /32 K%E (UAB) =2k—
MeBEFBHRAEEVT, AR—FE7EAAV M RIFIZE L LE,

—F. BRAMLSOEERICOVWTIE, & FOBEEHREERE LEAR— ST ARV M

52 L HEEETHB b OO, BERT —F R EAL ULBE—RIETEAA Y M EAT) 2 LT

—219—




BTHD,

(6) BREFEICDOLT

BREIKPRMT D137 5 P BEIMELS . TOBRIITICPREBLTELZSZEEL DS,
£, L3 TE VR b-T R EORBRBEC IV RETBED, L CEEMICENESOREN
H<, ENTRITRHMICE>TE S D13 TP itB@Bans ez bhbd, Ehiz, 1,3
TEVERIEIOEOTICLEETNTEY, REECEESh TWAENTIEX 654»( n1,3-
TEIUBEIND,

—RBEAR BT BIBETMIC OV T, 200448 E DB ER RS EE=4 1 /N’iEF%@
~ﬁ&f"—“ﬁ®1¢i’w’a‘k%ﬁh‘ i, ZARFRIREER R 2R LB 72 M 1,3-7 # P L3k A0.06 pglke!
A. FH0.12 pe/ke/R & RS b b,

5.  HEHEDEEIZ LT

(1) RBAMITHESFEEEOHEHIZDONT

1,3-7 #Z P s oW, B FADORPAMERER <RIBS, t%@ﬁ%ﬁ #kwf B
BERERTHAREBLRTNS T Enb, b OB b3S SR 2 TS B S5 =
LT B, 1,37 F VUL, ERAMCRIBEREELEVLO LA SRE 2L 1D, 4%
@%%kﬁ%%%ﬁﬁ%@%bﬁtowf(*%ﬁﬁ%ﬁ%:%Tﬁgﬁ)lkﬁbéT%ﬁﬁﬁw
DEEHPIE (LT MEEHERHTIE LT3, ) Kftv. TG Y X2 E=F0 % AN THER
R BB R LTS L &5, 3 |

%ﬁﬁm%mm%tofm;mmme(mm)@%@77ka$(wm):$=FK%¢6H
APBRLERMEODBERT —FEHTELOTHEZ & hd, SHEEHAOKELAN B2 L &
T2, TOMRE. Vo EMBROEEEEL T FRA Y MORAL TR ey Y R 21
0.40X1073/ (pg/m?) EFHEhE GIHESR)

UEZEY, 1,375 Vo OBBAMITHE S HMIEL, 10750 AEBRIRBA Y R 7 ictEd 5
KEHREL LT, 25 pgmit B Eh 3,

(2) EBABRLUNOBEEICERD Y X FHISDONT

L3TF DT UEDNTH, b h~ORB AR DA IS R MRS 500, © R
B T B — RSER R 2B RSB LR TR b, B ER T b 382 LIS
DHEMIAR D FMIMEZ BT 5 = L XEETH 5., |

—7. BEBR TR, KENTPIFE (NTP 1993) (BT 3~ & 2 DIFEELE L = o FaRA v
P BMALE, R—IPUSPIRETMCX BMER L OPEIET B, L, Bk [ (1) 35
AR BEIMED I OWT] b b & 5T, FRAMITES Y AP FMICB N TR, B—K
IGEREFMHTE S FOERHEORNRND Y, BRI EMICRIEMELEH LTS - LI
M. REHEY R 7 DELEN b R~ 7 R O SRR DB LB I% 5 B A D& B A A% 5
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b MEFEFRICEALT DS ERERBVLETARVWI &, D, BMERICHEI MR E RV THES
AAERA O EMEICR S FEMIE & B 2 N EHEED TRV LRIl T &, HREHMERHFPIA 1
W, BERT—Z 2 ROILRER AU OFERIRESFTHE I OWTIRER Lako i,

(3) ?EﬁfﬁBWE%l_OL\’C

5678 ANV AR B TR BN, 25%mﬁa%&én %mmﬁu%wﬁi&kﬁ5¥Mﬁkowfﬁ
BHOLEESED TEW HBF &, BHEhRholk, Lo, BEMERHFIECESE, RN
AR ST MEOREEZTRATHZ LITX Y, 137&/I/®h%ﬁ%¢$ﬂﬁ2M@m%WQ
THZLERETS,

_mhﬁﬁ%kﬁﬁﬁwﬁﬁﬁ%amﬁfék ﬁﬁkﬁﬁ%%E%~&)/ﬁm§1m@£kh
FHEZEIRT AR R LMD, ZOBRKKBEITET LTEY ., 20044 E O FFRERE R Clkiast
EEEBTIHAUIR LT,

2B, ZOREHEIL oW TR, SRR CIETRR2DAEZRONICHEN LoER, BRETHLOT
HY. SHEOMEOESITE DH LWHMROEFTEN, M, RELTW ZEBBRETHE,
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] 1,3 T8 STUCRBRHALZ Y bR OFHIZONT

UAB= v — MFRDORF OFERICIT 2B —FISHE (Delzellb (2001) | AIGE1L—, R 6)
ZoWT, BECARVESEELEE L THRERE KD, BEOREEL LTR Y =—Frdin Y
v A BB (Karolinska Institutet) 2R LI REDT — 2 2EBHAT I L, YHHAOHEEIX
0.0038/ppm-year& 725, FREBRENI L —REET CORBE~OLEHRMAEHE LT, BEEE (MEE
240 B HE, —HYEREE : 3650 /4F) A 5365240, 1H OIRERGRE (il | SESRI/H . —ARIRES | 24R¥[
IA) mB24/8, NUEVORBEERECEROEZ XS (FHHEM YR Z7ETA) 2BEBABLT, Ry s
F vy RO AMFAEERBET®R%0.007 (Whited 1982) . T0EMOBRBEEEET L. 2=y b
AT TFROLSTEHAEIRS,

OFEHAR U A2 TF AR AV RO TE
UR = Po(R—1) /X

UR : 2=y b Y RZ (unitlife risk) , EBAEEZHFTLIHEIREFIC 1 uglmgﬁia"bé%ﬁ\ D
LI RAKEAERFB L CHRALLE FOBADOREREOHMS (ug/md) ,

Po (AWEY RS DNy 7 FT T R, ADEKE. UIRTRER O REREDS 8 b EMRE (life table
methodology) # AW TH L3,

R "iHERY A7, BEREMATTORERLFRBEN TORERDM,

X AEVERE, SBECDEYBERNICRE IR L L L SOBRBEAOEREEERE, (pg/md)

T 2Tl pg/m3DERRE L ET S5 L, 1 pg/md = 0.45 ppbTH DO Db, TOFETIT0.45X70 = 32
ppb - year = 0.032 ppm - year® RHERE TH 5, BEMRER L BRBET COEKGRE~DLTHRE
15 &, 0.032X(365/240) X (24/8) = 0.15 ppm * year & 725, ZHIZHIET BNV R7 R) . 1+
0.0038%0.15 = 1.00057CTdH D, £Pe=0007TTHYN . SIFTHRLX=1THI0b, RDBd=2=y

Ry 22 (UR) i, |
UR =0.007X(1.00057 — 1)/1=0.40% 1073/ (ug/m3)
THd,

FRVAZ L N1 TH L, RETHREX

1075,/(0.40X 1075) = 2.5 pg/m3
Thb,

RO _

Karolinska Institutet (2004) Kortfattad riskbedomning av 1,3-butadien, IMM-rapport 1/2004,
Stockholm. _

White MC, Infante PF and Chu KC (1982) A quantitative estimate of leukemia mortality
associated with occupational exposure to benzene. Risk Anal 2: 195-204.
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