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WA, BRAEOKEF S, BEETED-> TLEBBICH: AIBRTIZL ) BAALE
DEMFZELELTEREDD IPEPKRE IR TWE, 20O L) LRRITHAD L, F
RT7EIA20HIC [SHROEERATFEYERNEOS N FIZonT| FhiBEEEHRS
WFERI SR, FR3FE 1 AHICEERRFRYEN RIBLHEDEARHHHLIZD
WTHREEHSEE N, THEZITT, BES AREELES I EINE SN, HFiC
FERAGEWESFICMITHEHEORAENEDATh L L L LT, F44E6 BI2IEeLiE
FEOMEERHITO-DICLELREEIIOWTERT A0, PEBEERSKSEESI
FEMEFESEXEC S DOEMEERPHIHRE IR,

AEMEARIIBVCE, FEREFLEPEIIRAREEEDOREICHT 2 EHMHE
HAHEHEZFTAHAILEZNTEY), HERRFEEYEDOH b, YEYWHOFEEMOE
¥, BAEDKEEE FOEEZIIPADAR, BEVAIFEWETFHEINLLDICD
WT, B4 0MEOREZEIE L LEZRUVAKRELOIEDIL . HESTHETE.
M DEEIETE L MBI T A HERGFIIOVWT BN A BELEOTERLE
hCE7EZATChh, '

DAL, M)rugzFLrilBET A NOBBEEEIERD HELME LB ow
T UTOLBNRIERLZEY F LO-OTHET 5,

1 bUZOOIFLLOHB{LFEOME ,

M)zuoonF Ly, 70Uk VAREOEGEHOBEMAET, N, KICHEBT
HH, TVI—, T—FLFOMDBEORBEKERINT S, B EaHE
ER1DEBYTH 5B,

£1 MyruoznFLroPREGEE

DIE 131.40

o OE: 1.4556 (207C)

mhoos —86.4T

= 86.7C

BT 77 hPa (207C)

BEHE T 453 (BER=1)

B AUZEEE (20C T 1070me/L) « HHAERBERIZZE.
SECARE . log Pow = 2.42

B LRI 1 pem = 5.38 mg/m3 (25C)

1 mg/m3 = 0.186 ppm (25°C) "
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P oo F L rOHIZIE, cvtochrome P-450 & GSH S-transferase 25 59 5
2 ODRHERENHL (K1) VY, BiE (BLEE) Hh)r7oozsL U RBOXE
BET, M) roozFLridfkros—wEaEETrYsuonzy - (S s
CEASEZITA) LM/ uuBEEEE 2o TRPICHEH S 2, #EIZ M)y oD
TF VB~ A4 F— LK (cytochrome P-450 B DH1/1000) ThHhH, FF3 ¥
Y —AGJESLWETEETEICHFRE TS GSH Stransferase (& & o T S$:(1,2-
dichlorovinyl) glutathione & % | & 5 {2 cysteine S F8E M (S(1.2-dichlorovinyl) -L-
cysteine) &% b, THHABFRICEITNH, Blyvase X o THEMI I N TEFHENEOS
\» chlorothioketene & 22 1 | KBS F2 7 VL LT, BEEZRETLEVDNRT
W5Y , cysteine SEEEIZIZERERENH L EvbRLTWAES, PYyrs00zFL >
DEFAME E DBFRIEIE S A TIE R,

3—2 BHFIANRUEEFESME

(1) EASAMEICEE§ B

M) ZUunTF Ly OREREICBITAEENEE LTI, Spirtasb” . Axelsonb®
O, Anttilab? DL DPEKEHNTH D, TOERETR2IITRT,

Spirtas5 ¥ 1&, KEL I MOEEEH TR EFLOETF - SHEEICHESL/-14,457%
DIEEBEDHH, BEIFEREIN692600 B ABRKIZOWTALY IHBEADFETEE L
OREERIToEES, M) UOIFLVBEREFADBREET L OBIZIREER D
AVWIHEEDOH LMEIIFZED LN Lo ERLTW S,

Axelsonb¥ IE, AV = —F U TL1,670 % (B 1,421 &, &M 249 &) #HWHKICHA
Er{Tw, AVz—TUvE2AO0FABRERLEE L2, BHETIIELRLERL
(SIR) D95% TIRIZEFAFA TR EWVTRD 1.0 2B ol FEESE, MU S
UOLF LV VBENKWERAZNSEELA-COMETIZ M) Z7unnF Lok Mo
TARFAMERTIHRREO N b oL FEH/L T b,

Anttilab” X, 74 52 FT EEEFTRBNBREL T - BELEEE (B4 1698
%, B 1391 8) 2R EL, 74T Y FOPABRYHACTHKAOREE LR
Bl TORE M) yourF L /BEEXRE (BREE) TSRAFL1%Z EE 728
WMiZ11d D, T0H 5, FEEHEPADARDSIRDIS% FIRMEN1.0% EE- 7z, F7/:.
BREEF20ELED D LDOTSRAFEICLIOZ LE- 725 DiE, £0°A, BH A, FH°
A, HISEERDSA, Y U SENMBBROEBEE TH o7-, FESIE, TR v EMAOME
B, LODITIERTF ) UNBRRESEDLEVHRHEZHTIMAETH S LS
LTwh, ,

73, Henschler5¥ {Z, FA YVOEREETHE 169 ZOHHEICONTHEE T2 -
A, BHRAIDODWT Ty 2 — DR ARERT— ¥ 2 HWTETE LA SIR X 7.97

(95% {E¥EX [ 2.59-18.59) TH N, BHFAOTEE L DMICHEBEIH L LBRRTWwh,
L2L, SECOEEMETI) 7 0urns LY EFFRAOBBREPERE LR L

(Axelson®” ®; Tola®” ; Barret 5' : Shindell & Ulrich 'V ; Spirtas®* ) . Henschler®




R CEEMICSIRE A Vs Axelson 5™ ¥ | Anttilab” O TEL ) 7ooxF Ly
BEdE & B A L DBFRIFED s hTwin,

IARC(1995) " ix, P 270U F Ly DREMPAMEIE T HEZWIEIIRENTH
A(limited evidence) & L 2245 &, Spirtas® ¥ | Axelson5® . Anttita®” Ik — MF
RICLAFRCEYEROZREBEMIIFFML, P20 F L2 ORITAMEGEE
#Group 3 (¥ MIHTHARENAMIIOWTHETELRZVWL®D) »5 Group 2A (B FiZ
SLTESENFRAMERTLO) IIEE L7, 7238, Henschler5? DigAamME a5k— |
BEFEIZ DWW T FHRE A Dcluster AV FEIBEIC 2 - 72 L O TH 5 & LT Mot
HELTWR,

HAESE @A 4243(1996)' 1X, JARCHEHE L723 DD Tk — M DR - IBEHMA
RUZEFRT F 1) REDSIR & 5 WITEEIETH (SMR) @ 95% TEIZ 1 UTFICE
EFoTnhIZE, TAntNaSE M) 7 00T L I X ARNFAML S EEMITSS
LTWw5hBA, Spirtash K U Axelson b DS IZIEWVTNLEEZELH BOERIZIARCHE
WiRmE R DA ELEERTIELWERT2ERTWE I &R, Moo
IF VU VOREPABEIIOVWT2ALERTADRLBHMETH > T, HEx2e (AMIC
WHLTBELLEPFAENSHLEEZZONLYE T, SR EENTG5TEVWRE)
ELTBREOMBZRETIONRYTHEEHE L TWD,

PE#BET 5L, SpirtasH? B UAxelsons % id, M7 oo+ L VIREE &)
AMEDHEEZHETERP o7, Anttilab” iF, FATALEL OB EDOTEE 4 =B L
Twb, F7-, Henschler5® PEPAEOEBERBL TV, 2OMOEERET
FEPADOHEELERE L bR, EEFEICE MY 200+ LIk 38N A
EEOBMAZ RO DEA RV, ChODBERED T, EkDEFIFEICIIEEE
HihSv, BZEHEFE, Moo sL YBEOFMEEARF5THE, ED
KbairEH B, Lo T, WEETRe M T4 M) 20025 L ORFAMICE
TEHEFFFERELT LD 5LV wEZZ NS DD, 1995F IZIARCHF
AAMERI % Group 2A WWER LT 2B F 2, 4B & L RIFAMICHET 2 EFITE
WCEBTHLENH B,




#£2 MY IZUULFLYORESAMICET HESEFE

pS i A H o % % X O®
kRELFMOEHEEHSD 69268 yMHEAATE SEEEEY (8B) SMR=0.92(95%TF B: 0.81) Spirtashb
CTHERDRT - B fog 4 EENFEY () SMR=0.67(0.46) 4
ERIIEERLLBAS - BEEATA (B) SMR=1.96(U.85)
i ' RV EL Y VAE (&) SMR=2.86(0.78)
Ay e—FrCRHPR Bira2ies Av -z —Fr EMHEE (B) SIR=0.956(95% T ER: 0.80) Axelson®
I Lo THRELL &219% AU OHFA FHA (B} SIR=1.41(0.39) &
RRFEE Ra®E _ WEEEATA (B) SIR=1.39(0.17)

WZIEATA (B) SIR=1.25(0.84)

EHA (B} SIR=1.16(0.42)

ERAA (B) SIR=2.36(1.02)
FEETF ) E (B) SIR=1.56(0.51)
EHEE (X)) SIR=1.53(0.73)

T4YT Y ETHRBE B1698% 74 ¥ T F A (BR) SIR=105(95%F &K 0.92) Anttila®
EREMBEELT T T Z1391% DHABRG HHA (Bir) SIR=1.28(0.75) 7
Bicleks EEXA (B) SIR=1.71(0.88)

oA (BR) SIR=2.27(0.74)

REFEHA (B#) SIR=1.56(0.43)

HERAA (B SIR=1.61(0.81)
TEEHHFA (&) SIR=2.42(1.05)
BB A ($) SIR=1.38(0.73)

1y REMFROES (BK) SIR=151(0.92)
FERTF Y E (B) SIR=1.81(0.78)
FIF VR (B) SIR=1.70(0.35)
ZRUEHE (BX) SIR=1.62(0.44)

(FHEEFEDI L2045 244 (B) SIR=157(95% T &; 1.20)
toryrooxy BAA (BI) SIR=2.98(1.20)
VUBRBEEOHBHE A A (BE) SIR=6.07(1.25)
xE) - FAA (B) SIR=13.0(2.68)

BIMBRATA () SIR=3.57(1.54)
Y rREMROESE (B) SIR=2.98(1.20)

* SMR . E8g{bIEH, SIR: Eit{kEERR

(2) BHFAEICE T HEWESR

M) oo F LrDOEFPARERTEIYEE L L TId, KENCI (National Cancer
Institute) " 12X D vy AFESAMY (FERPA) OHD I EHFRENID, D
Huwiby zoozsL v 3BERIER L LT epichlorohydrin & A CW/-7-8, £
DiE R\ AIFER AP TR D H T DD 272,

KENTP (Nationél Toxicology Program) {ZF344/NJ v + & B6C3F1~ 7 A \ZBE{LES
FEIZEE2WI) 7002 F LY #FONIC 2 £FME5 2 A BEPAEREZIT o729,
ZOFRER, Ty NTCEPAMERTLE D) PIZHALITIE Lo 7205, <7 A TIZAFE




A A DFEE AR S 7,
Fukuda &' IZHEME ICR w7 2 LMEMESD S v MIZh U 2 0O F L ¥ 3B A B S
Bro IDERTLS v P CREDFAMDED S W hsr2. w2 2T 1RL Do
TIGMMES BAHIBEED 3 — 4155 <, DO ADRERSEE IS5l 20
BAVCZERREO M) 200 F LY BB ERE L TEEAEDS 2
epichlorohydrin # EH L CV7arzih, SR EDEEIABE WS ThEE L BFRT & Z7s,
R ZOOLF L DRIAEETT Y AP ADRE Ll v ) BE I RRARY T
Hbo

BLOERERI IR T, TRITOBWERS S, M) ZU0TIFLUATy b S
HPLZRITE)FERIZ RV, BECIFLY 7 X ZHFHFADREF T E v DL is
DVTORHRE HE Bbb, 0L, ARV M) s 00T L L DRAs
ARBCEEE (v72E99 M) PHETAIEDWOHER>T VS,

®£3 M) IOUZFLrORPAMICET LR

ENEriEL] MR HH A T5E (BE) L it SCER
B6C3FI<H A #0 2fF R . 38748, 2:2/48 L3)
= AR A S NTP
1000imng/kg £:30/50. $:13/49
FORiL] ) §3/48, 2:2/48
4 ol
1000mg/kg &8/50, %:8/49
HEMICR=TY A BA THEM/E R ' 2:1/49 Fukuda® '
58/8 50 . £:3/30
S o RRAT A >
10458 150 ppm 2:8/50
450 ppm $:7/46
#¥SDT v b . BA 7EEM/H HE Fukuda® '®

5H48 50 ppm
1048 150 ppm
450 ppm

(3) EEDRIEE (FIoAHEnlH)

PIZBBIFLYORFAMICED SN AHMEORBEMA T L TRABOmS S
%%uﬁbhfétovﬁzu%awnkﬁy}wmmmaMmmnn%%E(ampmn
DEI7U0BIFLLEER TN 6 BHIRAS S, v 21E5 v FE Lok
PI7OBIF LY 2L, S5IETYATIEN) 2 00LF LY OFOESTHe
EDREENT v PDI32UMETH 572, T 7 AT 2400 mg/ke/day D P 7 O OLFL
3 HMBORS TH L. ROEICFMBOMBIKIBEA GRS . 2 OBIEL o Hi4
i > T DNA DEFEIMEE SN, MEOFEUELEES N, SR EIEIBEIZS v
FTIREAMED 1100 mg/kg/day % 3 :@Faﬂ%'_-i'(%)H;Fo)fﬁﬁﬁi%—%%ﬁzftii%%ﬂ&ﬁ‘o
2. Tz Eds, MY rOOIFL > D FEPAPEIL genotoxic (initiator) &£ X




i) 4 epigenetic (promoter) ZEEREIC X B L OT, MilaFEN LR IZED KED D> KL
NEGILIoTHMOTREETAEEZ bND, b EAA genetic mechanism 12 X o TH
IDFETHEVIZZLRESINIFEETE LW (3 -2 BEFEEHOESR) ,

FUZOnTF L OBRGBEICE > TEFOFRENUIFEL2LDIE, M) 7uox
F Uy OFEMICRBENGEABENENET A EEL NS, JOEH{LEMET L8
# (cytochrome P-450) A{EMHIIAFIC&E L E (. fii, B TIXEwY, ﬁ":yEUEI{JPC‘—?—-‘i%i’Lt
F) 2 OO0 F L TRTC—EFELZEEL, BMEOHEIZHITEA LT XTHFOY
EEAYMRIZI - TRE SN TLE), FOBEFERBNIE LS, FHRIT=RE
OEEREYEERT S, Lo TRIIMIZSZONHESICEFFRLEEL R
23V, B6CIFITAICEHM M) 700z F L 2525 FASAEREET S
A, MORZRFEOTTIAR Ty MIZEBELEWIFHEEIEIRV, Zhid, B6C3F1 77
VI BEREEOFFARSV I EL 55, b —20HKIE Y ADFFD P-450
AT v MERTEWZ EIZH LY

U2 OnEF L FRFENIIRAT AHEICE. ROICERY 2EIREX L
FiThbhd, TOMEOMBEENEX 5N b, MiD cytochrome P-450lE & LTHE
FEEXD Clara EICBET 5, LMo T, BEEDOM) JuuzF L VEEICE-
T Clara MIFEPERGICEEEINL DX, P4501l k- ThY) 70 oxF L TR
HHEn, FOFERETS M) /0 OREEE (TCA) IC X AW EEHEARKREV, 2O Clara #
FOBEEBEEOHEZIZIH O MIZTNTWREVA, FOTEERERETHLDOTH 5,

T, COZERMEENTRAIIOAELTT v b (77 XIHT Clara #il27°
L) WRELLZWIEOHEBICOREEBELLND, E MIBITS Clara M2
Sy hEDLAd, F/, ¥ hD Clara #f2ICIEP-450 PBRET HFE/MEFEINT &
AFBERELLZW! 2 s, B O M) 200 F L itdd G0 A LIEE L
TWAHZ EFFEEINS,

M zuOrd L OPER TIZTERBEANKET v MIBWTO&FEE T 59202,
S v b Tl a,-microglobulin Z4FEMICEI L, BT v MR IOBEFHEDOERIZX
% protein droplet nephropathy £ 35, L7z25o T, B v MW BHEHOH
FITEEBRCFMT 2LERD 5,

Green® 2 MV 7oz F L Y OENFAKICET AL L2 —-LT, Y700
IFVUBERFARERET S0, TCA OEALFMBEAVEF V=240 TCA 2
W BREEAVETHLH, LhME M) oo F L ORBHCELTIES v Mk
(. B MFMEZIET Y FED DS 51T TCA It ARV F ¥ 3V — A DOEREHEASET A,
ERTnWA,

PlEasboHard, RGN 700 L yOR#E TCA (IxM3 5
DORISEEVITEICBNWTI YRGB Lo TWD, /-, RABRSZSOHREDOMIZH
FARBIIOVT LR PETTARERER-STWAHEEZLNE, T M) Zunx
FLRFICHETLIEEZZR LSS, KEEO N 700 5L Ve MIEDFA
MERTTRMEIIEVEEZ Db,




(4) Mz FEEME (EERME)

EIERE (206 ppm) DR 2 OO IF L ICIRBEL TV B MHGE 0L ) 55
it AR DD WHIF (hypodiploid cells) A& o7& W) H|ENH LD A5, B
BOHETEDLE ) IIF-oTWHDY ZOHE TIIHL HTiE % v, Nagayab ™ id b
YryourF L UBREEEENBEOENY LRI BT AR 5E5THE (SCE) @
HHBEEAREIL- 2 A, BBEAREL/-HEOMICEENSED O o/ L HRE
LTwh, '

M) ZouxF L ORBEWIE in vitro DFZ T DNA EESTHP O LalL, in
vivo DETIX, 20 DNA L DA BRTERDP oLV IBED b P h s
Wh LN E W HRED B 5,

WMESERC/ N 22U F L VOEREET A FISHITPN T WS DS,
epichlorohydrin ® 1,2-epoxybutane 72 & O ZERFEM 2 R TEE(LRFIEF 2 & F 2w b 2
TOIF L VI EREELR L ETARENSNY

7B, PrsooxFL ‘/’fﬁ%@ minor pathway ThARITLE 7 V& F+ > (GSH)
DHERPEEFREETRITEVIEED O 2559, COFSRIRBOTERETH
% cytochrome P-450 ZEDH1/10008ETH )N, £MHENTED L S o+ Twn
BHDIPER LT\,

BE, MU Zouxs LY ORETFEENE (REEM) CBEL. ZEEMSHETS
HEDHRE NI 26, AMTHELED M) 700 F L Y OEEFEHEIIONT
SHELERTALEEDHLLDOD, TNETOHRER T LDOTESINTHE L-EE,
BEFTOEIAM) 700z F L VICRERERE R WERLZ LTHELZWEEZS
N5,

3—3 ENFAELBIOEE (—RELRURFSAMLSNOEESY)

(1) 2MHN :

My rzuonF L roBMEEIR, BN - BERICOSTAREEA & REER (PR
BHHIER) Tho, BEREFS2A12o0T, BoR#, RS, EHE, EERkL
EEELICEARE. fTEHEDOERT A EbLRS, BEEDO N 200 F L it hiE
MWEREPIFE L, BETL M) 7 00T LUV OEEEREICE AR TEEFIHEKE
ELTAEETHRES R TS,

M) ZOounrF Ly L) REEREATRIFEENTFESALS, M) s7unTs
L OEBREBEREOIFREERIIFNIFIERNLDTE WY,

2y B

M) szouzFLro@EEEl, BRELBVWTERF - BFEEFESHLALIES
HLH, WEHKEEORMAMICOZ-A M) 700 L VBE TSR~ OEE L
LTHbLRAZ ENE W, Nl Z7uorns L oREEREERT. MER0EEER (58
. ©FTv, KR, BEE, 0552, fHEBH, L, ERTRLLY) 2/

—100—




L25% W (£ 4) , Bardodej & Vyskocil® 13, BEFIREI10ppni B2 L LIRE A, D
v, NEEK, 7TLI—VRTHELTTONRERONE VI EELT> TV,
CNOOEEMNMEERZN) 200 F L VBERORWHEREICL LITLITEDS
nAEN, N 70urF Ly OMEHEOERER DB, L L, TNHOHEER
#EAVTC M) 20 F Ly OMEZEYHEET /2010, S, BHERR. FER
B, BERE, EXSORAZEOBHETF*ZRBTHLEND 5, mA T, E7.
HEEE, EREE. HEALEL COWETHFENEREFENICIET 5 TR0
EEhTwh, .

) BE~NDOEE (EHFEEErEL)

BEKAE M) sunF Ly CHEEINATBEOTHIIIESRIROTHEIZ 5T
HEEERBREROHENSVEWIATERPRESIN TS, LrL, & Fi5HE
FREZINLEZEZIONDZLNVOEKEBEDO M) 2 0unF Ly ¥ AWEEPERTIE
JaiFEr (BHEBED LVIIRESN) BHEEIh Ty,

(4) RIZEM

FUZOOZF LI ko CHRBEER EOETRERESRET S L\ ) B
FHRT AT | BREEED ) LT ICRIERITR TS TH B,

—101—




i§4 }\ ]) 7DD1'9:1/‘/L:J:E)$$IE%{E}:'EE3& 3N 281 39
ik N7
Rasmussen 5> gty —5% L (Bl BRI EROTCAL LCERT7.7mg/L : 1950
' EAPS1970EMIZI240-60mg/L) D M) 7 QU FL IBELTWIER
HaDEEOFBETOLEERERT L S ICHBEE (FEHo.54E) | hEEES
B O(214F) | BB (L1.04F) o3 HIISTT, #MEFNRELITo7-, £
WEF T EZ L CER L OBICE — PEMENR O N OIBERHRSE (REA.
&—- 8 - B REtERER). REPURIEEER), Romberg7 A M. B - FBHIT) ©
KHRATHo7, BRBEEIION TR EMENEL 2o/ ERHTHET 2
ERELEIER SN d ol ZAMBEIILEEIITDHL AL, oT,

Feldman 57 MO0 FLYyO=Z T A BEORDICEEH Ko RIGiEED )
EVRFYTH 2, M 700 FLrBEFROCHL EOLDERIZEESEE O
FRDFIGHE+3 SD UETho 7o, EEFEEFORINHEHOFTHE+3 SD LLE
TREGMH., FALUTIZRERUE TS L, BERHSO RIGEBOHEE L
sensitivity 50%. specificity 90% T M) 2 U O ZF L YO =X ME T 1 RE
RHETCE,

Ruijten & PO FLIIBE L TWIEHH TS (EHEH44E95 ) FTHEE
BIf16L9F ; RIAMERT04 £583ppm - ) & WHEE28% (45+95) 120
WTHEENRELTo7-, TOER. BEF CHEMSEI®REMELE: &
IEEHOLE, THRNOSKBEOEENFZDHL N, Lidi-T, BYH
WAz A35ppm®D MY 2O O LT L VIBE T AR L BHEEATRET S G
AUREHNH S, P00 F LY Il AHEREORMBRE 0T, BUGE
HOHNEN EITH 5,

Liu 53 19874 EHOTHIIBW T M s 00 F LY IZBELTWA M 2 1
ODrFL YEETERFEREBRESF LEBICES T L BExs#Fl1038ilon»
T, FEFDERERL 6 » BOERICE L TREBIFICLAME R FEL T
W, BERIZIGE/3 8 (1—10ppm. 11-—50ppm. 51—100ppm) 12407 C 2
fziTol. TOER, RE6rADEKO S &, WER, EET. MEE
HA, BB, OREZRRICOWTIEL—10ppmnBE & 11 —50ppmEFICIZEN LS R
T, 51— 100ppmBEI BV TEREHF 220N LA, ChbonREL.
R HER OB IS L Cids0ppm hiEiC B EAEET A2 E 2 RET A LD
THb,

3—4 YRITTFEAXL K

(1) B{EOH &

Ml ozaorFLYyDREFPAEICETLSEENFRIILTLL T4 EE23, v b
I35 M) 700 F Ly DERABICOWTESTEL I R7RT42ET R L&
RBo, BIERIZBITAL M) 7 00LF L X DOFENAMI genotoxic (initiator) &1y X
D % epigenetic (promoter) 2 IZ L 5L OT, MiEHEIRTIZEDOREDL D ELHM
DERESIILES>THDTRERBTALEEZOLND, Thbh, M) 700z FLrOREFA
HICIEMIREE (BIE) AEfTT 5, /2. MU 0o F LY ICEETRERN L
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WEBBNRBIEDS, FORFPAMIIZHEESHDLE LTI SRR R £ 2
5B, |

(2 E—BISTEARA A b
M) Z7HO0ZFLYOE-FBTEAAY MIBLT, 20 Y FRL Y MELTS
FAME, DLAE—HEHE L TEREXCHEELZDREEMLD 5 WITWHRER~DEE
(FREN) KEZOoNR5, ' '
LRELSE, UTOBEEL2 268, EBOASEEDPCRET S L) pEVEE
TORBEEZEZFMT 510, e MIET2HEET—%., 205 b, HICKEECHE
E AR T AEUEETRAVWTE-RIE7TEAA Y b 2T I EY &
270
CREFAMICELT, E-FE7EA XY MIFZONAHRENIZE A LEEST,
BICEPAEPRIE L 25 & LTL2OWEERITERORE 1B TED
TEREREZEORSLEZONEIL
- M) oo FL rOEHE (BPEAN) IC3HEE (v ESv M) KoL
FELHIT, COEZEF N 700 F L ORBEEREARBHEEOFEWIZL -
THBENTWS, EHICE L TERICENZ LD TII R L EWREENH LS,
B EROBERIZETVTR MIBUARITAY R Z 25HET 2 = & IXHEEN S
Wk
- Moo F L YEEERIIBWTLECHEWS L, FBEEFZOERTIT 2
DOLF Ly OFERICETAF—IPEFERSRhTnET &

BEFASRERICEESN EBEZ YN ERTEY 3. M) suozFL
DEMICEMENH D & LT, NOAELIIAHEERBMTAVAFEIZIVE ST A
AV NETFoT, TOBE, WHORERES 5479 7% 2%0mg/m® T M) 200
IF LY TRHEERZBERZVERLB L TWD I & 2BFIT50mg/m® # NOAELL ¥
Bf L7 WHORBERE Y 5 4 7 ) 7iZ. Ahlmark & Forssman'? OFEHITE TS,
20mg/LOIRS b)) 27 17 RS (TCA) 2550mg/m* D& F M) 7 0ouaxrsL I8N+ 5
LDELT, 50mg/m*’ AT O M) 700 2F L ¥ CEREBERPENRZWEEB LT
Ho

Ahimark® Forssmantd. hVU 7 OOXF L VBES ZF7- 2 o — D HEEI T
LCEMICKAMZREZIT o7z COFR, RPTCADFHED11—20mg/LD FHH

CFETIH2IAF S AIZ MY 7 00X F L I X B actual effect”. 7 AlZ”possible effect” A%

BOLNIZEV) T PRLA 0D, ZOLH) ZRETHMOERICIIBEN
MRERE OXFAFE LI e, BEMMBEROENLHFBHEEZ LA TLTRED
BEIC L 20D BEBELF LRI E2ERL, 30mg/LUT TEEZZITFITEDLL
Wr—2AEZ Rz, BHIT, RE TCA BEDRL THEZ XTI -ZFOERIIMICH~
TENZLZEFEL, TCA OHFEEFERL T20mg/LAT THT MY s uunsL
v DUFER R OINHRIGE RV THR R W ERER L 7
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Ahlmark & Forssman?¥/R L 7= [Re¥ TCA B 20mg/L)] OEMEICOWTIE, ZRUTF
DRPBEIZBVTLEEBFTDOLNL T L2, REBFORERFEELRTROBEHD |,
DTH A7z, WHOBRSERE S 47 ) 7HA M) 2UDZF LY OBES L WIECE
Lo WRELE L ThA I EDHBESE LTHBTEL, ULtOZ L 2F 1 0by
BE, RE TCA BE20mg/LCRE LA TRE50mng/n’ 22K S4B Ea
iBEE (NOAEL) & LTHRHETAZ L IZERETH A,

Takamatsu'™ i, MU 27 O0OZFL 250ppm LT CIEE - MEEHREATD L2010
2R L, 50~100ppm TIE B BERIEL L, TABEOBREICL > THERENTEA L
EHELT D, AWTEIL, BFEELHETEROBEOMES #5455 L /- S TN 4
WRD—D2THLA, PKADPLFEET 5 EFHHRUEBM TR EZ I 005,

Lins® OHMETIE, M) 70D FL VBEEL S TEOBEHEIIOWTHEEL.,
HEK, TRET., DHEOBESASOFRIIOVTORHEERD L. HRAEZAOSN
(B LCHES0 ppm M ICRIMEAFET 2 L ATRB I N B E L, TOB, BERS
BEFE LNV EIZ1— 10ppm, 11 —50ppm, 51— 100ppm® 3 B 45U TSR L. 13 &
AEDFTEN51—100ppmBEIZ B W TEI L T 2 & 2 5 B % 50ppm{dif & # % 7-
LBbhbihz, .

LAE® Ahlmark& Forssman % USLiu & O SHIF T2 L . BEBEZIIHT 2 B/
FEMIRE (LOAEL) IZf8%4 4 221X, 50ppm (270mg/m* ) 5 WIZF N FIIELES 5
EEZLND,

KIZ, LOAELDBE OFHE SO ET AL 2 HiME LT, ACGIHR WHOE |-
BOWTEFHE XN T E - EHOTEIZ OV TR 31T - 72,

TV, ACGIHFHFREOE L ZHME LTI M4 T REBS L 2T I
TAREBIIHETAIM (BEEE1) obhTIE, 40ppm (215me/m )3 2 2 RE 4 &
GLEON) sunrs L EEEROBINA, Haas* . Grandjean®™® . Bardodej &
Vyskocil®® OBXL THREENT VD, Haas . Grandjean® {&, 1—335ppm® b 1) 7 O
ORF L Y ERICERE L0 NOFHE DI 4 OMEHENRZ LN, Thb DRSS
BEHHORSIISCUCHEMARL, FHM) 200 F L VEEHN40ppnE B £ Tw
AHEW L NERICENS LH|EL T, Bardodej & Vyskocilld, F1) 7 oors L
Y 40ppmEAEDBEFIC X D 7T LREHE ., IBEAL, DV, FEE OISR
ThHEEmEL, MEBRZERAMEE LT 40ppm 2= L7 T/, Ahlmark® Friberg*®
& RPOTCALANNVIZET &, 30ppm (161mg/m’ ) # MEMBIE D/- DD F L
WEREE LTWA,

KIT, WHOY i, BAOXXEMZFMLT M) 70Uz FL Yy OESBREES I8
LEFEEBIIETARAMEIIOWTER L1707 (BFHE2) , WHO. RHETCA
BERTHEOTFHBRERELRML TWL EE2, RATCABRE® v THEE — L
MR DOF Mz To 7246 %, RFTCAIRE 0.306mmol/L (50mg/L) IZ BT, * adverse
health effect " ZBOFETIHREIN T B E LA @080 @7 (22 5y =y
TCARBEITHL T 2 KM ETE (TWA) 2 135meg/m® 2 MEMBRAEOEEME L
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Twho

- WHORKMH#BEZE® 12, Moo FLrov MoTs3HclBLBEDH
ETCREFAZELRTIILEERETHA L L, WHO" OFEi4&E L LTk b OHE
2285 ALOAEL% 135mg/m’ L HBF L T\ 5,

#5 REOTCAEEY AW/ WHO™ OBEE — 2885
RPTCAIREE 2] CRR

0.367 mmol/L (60 mg/L)  fEEERELRL Fibiger 5 *®

0.288 mmol/L (47 mg/L) WL OrOMBEFHZEILH D Stancev & Bonev*™
0.318 mmol/L (52 mg/L) W { 2ADOWEEMELDD  Zielinski b ™

0.459 mmol/L (75 mg/L) BRERENFZELNITR Andersson & *"

0.122 mmol/L (20 mg/L) RBEEENFEDLILZIZTR Ahlmark & Forssman*?

DERCHARZ M) 700 F U VBREFICAONAMBEROEZE BT AREME
L5, BEEE T+ AL0AELIHSF 2 A U+ B BE L B 24 DT —
Y AR TE 2o TN HDFE—DO—DIRLOAELEHEET 5 IHHROFE RNT 5
P, BLAOHREOT -5 OWE, FERECHRTLE, PV rooFLOL MR
ANOFBIZ T HLOAELIZ135~270mg/m® (25~50ppm) OREHEICHL TS &
Exbhb, EHIT. —RERIBIET— S TR FHRETHLONALT— I TH S
Tk, BERE - HMCHETAERSOMBOBRLIEET LI L, MATEBOD
TCALRL AP SAFBENDIEERT) S L DTN CORBEIEBT 57— 5 OHE
FEE L7 ETRAWICHETT S L, LOAELIZHNS S 5 S #1200 mg/m® (37ppm)
HIEORBEBICHFETAEEZ LT LY TH S,

KIT, THEERKTHAD, T TR EARERKOZZ FE2BEIC, 2512
L NOFEREBICBIT AT - e ANT—HRREBICBITAKEICBRET A7-D0EEE
DT,

- —RREREBICEFEHRELEY, YR BRMEREOBREEENFLET AL
- FEIEEE (—HZIC 1 B 8EFR, BAOKHIOMRMER) L R CIIREER K
VBREORRER L L

- NOAELZMREITRT C LIZHEETH L2 L 25, LOAELIZH YT ARTEE %
AwWTiEHiiziTH> &

- B MIXTAENFPABIBENATE 2w OO, ) 700X F Ly OEVFAMEID
FEESEETAEEX LA L |

REDHETERL., e RRHEE LTI0002 WL @ EEER S,
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ZH) D1/1000DFE LT T2, |

(NEFET7 LA A F
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if\k%ﬁﬁ%ﬁ$u%ﬁ%5aﬁbnéomewﬂﬁgﬁ%wm\ﬁﬁ@?—
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084~143u g/ \/B, BFPLOBBEOMBEIL, RRE~11 g/ \/HTHY . BEE
u%tfﬂﬁﬁm@é%@m\@t&bﬁ%ﬁm%v%otoit\§ ERE—fEK
SUCIEHEE R EIIR O N a7y
ﬁ%ﬁ&wﬂﬁﬁﬁﬁﬁﬁ1%&%&%$K%mtt%§t;5&\@%%&ﬁ@%
ﬂ%ﬁuﬁﬁ%k%¢%07DUl%b>%§ﬁ<0m*¢moﬂyﬂ (252#h &)
?%otoit\w%—w%&tﬁbht%ﬁu;é&\—ﬁ%ﬁ@bvyuml%
L VB <0.01-24 4 g/m8 (1504150) DHBEICH 72 (FE2) o BEE T,
~ﬂ%%tﬁwé$m%&%ﬁmﬁ%%ﬁ?at@%ﬁwx%éu;UW%ﬁ%ﬁﬁL
Tﬁﬁﬁ%ﬁﬁbtt:5(%6)\%E$WT@\%W¥ﬁﬁamyyﬁ\ﬁW¥w
134 ug/m3TH o7,

%6 —REERO M) yun s L o

A T—F WA REEE (ug/md)

A # TE  REEY EWEH BME BAE
10075 ~ 33 10 0.51 0.93 0.07 3.06
30~100A 21 17 0.70 1.14  0.028 5.05
10~30% 25 22 0.26 0.87 0.01 3.42
3~1057 32 29 0.72 2.88 ©.01 241
~3%5 39 33 0.11 0.85 0.06 12
24k 150 111 0.48 1.34 0.01 24.1
10~1005 16 39 0.41 0.99 0.01 5.05

CRERHIRIZ23X 2T 1 BEEE L7,

ﬁﬁ\buyuuz%bvﬁ%$%%%ﬁ®ﬂTm%#%%U7UDl%byﬁ@m
éht%%ﬁ%%éhrw%o%U7UD1%&>K@%TK@%@%$ﬁ%b%hT
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B, BRUCHFLEFAKIHETROKEDOFEHEER2T-> T b, FR7TEEOHT
KEBEERIC I UE, BHIS010EBETHEITLRTEY, 20 bHBNE
R BT ABEOKRZ BT A7 DI ERSATRABRAE T, AANREE
39187 17 AN EEMEEED0.01mg/LEBBL T W™ , & B, HRIATHE DM
FAIZOWTIE, ER U AERKIC X ) EHFEORGE P8 5 72 H i 0
ENRENFELONTVWES,

PLE, P rOnaF Ly oWE - bEEtE, FRERS, ShE TOREROR
EORERRLERT L, N7 UULFLYOBRIRIZEA EATEREARTHD .
it AEREEORIRE CORENMEII LA EELI LN,

b

EEORFEETO M) 700 F Ly EOERILEYDHMERVEEZEICET 5
MEDEFRTELL, ZLOHMAPNESNTVEN, 2BREHELZEEH. 55D
REARHORIBEN LRV, SITE, BETCIIBO N L ROBESZEICE
BHIRDP OAREMEER TITo L I/ELBR5S,

(1) BAAMEICDNT ‘

EEMIFERICE M) 200 TF L VORPAEEEETL LD, BET S HDONH
BULY., PEATIEE MoETA MY 20015 L2 OEMSAEICET 5 B2 a8
BATLLTHEIIVAZWEEZONL I EDS, SBRELEFABICET HES
MRITEETALEN DB, —F. BWEHAW- M) 700 F Ly ORPAMER
TIEBEC3FIT T ACFFADEERRTE V) Z LTV TOFHRIE 5T 5 A5,
Ty MIFPAZRI TEVIFERIE R, ZOFHEICEEZ (vYAEF v b)) 29F
ETAIEFBELPELR S TWA,

(2) BA AR OBMIZ ONT

M) 7ouxF Ly BREICIDVBERA—HFFEEOELIDE., BEEEE LTIEE
- FERITe T BRI & REMER (FICAEIRIER) Td 5,

BHEEE LTI, BEBEILBVWTH - BEEXFZDHONSE LD 5, EMHE
BEEORBBBRE CHERNOHEBLE L THONLZ EF—HNTH D,

BV EENHEICDNT
Moo xsF L rDEPAMIL genotoxic (initiator) & V2 X 1) & epigenetic
{promoter) LI X5 L 0T, HBENERTIZEOAEPORPMOEEIZL 5
THOTRERTAHLEEZOND, LIDFoT, B MIHLTEFAENESHDEL T,
MU ZOOIF L VICRBETFREREES L VWEBRDhL I ER S, EORFAEIIE
BEAHLE LTRNIED) ZEARRETH B,
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(HBE—RIETEX A MIDWT

MyZooxrF L s oFEIl SRS KEEECHLTEZ A LR, &
BEON) 0L F LUl A BEPEITE LTAGROBETHL I LiEps,
v OIS T A EBUEEZAVCE-—RETEAA Y P2{T) Z E05EL L
Ezohb,

Ahlmark & Forssman2 ULiu & D, ACGIHATEHM L 72 3XC#k. WHOAfT- /- FE
22 B DFEM, WHORKMM BB HR O ME L4 WICHN T2 &, LOAELIZAE N+
AR P EEIZ200mg/m® (37ppm) BIEDBREBIIEE T L EELLT EHFRLETH
5o

PHEEBRBEL TR, FEHBEETEORL TV 2 —BEBEIINETL -
NOAELTit7% ( LOAELZ V5 Z & %4 FE L T, LM 2 ENE LTI000% Hus
BEEAELEERL D,

- BYBBETEIAL MIDWT

FMlzooxrF Ly oYl - FHEE, BEEEERY, ChETOBEDORBRED
FAEEREZERETHE, M 70nsFLrOBRIIIEACSEEMETHY . i
W BEREBRORIRECOBENMBEIC B EEZ2 50D,

(6) &t & LT OBEREOREII DWW
RBEERMBEILL 2REZELRRIHET28BA2S, M) sunaFL oo
RAEZICHRBIES L LTETIHME 0.2me/m® (2 X 10° pg/m®) UTF OB ENE
TRET D,

FEMEBE ST, BRATIETEL2ANRZBEMICHETL, D EORER o7,
LrL, SEOMEOESIZL > THLVRREI DL S I &2 BKRPFL2ITRITR S
2\ LA - T, TOHELRAZIIOWTIFLVEREZCAICKME T, —
A T EATHOTEEM, SREXNLZEAFELTBE N,
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(&R Y 7OOTFL > ORERTE - FRHORRICOVT

§ (1) A ABICET B EF
‘ IARC (BEIRSAATRZEHEE) Th—T28 (€ MW LTERTRFAN
21T L 0) [95]
ACGIH CREEXHEBEMEESHE) - T7A5 (2 MIxTT A RFAMDE
Witz vy 93]
- HAREXMGMEES F2REB (ABNCH LTBEL { BATAM
WhbEEZLNLWET, FiIIE
WHaThviE) 196 325H]
(2) REACEF A3k
BT KSR RE! 250 pg/m3 (EFH) [93]
 WHORM M EBERATEN A FI4 > 1 mg/m3 (24FETH) [87]
TV DEE target value 50 pg/m3 (FFIH)
limit value 50 g g/md (FEFH)
i ‘ 300 pzg/m3 (1 BEREIFIRED 98 percentile)
(3) BRERESZ IR+ A 5%
FEEEEAEEICESCEHEE 50 ppm
O AR FEEREFRITFRERE 50 ppm (270 mg/m3) [72]
ACGIH TLV 50 ppm (269 mg/m8) ['93]
4) FOMIEFIZ L HIEE
KEFEEICRAREILE 0.03 mg/l
AEF R IEE ' ADBBECGRAIPEZELDBENDOH LMY
B EB ILIEIZEE T CHERE#E 0.3 mg/1
ISR SRy & i 0.03 mg/1
WHOBKEIKKE N A K54 > 70 pg/l
KEEPA SCBIK/KE H:4E 0.005 mg/1

glet: 37 % 2 e
AR S B R ES CHEMEE
i\ T R R AT 1 EREA. SHEERRTREAER
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ACGIH (1993) OFHMixt R mk (FR#)

SR AR
Triebigs 400ppm® + Y 7 OO ZF L ¥ (TCE) IZ36ELIANBRE + S -5 & 1c B nwT
i3, AR, REMBEOEERE IS BRESE AL o,
Ahlmark & TCERBRETIRT M) 7 UUFBEBREASHEL 2 LT, TCEOTEKIZ, &
Forssman B, ERR, g, BobL» 0%, 7LV —MVIFRHETH 2 & L,

Ahlmark & Friberg RO MY 7 OUBEEE L~V HET % BMEBTIHO-H0OZET LW FEE &
LT, TCERRDTWAZHEAIZ30ppm&IRE L.

Tolot & BRep b 7 U OREBLIE B 219ppm ~ 505ppm D H 1% 12, [FTO 9208 (hepatic
involvement) R H M5 & W IHEHILE B S N d o 7,

Haas B U 1~335ppmD TCERRIIBERE L1500 AN FHE PIH L OHEBESLL NS

Grandjean 5 EERELTVE, CHODEFUREHMOES (SEHL VI EFREE) 2

: IELTHMER L, FHTCERZ A%0ppm% M2 T W AEEIC L b 800 HE X

F (AN

Barododej & TCE40ppmMl EDBEIZ LD, 7hT— VAHHE, B A. HE V. FERORE

Vyskoeit PRI T 2LV IMRICETE, BREBRBERFES L TH40ppnFRSL T
Ho

Stewart 5 EREETZRIZ, 200ppm%E THE/HBEL- L X, SOBICBVLESRIES

RO, WETR2EBRORBEICERITIRO N2 o/, LA L., F0KIC
fro7z, BHIZ20, 100, 200ppm, KHEIZ100ppmZ 7550/ B, HE EMEE L
PRBRTHE, TO LS BERER S Rkh o7, THEFEIZ, 100ppm~200ppm.
7.58F/H . 5 B/ BEBREOBRETIE AT 2 B2 ZEIE AT, 100ppmT
HIREDAIZR L 3~ 4 BENRET RAASTEMICHS T2 LESTT,

Salvini & 110ppm@ TCEIZ 2 [F 4 BXRAMES B0 55 ) TIL B4 BN 3 5 ISR, =2
., MECEZFR O,

Triebigh TAORBREREEEZ S FIZ100ppm, S BEIOTCERE £ 1T - /-85, £y -
LAEKNIZL, BEBEERS e oT,

Tolab 747y FOERETHEEE (Fionish Registry of Congenital Malformations) %

HAOLHBHE T, EREEER 3 A LENRESESSTFHOSEEATSHE & L7
LT TCERI3FEIID DIFEMNIZRE L8 S AR B/RIBOS 271t &
InthotbL,

Spirtas & RABRIBIEH600ppmD 14457 ADTRITRER LI DV, 30EIIh D oM
CERETIToAN TCERFZFLRNAY R 0GELEMIERO N ot
Paddle | BADHMOFRFABSEELSLETADL OLESHOTHESIH L. 42

FRECDLNRAMEWELT o725 BRIZRS P o7,

Shindell £ Ulrich 2646 A, HE38052 ASFDTESE HITH T 2 HTE 2 T %17 o 7245, RBATAD BN
EEBESN o,
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WHO(1981)IC LB E—RIS7 & X X > b

Ml soOzF L URERFEICBITAGRE -

EERUBE — RGH &

#b by OO
113
{mg/m’)

wk
BERE /e R

BRI
(48)

HHE%
BB/ ARE

4

50—1300

77/55

LT
HAWGITF L
E

wE26% R TTCA 0.612
mmol/1 L

HIEEIR

FFAER

2571
21/3

Bomskib
{1968)

220—930

30420

ST
HEHEETFRL

BmMNU sy oof#Ey 120

—350 mg/l
g
HEwv

87/30
67/7

El Ghawabi®s
(1973)

Tl 260

8/ AR IE]

TCA ([ {#)

0.097 mmol/ 2 VT F#2 7
mmol (140 mg/g)

0074 mmel/ 7 VT F2 7
mmol (98 mg/g)
LEENTA D DERE

i

PREGE|

Triebigo
(1976}

11800
X100 —
200 EE A

50/(KFH5E|

EH 375
{1—15)

TCA( F 1 )0.532mmol~s
(87 mg/1)

BREAERD 9
HEENEL
HERERREE
FHHNRMAEE

FES

66
28
36
34
26

Grandjean %
(1955)

i 200
{25—2000)

140/44

T 92

TCA{ F 39 )0.367mmol/
(60 mg/l)

HIEW

RS

FEARER

MEFG

£9/20
19/14
40/7

43/21

Zielinski
(1973)

258 LLF
{(Fiy 72

43/ RIXFE

[REIZE|

TCA 147 mmol/1 BT
{240 mg/1)
FEH0.288mmol/ (4 Tmg/1)
MIEFETS

14

Stancev & Bonev
(1971)

Ty 90
(20— 650)

189/|3REEE|

20LLF
HAHEEFNLL
£

TCA{ F 5 )0.367mmol/
(GO mp/1}
FlroozFLrEHE
Dy ERREE L L

Fibiger 5

(1973}

* TCA=}Y) OO (RiaE)
TCE= k1) Yooy /- (ER:PT%E:)
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