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1,37 % v B3 54K CICAD (X, ) ¥ iiEfk#1k(Canadian Environmental
Protection Act :CEPA) @ T T2 E 71t 51 # (Priority Substances Program)m—
B U CIRIREICAER S N Tm B RN S & ) X R A BRI R (Environmental Health
Directorate of Health Canada) M MERk L7=, EFe b FE I BT 2 @AM O B /91X
BRI T OB 72 R FE D & b DRI DIMEN R B2 M+ 5 2 Li2dH D, K
LE2—TIT 1998 £ 4 ARETICHR S N7 —Z it h T, FEROET
L B o —OfkiEkls LA FHIEICET 515 % Appendixl (2, A CICAD D7 L E 2 —
\ZB99 216 % Appendix 2 (2787, A CICAD 1%, 2000 4E 6 H 26~29 HIZ, 74> 7
Y RO~V o TS NSRRI R B R T, EEEHE & L OB SNz, mofdiat
TEESOZESNINE % Appendix 3 12737, IPCS 23MERK L7z 1,3-7 % V= TR 2 EER
L F W E 242 F — RACSC 0017)(IPCS, 1993) $ A CICAD (2587 %,

1,3-7 % U (CAS %5 : 106-99-0)1%, HAROBER L OA LI EEN b5 & 2
SNADRFERRBEDEN D—D>ThbH, R TEYZ AFLr—TFTxTrdhBL
NTFA, BIO=RINV—T X TLREEE L TR ~~—HDOLEEIZHWLEND
TEREFEWE TLH D, 1,37 X3V ) R =BT DAL HEBND
@wﬁ\iﬁ\ULk%@@&W%H@%ﬁ#% B DI F v ADOBRBER T2 TO
il B HERBEHICA

1,3- 7 Z P 3RS 1T <b\%>0>f“if£b\z’)§ JRHLPAZ Mo SIRBEIR N 8 D 728D #B
R TIXEDFNCAAFET D, R ARRTREZ, Wi THORAERE THESHLT
I/\éO



—RAERITS BT, BEERG D 5 WVITRNZER & %Lfl&f&yi/:%ﬁémé
ZHUZx LT, BOEIK R EE W T 2 DIFN O BRI X 5 BFE TR X 2 RRED
LD ThHDH, ZANADMT 1,37 X DRBEREIIHRD EG L TOAATREMNERH D,

1,37 % V= ORBFUTEWNITEYTER CRE > TV D03, BIIZITEVWRH Y, 7
Pz b OMBED DR SN RITR /o T b EHfEES NS, T72bb, 1,374V
VIFBIL SN TE S ZARF Y RITRY, é%’\ymﬁ#vPW&éﬁ ~ 7 2 DR
X7 > bE FEVEW, L, b T, 1,37 % V= U ORBHRENITEERZERH |
53 2MEFEHIC OV TEEHZIAEE L TWD B LD,

@%%ﬁﬂiék\L&fﬁyiy®%@%ﬁﬁﬁmoL#L\vﬁxﬁﬁﬁﬁﬁﬁb
Gitr L7722 TORE T, IPROFEMNE E TV D, IVERIZEIT 52 Do 21X
;ngﬁwﬁ%f% BOHLINTWD, HETH, MECEEL KT T IV b EWIRE THE
DEMENR I BND, T—ERRLNATNHDOT, EREW T, MERH D VITHERICRE L
YE. 1,37 XV U PMBEFEBIEEFRT 00 E I D HDHWIE, RHRICEEE ST

FELLF CHEBZBFRENEZ T T E 9 T L TR ENZ2FHLEISE S Tunien,

1,3-7 4 VE U U AOMES F R b OFBEFRT 5. LnL, F—4
IR BN b DR, FREARZEIIET v b CREZSATORL,

1,372 FRAIL L 5T, w7 ACK L TRWENRAMELZ R L, R L2 TO
AR CHEH L2 2TORE T, HEEBLCEG SR AEL TnD, AF LETHE—ORERIZ
LDE, 137X VR ATOFRERBRETT v MIXLTHEDBPAMERH D, L L,
~ U ADEE XD b7 0 ERE TOLRBRP TONT o0, BEREREZ KT H LT
v MEIv AL bEZENMEVEO LS ICEbhsd, 21,83 7Vl o THHS
zmé%%é\-?WXbx7/b;@rwv%*@%ﬁﬁw>i TR CIEPE= R o RRE~
ORBPEI =D EEZ DD,

1,3-7 2%, vV ABLIOT v FOERMIIC L TERFEEZ RS, EORS
X7y PR b= ROTHREW, FKIZ, 7 2AOEMIEICK L TH, £DIENOEIR
FHREZFERTIN, 7y b TEHBER LRV, 1,3-7 X P d~ U AOANHMIEICRT L
THL—H L CEEFEEEZTRTN, ERINTHE—DT v FORBRTIZZNRH LI,
L L b, 1,374V OxRF v RREMAFHERT 2 BInmEIC o0V, fllic
X BREZMEOZETA S TIEHR, 1,37 XV NN RTIC I > T Mox L CE
BFME T b b I L CTERFMESCRARET 2558 T 5 &0 9L s 70,



BB BIT D 1,37 % Vo ~ORE L AR OBEMEL, REBRICKT 20EkDH
EFLREDON O EHTZ LTS, lx DO THOEEaFR— M, 5F T Tbh
TEZRRT, bo & bJAFEAOWEEMMZIC LX, AMRIC L2 CRIL, AF L
— T HT L ALTHETD 1,3 T E T ~OHTERERERBZEL L HIC LA L, ZOBE
I, ATFLUVBRLORNC B ~DORBREHH LB THE-TEY, bol bmiREICE
BENHEBICH - & b BN, RIS, 1,3-7 % V= 0 B L (s o BRI,
EIE R CRRG OREEBIZ DWW TN L T T e — R OSERIRT BRAFZE T HBIER STV B,
LML, PEVT )~ —DEFEIHED > TWAN, ZAF L —7 2V 3L TN
(CIFTET DRI OB RIR 28 L COZRWEEE Tik. AMBIC X DR LI
ROHIR, Lol W OPOHFETIE, U v/ W KO AIELC K 2 58T A3
LTS EWVIHFEHLD, DTN TIEH 208D Bz,

AF LD HHOE 7R L OEE T T — 213, 1,37 % = ide Mt 250
AMERBH Y | BIZEED & D ATREMOGHLZ 2L L T\ 5, BRAER(EMFIC L 55T
Fx 1% EH-SELRE)X, 1.7 mg/ms3 ERTEI N7, Zhuk, SFELECEEE A0
Tebo & b KRB CHREEREFIHEICL 2D THS, ZOMIE, FomliEsE AV
72 CUE S-SR AR ERIE O TRICITV, 1,3-7 % Y= 0d, EREMIC L T4
FEFEVE LR T, AIEA~OEEFERMEORIE L LT, v~V AICBITHINEFEEDO R F~v—
7 PR 0.57 mg/m3 HSEH S iz,

1,3-7 4 VT BRI K DREASDREL LN D OO T 2N RH#IC TR &
NTENDR, T—=F N LA Z D L THIRB S 57201, ek —JE
DIFTEZfE T D LEER DA D,

2. WEDORER L OWED - {LFIME

1,3-7 % (H2C=CHCH=CH2)i%, 74 YT «,yp-7XZVxTr, 7TH-1,3-V=x
v, FrE=,, Y=/ xTY Ly, EF=)lzFL v txFlLr, A\ Irml=x
VIR ELLTHEMLENTWA, CAS FE1X 106-99-0 TH VW, RTECS F 51 E19275000
Th b,

HRTIE, 7H VT EEA T, OXHEROHWERT DA A TH L, SR
1% 54.09 g/mol TH 5, FHWAEKILEQRSCT, 281 kPa)Z/m L, AXEEIL 1.9 T, KA
K < (25°C T, 735 mg/L), Kb (—4.4C)TH Y, 427 % 7 —) Ko ERE D
RV (Kow 1.99)(Mackay et al., 1993), £7-, ~r U —EHIL 7460 Pa » m¥/mol TH 5 (Z



Table 1: Methods for analysis of butadiene (moedified from LARC, 1999).

Assay Limit of

Sample matrix Sample preparation procedure detection Reference

Air Adsorb (charcoal); extract (carbon disulfide) GCIFID 200 pgim? U5 OSHA, 1990
Adsorb (coconut, charcoal); extract GCIFID 0.2 mgisample  MICOSH, 1994
{dichloromethane) {525 litres)
Adsord on Perkin-Elmer ATD 400 packed GCIFID 200 pgim? UK HSE, 1892
with polymeric: or synthetic adsorbent
material; thermal desomption

Foods and plastic Dissolve [dimethylacetamide) or melt; inject  GOMS-5IM - ~1 pghkg Startin & Giloert, 1084

food-packing material headspace sample

Plastics, liquid foods Diissofve in o-dichlorcbenzene; inject GCFID 2-20 pg'kg US FDA, 1887
headspace sample

Salid foods Cut or mash sample; inject headspace GCIFID 2-20 pg'kg US FDA, 1867
sample

* Abbreviations: GC/FID: gas chromatographyflame ionization detection; GC/MS-5IM: gas chromatography/mass spectrometry with

simgle-ion monitoring.

DEAEITZER IR ELEE D 2 VTR LA~ U —EE D 165.9 (TN T ),

T H T DE DO - ALSEAV R I A SCE iR S N E B L B L e
— RliZRE#INnTW5,

R T2 U OWELRE 0 1 ppm = 1.21 mg/m3

3. S¥rhE

Fiz OPEERF O T 2 P DNV BN S FiE% Table 112783 TARC, 1999), &

AT 2 —T 2T X ORBICHND Z L L HRETH 5,

4. v FNORBR

K CICAD DR L 72 o 7o RERFHI 24T - T MIEOE TH 2 0 T F DG b l- 2

BIFERB L OHEHICET 2B HE —20fl e LTI ZITRT, MoE~x TIXENRMEITR
STWTH, HEHEH AWVIIZFOFREIZLLES> TWA LD EEZBNRLA,

THI T OREE R, HEEHIESRREE L 5T — X OEHIZL - TREL LD D,
HFHD 1994 FIZBIT HREEHEIX, 12917~41622 k> & #HE S5 (Environment



Canada, 1998), #EEMICKERENH D DX, & L TREE. & ITHRHRASICET S
HEEEDR D PDboTWNWATEDTHD,

4.1 BHARRTORAR

THEIT AT, N AT AOBREE, L <2, FRAKRIZ o T s, HEK ETo
NAFAMEOT7 2 Px et gL, HM 770000 ko LHEE I TV D (Ward &
Hao, 1992), #F #1281 DR ED D O HEIL, 3607~26966 k> EHEESILTEH
D, AFTHICBT D7 X OFMRYEH RO 49.3%(28~65% & HEE)IZ Y 7= 5 (CPPT,
1997), Altshuller 5(197DI%, 7 ¥ V= U NI RIRH ADHEK, AIMILED S O A L
TOHT Bl Lo T SN2 FIREEZ RIE L TV A, 2O X ) etk z2 Rd 7 —
ZTHERS SAL TR,

4.2 ANAWRAIR

T RTONBREE CTIXAEEREOR R L LTT XV NEESND EEZBRD,
RIS KOV EIX, & LT, BBt oM, =2 v ofEE, M Sdu 7 HEH HIENE (il
B O A et JOWE D), (EBNEEE . 36 X OVHl OFRAFEIEBL ORI e EI2E 9 & 2
ARG, vraanFr 1adtr, 10T UBIORY ek ra liE, TX
DI O FEERREIRTERA & L TR STV 5 (Schuetzle et al., 1994), £7-, 74
TUZEDOLDIE, FY U oA AT AR E DD THRETHINEZEN TN D,

THE YT TRE, IR, AL Bk, B DOVWITIRYE - R - RIS XV EA
TORGMOBEFR EONTNOEBE CTHERETICAL, BT FXOTIENL OHEHICET S
T—2%, L¥ET v R FIATFy 7RG T BRA - AR T, BIOMES -
LRt T3NS | 1Y E it A > X k U —(National Pollutant Release Inventory:
NPRD®O—Eg & L CNE STV 5 (Environmental Canada, 1996a, 1997), = ® NPRI
~HE ST b OLSNOPE b Z V1G58, FAL O OHITIE, OB OB & 21T,
RIRHT A A, FIC K DMERE), FHE 7R LEEE . B Y ORER, R Y ~—85 70
O, 7o ERERM OB E I IIFEEIC L o, BXOREARENEENT
5% (Ligocke et al.,, 1994 ; Environment Canada, 1996b ; OECD, 1996),

1994 4EI2 H F A TR BEPIC TRIORT 7 Z Do B0 L & F U BRT % 5

1 L.A.Graham(River Road Environmental Technology Centre, Environment Canada,
Ottawa, Ontario)?”* % Commercial Chemicals Evaluation Branch, Environment
Canada(Hull, Quebec)si D FL(E (1996)



BIEIZ L > Tt &N T & 72 (Environment Canada, 1996a; CPPI, 1997), 4 72 HiE ik
EEEDTVV U HDHNEY—EILE 3376~T401 b (H Y VP 45~89%.
=BT Vr 11~55%) . #iZekk 150~258 b, A7 o— KH 84~1689 k1, ¥
XY HE 84~y M BH@IEIR 40 b BREEEHM 17 o B ENn TV D,

I 512, 1994 £ NPRI o7 —ZIZ L, AFFT 270.4 F o 2Me - fbpkdh T30
5 & Tu 4 (Environment Canada, 1996a), Z® 9 5, 270.3 b 28 K& H 2, 0.058
kU AKHIT I & # U A St Clair 1), 0.002 kB3 EEICHH SN, 17.5
FNOINT T ATy 7O TN RGPS TWD s LT 22.3 a3 fail
BLOHEROBU TGN OB SNTN, 2OFD 22.2 N AIKRKFITHB STV S,
1994 F.0D J1 F X OREEN R D> D BN~ B) S 17 BEIEY) (B BETEW 8> 2 W TR A BESE
WINZT HRTOWLBED = DIZELNTWE) X, 7 X P O e LT 1313 b agick
HEE STV D A, 128.7 M UAXBEAN, 2.1 R AFHDNE TSy, 0.5 B ARG A ULEE
% ~0O % #E)T& o 7= (Environment Canada, 1996a), 1995 4 @ NPRI ® 5 — #
(Environment Canada, 199712 S X, TECToOM BB I X ORI S
T URE 2258 b ThDLERML HNLDA, 0.068 FUAKHIZ, 0.002 koA
iz, 225.4 P BRGIFTH D, RAF~OFHIZIE, #REHKHA72.8 ), AH v
7 KH(36.8 R ), BPEN S OMH4.8 k), IWHIC L k(1.1 hy), BLO, Zoft
D104 M) EREFERL TV,

NPRI TOF —Z {2 LT, 1994 FITREHHBIC L - Tl Sz 7 % U= > OF &L,
24 kv LHEE ST A (Environment Canada, 1996a), LxL., AV U v HDH N EY—
YA DBREHZIZ T # P 13 E £ T 70 (US EPA, 1989),

CPPI (19971, 1994 2 H F F OBREEPIIE, FHE Sz IigEE 12 X - T 1191 h o,
HICKLAEBEIZL > T3706 b . KRARFTAH AT AMIC L A2ERNEEICL>T11 b,
BIOWMEIC LS5 T1~9 FUNE SN TWAD EHERIL T\ 5,

4.3 APEL AR

T2V AL, BRERH D WIT NS RAEM ORBEZ K-> TREAES D, SBIZ,
RY~—TRETHEMNT AT, TEML LTHAEESR TN,

TR AL JFEMOT H A N — o b Lo TSNS, &I,
TR EEEAET D 1 4G # U A Sarnia)3dH 0 . 1994 21 103.7 F 2 b
UINENAE SN TS 1994 4 CKENS 1.7F 2 R FENRA IS TVWS, 1994



HIZHFAENTHEH SN TS 7 X VT 0d, 1054 F 1 b ThH--72(98.3 F 1 b
TERN TOREBEETHY ., 7.1 o b oL kse H T %)(Comford information
Services, 1995), *K[E Tl 1993 FEORAEERIL 14 (EF v /7 A Th H2, TARC(1999)(Z
LoThfEan7r—ZIc L, FEGEB)., 770, R4 Y, BHA, #E, BXLOW
KENCHIT D 1966 DT X Vo OEFERIL, £, 129, 344, 673, 1025, 601
BLON1T44 X o Th D,

NFTHENCBTLHTE T ORRKOREHRIZ, R 7202 TLDEFETH H(51.4
o by 1994 FOHFHX TOREERED 52.3%)(Camford Information Services,
1995), ZOMOAEFESNTZFHFERTIL, AFL -T2 F7FZ(B1.0 ¥1 b
1994 %D H F X TOMEEED 31.5%), = bV L —T7 2T 2 5(10.0F 2 ) 1994
£ 102%), 77Vn=hI—TH YV —AF L ZEARB.4 T b 1994
T, 3.5%), BIO, kAT L =T X TALQRE5% Fu v 1994 £DOH 5
BHERED 25%)72 E08H 5,

THEIZ L OERIZITRWVELEN G 50, & ITBRRH DL DITRY v~ —DAEETH D,
TETETRESND D, HOVIIHEM L LTT IV 25 A LTV LSESER
TGN DD, TOFE LTI, A4, BEIEH—F 2~ 77 2F v 7k
BLROBGHOTZ v 7 =R E, Bigh, A—A B#8~r b $F T A8 #2
BRI, BB —y POEERD RIS — NHDT T v 7 AT 4 — 5 HE, SR K
HYE/FERG, ERAE, BXOF a0 T L7 ER%T 6% (CEH-SRI
International, 1994; OECD, 1996),

5. REFTOBE - o1 - Kt

51 X R

THEVTATEL LTRAPICHE SN DT, RRTOEHNLICHEETHD, 7
B d, BRREORBRANC L > THELMICRILEND 2O RRHFICHE> TV D LT
EZIT W, RAFDT 4 P ATAEFRIRIGIC &> THEES N D 28, ST R
SNHE RRF LT UNALLEDOTHEIENZDREO R % 5D 5, S NES5WEIC
X, BALLTAFE R, TralbAy, BROTIURENGEND, MET I
DT, FAHIRICB O TRIICZEI 2 b0 L PRENTN D, ZORISERY &

2 Hazardous Substances Databank, National Library of Medicine’s TOXNET system,
(1999 4 12 H 10 H)

10



LCiE, 77rbA Yy, TR 4-=haXi-2-77F— L BLW 1-=haF%i-3-7
T2 F VIR EPHERIILT VD, AV EDORIGS ETEODS, KB & DORIGIZHA~
TIFEHEBETERY, TEITZ DX DRI E>TT7m b A RVLT IV
TER, TEFLY, = F Ly X, BRI, —EBLRE. BLRE, KET A,
E Rt Xr 70, B Raxv IV, B34 TRX-1-7 7 Ui ENAE
ik &5 (Atkinson et al., 1990 ; Howard et al., 1991 ; Mckone et al., 1993 ; US EPA,
1993),

72 VT DI X DRI R, EE S K OGRS < L 0.24~
1.9 H TH» 5 (Darnell et al., 1976 ; Lyman et al., 1982 ; Atkinson et al., 1984 ; Becker
et al., 1984 ; Kloepffer et al., 1988 ; Howard et al., 1991 ; Mackay et al., 1993), L
MULRNG, 77X VT ORKTICET 2 FEINL, RAERE TR0 ITH D WTEEkER
b5, KEOHE» BT I T 2 RRTE R OHEEEIZ, EFOBNTAK TIE, 0.4
FfH T V) | AZRODE - 124 T 2000 K (83 AT K5, Tlix OFFHi D> B AP Ea iR 13
FUFEEHTH, 2~3HFOMENH 5, KEOMERMIX, bob K& ELXEL D, HE
A LT, EZOHBRTHRELEVDRH Y | A OMRERERITEOMHIFH LY b 10~30
ff b RW(US EPA, 1993), #iREFFHAR VAT, & IZAMOERIFTIE, ARSI
SNTITLAREME D B D, TAUTHE b b, BRI L TEWZ L 2E 2N
I, 72V OERO R[N FHMmITELS . ZOTORMEYORIEHREE) O v ek TiE
HROND,

7 & OB ALFERIRREN S . KRR S D & F DRV EA THIE
4 % (Eisenreich et al., 1981 ; Environment Canada, 1998), ik « # il & I8 dEhiEfe
ELTEOEVEETIIRWVWEEZEZOND, 7H VT UORNLOEBITRETHY . +
BlogAh Z E0RY | IAEC NI KA FITIEITT S D,

5.2 7K

At AW R, —BEERBRICIDBIL ENKFICBIT AT XV OFEERD D
bo b b HVOEBRETHD, KETOMINIL DT ¥ VO EElL, 4.2~28 H L
E I TV 5 MHoward 5, 1991 ; Mackay &, 1993),

5.3 EERBIUOLTE

KEICBIT A7 X2V OREFRMEZRET DS - & LHEEBRIL. B L O9EE
MCE D5 TH5, KETTORISICEDZ T H o OFT WAIC X D HEE X

11



41.7 H~125 HTH D, (Mackay et al.,, 1993),

THI T DEKEL KON T 5 & HESZOMOEREN S OKYLITERE R
BRZ bOwWREnH D, TH VT OFEIRE S KIBUREN G T F U T R
FIZEEIIWAET HEIT L, £, HIRMBEH LTV EE X 55 (Kenaga, 1980 ;
Swann et al., 1983), L2>L7203 5, ZALSEENH N L L, HERToLMIEREW
Linb, TRV URMTKE TIRIET 2 AMREMEDRH D & 135 2 biv/evy, Howard &
(1991)F Lt Mackay 5(1993)IC L5 ET VY 7 OTRNCESITIE, Sk s 74 vx
Y OHRINE. T~1.7T HTh D,

5.4 A=Wk

EEFERRICOWTITHIER STV, 7X P I 3mSAEmIcB VT, BA
PERERR LB R RIC L o TRF SN D72, 2L DEMTITEFEHE LR, 7 ¥ VT O
RNIC BT 5 EW R EiE, 4.6~19 T 5 (Lyman et al., 1982 ; OECD, 1996), #£/E
BIIRG IR SN 2WE OB O AR ZBREICEE DL D ALER, 74 Pz i3k
A TTOAERIEE. & 5 \WI3K PR T A (biomagnify) & 5 ATREMEILE X
BN EEREL TS,

THER OREY) DR DAL 2 E L7z ST, LA LA 5, McKone ©(1993)
X, HEREN DM ORICE > TT X P RNRIL SN S RIE, 1.84 Likg Th D & HE
BILCTHD2, ZOfEIE, AROP DT ¥ P R (mglkg, BB O THEER b OB E
(mg/IZx$ D TRD LT D, ARICEIT 57 % P i (mg/kg, it R o +-158[#H
T h DY (mglkg 25t~ 2 /3 EAREIE, 0.32~ 15k o) L #HEE S D,

WM EIRO T 2 o PR (mglkg, FrEAED o HEE Y B O E (mg/kg) (2% 5 57
BofREd, 0.1~2.9(Wk o) &L HEE XD, M DOZEIZELY IAE N DA O EFIREOHLY)
S RRZDSERET 0.63 m3kg & HEE STV 5, B/E B HEENY) O ARG 2 B 5
Y AN

55 RETT N

THET OB LRKG, 28— KAy ML, Bii(® 5 %200 OBE)OREEE LW
REF CORKROHGMIIETIMBELZET 27D 7T 4T U 7 ThitTn
%, Mackay(1991)3 L O Mackay & Paterson(1991) 512 L - TR S /= HiEz H,

ER IEEMRREBIC H AT T AL UL T 7 H T 4 7 V)R EMI TV D, BiFRS:.

12



RIA—FOFRTEB L OEERIZEI L TiZ, Environment Canada(1998)Ic r&EN T\ 5,
TET L ORI S & LV T AT 4 ET LS T TFD
ERTHIENTWD,

TR PREPITHE NS EITIE, RS LUK I < T Lo
H9°.100%3T < BRI AT D,

T h I KPR ST HEA IS, RRFIC T < T L, KHIZ 99.0%
AT %,

T H TN BRI S e A ITid, TR 38.6% ., KRITIT 59.3%., BE W
AKHFZIE 2.1% 5340 5,

ETMZEDTPRNE, BREF CERICHG SN OMEMBZ XRT 26D THD LITE X
IRV, ARE ORI HFEMICET A2 RSO Z R L, o, BRI OKE )
BRI DONWTCRREEZ DD ThHD, ZOLIHT, THVTURRED D WITAKPI
B SNTEHEEITIE. EORE P EHERE SN OEKTHRIESND FTRERH 2,
THE TR ST S AT, DR BEBEORKUIT/EEL, £ 2 THR
PTG LT, ti~BEh3 25, 7% P PRI SR SEE1TIE, KPCROSD
IV, FO—EITZERICHERE LT, BRI S NS EITE, EORBIBRRK
HDONFEERICEFEEL, £ 2 CTRRMNE Z D5 Mackay et al., 1993 ; Environment
Canada, 1998),

6. REFOERELE POREER

A CICAD OMHEL 72 o - ERHERE A T G0N BE LUl L O MEEIC
o7 —4%%, URAZHEFDOZDOORYPE LTI ZITRT, oEICET 5 #EFE
HLEMEWVWEHDILOD, ZHIZEELTWS EEZ LD,

6.1 REFOERE

611 X%

1989~1996 A\ T X R0 47 &N HIE S 4170 24 EEIEFEIZ L 5 9168 o

13



BEO 5 5. 7314 EB0%)IC T X Y (FRIHIRSE 0.05 png/m3)23 Rt & T 538, §7XT
DFEFOF-EIPREET 0.3 pg/m3 T o 7o CEAMED T IR, BREED B H BRI A T A 2 308
DOEGAEITIIRHERA D 1/2 %2, 5, WEBEORKEEIL 14.1 pg/md3 Tholo, 77X
T DREAWRED 50 N—t 2 Z A NMEB LT 95 "—k U Z A VAL, ZhEh, 0.21
BLO10pgm3 Tholz, BETRICHIH TR, 4O 7—#12HkoS&, “KHZ
V155 EED T U A7 ("reasonable worst-case scenario") & L CTHEE S 4172 3 %82 E
1% 0.4 mg/m3(95 /X\—F ¥ A JVEIX 1.8 mg/m3) TH 5, RL K721 inh+ 2 (Bell
et al., 1991 ; Hamilton-Wentworth, 1997 ; Conor Pacific Environmental, 1988)® X v
IR ZRHEIC L > THREIN TV DY, 7 X VT THEDORJRIC L > TRELZ T TW
DU TIE, RATOREITZL Y &<, AFBEERNS 1~3 km O L ZA TR, e 28
mg/m3, F¥JT 0.62 mg/m3 (95 /3—F& > ¥ A JLfE X 6.4 mg/m3) TH - 7-(MOEE, 1995),

78T % R EY TOEKTIC bR ST\ 5D, A F O NEEE Tl
1994 ~1995 FEDX D FHIIT, 4~49 pgm3 O 7 X VT U BEBEMBEB I TWD
(Environment Canada, 1994), ZiUTHEOPR T AIZL DL DO TH S, FEkIC, 7H¥ Y=
NIAV T AN=T D10 5 ORI TH UL LIRS TRV iR 28 pg/m3
THo7=(Wilson et al., 1991), 7 X VT34 —A T U T T, 7 v a7 U—HHIEH
B AN THBH STV D RS EE 28 pg/m3 ; Duffy & Nelson, 1996), [F#ED
GUEC, AZ—TFT U THRHINTWADQ »FTD b RV TEERE 17 png/m3 B8 LV 25
ug/m3 ; Barrefors, 1996), # U 7 4 /L =T IZB W CTHEIELICRATZHEIT VY A Z
KT, 5 oI E iz 97T DZEEFHEI D 5 6, 96 OFEHHIZ 0.2~28 pg/m3 D7 &% 2=
VINAIE &R TV A (Wilson et al., 1991),

6.12 HFEL
JFZ DMK, WK, WAKDDWNFHKFOT 2 P AREICET AR EINT-T

— 2T RS- 5700, A& U Sarnia DT X P o ARETE NG St. Clair JINZ g H
ENDFERIZONWT, THIZ D=L —PMThILTW5, 1996 EIC 4 B4R E

3 J1 4 @ National Air Pollution Surveillance program (25 % 7 % ¥ T U RFEE DR
#7 — %, T. Dann(River Road Environmentral Technology Centre, Environment
Canada, Ottawa, Ontario) 7> © Commercial Chemicals Evaluation Branch,
Environment Canada, Hull, Quebec (Z#2#:(1997 4= 4 H)

4 P. Steer(Science and Technology Branch, Ontario Ministry of Environment and

Energy)7>5 J. Sealy( Health Canada)!Z"re 1,3-butadiene and chloroform data"® L T
A S - F (1996 4 8 F 28 H)(7 7 A /L& 5 1E080149, MEM)
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ENTZFEAKD 2103 [ ORGWREN I, 77X PN 272 2 B L ON5 ug/L DIEET
B STV D ERIRRIT 1 ug/L), Bk 0 4 % 5o FAHER 0 (736 30BHC R H R I

1 pg/L; 789 FEHTIX 50 png/INZ DWW TH HREI Z BRI L 285 121X, 74 =133 2
ORBZ IR S, ZOREX, 21, 80, B3X U130 ug/l Th o725,

6.1.3 HTk

Ty 7T, MO RERRASOFE A RS WD FEIE S N T BRIEY) R IEST < O K
oMK, 7 X o nm EN T2, FORIFHIE STV (Pakdel et al., 992),

6.2 t MNOREE

6.2.1 EBHYDIES

HFHETCAFLEIREICLIUR, 1,37 X V= id, ZEORBNZEX T, *HeT 255
APBRLNTHAB LD b6 5 bEmWBEE THRIESNTWD, ZOREITFIMIELA~T,
10fEI2HbE->TWAHBell et al., 1993 ; Hamilton-Wentworth, 1997 ; Conor Pacific
Environmental, 1998) 6, ENRE TOZEKTORE X, KIEICEHH L, #Hx OEEE X
CRPUCKRE KL TV D, T72bb, WRERLOEH(Z =272 E), nBEoERKS
FOBZ L FERE QBN D OHEOPELRH A DR, L ORI 28 2 REET T4
WA SND(86.2.3 2 M), 2o OBEMNZRENRAERICONWT, TREhOB 5%
HET 27D DEE R T — 2 TRV, AT FIBIT LT 2V OREmiEL, — i
BrB% % /3 2 J# (environmental tobacco smoke : ETS)Z{GH: S /- BNZER TR & T
W5, BT Eto 94 EFICBET AA TIE. FEEUEOZFE TOEE L UL 1 ug /md
Hii (7 & VoA RBRHERENIITHU 0 FlE L TRIHIBR O 1/2 DL LR L) TH
0. TIITHART, BUEFETIE, F¥ 2.5 pg/m3ET HE) 0 4 ’EEU)’C&)OT_(Conor
Pacific Environmental, 1998), [FEkiZ, 4> % UAMD T A P — VT A R X D =
WNZER D FEERE L, 0.3~1.6 ug/m3 THY | @@@iﬁfﬁblﬁk@%é} . Elzi@l/“\llﬁj‘ 1.3
~umuyﬁf%oto74V%~@#&EE%@EW$M§@T1 THE O
BAREIE 75~100% TH 0 € ZITIFBREE Z N2 E(ETS) 23 7(£ L T /-(Bell et al., 1993),

5  H Michelin(Bayer Inc., Sarnia, Ontaria)?* % Commercial Chemicals Evaluation
Branch, Environment Canada, Hull, Quebec %i D FA(F (1997 4F)

6 X.-L. Cao 7>5 Health Canada %6 "re. method detection limits for 24-h air samples
from multimedia exposure pilot study"& L C&fF S 7=FAE(1997 &4 12 H 24 H)(7 7
A V35 MDL.XLS)
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6.2.2 BIELA

REVKF DT 2 P2 OFTEICET 57 —Z T RS- 070, RY TF L f Tl
BT ZLI2LoT, 77X VPR EIGYT D RN & 2 0B L 9 i
T, Cooper’lE, ZNOHDOEETORNL T X URRHEIND Z Eid7enE LT
H(Z OFFED A [CARB, 1992112 BMME IR STV 72w,

623 R i

NFLCBNTIE, BHTOTE P OFEZIITREICET 7T — 2 RN 5k
W, KETIE, TACEoTHE LETTATF v I BRanb T Z T U INEWICBITT S
DN DOUWT, MceNeal 38 K O Breder(1987) 23 L T 5, 7 X P 3ib HFOE
TR &N Ty, — RIS BT S e o 7GR R AU 1~5 nglg), [AIERIZ,
WEETIE, Y7 h~—HIV DT TAF v I RENHT X T (BE<5~310 ng/g)in
RSN Teb DD, V7 h~—HY v 5 8RN LITMmH S o R HRR L 0.2
ng/g)(Startin & Gilbert, 1984), 7 % V= NIFEOFEM, v —F>Y, K&, BLOF v
J—Z MR EMALT-ERABOHER D 28~504 pg/m3 O TR I TV
(Pellizzari et al., 1995 ; Shields et al., 1995),

6.2.4 HEERG

AFVLy—=TRT o TLDOEIBRBRNRERENSDOT 2 O T —Z 3R S
NI oi-,

A FZRKENCBNTIL, 7 ¥ P BT LD FRE RS JORIGEEE O 7> & 1
SINTWD, PlHABROT =22 XL, BT XD 18 DX /NaTo T &2 oz oY)
BiX, EREOEE1E 14.8~59.5 pg/ # N 2 (BARFEJREIX 30.0 ug/ ¥ 32)ThH Y | FElii
JEDY A1 281~656 30 pg/# /N2 (BARVEEREIL 375 ug/# /3 2)Th - 7= (Labstat,
Inc.,1995), *kE DHHS(1989) D EIZ LiVE, 7 4 v —D7enZ 2 d IO KHH
Wik, 7ol 26~40 pg/ X NI DL RV TEENL TS L),
Brunnemann 5(1989)i%, 784D X /Naimb O FFMEN S 16~T75 ug/# /32, 64 H D
BIVEEED 5 1% 206~361 pg/Z N2 zHEL TS, §6.2.1 Tigm L7 L D12, BREZAN

7 R. Cooper(Department of Biomedical and environmental Health, School of Public
Health, University of California, Berkley, California) ®FA{5(1989 4)(CARB (25| .

1992 4F)

16



EETS) DAFAEUMNIZ K- TE, BRERDT 2 U AREITE E D,

6.2.5 HERE

THE VT OWERFEIX, £E LT, AMOKBRE O OMERE, T4V E)
~—QEFE, THEVTUFRRY v —0&E, HDHNIITLRT T AT w7 B ORI Tl
Z%(IARC, 1999), WIND%» E DA I L O bR EIZI5 1T 5 1984~1987 4D
WX, 0.1~6.4 mg/m3 TH->7-(TARC, 1999 ; European Chemicals Bureau,
2001), EEIZHT D7 ¥ U o ERERGR BT 5 BREEM AT A ST, EERED%E
REBOELEE L, — 2, 5 ppm(11 mg/m3)Z FEV . %< DHEA 1 ppm(2.2 mg/m3)
LT ThD, KEORY < —ApE T T, FREMEFHREEIXIZE A LEOLE 2~3
ppm(4.4~6.6 mg/m?®)% FlE]> T\ 5, BRMNES TOMONER T REEOMEIHRE ST
W25 (TARC, 1999), 1985 4EICHHA L7REOE /v — AR Tk, BAFFEERED 1
~277T mg/m3 TH Y, —F KR Y ~—4FE T TliE, 0.04~32 mg/m? TH - 7=TARC, 1999),

7. EBREMEB IO E TOERNERE - RO

TR D X AXRT 4 7 AB IO T 27— & X — R L IR HE PRI
blzoTn5b, EINTWVALREHOMES Figurel 12777, ZH 5%, Henderson 5
(1993, 1996) % & UF Himmelstein 5 (199712 & - TR SN 7R IZHE SN TN D, o
LB IRFIC DT o THFE SN T X -RIBICET 27 — 2 I kv, REHTEMICITR,
HHEEMTLEIE - TIW D, 74 U ORI ECREHF L OVER SN ot
RECEDRRALND, THEDOEWT, 4 F TICRBRICHAWEZT >#HED 2, 3 ORH%
MTHO7T X2 N LB T 2REOENE —H L TV D I AT LN,
VU ATIE, 7H VD UNBIERETARF Y FMREI~OREER T v FOLAE LD T
EEWE D THD, o DOEEDIL. b MAMKD in vitroi B TlE~ T ZADHE LV
b m LVER S L7208, th@@%#%%@ﬁf% T =2 Pt ThDL, TH
T ORBHIERT 5% < OBFFEITITBEBNZMOS 5 EBRMON TSR, Bk
TOMRIITEBAI T 2 LS iﬂ“b“(b\fib\%/\#%b‘o

Figurel |ZF0# L 7oA IC L, 72 P23 E9, F h 7 o b P-450 B8 (e
MZBWTIE, BHIZP-4502E1 THL08, o7 A YV 7+ —L b5 L, £ D
K72 B EN IR FE OB NI L > TR D) EZNM LT, £/ ZARF TR 1,2-mRF -3
77 EBICEE LS ND, EDKk, INHIFES BT P450 f#EFE %2 LTS, V=R
¥V R1,234VERFTTH(DEB LD, HDH VT, =HRF Y K K7 —E(EH)
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RZ

o) H 1
s HoH HyC—C—C—C—0OH
HpC—e—G—G—RS “T 1 A Fg
OH CH ’ .
Se(2-hyelroney-3 d-epoeybut-1 1) 1,3 d-tribydrosy -2-(N-acetylcysteinygl)
glutsthions butane
GSH e TGSH OH O
SN
i EH / b Ha T
2. RS &1 HaC ﬁ E| CHp Mol b c ¢ HaC—C—G—CHy
Hal—C—C—CHa ) H [ oH  OH
H | 1 1,2,3 4-diepoxyhbutane .
OH OH (DEE 1, 2-ditydroxy-3, 4-spoxybutane erythrital
S-(2-hydrosy-3 4-epoxybut- 2-v1) (EBdiol)
glutathione
RS
COg

|
H2C=C—C—C—OH
HA A

—c_c= HaC= C—6—EHy GSH

HzC _ﬁ E_CHQ 2 H H 2 —PF 1-hydroxy-2-(N-acetylcysteinyl)-3-butene
1 Abutadiens 1,24 epoxy 3 hutene \‘ (bl wis 1-hrydrosy-2-Colutathionyl)-3-butene
EH

—c— C,,o Hot= C—C—C—RS
= T Sy Hy H A g

S-butenil HaC= C—(IZ—(IZ 1-{M-acetyloysteinyl)-2-hydroxy-3-butene

* H OH OH wig 1-(ohtathiony)-2-bydroxy-3-butens

o] "

1] o 1, 3-clibyclrassy-3-butene
HyG=C—C—CHy ¢— Hyc—C=C—C @=H
H H H H Pasn @T

i crotonaldehyde
acralzin ! H2 Sh OH
+ e} H H 1 2-dibvydromy-4-(M-acetyloysteinyl)
At

0o o H2C—C—(|3—(%—RS butane (M)

H2(|3—(|3—E—E|2—OH GT 1 2-dinydroxy-3 4-epoxybutane ?H H ?H
OH OH (EBidiol HoC—C—C—CHy ——F 02
1.3 d-tribydroncy-2-(H-acetylcysteinyl) byt S
bt
Aane erythrital

Figure 1: Proposed metaholism of 1,3-hutadiene

ZANLTIASREN., 77204 —1(1,2-V Rax-3-75F )b, £/ TRF
VR, VEARFUR, BIXOTTRIA— R, IAFTFA(GSH) A LT, A
Y= NAERE TR REIIERPICHEE SN DS, ARF U R Fr T —BlcLb V=R
X ROMAKGE, HDHVNETF b7 v A P40 K5 7T R4 — Ok, €/ =R
¥ RV (EB VA —WOAERE T2 D T MEOT X U3 37 T WAk
THEEZLNDN, THUIB&fE s b T AT e FICE#BET (e hOfFI 70 Y —
2 [Duescher & Elfarra, 1994], & %\ M&, B6C3F1~ 7 A DB ik, i & 7= 13fFlgD 2 7 m
Y —A[Share b, 1992] CE / =R ¥ FICIL I NI EDK 2~5%), L7rL, ZOfk
BT e SN TR LT, £/, BC-TEX VU 2 R8BISET v Fo~v 7 ZADRN
W E . SR ORISR SGETHITLTH 7 1 FU T LT R ST
(Nauhaus et al., 1996),

T ORFBLRZD%D EB © DEB ~OEHLIX, in vitro 2B 585, B
T > WO F#E) S DR F 2 ROK H(Thornton-Manning et al., 1995a, 1995b)f£ a
IZHES< L, P40 BILZz M S RVREB(BZL Iz vt 7 —Bafr
Elfarra et al., 1996)IZ L > T, BHEICB W THLHLIBEELEL WD EE X %ﬂ%‘)(f: L Z&f
Maniglier-Poulet et al., 1995), L7>L. ZDOREEIZHOWTITFELWHFZER 2SN TV 5
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DI TiEZevy, EB i3FE 72, Iz A R ¥ —BEIO0EMERIG LT, Zrat
KU (A-Z7ar-2-t Kax-3-77 )& T 5 (Duescher & Elfarra, 1992), % D1t
IZEZONLNHRBIC L > TECLREWR, TH VT NIRBESNC~ T ADRPT
MERINTVL(T e LAy HDWET 7 UNVBORFZ L > TET L E SN THDHR
#7n £ &G te)(Nauhaus et al., 1996)72%, = D OWFFEIIITHIL TR,

B6C3F; ¥ 7 ATiX, Sprague-Dawley 7 FCE hLV HE L% TH TN
Pl P-450 2T L TE / ARF L RICE SN D L WD 2 &0, < D invitros L
i vivoR CTH N> T D, v U AMH IR L OEOMOFMGEFT O EB L~ L3, [A
BREOT7Z T ZRESNTET v IV 2~8 f5H & (Bond et al, 1986 ;
Himmelstein et al., 1994, 1995; Bechtold et al., 1995; Thornton-Manning et al., 1997),

AFLET—Z2IZEniE, £/ 2R F Y FOBRIZ Lo TAER SN V= ARF T FEIC
HFRCEIITHEIC L 2ENRDH D Z LIRS TS, DEB L~ULid, B6C3Fi~ 7 A
DI F L OZF DM OMERETIL, FCEBED T ¥ Vx> o % i Sz Sprague-Dawley &
v DA LT 4~160 £% % B\ (Thornton-Manning et al., 1995a, 1995b), EB &
TR L OMEZ » DL IR TE DY 7203 \ DEB IREIIHEL U b b7 &
b5 MEbEV, ZAVUTHEDEERARENE N L EMHEEL TS, T v b TIEILRSER
les T 273, 7 % ¥ % 10 H I 072 - T 8000 ppm(17696 mg/ m3) F THFE L ThH,
JHPTZ DEB OEfE I3 = 5 72 (Thornton-Manning et al., 1998), = ®» Z & X, DEB »®
7 v NOFLRIES OFRIC BEREEE R L TWVRNWTS EERIEBLTWS, B hOfFE
B L OB Z W n vitro 7 — 212 XiUE, B R TlE, vV REHRT, 74V
¥ OTEMERFBED DAL DI N ERRB I TWA (T2 L, FZEOFREIZE L T,
WL OMND R DFERNHE STV 5)(Csanady et al,, 1992 ; Duescher & Elfarra,
1994 ; Krause & Elfarra, 1997),

TEITOTRFY FMREWIET v e PRV b U A TELIBRENDLN, L
2 FA NG EN L TED RLBrE SN D (Kreuzer et al., 1991 ; Sharer et al., 1992 ;
Boogaad et al., 1996a, 1996b), KxfiZ, & FTiX, 7 v MZBIT 5LVt EBEB LXO'DEB
DMK RN ZE L < (DEB 134882 728 ORISR ST eWa®, in vitro
OFT—2ZHSL), Fl2, EBEBEIODEB ©7 v MIBTFHMAKSELRLIEY, w7 A
2B 5 &0 3 L (Csanadyet al., 1992; Krause et al., 1997), & b3 KO /LTl
PRI ERID DG L D &L MK EENT 2 EB OBRER TV EF A ALE L0 E
BThH D LEEZ BN DH(Sabourin et al., 1992 ; Bechtold et al., 1994), T/RF% > MW
DAKRGIRIL, — BRI BEE CTH D EBZ N TWDEN, MAKRGRITS BT, EWTH)
WRSHER S D VA — N2 REx v REB A= WVDOERE LT 6T ME Ly, LavL
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NG, WEARF Y MU OREZ2 N T 5 EB U4 — LV OERIZHOWT, FEETED X
IRBEVNH AN ONTOT—HITRY - 5720,

THEITDE) TRFY RBIOE ) 2ARF Y FUA—AR@OmE L ~E/7n L
> D N-RKii ) > & OREMMEDTERED, 77 Vo 25k LI-FZRE L b b T
TN TS (Albrecht et al., 1993 ; Osterman-Golkar,1993m 1996 ; Neumann et al.,
1995 ; Sorsa,1996b ; Tretyakova et al., 1996 ; Oerez et al., 1997) 8, [RREDT ¥
TUCEBINTT Yy PRV~ T RADOHR, =R MG O L0 2 ERE & —E
LT, @REO~EZu e -EBMMANHE SNz, L LaRb, 74V I8 ER
LR DO~ n ey —EB MK L~ULid, FERBUEERO LV EHAND EAE
WCEFLTWER, vURART v b TORBBERTHIRFIND LY R0 {E1o 7
(Osterman-Golkar ©, 1993), 7 X VT NI &FELT-T7 v B Ot b TOEERIC LU,
~NEZn ey —EB VA= AAIMED LT ~E 7 m B —EB (IAD LV KD b
e @V NEZ B e —EB VA= UAIZ DEB & OFERICL > THTE503), 7
Zvxr ORHWITIDNA L OIE LR T 5 B2 6N 5(§8.58K109.2.3 22 M),

T H T ORBHIRIT 2 BN ZEICNZ T, B MEMRNIZBWTH 27 OffkE
PFET DR B 5, EBE, DEOPREZE DI 7 v Y — L& W in vitro DRFFETH
22 U= o A2 #)(Booaard & Bond, 1996 ; Krause et al., 1997) Z 54 2 12 1L A
FT—ENA+0ThHHH, b MEMICB T 74 R ~E v Lo
KR CIIA B 72 8A %3 % 5 (Neumann et al., 1995; Osterman-Golkar et al., 1996),
ZDOXROBREEIT 2 VT DARNERICERT 2 REREOBHES IS L TAnIE
THENNWZ LTI, Thbb, BEEET L EHEIND =AY Rkt
TORBEZRET 2 SHEOEERKSRERH L7720 THY . BENICX, Fhr7r A
P-450 2E1 /" L7 AR, ©ARF Y Fe Ru 7 —BRB L0 A2 F 4 fmeEEh Lz
BrEWEND D T2 2 X = ) =D X ) RIESFLEWZ L 5T 27 v L P-450 2E1

DOFHFREIL, OB EZOERIZRY 25 Thbd, IbIZ, JVEFEH-S- R TR
77 —EBBLOZARFL N Fr T —RIZBT 862G | Bt r RE<EAT
LHERERD, THRFYRE FrT7—BOBEGFAOREBIZOWTIE, EFEMAZER
72 (e R TiE. EB OMKSENEBILB X O NV E FA e L VERTHD Z L 2Rk
THT—H1Id D)0, in vitro R RER Tl TR I R OB 72 5825 5 iz
Do O XDFEIX, INVETFA LS b T AT 27— EBOEMBTFHEF LKL
TWV5(§9.2.3 25H),

8 J.A.Swenberg(University of North Carolina, Capel Hill, NC)»*% Health Canada %d
DEME(1998 4 3 A 25 H)
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8. ZEBRMILIEI L in vitro RBRFR~DHE

8.1 H[ERE

AFTELTF—RIDRVN, 7 X2 OEREWIC T 5 AMEEEITEV L 5 T,
7 v FB XU~ 2D LCs X >100000 ppm(>221000 mg/m?) &L P ST\ o, 74T
T D& LCs EIX. ~ 7 AT 117000 ppm(256000 mg/m3)( % & £f #5i f [ A i
#)(Batinka, 1966), & %\ T 121000 ppm (268000 mg/m3)(2 FE[])(Shugaev, 1969) T 5,
MRERB L OMEAB Lm0 L 5 Th o, LovL, MIRFAEICKT 5 R/ NP ERE
(LOEL)200 ppm(442 mg/m3)ZRET 57 —# N+ Tholoilbiix 1 tfoATH o7z

(Leavens et al., 1997), 7 ¥ VT &~ A 7THRERERET DL L. g, Mg, OEo
MRRDIEZ LRI WA N T T N HE B ORBEARIFHIEAD (121X 80%) 2338 Hiv, LOEL i%
100 ppm(221 mg/m?3) T&H - 7= (Deutschmann & Laib, 1989), X L /X7 LA VT 7 5

BEOWBIIL, INEF A G BN T DR MY O 2 B9 5 rTEErED &
Zals

8.2 & BRIE

T2 T DRI D D WITERIENEIZ DWW T, EREMY TONIFRITHRE S Tunveuy,

8.3 XERE

FLHI I X OVERMIRRRIL, REIEWFRIRE DT O Piii) 72 ek &, £7-
X7 X A K DRBADIERBTF O E LTT A SN b DRI THY |
HEPEREZEDDICIINEY TH 5, (KEITKHT 2OV T, B6C3F v 7 A
(2 625 ppm(1383 mg/m3) & HWMEZTNLL LD T X V% 2 BT LBIZ L TV 528,
8000 ppm(17696 mg/m?) & 2\ MIZILL F T, i 5 OFFSRELEH L HERD BT
72 (NTP, 1984),

ELARSFERMER MO RS — 20T 2 M PRI, B LU DB A b & T2

BHE~DEEN, 1000 H 5V i 1250 ppm(2212 & 5T 2765 mg/m3) DT X P  F e
Ef 31 FE THRBE S 2RO~ 7 A(B6C3F; B L O NIH Swiss) THZE STV 5D
(Trons et al., 1986a, 1986b ; Leiderman et al., 1986 ; Bevan et al., 1996), < DD
L L ClE, B6C3FI v~ VAHES D WLV EBREDO T X P 2 HRHINICETE L
AT, EFREOK TR X OEEOHIMNOMEI(ED 53X 0 bR E), s
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HEOE, BXOUIED 5 WITHEROFEMHE DI BE I N TVWAH(NTP, 1984 ; Bevan et al.,
1996), X512, B6C3F, ~ 7 A 27 % Y= 625 ppm(1383 mg/m3) % o> 7> 13 1 ] 5
L7ZGEIC Y, fix OIEBORAERDO EAPBIEINTWAHINTP, 1993)(§ 8.4 &),
IO Z > N & HWZERTIE, KREOT X P (3 H 25T 10 mg/m3)DREFEIC L -
T, ARR B A 22 28 b3 KON PR 70 S B A s S 41TV £ 23 (Batinka, 19665 Ripp,
1967 ; Nikiforova et al., 1969). ZiLHDOFERIT. T v R T, LV EWEEG- L 213,
17600 mg/m3)% 13 WIZ7c > THEER LT Fr O ER TIIfMER I TnZen(z & X,
Crough et al., 1979 ; Bevan et al., 1996), 7 v N CORBORAEZEETHE, TH Y
T OUER BB HT D SUSITHEENH D0 E 9 DT OWT, fEima T 2 L I3R ATHE
Thd,

8.4 ZHEMBAM

THEIEZ ORI L DRNRAMEICDONTIE, 27OV ABIO1L ZFEDOT v M
AW o D R LT T X TORMERTT ¥ P NI Ba N AME Th > T,
YU ABLOT v MR T HEECENRERZFHR ST L0, FE R L 28E
BEMEDZEN DD L O ICRZT bivd, D B6C3F,~ 7 A2 0, 625, 1250 ppm(0,
1383, 2765 mg/m3)D T ¥ U % 61 WHEIC KA THRE I EFEHEMFHE (National
Toxicology Program ; NTP)IZ L 2 ¥ OFRER(NTP, 1984) Tix, MM Y Lo JE, Dok
WIEBEC3F1~ 7 A TIXE LD TENRIEL Th 5H), B X OMIIEGOFA RN, MEE b
HBRICBE LT ER L, £70. AIEOAEED D VIIRAAME, R IRIE S 5
fad23 Ao, OB O FERIEARAE, FLARO MBS A, IR IBIE, 35 L O Zymbal 23 A
(NTP OFRERTlE, %& 2 OB IR RHKE D~ 7 A TEIUT LFEAE L THRV) DR
RN, MEEE D BB 5 WIEHE TR LTWD,

PIHRBR T~ U ADAELFRMED o T2lzd & BBICBEBROFELZ IZ- XY X572
B, NTP (1993)i%, B6C3F.~ 7 AT XV & o LIROEEQO, 6.25, 20, 62.5,
200, 625 ppm [0, 13.8, 44.2, 138, 442, 1383 mg/m3]) T 2 T 7> THEFE ST
W5, KEDZN—7(20 ppm LL E[44.2 mg/m3 LL ED)TROII D AFRME T LTV D, K
FRETIE, BLICU B UREIZE > THTELTEY . ZNHIEMERENSA T T
5895 T, 28 HAICBEICREO bivTe, BEE~ U A TO b IFEGMEOZEIZIL, flix
DR TR, e EEOL(, BhOZES L0, WIROZEN, IO ZEER
FOUMEIEIE, F=ZHE, ORI OFLVE IS FIRESE 2 b NIRRT ER OFE e &2
D, Fx O CHERR AR (Table 2 ICHAEFRT — X 2" DOFEREANH V. HE
REEGFRCHELIEGA ECICHEThHo 2N, ZRoIiE, BEY Lo8E(E<IZ, U
YoWEY LoRE), FHRRERPIME, (O EI S PE, Harderian FROMRIETR X O A, BFHAER
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JER L O A, il R SRR L O A, SLIRO BREGIRAE, 23 A, EHRAER.
YU RER AR AE, B X ORIE ORTF ERAIEEE RAREREEN TS, MO,
REZRED D VEIB A, TR TOREE(6.25 ppm[13.8 mg/m3]LL B) THEIZHIIN L T
W5, BEDERIRA AR Zymbal B3 A, MEREDFRAIE BIEZR & & W\ 72 LU O %8
AT, 1T D B & OBMRDBRDNLTND, SHIZ, 7X¥ VU FRICL > THaA
PREALC BRI 3 3R B 28, HIREMI OB A1, R UEAICHAE L2 ES T b — %
ICBEMHETH D,

NTP Ti%, B6C3F1~ U A% HW\T “FFEHIL” (stop exposure) EER H1T> T\ 5, JE
BRI, BRBORELFHEHMOELONEE L TWINETHLdTH L, B
200 ppm (442 mg/m3) % 40 & 5\ T 625 ppm(1383 mg/ m3) % 13 (& & 12, 8000
ppm,WITAHY), DT 312 ppm(690 mg/ m3) % 52 E. &5k 625 ppm(1383
mg/m3) % 26 (L $ 12, 16000 ppm )& L, TXTHOZ/L—TIZDOWT, 28R
DIz TSR EZHT T, BRESHTETRTOY T ATEFEMETLTEY, KEBmIEE
PERESS DORAEIC L > T D, T2b b, U XEY VoS iE, FHRRERAIE, /Ol o M P,
Harderian JffE & 2 WEA A, il SRIES L OD AL 8iE QR EEROFLEES
VIR A3 BEZ T RBEINTE~ T ATHLROND)CGEERDT —# 1L Table 2 1T/
) REDOREICHERBEMN S 512, THHITMAZT, WL OO H &SI\ E
DX A TR A, Zymbal IR A, MO EMARBIEE R L O EE, Harderian
JROM A, 1 X OPRHIE IR & 5 A RITIEOD, 1 BED D WVITZF N ED R FERE THIZ S
TS, MY o iER LORTE ORE BRI A OFAFIL, 625 ppm(1383 mg/
m3) DI RFBERED JAY, 200 ppm(442 mg/m3) DRI FFE (T 72 bk R & IX[A
B LY bEL, EEOREICIT, REHMEIY BREOFN L EELE X 515 (NTP,
1993),

B6C3F:~ 7 A |27 ¥ Vx> % B T 1000 ppm (22120 mg/m3) 0D FEC 2 R A I [ 5%
L. 2 FRHIZOE > TR LD, EOWMMIC B IEERAERD LA EZ L 720 EhoTe
(Bucher », 1993),

TH DT FREORIIRY o8 E - BRIk DS, NEEO RN (=
2R EY )L bR YA IVADFEEICL>THROOND LD THDH, TOHHIE, 1250
ppm(2765 mg/m3) D7 ¥ T x 2 52 A ##E LoD B6C3F1~ U AD 13, WNIEMED
Ve A NVAERBLLZRORED Swiss v 7 A L0 BIEEHRAERRE N T2NDTH D
(57%%F 14%), 1250 ppm(2765 mg/m3)iZ 12 FEEE L TH 5 S 512 40 MEBZ LT
B6C3F: v 7 A D6 &L [FERIC, WRHEDFEE~ U A3t EEC TR Y >3 - (3
MFDOFERLY FASETWAN, LI YA LA THLY T AAMIBK YAV AT R
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— 7 (MulV env) DEHIZ B6C3F:1~ 7 ADEEOAITHRE SN T\ 5, 52 B OZ#E T
B SO OES & L TiE, DI A AEGS Hic, B6C3F:~ 7 %)k L Uit
TGS E A STV D, B6C3F1 v 7 A Tik, MBI IOIRE TGS B S TWnD
. Swiss ¥ 7 A TlX, Harderian 4 L OHRFEFICIRPAPBIZE SN TS (Trons et
al., 1989),

Z v b &AW S i ME— o K815 %%k (Hazleton Laboratories Europe Ltd., 1981a ;
Owen et al.,1987; Owen & Glaister, 1990) Ci., [t Sprague-Dawley 7 ~Z 0, 1000
& 5% 8000 ppm(0, 2212 3 5N 17696 mg/m3) D7 ¥ V% 111 MIZh - - T
FLC\5, 8000 ppm (17 696 mg/m3)Z#FEIZ L > TEFRBMHETIKTL, Br7a—
POEELNRIZIE L EF L, (BETIEZ < Dl O EEOZ (L b BRI N TV D,
FTRTCOZEBREOIFIR CTIE, FHTEESM LTIV 505, FETICBR L7 E2m
TR 5T RV, 8000 ppm(17696 mg/m3) Tix, MET, FLRAROIEIMIRIER K
OB DFAEFREPHNI L TV D0, HETIL, B S 3 WAHRRIE D0 LT 2 (3 AUiE i
PETHAE L TV D)FEAERIZOWTIL, Table 3 22M), METlx, BMEdH 2D WO ITEMEILIR
HESE | 6 L OV A FLIRAE 55 00 8 £ 2853 1000 35 & 18000 ppm(2212 3 L TN 17696 mg/m3)
HTEALTWS,

HETIE, = AR KO Zymbal @23 A DR EFIL, ZFEKFHEOAER EAEZRL,
EHIT, BEBEET 1EOHET » M Zymbal BAARTAEL TWD, FEHEO Leydig
FIRRESS; O 5 AR 4 i AR EERE C LA L7z, KEBds KO Zymbal RO OFAEIL, ol
Biisx DRRORHT v MIBWTHRBRICBIZE SN TV DO 72D, RELERKREEZS
N5 EFERESITIRE L TWDA, Zymbal RIEBEORAIX, RO~ 2% Hni=RKH
R TH RSN TN D,

B BIOVIARF Y RREEMEB L0 DEBIX & bIZ, Swiss ¥ 7 A H 5T
Sprague-Dawley 7 v Mkt L C, &GO RPTHI 72 S 4 i <& T 5 (Van
Duuren et al., 1963, 1965)7%, AT T X 2 iBfs RITESZ O ZEL 74 2 DI+ T
AN

THETATK DR L oRIEOFEF D, Sprague-Dawley 7 v MM~ T B6C3F:~
JATEY BHWESZMEE R LT Z &%, In vitro DEBR CTHEZE 72 EB O Mg o
TUIENDRH D7D TH D EHE 2 HiDd, Sprague-Dawley 7 v h<°b DA ITEH A
T, B6C3F, ¥~V A TIXEMMILTO 7 v — U FUSH E VB ESND 72D TH D,
DI, v T ABNEELZIT D X ) Al RO EM X, b MIIFELRZVWEZ 2 b
T 5 (Irons et al., 1995),
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8.5 BLEMBLIVEET. RRA

T H v OBGEIEX. fSHENR O n vitro RIS X OVUAFIFH O in vivo 3BR T
FEINTWD, 7H Tz %, PLEXRT TA1530 3 LN TA1535 KT, (FolfidH 5
WiEe MDA &7z SO L A REHEME T ¢ A RFM: %2 7R LT 5 (de Meester et al.,
1978, 1980 ; Arceetal, 1990 ; NTP, 1993 ; Arakietal, 1994), L7>L. [EEEDOER
T, TA97, TA98 35 LU TA100 #R Tk, REHEMHALOFEICEDLLFTIZLA LD
YA B % s & 720 (Vicorin & Stahlberg, 1988 ; Arce et al., 1990 ; NTP, 1993), ~ v
2N UNERBR T, KT ARG LN TN D, 1 HOREBRTIX, FEFITEOIRE
(200000~800000 ppm [442400~1796600 mg/m3]) T, RFHEMALD FIZ, tk HE TR
ZEBAEFE N LT D (Sernau et al., 1986)7%, —5, 300000 ppm(663600 mg/m3) ¢
DOPRE % AT BIORER TS DOREER S N TV R WEEE HIE, L E RS R0 o Tz
HEE LT, TR 7 2o METIE ot b LT % ; NTP,
1993), =& J —/VIZEMR LT 7 2 Vo %, BN LA X —B LU0 MERE
L CHligk Y /3 (KA % 55 %8 L 7= (Sasiadek et al., 1991a, 1991b)73, —J5, HARD T ¥
Vrr &Iy b, vUABLIOE FOMKBICREE LIZBAITIE. 20X RERITEE S
Nn7ehyo7- (Arce et al., 1990 ; Walles et al., 1995),

v UAB LT v M OAFEMIEZ: & AR X T2 in vivo BInEHERBR CTAT L
PRI AE RO E % Table 4 1277, 7 v FTIE~Y T AL DEBREND20R, —f&Kic, 7
BT AL o T3 S D BIRHIREEI T 2B MEIITREREREA H V| BEHLTE
PR OO BRNEWVICEFR L TNWDH EEZLND, THA VT UVIE~YTAD 2 %K
(CD-1 5 X 0M(102/E1 x C3H/E1) FO)D#EIZ, 500 ppm(1106 mg/m3) T 5 HH & 5V ik 65
ppm (144 mg/m3) T 4 @M & WO KBE CEM S 2 WVIXERINICREZE L-HEA. bl
VB ZEIRE A FHF L=, LorL, CD-1 w7 A2 Tid, 6250 ppm(13825 mg/m3)% 6
PR L COEMBOEZRARE RITRO LN TR, 6 ORBREERIT, 25 L A
DOEFFHIBIMRIC LS SNTWER, v 7 RT3 DEMEEFESURE ROFERMN, LT
AEFEARIC X T DB K o TAET D AREEEZ R L TW\W5D, 7 v MEHWZEEEOME—
DOFRRERClE, Sprague-Dawley 7 v MZHE T 1250 ppm(2765 mg/m3)D 7 % P % 10
WA #EE LT O EMEBOERRE R A FHIRT DAL~ T2,

T2 Tx 500 & 5T 1300 ppm(1106 & 5 M 2876 mg/m?) &~ U AR AR
L7=aicid, BAERYERERE O B H &K FICHE R S, 2500 ppm(=1106
mg/m3) % 5 HF&E SN/ M~ U 2 DA RICRARET OHBLEN LA LTnD, v
U ADAETEIE CRRO LNTZZOMDO T X P AN K DR EEL L X, BB RE
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Table 4: Owverview of genotoxicity of butadiene and its metabolites in rodents.

End-point Mice |strain) Rats strain} Comments References
BUTADIENE
Germ cells
Dominant lethal #(CD-1) = [Sprague-Dawdey) results in mice depended upon Momissey et 3l 1990;
mutations duration of exposure and timing  Anderson et al., 18083,
of exposure relative to mating; Adler et al., 1994, 1003;
10HET x CIHE1F, rats were exposed o BIERA Intemnaticnal,
H ) concentrations similar to those 1994a, 1998b; Brinkworth
that induced effects in mice etal, 1808
Heritable +(C3HET) T Adler et al , 19853, 1998
translocations
Other genetic effects & ({10Z'E1 ® C3HE1)F,) NT Momssey et al, 1000; Xiao
on male germ cells & Tates, 1885; Brinkworth
{chromosomal +{CD-1) et a3l 1008; Pacchierotti et
aberrations in al.. 1908a; Tommasi et al.,
embryos, DA =+ (BBCIF) 1988
damage, sperm head
morphology., £ {102 x C3H)
rhicronuclei) :
Somatic cells
Chromosomal + [BEC3F) MT Irons et al.. 1287 Tice et
aberrations (bone o al.. 1887; Shelby, 1090;
ramow} # (Swiss) MTP. 1883
Sister chromatid + [BEC3F.) - (Sprague-Dawley) rats were exposed to much higher Choy et al., 1986;
exchanges (bone concentrations than those that Cunningham et al., 1838;
rarrow induced effects in mice Tice et al., 1087; Arce et
al., 12080; Shelby, 1880;
MTP, 1283
Micronuclei (bone + {NMRI1} = (Sprague-Diawley) effects in mice were observed at Choy et al.. 1885;
mamow, blood, the lowest concentration tested Cunningham et al., 1038;
spleen) . (i-e., 6.25 ppm}); male mice Irons et al., 1288a, 1886h;
+(BBC3F) - (Wstar) appeared to be more sensitive Tice et al., 1837; Jauhar et
than female mice; rats were al.. 1888; Arce et al., 1990;
+ (CBAF) exposed o concentrations similar  Shelby, 1820; Victorin et
to those that induced effects in al.. 1980; NTP, 1883;
o mice Przygoda et al., 1203,
+{1I02E1 * CIHETIR) Adler 2t al., 1984; Autio et
al, 19984; Leavens et al.,
# (MIH Swiss) 1997; Stephanou et al.,
1988
hpri- mutations #([10ZET = CIHE1F,) +(F244) mice appeared to be more Ciochrane & Skopek, 1993,
{=pdeen, thymus) + (BBC3E.) sensitive than rats 1994k; Tates etal., 1884,
: ) 1998; Meng =t al, 1208,
» {CD-1) 2000
Specific locus + {[10ZE1 x CIHE1F) NT Adler et al., 1994
rmutations (mouse
spot test)
Transgenic systems  + (CO2F, derived) NT Recio et al., 1092, 1803,
{lacZ, laci) 1994; Sisk et al.. 1994
+ (BBCIF. derived) Recio & Meyer, 1005
Unscheduled DNA = {(BBC3F) = (Sprague-Dawley) incent et al., 1088; Arce
symithesis (lver) etal, 1880
DMA-DMA or &= (BBIC3F) = (Sprague-Dawley) Jelitto et 3l 1980; Ristau
ChA—protein cross- etal, 1880; Vangala etal,
links (liver) 1983
DMA binding (liver.  # (BEC3F) + (Wistar) levels of adducts were shighthy Fireiling et al.. 1885; Sorsa
lumg) i i higher in mice than in rats et al., 19060; Koivisto et
+ (CBEF) + (Sprague-Dawley) al., 1897, 1208; Tretyakova
+(F344) atal, 19983, 19930
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Table 4 {contd).

End-point Mice [strain) Rats [strain} Comments References
A strand breaks + (BBC3IF,) +{Sprague-Dawley) results were dependent on ‘Vangala et al., 1803
and other damage analytical method used: there was Walles et al., 1285;
{liver, lung, testes) = [NMRI) litle quantitative species Anderson et al_, 1007
difference in the degree of strand

= {CD-1) breakage
1,2<EPOXY-3-BUTENME (EB)
Germ cells
Dominant lethal = {{102E1 = NT Adler et al., 1997
mutations C3HETF)
Other genetic effects  + (Fy(102 = C3H)) + (Lewis) Lewis rats appearad to be slightly  Xiao & Tates, 1883

on male germ c=lls

more sensitive than mice

Lahdetie etal. 1207;

{micronuclei) + (BALBIz) + [ Sprague-Dawley) Russo et al., 1987
Somatic cells
Chromosomal + (CETBIE) NT Sharief et al., 1033
aberrations (bones
Trarrow)
Sister chromatid + (BALBE/c) T Stephanou et al., 1827
exchanges (splesn)
Micronuclei (spleen, + [Fy(102 x C3H)) + [Leswis) [Fi{102 = C3H) mice appeared to  Xiao & Tates, 1995, Adler
blood, bone marrow) p . . be more sensitive than Lewss rats; et al., 1887, Anderson ef

+(BALBI) » I+ (Sprague- CO-1 mice appeared tobe more al., 1007 Lihdetie &

+ [[1O2ET x CIHENF,) Cawiey) sensitive than Sprague-Dawley  Grawé, 1997, Russo et al.

rats 1887; Stephanow et al.,

+ [CD-1) 1997
hpr- mutations + [BEC3F,) = (Lewss) Cochrane & Skopek, 1224b
|spleen) Tates et al., 1888; Meng =t

+ ((102E1 x C3HE1)F,) - (F344) al., 1609
Transgenic systems = (BSC3F, derived) +{F344 derived) rats appeared to be more Saranko etal., 1208
{lach) sensitve than mice
CilA strand breaks +(CD-1) += (Spragus- damage was cbserved only in Anderson et al., 1887
and other damage Ciamdey) bone mamow cells of rats
{bome mamow, testes)
Unscheduled DNA = (CD-1) T Anderson et al., 1087
synihesis (tesies)
1.2.3.4-DIEPOXYBUTANE (DEB)
Germ cells
Diominant lethal + ([102E1 » C3HE1)F) NT Adler et al., 180850
mutations
Other genetic effects  + ([C5TBICne x + (Lewis) Lewis rats appeared to be more Adler et al, 1205h; Xiao &
on male germcells  C3HICne)F:) sensitive to induction of Tates, 1885; L3hdetie et
{chromosomal ) P . . micronuclei than Fq102 = C3H) al, 1887; Russo et al_,
aberrations in +{R{102 x C3H)) +(Sprague-Davley) o 1897
Zygotes, micronudei)

+ (BALBic)
Effects on female + [BEC3F,) NT Tiveron et al., 1887
germ cells
{chromosomal
aberrations in
embryos)
Somatic cells
Chromosomal + (MMRI) NT positive results were also obtained Walk etal_, 1087
aberrations (bone in Chinese hamsters, with NMR
rarrow) mice being more sensitive than

harmsters

Sister chromatid + (NMRI) WT positive results were also obtained Conner st al, 1983; Walk
exchanges (bone L X in Chinese hamsters, with NMR| etal, 1937
mamow, lung, fver) © [Swiss Webster) mice being more sensitive than

+ (BOF,) hamsters

12 1/
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Table 4 {contd).

End-point Mice [strain) Rats [strain) Comments References
Micronuclei (spleen.  + (F(102 = C3H)) + (Lewis) there was litthe difference in Adler et al., 1885b; Xiao &
blood, bone marrow) sensitivity between F.{102 = C3H) Tates, 1885; Anderson et
+[BALB/) + (Sprague-Dawley) Mo and Lewis rats or between  al., 1007 Lihdetie &
CO-1 mice and Sprague-Diawley  Grawe. 1997; Russo et al.
£ [[10ZE1 * C3HETJF,) rats. 19??; Stephanou et al.,
1987
+{CD-1)
hor- mutations + [BGCIF) = (Lewis) F344 rats appeared to be more Ciochrane & Skopek, 18840
(=pleen) _ sensitive than BECIF, mice Tates et al.. TE8E; Meng et
- ([10ZE1 = +(F244) al.. 1883
C3HETF,)
Transgenic systems - (BSC3F, derived) = (F344 derived) Recio et al., 1883
{fach)
DNA binding +(ICR) NT Mabon et al., 1098
DA strand breaks #= [CO-1) +H= [Sprague- damage was noted in bone Anderson et al., 1887
and other damage Ciamdey) marrow cells only
{bone mamow, testes)
Unschedulsd DMNA +(CO-1) NT Anderson et al., 1887
gynihesis (tesies)
1,2-DIHYDROXY -3, 4-EPOXYBUTANE (EBdiol)
Germ cells
Dominant lethal = {{102E1 = NT Adler et al, 1987
mutations CIHEIF)
Other genstic effiects NT + (Sprague-Dawley) Lahdetie et al.. 1887
on male germ cells
{micronuclei)
Somatic cells
Micronuciei {bone + ({10Z'E1 = CIHE1)F) + (Sprague-Dawley) Adler et al., 1887, Lahdetie
=l & Grawe, 1897

DR KETF BT A/ MEERR. B X0 DNA EEDNA ol IO T v a5
RN ERe 5, T RTOINLDT Y RFA N OREHERITMEZR S TR0,

THE I NL, FREEO~ U AREORMI T S — B LT R R ik
SRR, %< ORBRTO/NMEFER E Vo llifmmtEZ R LT D, IMEFTZ VT
6.25 ppm(13.8 mg/m3) % 13 #M. 5 L 62.5 ppm(138 mg/m?) & 8 HFf] &\ 5 (K E
DHERBIZL > THHEEIN TN D, 2, SORBRLMER SN TW W, 20 X5 2EH
E. 7y FTIER Y MIREICERE LG bBIE I TRy, LLRB G, hprtJE
TOBBTERERL, vUVABIOTZ vy hOmMETHLHFERIN WD, ZOHAE, vV
ADFNRT v FEV b 4A~T Fb@mWERFISHEZ R L T\ D, ZRFUSMET 2 B b
TUVAY 2=y I T ARBLOY T AARy FilBR THEIZEIN T 5, DNA L O
Ak, BBRENIo~v T AL Ty hOSRHTHEIN TS, Thbb, 7X¥ V=l
BT DHE T/ TRFY FBLOE ) 2Ry FUA—AREM(ZEn T, EBEB X O EB
A=WV DT T = b T T = U R OMIMENRER SN TV D, MIMATERR ORI,
— IR CHELL TW A, WS ODORBRTIET7 v F LD b~ T 2ADHFN 2512 E
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FMVRERBH TV D, FfRIC, 74 VT2 k% DNA HEYIENCIE, v v 2B LUT v
MHTIE & A LR 7EITZ2, DNADNA 36 L OV DNA-% > OGN, ~ 7 A
LB 2(FORBRO S5 HO LIFTHESATVER, Ty FTREY BREDT ¥ vz
BRI E - THAELARD T,

T H T ORHEMIC O A O in vitro 3 X O in vivo iR T, ZRFMESH D VTG E
KRB EFHIMENFEO LTV 5 (Table 4 @ in vivo ik B RO E 22 M), EB, DEB ¥
FOVEB VA — /T T T, M PEERHT R U COMAMED NG b3 72 < TH 2R R
%% T H(TARC, 1992 ; NTP, 1993 ; Thier et al., 1994 ; Adler et al., 1997), 3 Fi%H
DT X TORPFEYTIZ, & FD TK6 U /7 EFEREEHIIL O 2 DD /NEFE B (focl) T & 4 5
FIEMEN R STV A28, 1EMTE DEB 233 % 22258V (Cochrane 3 L Y Skopek, 1993,
1994a), ZHICK L, F T AV ==y 7 Ty R DL RMES LD lacl GBS
TITBIT DEREROFRMET, PoAF TV FEVLE ) R ROFRT - LEmn
(Saranko & Recio, 1998 ; Saranko et al., 1998), EB 53 X (' DEB & 12, WiFLIER: 2/
fa(e bHIfE A2 & Ee) okt LT, Wik ac i, JafREls LOVNEZHHRT D
(IARC,1992; Xietal,1997), & bV L /ERTIT 12 BB L O X PRI BB L
TWh, ZOZ EF. INDORAERDFENEN Y WA R TEpiElZE ST D L
WO FEENSRFLICME T S Xiet al., 1997), DEB % invitro TEETH L. T v Doy
L7 Iox L/IME R R T 505, EB H25WE EB A — A TlEZE0 L 9722 2137
v (Sjoeblom & Laehdetie, 1996),

T IRFY R, VERF Y RBIOE /) ZRI Y ROV OREWIET T, D
YUABLOT v b OATEMIBIS I EERE T D, 2D DRERD 5 B D 1 DFER T,
Fi1(102 x CBH)~ 7 ALV | Lewis 7 v N TRV RVMERANA LLTE, 3 FEHOMHED
DB 72 VER DB S I —ED/RF — 3B BN D > 72, DEB X, ## L1-lE~ 7 A0
AU AR Y a8 55 ((C57Bl/Cne x C3H/CnelFy. 35 J OVEVEBAE 285K 28 3
([102/E1 x C3H/E1F)##FE L T\W5, LiL, EBB LV EB VA4 —/ /LT EIEZ24R
EHREZFRE L TR, MEO AT O\ CTHERR S 7-ME— DOIFFE T, AZRCRTOMED
B6C3F1~ 7 2|2 DEB % 24 L 7c %6 UNEIZEMEZ R SRV s, IO YL iR D38 /E
BEREN ES- L,

EB, DEB 8 LU EB YA —/Lid, HRMOY U ALT v hBLUNLAL =T, (Kl
TaCE 8, KRR, il & OB ) L C b IR LR L, Wik GG R, Yei
HRE, HDVMEZFHEFEL TODH0, TOMZMEICIIFER TE-& 0 LIEIEE A
EBO LR, —KIZ, VERF Y ROHBE /) TRFY KHHWIEE S/ 2R F L KV
A= L0 BIEMD W, Lewis 7 v b TIHREEOF R TH 722, EB LU DEB I3,
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B6C3F1~ 7 AR LU F344 T v N T hprt ZBNERMBRL LR SETEBY vV ALY
b7y FOTREY EmWEEZNEZ R LI, Yy FTIEZ VT I ANRLVEETHDL Z &
EBERH DT TH LIS Ly, EBlT lacl N T VAT 2=y Ty NOFHEIZZE
IRERZFIRT DN, lacl b T AV ==y 7~ 7 ATIEFHEIE LRV, DEB 2V o)
WFEIZ b Jacl ZE3RE %353 L7200, Meng 5(1999)i%, DEBIZ L > T#HER SN DL K& 7
REERET DI2IE, laclFENBE BRIV hprt S BROEZERN S W2 & 2R LT
W5, EB#HBLUDBE (2 X% DNA #{5DNA ${o 8l & 5\ I 7 v 4 U B HEAD I,
7w bR AOERTHERINDA, DEB DK EB X L ZOEARTFHNEWS, T
b, EBICEE Lo~ U Z0FEIREEMIIC OB EREE TWnWb, 15702 DEB
£V & EB OIEEREVOIZ, DEB O ZHREMED 7 VX ALEN, £hilki< DNA B
DOFEK, BLOTAAY aXy b7 viEA OEEROREIZR T @S RRIZE D7
WTHDHZENRERENTUV S (Anderson et al., 1997),

8.6 AJEEiE

8.6.1 ZLIHGE~DEEE

TEY T OATERIZKIETRBICE T 2R S e T — X ITENITZ E L TRV, &
75 C 1300 ppm(2876 mg/m3)% 5 HREJIZH7- v . 1H(102/E1 x C3H/ EVF1~ 7 AT L
7oy, EALE OME & DORZFE DO AL RIS X OISR O ] T IFREa o BRI ES < &
ETEREIC B A ] E & 727> o 72 (Pacchierotti et al., 1998a), [FfEIC, ~ TV AB LT v k
ERHWIEEESSERBR T, REHEE D 2 WITERFIEK TR 5T an
(Anderson et al., 1993, 1998 ; BIBRA International, 1996a, 1996b ; Brinkworth et al.,
1998), 7 v b, EAE Y b, BIOUHXE2HW - 0ORER(Carpenter et al., 1944)
DEELH DD, FHMETHITIEHEVICHET —FBAREL TN D,

B6C3F1 v 7 A& HW-HERH B L OEHEREBR CIX, AaRE N7 ¥ = L 53EE
BAEFORER) & & 2 5 b8, Sprague-Dawley 7 v FDOBAIEXE H LIZE R\, L
L., 74 VN L DA BEICHR SN ERIC WL, WEOB CHE ST
%, 1000 ppm(2212 mg/m?3 ; M—DOFBERIRE) & 13 WIThT- o TR LIz~ 7 A2, JIRE
DEMHB LOEEOK FAHE I N TV A (Bevan et al., 1996), NTP Tiroi7- 2 HM D
RERTIE, TR TORBRIEE(=6.25 ppm [=13.8 mg/m?3]) THEIZ IR O HELR N H H
W EH L7z, Zo%s, HARBIWREAOEEEOMENRBEICL > TEALTWS,
PNEEDOZENE T, EiREE (=200 ppm B XL (8=62.5 ppm[=442 mg/m3 5 & (=138 mg/m3])
FHEBL, OB » HHICEP CRELIZGAICHBIEINLTWD, i LIZINE T
XL BRI IR, IR & D UMT RS TE AL A SR, =62.5 ppm B X

34



=200 ppm(=138 mg/m3 35 L UV=442 mg/m3) D 2 FER D REFE TIE, IIEOMEILER
F O LR OB S STV D, =200 ppm(=442 mg/m3) TiE+& DOZEHE b Wi
INTWVWD, =20 ppm (244.2 mg/m3) THEFFEMET L TEY . ZHUIINEREZ Ttk x
PRERNE C OIEEHRZ 23 3 b 72 i K T d % (Melnick et al., 1990 ; NTP, 1993),

FERAT 4 2 58T, HEDIK T, 2%, Zi ENEENDH, B6C3F ~ U X T,
=200 ppm(=442 mg/m3) T, 2 FMEFE. HDHWILL Y EiRE CHEMME#E L-%a 128l
LI TWAH(NTP, 1993 ; Bevan et al.,, 1996), =130 ppm(=288 mg/m3)% 5 H [#] &z
L72(102/E1xC3H/EDF; ~ 7 A TlX, &% 21 HHIZ, AR i FE o 52
BRHIE STV D, 1300 ppm(2876 mg/md)IZ & Lz~ v ATk, R
TNEIEL S 1u7= (Pacchierotti et al., 1998a),

TR BB T DI O ERIC SV CiL, D Sprague-Dawley 7~ MMZ 7 Z ¥
T % 8000 ppm(17696 mg/m3) F T, 2 FMH]FE L=, (O ORELBEI N o7
(Hazleton Laboratories Europe Ltd., 1981a ; Owen et al., 1987),

TR DE-BLOVIRF Y MGG E b2, BENERICE > TRIERE L
7z B6C3F: v 7 AT, JRHLERMECNIRNE X O B IO E) CIREIZ B 2 @y O T
IRIAERFER SN TND, T ETxIIZ, Sprague-Dawley 7 > FNOIIETIL, +
JATERZRLEZEHAEID bEOVHEO YRS FIZRFELTZT v MR- TRER
B SN T=(Doerr et al., 1996), 4-E =)L 7 a~Ft BIOEOEUAEERE, 742
TUE)ZRFVRBLIRVERF VR, ZARFTTE Y BLOA VLBV
EEMEAB ORER T, £/ AR X2 FOHZ LD L2V MEAEWITIRI A2 355 L ek
L Stz Doerr et al., 1995), 2O DOEHOFERICIT,. “EREMEO YV ZRE v
RAOEMPRUIETH L LB 2 HILD, D B6C3F1~ ¥ A Tid, DEB o HiEIfE 1N 4
2 & o THEA OREEMIEN Z D S8, S OITHME O LRICEREFIELEHRT D
(Spano et al., 1996),

8.62 HLEFM

T2 DREFBEOFEMEICOWVTIE, 2, 3 OMBR LGRS SN R0 T, MR
CD-1 =V RIZTHVx 2k 6 25 15 H 272> T 1000 ppm(2212 mg/m3) F T
L7282 EATEMEOFEILIERD S 72> 72723, 200 ppm (442 mg/m3) LA EDJEE T,
RHAFME(REI MO L OB EtE(R F EEOIK T JOVEERE) DA i, £Y
FE BT AR TH 528 40 ppm(88 mg/m3) T, HEDMRFIZERE OREK T 23580 5
M7= (Hackett et al., 1987b ; Morrissey et al., 1990), Sprague-Dawley 7 v MIIEIE 6
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~15 Hflichizh 7% v 8000 ppm(17696 mg/ms) % 5 L 1-HG1Cid, BHHERE, &
He. Mo, REBIOWEO “BHER” REOFRAERP LA LTS, 200 LT 1000
ppm(442 35 KT 2212 mg/m3) TiX, WBIFRE QMBI > THELT 5 L B X b D BEN
BlIZEINTWD, RHAEMERERINOMEIH 2 WITKREFEA)N T T X TORBERETHES
7= (Hazleton Laboratories Europe Ltd., 1981b, 1982), L2>L 7273 & Sprague-Dawley
7w FTIE, 1000 ppm(2212 mg/m3) F THO 7 ¥ V= v Z4THR 6~15 HMIC7- > THE
L CHRAEFBEOTHUIBIE SN o oy, FRHREEWERESINOMENIL, KERET
B BT 5 (Hackett et al., 1987a ; Morrissey et al., 1990),

HeAA LTS EMEIL. CD-1 =7 12 12.5 ppm(27.7 mg/m3)D 7 % 2 % 10 A
FeE L, FERBEOME & AZH L2 AT B ST D A3 (Anderson et al., 1993), 12.5 %
F V125 ppm(27.7 3 L Y 277 mg/m3) TBHFERER 2 L 7= 55 101%, OB AEFED EFIX
P B o 72 (Brinkworth et al., 1998), E#H Hid, ZOFJE LI-fERIL, RO ORER
T, REECRFE DR SN2 o7 2 L (BBERED 2.5% & O X D FEEHA B
DR FIEIZHRT D AREMEOH D Z L2 RE LT 5, L LIBERRER CTlx, HEHR
LU~ 2B L BITEOREER RO TV D, [FERIZ, B CD-1 v AILT7 4 VT
> 6250 ppm(13825 mg/m3) £ T% 6 Kf[#(Anderson et al., 1993) & 5\ % 130 ppm(288
mg/m3) F£ T% 4 [ (BIBRA International, 1996a)%: % S 725412, BIFO R ITA
BEIZHML WYy, L, BEORBR T, (MIEhOMEs BE ORHICIT R T E 5B
MECTREELTCLESTAEELHD VD, D Sprague-Dawley 7 MZ 1250 ppm
(2765 mg/m3)DEIRET ¥ V% 10 M Z#TE LD HIZ, FEFRFEOME L AZh L7 A
FFIZBW T, HEEZNT 2 EMEOFEILIZFE D 572 0> - 72 (BIBRA International,
1996b).

8.7 HEEM

WEMRILT % P U RFERT DB MO TH D5, B6C3FL~ 7 A2 1250 ppm(2765
mg/m3)% 24 WIZ7- > THEFE L7 ME— BN S 238 Tk, s < iia 7 34
T T — 7 A OIH] & D O TR R AL ANE Uy, e RisREIC x5 E
WFHINZ B D B D EBITHZE I L7 > 72 (Thurmond et al., 1986)

9. b h~DE

9.1 FERABR
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VDD E DGR RBR TIX, T DD THEIBED T # 2= (>2000 ppm[ > 4400 mg/m3])
WCRB LR T T 4 T ORS D WITKIE T WARLER 23822 T % (Larinov et
al., 1934 ; Carpenter et al., 1944), L2>L. ZHHDORERIL, WINHARANDBHRAIE
WOBRTHMENTZEEZ DN, 7H VT Db MIRT 2 B2 N 5 I3 R EY] T
HD,

9.2 EFHI

9.2.1 A

TRITUDINAMEITHDONT, T X OBE S BN IO R LT
FEEBDOWL SOHOER TIHENMTbATWS, 2D EORENBEDE=2 T
IF—SDORBICEDBAB D LN, AF LY =T H VT TRAOTHTOT FVx o~
DO EZRTZ N, HMIFIC L DBEELTRICHONIE#E L TEY , Ao 7 H
Vo) v —EBICEIT S Y CoNAEIDFEAICEE L TV AL R EN TN S, U
VMR A D U AT FEIEIZB T 2% % Table 5 127”9,

KE T Y 2N D Port Neches 7 % = B PESER COT X Pt )~ — GG B ML
¥ B (n=2795) D KKK = 7R — MIBIT 2 fchill #(Divine & Hartman, 1996)(C L Auid,
U 2B IR DS AN K BB A RIS EFGEAE(LSE L LL[SMRIT0=147 ;  95%/= #H X[
[CI]=106~198) L TV, V v 3fifids L OMIMEAIEIC K 258 5 9 BllC S W= ET
1372V EFH(SMR=191 ; 95%CI=87~36MDIZHH L ZANEW, LarL, EAME L O/
HAEIL V(MR O 261, 182 B LN 79 1%, THEH, 5 R, 5~19 48 L 20 4F
U EORAMEOSATHY ., T, 6. 2 BLO 1 HIZESNTN D), RKOEIH
R RILE kR KR ICERA SR BT sh T (Bslol=T ;
SMR=241; 95% CI=97~497), TORMIZHRKIBED T ¥ Vo U BBENEZ 7= & B
bhban, F—2iIEftsh T2V (Divine et al., 1993), 2D a2k — F &2 ZFEDOEH
RIS ., RMIERB LIFED T ) — 2OV T O LAWVWEB L UG, B I ORIT
DTN OHEAFTENTE SN THE LIz & &, U 2 NAER L OM#ERIED SMR X, 7
BT NG SRR BRilE R T DIFEEONEER R m A BRIV TR K(SMR=249 ;
95% CI=100~513)Th o7, Lol FHBICBIT 26050307 ZOH#ED 7 4

9 UL oEMBRR AN DN TOHFEIL. TN TNONEREDEESHEHAL TWHDEHO
T D,

10 =@ Table TRrENTZ SMR IZEFELOHW-ERIC LD, T748bb, SMR=81£5
Wi, H 5%, SMR=B1E5/11525 X 100
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Tabde 3: Summary of measures of risk for cancers of the lymphohaematopoietic system

in populations eceupationally exposed to butadiene.»

Cohort  Mumber Risk measures
Cohort description size of cases  Exposure [95% C1) Comments References
Leukaemia
Styrene-butadiene 15848 48 SMR = 131 (87-174) SMR was significant  Delzell et al.,
rubber workers. T 0 ppm-years RR=110 in some subgroups; 1985
14 =019 ppr-years RR =14 (0.4-48) increasing trend in
iB 2099 ppm-years RR=2.3{0.7-7.8) RRs remained when
T 100—122 pprmeyears  RR = 2.6 (0.7-10.0) adjusted for styrens
5 = 200 ppm-years RR=42(1.0-17.4)
Butadiens avas 13 SMR = 113 (80-1083) no association Diivine &
production workers o] 3 Lo SMR = 87 (12-185) betwsen qualitative Hartrman,
1874 11 waried SMR = 154 (7T7-275) measure of curmula- 1988
tive exposure and
leukaemia risk
Butadiene 354 2 SMR = 123 {15-444) E.M. Ward et
production workers al.. 1995, 1694
Lymiphosarcoma
Styrene-butadiens 15 349 SMR = B0 (40-144) SMRs were Delzell et al.,
mubber workers increased for 1985
mantenance workers
{0=8; SMR = 182;
95% CI = 83-370)
and Iabouwrers (0= 3;
SMR = 123; 85% CI
= 25-358), but not in
production or
laboratony workers
Butadiens 2785 e SMR = 121 (B7-264) no association with Diivine &
production workers 0 background SMR = 0{0-591) duration of employ- Hartrman,
2 low SMR = 102 (12-205) ment, based on only 1988
T varied SMR = 248 (100-513) two and one cases in
the two higher cate-
gories
Butadiens 254 4 SMR = 577 trend with duration E.M. Ward et
production workers 1 <2 years (157—1480) of employment when  al., 1285
3 » 2 years SMR = 303 dichotomnized at 2 1088

SMR = 827 {p < 0.05)

years

* SMR = standardized mortality ratio; Cl = confidence interval; RR = relative risk; O = observed cases.
* SMR = observediexpected « 100.

BN 1 FlORD 10 FELL EORTEZ 1 Tz, S RGE L2 -/ ToO HIMREIC
LD CRITIFHEREED 2O EARA L5 (SMR=154 ; CI=77~275; 11 filiz

TWDR, Z20H2H0 10 FllL 10 FLULTFORATH 2)M, &ffoar— e LTUL, £
CDiﬁiﬁtﬁAmubEﬁvtméwWSMR 113 ; 95% CI=60~193), L/ L7enn, £
DEIIpZ AT DY NSRS AT b BARFREHEEE & OREMEITERD BTV,

KET = A FX—=T =T M@ Union Carbide T 2 » fT CiThivia 7 # P U AFEDT-
O L2 &R H 5 364 AOREEBO/Nadr— MR TIE, U > XAlER L OE A fE
IZE DT 4 PIHESNTHEROFE R EABEO HIL2(SMR=5.77 ; 95% CI=1.57
~14.8), UV AZ% 2 ML LG LB O LM 2ERKMOEEB LD b RE W
(SMR 1ZZFH., 8.29 & 3.03)4, &4 7 IV —ITBIT HHIEITIERF D20, HIfgH
HDHWVITIEAMIFIC L DR CRICITAER EFERD O TR0 (B85 WK
=2/1.62), LN LARNL, ZOak— MIHOWTIE, MAORBICHEHT2E=2) 2 7F
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—ZIIAFTEeh o 72(E.M. Ward et al., 1995, 1996), £/ ~—4#EREXBIZONTOD
ZDOMOME—DIFFETIE, U /SEMRON AN K DT ITA N7, LrL, =2
F— FOKRE S (n=6149)3F L OUEHRHEFIEZ, 5 LA TFDY &l A D ) A
7 T 5 DIIEIA+4 T o 7-(Cowles et al., 1994),

THITUBIOATF LR OMOWEITRE S koA k= 2 8EEEEIZS
WT, BN ENTWD, BIEETOL - & & KB CRIEHZRFFRICIE, Bk
D8HFDAF L —T7FVx I L8NG R TR I 156494 OWE(BICET L
D0 H % (Delzell et al., 1995), = ZTE 0 bIF AL, WIHIOFZED 2k — NMEH] &
MR EELTEY, LEIOHZEICER> TRb2bDEEZ LN TS (Thbb, Aif
JeD 27— MMEM T 14869 A1, Meinhardt 5[1982] 512 & - CLLARNZHHE ST 2 T4
DHIHO 1 LT, H5VE Matanoski ©[1990, 1993]# L OF Santos-Burgoa ©[1992]
Lo THESINZ 8 THO I BHLO 7T T TREAIN TV, LML, BAMMEEEEE
¥ ClDelzell H(1995)ILBIFFHAIZEFEF 2 2 L TV 5], 72 23 B 3 e 2 iV C
BT Tn5) 1, REREL E— 7 BBEHEEOHTMEIZ. ZHODWEBD 9T%ITOW
TOREME, AFARARFRICESS TRE THOLMCHET AR, A, BX
OREHINEER - THOHINE - FHE & OmEGHEICE SN T, 8 THD O H D 6 THD
WEEBIZHOWTEHRINTEY , 72, 1970 FAKRUBED O Efi SN clHEDE=4 Y
JT—R I TWS,

R — NAREO A MFEIC K DI TEHRIT, 48 FEFICEESE | Gt LA E L R B Lo
ERTH-7(SMR=131 ; 95%CI=97~174), Z OEEEIL LT IX, 10 FLL LE)E L CHA
% 20 LA LRl L 72 e BT LTz (@125 0 = 29; SMR = 2015 95% CI =134
~288), [AIFRIC, BFEN 7 & P U BEE L H o & L BIRATET O 72 RARERIE” (£ A
BIR—ZA TN BT o L Z T ERHEB) TOAMBIC LI RLAEICERALTEBY
(O =45; SMR =143; 95% CI=104~191), Z Z CTH £/ TIE, EFsHing & &%
RABOHENEVEEBICEFLTEY, T LTIl CIEREAEEENAANLV LE
Motz, FBHEEE TIX, AMFO SMR IZEHBHHAEVEE KL WS, EHFEE
BNCHAND & AIMIRIC L BT, AEICRD D HEEA0O =22, SMR=159% 95%
CI=100~241), % #(0 =16, SMR=195; 95% CI=112~317; BAREEIZEF),
FEREMEEE(O =125 SMR = 462; 95% CI = 238~806), 35 L UMhOBEAEIZH#EDL 5 B
AEFEEO =3, SMR =680, 95% CI=137~1986) CHEIZH AL T\, —FH,
SEPRBIEEE T, AERMARIIALN - 72(0=13; SMR=107; 95% CI=57~

1 ZHBPHAOIZED ak— kb %D Delzell &(1995) DAFZEICHLAIAE N2 D> T2
AN AMEFRITHERET S Z L IXARARETH 5, Matanoski (1990, 1993)D 17k — kT -
T2/hNTH DO E DDK) 600 AiZ Delzell H(1995) I ILiHA S e o 7=,
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184), Uit OFEMII R SN TE LT FELWER IR ST e A3, Delzell 5[1995]
TMEFEOZBLEOP T, THX VT UAERIEAT L RBITRNWEEZOND]D 851 4
DOREEBICHIMFIC LD TRITH AL TR 5T, OIS L T X b TR
[z, 1 3 2.1 &EHE LTS, ) FERIC, U o ~AEICT 2 SMR X, R5F AR
#E¥EO =8 SMR = 192; 95% CI = 83~379)B LU %#EO = 3; SMR = 123;
95% CI=25~359) CHE TIZRWIKRTH o720, —F, AFEIBRDLLIUHXBDH DT
EREMNEB TIIRH RO LARRO Ty, lHx D THEEHIEICE 25, &1
B ClEa s R0 THEIEEEE v TR 1 AR 4 Fru 72 SMR 23 72~780) T,
FHILE I & 2R ITHEFINCHE CIER W RE R L., U v SWEOBIZESUI D 72T
T, Hlx D THTOREFEIZHET L2EROH DimiEHE 0o 7,

FIIRIC KD CRITIT X P2 ~ORBEREL & BITHERT 2 2 EREIRDITICL -
TR HIL, #BEAT TV —0, >0~19, 20~99, 100~199, =200 ppm/F-DFHxf U A 7
RREFZNZI 1.0, 2.3, 2.6, 4.2(HMIFERFEIER & Al SNDHHIT) LTINS,
TEIT D7 RE~DRIERE L OBRICOWTIR S ATFEL L v, FH D
T, AF L URoR B U ~DRBOFLER~DOEELRF LT, AF LU ~DORBEREED
HARICHES VA7 OB RMEMITHE Y BETITRL, £, XRUEBUV~DORRITZDOHT
FNEBF TSV TH- T, KR LETH0EHEVICHERBETHDIE LT
Do EURDHTTIR, 77XV DORERE L IR VXY U EOBEMITRD b

277,

Z OFRERERIZIELSN T, Delzell H(1995)1%, AF L —T XV THTORI LA
M OFIZIZBEFEAH Y | BMHEO Y A7 RITT TV HbHNNET T« AF L
Y OMBEDERT LU ~ORBEREIRICEH T X VT BFIC L D35 - T2 )Tk
THREL LS ELHMIPEBRL VD EHMLTWVD, T—FBAR 0 THhDHH, Al
I8 DR E OB & OBTEMEIC OV CRERI 72 2 i 2 51 & o7z,

Z D% OWZET, Delzell H(1996)1Z, ZD AR — FDTZ VT ~DE— 7 B OVER
AR T DR EAT o T EEB OF YV — 7 Bl ih 2% < 72 51206V A 1 @ RR(O,
>0~3288, >3288(ZxfL T, ZNEI 1.0, 2.3, 3.DIFHKL, 7H¥ VT~ RFER
FOWRIZ ST RRO, >0~19, 20~99, 100~199, =200 ppm/F-iZxf LT, ENE
1.0, 1.1, 2.0, 2.4, 460K LTz, DITTRIN TRV, AF L r~D BRI
BT 2952 LTh, BENCERICIZE A EBLITR, /2, AMBEO Y 27 4
V=V REA~D  FENTRT BENH o TAFERKE (0. >0~4, >5 FlZx LT, RR 2
1.0, 2.3, 2.7), BLO SMR O _EFBLHTOGHT TR b Xk (“i& SMR” 0, >0
~4, >5Zx LT, RRIZ 1.0, 1.9, 38.1) CTEAMMOIERE & LR LTS, EH
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DITHEE Y — 7 ik L BB BEOREZ AT D DIFAARETH D Z L 2RO TN D,

Delzell 5(1995)23#i# L7z THH D 1 THOWEEBIZHOW T BEDBRFHREDIE 72
A M T, BEAEEMEIT S S ICEBYL &4 7-(Macaluso et al., 1997), 7R HEEE D
BB ETIIHERBOVETIRT L A EEITARVN, L ORI T 72 VT
D PFEFE OB EHEEMEI LTI OE LV & EV2, 315, HRIEOHINQ #1)i%, 1950
~1960 FROFEMBIEEICONWTORETH D, (ZOWEITITRERBHEEONEF 23
AN DS T2 E DRI T2 W (B RIX W EHEE S5 ; Gerin & Siemiatycki,
1998), 7 X VT DY — 7 RESOHETE RBIED 2 WVIZA T L o ~ORERZEEITITZE
EAEEITRV, 2D OEERBHEEMEIL, DAL TEOSITITILTETEHMAAENT
R,

Sathiakumar ©(1998)1%. HITFIH SN TWD U 3SR A (B IR 2Bk < ) o HEE
IZHSE, ZoaR— FOETRIZEL THBRHFZIT>Tnd, ar— METiE, 9K
XY LoNE, RUX NN, ZREERIED D VIO U o SRR O R AU K D 5E
CIIFABERBEIMEEED ST, £, 2N OMFIRIC X 550 & i Mot o7 Bts
R O RN BEENE & e S LR o 7o, [FERIS, ZH D OIRRIC X D3B3 & a7 5 1E3
TREOBIC G BMRIZ AR 72, LovL, FERTF ALY Lo EO—E5I%, AWK ICisfd
HAREMEDNH Y | FAEZMEICITIAmE & L TRiskSn o700, FERTF MY U NEE
OBSEPE SRR 72 2 AIREME 2 FEH HITFE L TV 5,

TR DI ~DRFE L MG H DR DX O BENL, RIMmsE L T Thius %
FLr -7z npEEEDelzell 51995112 L > THESNZTHEEEHT LS
DTHOREEE)D ak— RO U L S5EM R A D 58 JEF] D = Ak — k PNAE B FRAFZE
IZBEWTHBO LN TEY | Kl 15~20 FMOMEEICBNVTHEONTEE=2Y V7T —
B DT FE SN TERBENHEE STV 5 (Matanoski et al., 1997),

Irons & Pyatt(1998)1%, flix O TRRIZBIT DLV AT AT A —1N"v— MNAF L —
THETE AT THEA TLRICHWOND “EaEILRT )~ & L AR X 55T
FOMOBEMEICE R LTS, LnLaRD, ZOBEMETAMZNICZY LBD LR
DbDD(FCAFNTF A I —s3v—biEt FDCD34* HHiMETD 7 v — MRS DR
WA T 270 6), A S 72 L5 CORYE O RFEREICHET 2 KiEOE&E(LORE
RO AMIRHEREICEHT 27— DOMEEE 2D L, BUED L Z A, BlgEshiAm
JIZ LD IE T DN AN E DS & ORREBEEREEN 2 KT L TO LT OV TS m a5 &
HIZ &ixTE2n,
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T H VT IREERN S B R LT EEMIC BT D £ OO EFRIBIIE b SR TRERR S T
% (McMichael et al., 1974, 1976 ; Andjelkovich et al., 1976, 1977 ; Linet et al., 1987 ;
Siemiatycki, 1991 ; Bond et al., 1992 ; Downs et al., 1993), L/2>L7Z2»R 5, b0
WFFRIIXIREE 23 8 2 7= 6D (U )3 IR A3 A DELEE RS L OMARBI OZ R D2 b HDH 0
X, BEOREICET AT —ZNRARRLTNDHIERE), TV VOREREE L O
DR DB A TGS 21 I3E & A SRS TV Wy,

U U NEMRBALINDON AN LB CHROFER LT, ZNUOOETIET—E LT
PR HAILTUVRUY,

9.2.2 FEEEHE

TRTCOFKNZLDHERIL, 7V FBRINZEEONAREEDB b Ak
— FOTARTTTPRINIHCRLFERRTH D0, HDHVE2 VAR, BIREE LS 5
UV MR DR B & D WITTEBR R IC L DAL RO KA, —KIIZIE, Zhbon<d D
MO aR— MBI AHEBEOHRECTED BTV 520 (McMichael et al., 1974, 1976 ;
Matanoski et al., 1990 ; Delzell et al., 1995), 7 ¥ 2= L 5&ZE O B DUV CIRAH
WA SN TIEN 2R,

KET V2O T & Do A GERRER OMEH(E T, FHIRE 10 ppm(22 mg/m3)(FRFH]N
R O i 143 ppm [316 mg/m3) D7 ¥ P T RFR STz 438 4 L FERTED
2600 4 DM TIX, TR D WITIMIKFH 8T A — X (ZETRO LR Ho 72 (Cowles,
1994), L 7> L, Checkoway & Williams (1982)i% fKiBE D7 % = (<1 ppm[< 2,2 mg/
m3IC#FE L7 IE¥EE 145 AR LT, @R E G 53 ppm[117 mg/m?] E T ##%
L7= 8 N, BHIHI O AL E —&T 2 MEFHINT A —2 DB EBIEL TN\ D,

9.2.8 EZEME

TH o OEGEEEICE LU, 7EA YT AF LT E T T LB D DIER
U7 Ry I AEFERICRE LR 7 N —T IOV TRIEW K D0 OFE T
TWo, BIIEE CTICAFLET —FICB FBERRVEITNZ 20D, TRERE L EH
IZTH PN LD A D DOBGRIEBOGHN S Y . 2D OREE LT 5
X, 7E ORI DD LBEROBENZRNEKR L, E<ITERSNHDIEZ L
BFH -GN TV AT 2T —BRTHDHI EIRBEINTWD, b b RERIC X 54T
D In vitroik5R» & DEB IZ X 2 ik e b 73 R 28 ds L OVIMZE DFEF I3t 3 D iM%
X, GSTO Z#=— N9 5 GSTT1 BIaFORAMBEGERBOFEIZEKRL TWD Z &R
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Eh7-(Kelsey, et al., 1995 ; Norppa et al., 1995 ; Wiencke et al., 1995 ; Landi et al.,
1996 ; Pelin et al., 1996 ; Vlachodimitropoulos et al., 1997), % ® KAHiE &+ (null
genotype) DFEAERIL, 15~30% & #H i TV 5 (Nelson et al., 1995 ; Abdel-Rahman
et al., 1996 ; Bailey et al., 1998), [FfRIZ. EB T#E3E S D Ak Ye o 0 IR AZ 555
Bzttt GSTu & 2— K925 GSTMI Ein+ & BfRAH U (Wiencke & Kelsey, 1993 ;

Uuskula et al., 1995), F£7=. GSTMI &=/ KEFH D GSTTI &x+1 L LEREH 5 AlEE
PN S 5 (Bernardini et al., 1998), L L7225, EB U4 — /U2 X B ifik e o /3 R A Hi
DREZMEZIZ, GSTT1 &% \W\Nid GSTMI &+ O RKABIZITRD Y 72 < EFZITR O b
72 (Bermardini et al., 1996),

TV RS HNBIOF = adfECE T 5 7 X% Vo AR BT 2 0 OBFZE T,
SHREE & Lhl U C, iR a0 IR Ac e, Yt iR I 3 2 \ M 3/ INEE OO F8 AR B S L B ISR
HILTUW e o 72 (Sorsa et al., 1994, 1996b)73, T = 2 DREFE R I 5 Hilf OWFFE TIE,
Yuto R B O R O 0 IR CREIE TH D & WV D SR T % (Tates et al.,
1996 ; Sram et al., 1998), B TR EEICAND &, GSTTI Efa 2 KB L TWDHHE
T DR LT (BB LORHRE O T, Yeta R BEH ORAEFEITAEICH AL T
% (Sorsa et al., 1996a).,

KET ¥V 2RI T ¥ o A gk TR LT BICET % 2 F0Fi# (Legator &,
1993 ; Ward 5, 1994 ; Au 5,1995), BLW, R UHKCORF L —T XV TN
TEH BB 2 Tk Bris £(J.B. Ward et al., 1996) Tid, KMM Y >/ ERIC hpreZ8 AR
DOFABEDOBMABIEE STV D12, B TARUC X DMITIIRIZAFTE RN, hpre
BERRIZ, GSTT1 BIETXREEHETH - L bREFERENZ EARDLNTND, Lx
L. 7F Y 2MOTHTOBE L ITHAIC, F = afETOE / ~— T8 CHERE
DT B VN5 FE LI ¥ B (Tates et al., 1996), HHWE, FEOR) 77X y=r =
LpEE EEM(Hayes et al., 1996) Tl. hprtZ8 BARDFASEE OHRKIT A S TR
(EIEFARUZ OV TORERIT ), ZNHOME TIE, OIERRR > TWHL(H— TV
FT T TRt v = DT DI, FERBPA—EKE oL B D, T E DI,
TRELRBE, BREL VL, Fln, BEEE, 52 WIIMhoEIERXER OB X5 R —5
HEIR L TV Db EIILRV, BUEEITH OGRS FRHE 2 0N L > TEDORER
DENRHI S D TR H D,

12 J. B. Ward, Jr.,(Division of Environmental Toxicology, Department of Preventive
Medicine and Community Health, University of Texas Medical Branch, Galveston, TX)
7>5 Health Canada %6 DFAF(1997 4= 10 H 17 H)
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TXHANMDE ) v —EESCATF L —T XU Mgk TRiEE LICEERIC, TV
~ RIS A RTRERE L OV CAT-Host Cell FHEMELT v B 2B 270 o7c b T A, RHMY
> RERTC DNA BIERENE T L T /= (Hallberg et al., 1997) 18, L2>L., €/ ~—4pEfE
RN DOZE[ZHPRE DR TR, &EEL “FERE EEROAMNRBR~DOLUSIZAEEIL
L otz AREIC  AF Ly — T BV T AHEEE TO DNABERRIC AT 2 88 |
HEWEE O T2 BE LT EIIRT LTz, 288 L7z 1 AOHEHEEB DR T (Peltonen et al.,
199 T A F AL ENT- DNA BRI SN (T X Vo BB LT~ AB LT v b
DOIFfg TR Sz b o LR CAHINME ; Jelitto et al., 1989 ; Koivisto et al., 1997)73,
TR HDHNNIZOREW E E FOBICMEDRIED H HFEEDFEML L 72> T 5,

10. fR&RER~DREF M

10.1 fElRBEEMEORE

TH YT ORENEL, BRICIFEOBENVEZE A THBEL TWD X HICHZ L0, IHED
EWETFRINLIZRFY MUEHMIET v PRV~ T RATEDEZITBREND Z L 2R
WeJ™ 5 JAHPHIC DT 2T — 203 D, RRRIC, mvivo DT —Z TR LN TNDR, & R T
X, 7 H VN E - BRIV IR PR ~ORHI~ T A LD o &7
Xo9ThsD, LL7ens, BEFEZE LI MEFITIX, ~E s &7 ¥ o=
WOFNMEDIERIIZESENH D720, B FTIE, AACE > TEVWRSH D L HITHE
Foid, £k, 7o ORBHNCERT 28R 2 o — N 2 BIn F ORISR
HEBZOND, LMo T, 72 VOB, Bk, X OFEMBEMEORE
(2% B REHLO F A (weight of evidence) (X, Z U5 OFERE L OEARIE S 2 & & R
TERINDLERD D,

10.1.1 EBAMBL VEEEE

TR % S MBI ORISR 55 = L AR 5T F L, TH VT UL D
O IAETHT B~ T AL T FOREEOEN D72 L 2,3 DR TOBEITL D)
E=HLTEBY, 742037y FED b~ U AT D2 RB ALY, 7
¥R LT R TORBRIET, v TR E Ty b ORFITBNTSIMERIED AN

13 J. B. Ward, Jr.,(Division of Environmental Toxicology, Department of Preventive
Medicine and Community Health, University of Texas Medical Branch, Galveston, TX)
7> Health Canada %6 O 7 Ef#(1997 4 11 H 15 H)
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B ¥ % (Hazleton laboratories Europe Ltd., 1981a ; NTP, 1984, 1993 ; Irons et al.,
19893, AF LT v FOME—DORBR COBBARREILI U AOFRRELDY ILD
DI EN(=6.25 ppm [=13.8 mg/m3]ixf LT, =1000 ppm [=2212 mg/m3]),

THE T AL o THER SN D BB EBICXIT M TH BENBE I TV D,
TEHETZE, vUABINT v b E GBI CERFMEAZRT A, TOMI T T A
DI RE, TOMOBEARTIET > R A v b G R R S ket R as#h, 3 L0V
L., ~ U ADEMBICRD bNDER, 7y b TlEbo L @mWRETEEZE L THRO L
RN, THETVT R, A RARBRT, Y U AOATEMICEEEEZ R LTS, L
L. 7 bEHWE 1 FOEMEBSERER TIERMER RICK D> T, Ll s, #
bW L HBIE L ITE N, 7220 Rxy FME (EB. DEB B XOEB o4
—/WIZ K> THEINDBEFIECK T DB ENDH D &V ) FEIUTIZ E A L7
WV, L L, REBEITEVWRS D L0 WL ODOFTRIIFET 5, 2 bDOT —X I,
T H VT UERBAREME OO EN | ISR ORI BRI EDH D Z & L
HAHDLZEERELTWND,

THT NIRRT LN EB~OTH P OBEEEER OGS RS TIEW 528
FET D, 7—HIEERII—B LTI DT TIERVR, £/ v—bdWEAF L —7
KTy ALNEETIGOEEEO—HOPA TIT, YOERRE ., Mk /R, B X
O hpre-228R28 B OF AR DRSS DNA BEEREDOIR T e £ A3 ST % (Legator
etal., 1993; J.B Wardet al., 1994, 1996; Au et al., 1995; Tates et al., 1996; Hallberg
et al.,, 1997 ; Sram et al.,, 1998) 14, FER N —EH L2V OlX, ERERKRTIEDOE DD
WITERETE L~V DIENZ LD 6D THAH, SHIT, BlD in vitroB XV 2, 31D in
vivoikBR T, 74 VB LU ORI L 5 BB EBOFHRIT T DIZ I 7 v
BFF -G T AT 2T —PBHROBI TP L TWDH T EPRBRINTEY il
A L 72 RO/ N OB AR F U D HHR O KA T — Z =2 DF J§ LT LD
fEIR % REELZ LT D,

TH T DOFEB A LTINS OO FRIRENH Y . T b I3k o¥E R
Y| RS < R BLBAFR IS %9 2 FEMLOD B Zx(weight of evidence) & §FAfli 3~ 2 DIZ L > T
%, BT O a7k — MiFsE(Delzell et al., 1995)i%, BIEE TiZfThbzHTixb - & H KA
T, 7 obo L bufEHRIIETH Y | BELIEFITHELIFESN TR, AF L
— TRV AATEIIBITD T XV ~DTEE AR OEEEZ RO TWA(EE

14 J, B. Ward, Jr.,(Division of Environmental Toxicology, Department of Preventive
Medicine and Community Health, University of Texas Medical Branch, Galveston, TX)
7»& Health Canada 56 OFAE (1997 4% 10 A 17 A)i L OVEF-FH#(1997 4 11 A 15 H)
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(L3 T & 2 ZFEIOSEMR), BIFEICRT 2 SMR L, 8 #FTD TIGHEE(EEN S 54
AR—=FTEALTEY, BEORMENS L SWREOHEEETIX, ZOBRIT—KICH >
LB 2%, IHIZ, BBEDP Lo L b IFFESNTND 6 #FTO LIHOWEERTIEL, 7
BT DRFERBOH RIS THMIFIZHT D RR 23K LT\ 5, (EERBEICATE
THMD 2 FEOYWE(AF Lo BIORCBU)OBEMNEEZEZELTH, AKE 7 ¥
P URBOMERIIGES LY, ZIN6DOTHODLOTIE, & bITHB7ZR&RERT
iz (x> 7= 7= OB O B 7 IV —H3H8 2 72 (Macaluso et al., 1997)23, ZiLH DZE(LHH
T AY =DM T 7T B L ORBRIEER 2 “FERE" (R LR Lot
ZRIET L 13E 2 5720 (Gerin & Siemiatycki, 1998), L7273 -> T, ZLH OfEFIX
Delzell & (1955)IZ & > TRRd H AV B & 137 JE L7 uy,

LNLRNG, 7H2 YT )~ —OAEFEICER L TWDIEEBORAETIX, Bl
KHHTED LHITRO LN TR, TNUHDALIZX, ATF Ly —T7 XV IANTHE
(CAFTET B M DB IR R 588 LT 72U (EM. Ward et al., 1995, 1996 ; Divine &
Hartman, 1996), 2 HDOMED I HDOEH - &b K ARFEICE N T, 7H¥ V=D
T\ C BT DO RTREME S B B IEE B OHRETY VS WIER K OB AIEIC L BB RO 8
ROFHLDFE T R b 03, A S 2 W IidHE REEZEEBEO TREOEN e 7
VAT EE SN E OBIEMEIFERD BTy, U U RAREIC L AT R, AF L
V=TV ALDAR— MBI OEROEETEFTARE TIERNLOD EH LT
5 (Delzell et al., 1995)723, BIfE—EAIIZERO HAL TN D U w2y A D FHRE CHy S
LThH, —EBHOH D 3% — 2 (AIIEDOHE LSMNINIAFIE L 72 (Sathiakumar et al.,
1998),

FREDBEIE RN AF L — T H P I AMEEB ORI 2R — FMFZEICB O TR
72 58850 T TR S u(Delzell et al, 1995), T7RbbLWNEHEAMENH DL LD b,
T H YT 7R L AR OBROBEETEDTER O OHIWTEEIL, D7 < & HEEIITE
72 LTCW5, [AEROZREICERIZ, RPEFIFECar— b Extg e Uiz adk— FPIEFIK
FRIFIEIZ BN T, BFEHIEN B2 > TV DIZH 00 5T, 58D 51TV % (Matanoski
etal., 1997), dLKICBIT HT_XRTOAF L =T FZ P TAREEBDORE Y 2 aie K
PERPEFH) AR — MR TH D Z LITEAT, AF L -T2V ALEBICHET D
o> =R — FFFEDRER &L DA EMEDBIZRITIBBURARAETH 5, FEE Bobh
72 BIEMEDBEEYED 72 O DFEMLD E A ZFE R & 53 5 B8 2 Z ORRELF THRET 5
ZEITNEETH B,

FEAITIEIZ 3 TRED S 7o BIEME D R BAFRIC K4 5 — D DHIELLYE, T70b b,
—EBMIL, AESNTWEBOB LR 2 50X A TOERICKHT 5 AF A2 A T, B

46



WA LTIZEBIT DU o EMRNADFRFEDHRNENRHDH T EA2BEZDH &, HaIiThm
STV o Tonb Lty FEEIC, U v Al JOWEAIENE 2 ~ —EFEREE
BT 2 TWAR, —F, AMBOEMZIAF Ly —T 2P TAREE THE SN T
Wh, TOZET, 2 » IO LY TORBEDORHMED 2 WITHEE I OW TOAFIHFHRITIE D
HHZELBBRLTVWDEEEZLNDD, DI LICOWTEREAZRFIEN 72 T
20N, FELCRWrE T ORER OFRHBIO TR & 5 (Sathiakumar ©[1998]1%, BifTD H
A HWTHREZFHRD E, AFL =72V IALPEEBO KRB R — N THILA
DS DU 3R A A DL E OBEME T 720 E D), U L SE MRS A D B DRIMb o
RNCHEAHA (72 & 20X, FERTF MY RS AR~ T At moinTind
(Sathiakumar et al., 1998), X 52, AF L v —T X U 3 LREER O KBFEZEN S
AFTELT—FTIE, 7E VU BHDREORO A MIFEOFAIRE & 72 D i E R
ETHIEEFTERY, B, AT LYy —TH VT AABIOE /) ~—DAEFERER
THOLNTINDDRRDEFFIF CHEROLDOTHY, £ L TEL LA LRt
Pl E S LA L TWD 2 SIERICET D,

T REEE AMROFEFEORREMEIL, AT EEZLOLND I L THD, &
FRTOWETHOND T X VT UFEREBOBRENTHD () XY R fE [NTP,
1993]. BHEIZH T 2 BT 2Cunningham et al., 1986 ; Irons et al., 1986a,
1987 ; Ticeetal., 1987 ; NTP, 1993 ; Leavens et al., 1997]. @5yt [Irons
etal,1996] ), nvitro Ct N U REKE T X2 DF ) TARF Y RBL OV RE
NEHMICERET S L. B FORIMIRICERSEH 5 EE L O T L BEMENFREIND
(Vlachodimitropoulos et al., 1997 ; Xietal., 1997), &5, & hDHMFEHR OB
) CTdH 5 E15 L BTV HRIEHIL(CD34 M BIERBEER BSFET D Z &k, X
VB UQLRER A O v b ARG EDE) ORBHCET 2R CIE S TS (ke B
CD34+ffifidic EB & “/EP5: LR RE" CRESEISGE. 1 M A TS
LU a—URIG, TRpH, HIEORLET UL LIRBIER I OB bIc 2% KIF
X7e)o 7= ; Irons et al., 1996) 15, ZDOfER, AFTEHT—4bE7-, B hTOT X
VI gEE & BIEOBEMEIZAY TR N DO H 5 Z L2 XFF LTS, L, £
DOIEMERHC OV TR STV ey,

L3> T, BERE Lo MEH O A & 7 % P> R OBEMIZET 2 AFH]
REZRIE PR TRIE, ERITHESIT LITEARWVWE TS, KRR ZHIET 50RO
Y J bbb, BSOS (K& ZHZHE T RR X 4.2 #llIc X 21T, PREOBRS &

15 R.D. Irons(University of Colorado Health Sciences Center, Denver, CO)7%>% Health
Canada %6 D FAf5(1998 4= 3 A 30 H)
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FEAOND), EREARERBRIERUGEIR, ReAY M BIME (R EAYICEZE 7R Delzell H DO
#[1995]13 % A& 2k — MIRTH D), EWFHIRZ4E, BRO+H0TIERWRH D
REOEAMRE, ZiilzL LTS,

L L, b MEFNCEKT DRNAMEOTHLO BRI 5L, BAANE, BiaiEt
B L OFEM & 2 WIFFEN TORBRE O S DEW 72 BT 5 IRH# R BT T 07— & H
SUIDEEL THEERTHRE TR, T H¥ VT UBBENADORIEOMEMEL, 2F L7
PEEBICB T 2B FHREICETIRONIZAR, 726 W7 X VT B 5 L9 XT
DEBREM(~ TR, Ty b, BEONLRZNTENAMD D WVITEIGEEZ R T L0
OB R X o THRF SN TV D, = 7 A TR B BRAT O S5 @i O FF A 1
& & [FIMT O HEPE) CIAFEFE O IESCBEFREEZFE Lz, 610, 7¥ VT OEEHR
BEICIT. AFBHC B W TEE SN BNREICEE L < BfRT 28I X 2 HEN B 5203,
b MEFTIET & U= UREHCEME R R 2 TR ST 50372 0 OFERZENRIE ST
W2,

WESEBRBEIZ B0 £ 258 L AR O RERBIRR 2 E T DR DWW < 22D FEHE 2 72 7%
FHIIE TOREMEOIZE, & MEHI TOBIREEDORONIZT — 4 B OO FER
W) T ICARE S U BRI IRIR R 12 B 1 D RS AR K B w07 — 213, 74
VI UNE MIHT DRNAMNEGT DRHLOELZREEL TWD,

EBrEW & 2 In vivo RBROFE R, 72 U U DMEHIE Sk O A AR 2R AR B
Ep L, BIEEORGERBIEZFZHRT L Z LR a iy, BHET L b TOT— XX
ROENTWD, ZHSDIREO RN T ZZHNEZEDTHLN, Ty MIZbDE
B U TREZ MRV R D ICRZ T b D, ZAUIMEHOREAE LIS LTV D, L L,
t MEMTOT7H V2 ARHONR ) ORE—MEZ DL, 72V i3t FOFMlus
K OVAEFRARRIC R L CREEED & 5 ATREMEIL S 5,

10.1.2 FEEEM

TH T DFENINMRCEEHEELNDOEBICEH L CAFL Y BT —ZIER5N TN D,
BRI 7-T7 — 2 I L, oFEEEEEOFRIEOREE LTV | IEEREY ~D 7
O MGHOMESE B L WA LY Il bbb, Ll s, 74 U i3 ige
IKIRE T~ 7 AN AREIG FHEIEZFRT IO, 7y hBX O~ v R (x4 5285t
(ECEIAN

~ 7 (2 Rif0) T, LR RN OME S L ONES EEOIN ZFRE ST 50 & [FH
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U FEEZFRLVBEVWEED T ¥ oo cml, EEY, EMRETS &, KEkME
B & " D MR AR ) e I B2 ST S (Trons et al., 1986a, 1986b ; NTP,
1993 ; Bevanetal, 1996), 7= & z2i%. =62.5 ppm(=138 mg/m3) D7 ¥ VT % 9 » H
oD WIEZENLL E&EE LTz NTP O F T v A T, MEFHI/NT A —2 OB
BINTWD, 7E VT I~ U AOFHIT LTH RECGH . MREEORLD . A,
B L OSMlERAEDE L7 E) % KIF L T4 (rons et al., 1986a 1986b ; Ieiderman et
al., 1986 ; NTP, 1993), L7rL. AFEN/T — X TR~ DB 2T 2 D
WZIEAR 2 Th D, REOEBOREBRTH, 7 v MIBIT DMk L OE R 2 528
WOWTOREITZARATZO RPN ME—DERBEINTEEM AN ETT v 25T ;
Hazleton Laboratories Europe Ltd., 1981a), 7 —# X—R I X LIZRHLATWND, S5
2. Ty MZBT HIMEEMEICET 2T R enZ &g, R0 RS ofEZE%2 KB L T
LAREME S B D, ATRREZREFEMIMRITE N COMEHEEEZFHMET 212X HEVICHIR
BALTWDN B MIBIT LY U/NEMRN T Z P U AMEOBREN TH D Z b,
AFT =T E VT THERINLIBHEORERIFENDENRTHL Z L2 TF LT
Do LU G, B CTRO LAVICIFIEGEIED BN U /G MR DY A DFIE~DHI
BB, H2DWVIIFIEICH DY BB 5008 D MITHOWTITHREIZ /2> THheuy,

YU RIBIT DT YV THBEINDIFEGEORE L LT, EHRHE b EERE
HICh D, BBERHCHIE G 5 WIXIREIKAE U CHEIEE S KOS AEREN LH3 5 IR
75 NTP(1993)(C & » THTONTEHAA 4T v A TOTRTOREE(=6.25 ppm [=
13,8 mg/m3] ) TR I N T\ 5, SEABRHT, 2 F B IIXIPEE, IIad 5 WX EEO
RGN & T DM L > TAFERREIC /e o T2, Bl T 7z Gk iliaehc B+ 2
BRAIL, JIR TS SN EHN LB C RN H D Z L 2R L TWDH 816, TH Y
TUNINOOEE S BITHEE ST MEEH 5, L LR L, 2D DOREDH
ARIT 9 H ALV BVEFICHEAL TWD Z EICEELRTIER b n(FRER L
TEMOIEAR AT A RIZFFERENZRINTWRNR), 7HX P Db DFREDFA &
L COBEMEIX, 240 OIREDBIE SN DO NTP(1984) DA 47 v AR, L1
ERE CTOWER MRS (Bevan et al., 1996) % & el OFERFE R & OFEAME, B1H 270 H
BIREOEAE, EMTFR AR Y BHEAF TE 27 — 2 OBLENHRILY &E L
VW, YURIZE ) ZRF YV RHLINIEYZARX Y FMREWE, 72, 7 MY =R¥v
R & IERENIC B G L eSS I OB CIR R O & 53 T O 7 L F LR B bz

16 Davis(National Institute for Environmental Health and Safety, National
Toxicology Program, Research Triangle Park, NC)?® Health Canada %6 & - £ (1998 4=
6 H 26 H)
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(Doerr et al., 1995) = &5, JRERICxHT 2 Btb i R % o B O AR % 7 LT
W5 AREMEIE S B,

KR OZEMITMED ~ 7 A8 % KT TIREINTP, 1993) XV & Sk E TR L= hd
FHZBEN TS, Ak L7z B0, YoARX Y MEIT~ 7 AB LT v FOMmEIC
URBLEME 2 RT3, AT LICEEBOIIETIZ, 77 Vo ATRZEIC X 5 OEN S T
v MO G 5 WM 2 R & 72 (Doerr et al., 1995, 1996),

FT=ANPLNTWEN, ~TRAHDHIWNET v T, RO TERICRTE LI X
\CT XD AIMETTER B D & WD PRERZRZEIL, & D WITRHRICE M2 7RI E L
TTELWVBFEEZSERT S L0 ) RERREFLIIE STV 2R,

AFTEDEFT — 2L B 2 WIFF AT Z FHI T 2 DI +43 TidZen, F2EE,
T OW TG 2 0T 13 e S THEW Yy, L LARRS, v 7 A, 7y FBIOY
B MZBIFD7 X2 ORBPVEICEITND Z & BEXOBET 2RI 58
ISR DB NN —REMBIRICH Y Z IR LI LT, EHICT7T VU BFE~ T A
TINEBFBENRAOND Z D, 72y lie MIBW T H AT E R T etEnE
AHND, LnL, T DB SN BEO R MEZ I b 2N 28RS LB e 2
LIEHLNTH D,

FOMD LTI D DTS BRI O T O AFTARER T — X 13, 2 b D
FERKTHDHEHLTNHEIMDICONWTHIBTHDIZEAR 9 TH D,

10.2 RET/HAEROEOFHEI R L OTHAIRE £ 72 3HESHEDR E &%

BREOBEHEEEZ R TESAWEICEA SN TWA T Fe—FD X 512, BENTFEL
MNE SN TOWDIMEDONAEZFHRET DM E OFRIEIL, BREIADFREHE ORI T
X LAREMEN D 5, ZBEITRBREEICBIT 574 V2 U BREOR L RRBEANTFT — 4 T,
M OREEBIIRIRE & 22 5720 TH D005 TN AN & FEFED AR 5 i KSR
D ERAIIRAZRIZCRIE 415,

BT D OIMEIZ B 5 RHERMEZ PEFR T 5 72012, BN ANEDIR S O E BAVFRE
(IESZ I8 AR IR | TOVTAN AF R RE/RIE P T — Z IS W TER S LT %, 2D Z L,

1T BERAMEOREIIL, DARERD LW TEROEY 2 S— T — 0 FHAITH )
DOHELDVVTREZRHE L CTHET 5, EREWICI 2RBROEMET — X123
Ak, RPN BIER ATRERFEPHN S D WM T 2 TH D 5% L5718 1E4 5 (TCos & 5
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T H Vb IR O BN S5 B RO AL, FEARIRFZEIC BT B IR BER IR
DIERDHEIEED 5 HEOW D0 &l LTS LW im0V Tng, L7z
WH, HEEEOREREaR— MIHT L RBHTHEORHINEL . VA7 OREHEEREIZE
Br b 25 X5 55 8& 70 LEEMIR ARSI TWd, ZHoBEREZEL, LT
HHGIZE T D720, BPAMEORS OFERMIEE S 7 v B L~ T X I2H1T 2 EHIH
DNAFT A OFFREZEIMEREN TS, B MIBTL7 ¥ V= ORBEROZ
FCARY)— o2 BET 5L, vUATORBRITEER D TH D L URBZR I T
%, (§10.2.1.2 DEYOERINEIED Z A 7D F ~DOBIEMEIZ SOV TS I)

74D T FHREN) TG S AT D T S ITINA T, A ds K OVEGER
felzxt LT BinmtE 2 m L, £ K ORI R B 2355 5, IERMD ANER
BT 2 BBROSEBROREE L LT, WL BFZONL5EI21E, v~ U A TORBER
T RSN TR U F =7 REBREHINTVND,

SESERMEE I N—FI2L - T, 7HZ VT OREMICBIT BAMEO NI 2/ 5
Tz, AHPICESEHRO 7 7 —~ax 32T 4 7 (PBPRET ADREFBEINL TV 5D,
LoxL7en s, BIEAFRRERRWTIOET LG, o X— K 22 b~ D5y
Mz +oITHB L TRy, ZOREICRT 28 b RFFREZEIL. 77 VT ORI
BRI DR FIZBAEE CICHE SN TV A ET MIHAAENTWDE LD, ot %
X977 LR LT\ 5 (Csanady et al., 1996 ; Sweeney et al., 1997), & 52, WD
ETNAG, EIEHEEHESN TV LIRE TH D EB U4 — VO EEH TV, EB
VAT EB LD LV ELAEI R B UICHERT DI ENT XV U RBOWEET
BESINTWAHD, B FTRHEEHRSINL TS, 72V k> THR SN HIEE
BOERAM EBEZONEHE, 2= A R LTHAAE TR, Fi-,
WTNOPBPKET L H B R THZIERBD LN TRV, ZUHOBEMEIZE->T, 222
REINTVDEREWY TORBRIIES BER T RARA » MK 5 ZTEOGBEROE
BOWIZE W T RO AE O E R Z2HIIC, 26 OET MFFIH I LTV RN,

SHIZ, TH VT TR PERETH L 2 L, RIIOWAZRBROHF T TY

H), FEEAT — XIS W TSR A BN ABE 284 585413, B ERT —4
DR T BB MR E A — 7 —2 0 FH . 8 5 % ARENBITN S,
TE T DEET, BT 2 EER)ET ) SR RICREB SN D BN AMEOR S 1T,
HIFRIC K DI RD 1% EFH(TCo) & ERTL2ONKHEEEZHND,

18 JEGEREA TN APREE(TCos) & RIERIC, FRIBEGIEE O F~— 7 JREEL, FEERE)

MOT =2 FEDN TG, IR E IR LT AEFRD 5% ERT 2 EH 2 WITIRE 2R
B
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EFRBICEL TV D, FRERS X ORI ORE TIE, Bl cE LWEEZRTZEN
TRINLD2HDOTHY, b b LI OREL E 72 I3RS RIS 5 WA DE 25
T DREM A 7 — VIS EL L (3B Z BTV,

10.2.1 FEPAME

10.2.1.1. FFEHFI7—5

T H Yy b [ IR O BEMEIC BT A ME— OE TR IC W T, TR O RET —
L BBOCEROERBSNT 21T 2 5 X 5 IR ER R & T 5 (Delzell et al.,
1995), 7z, Delzell 5(1995)DHIZEIL, 4 £ TITAFZE S Nz TRABULD 28— L0
WFFEAE R AR LT D8 # T LY O OWRE 257, 9 b 6 1 T OR R RELE
B OFRITIZ IV B ALTE), 2R — FOEFETHR Y OEERH Y | hOHF7E# (Meinhardt
et al., 1982 ; Matanoski et al., 1990, 1993 ; Santos-Burgoa et al., 1992)73 LARij#RsE L
NGO THIIBT DMEB DR EROFTREZMAATL L IICHBEEINTND, R
B OFBEIMIL, MUER T, TR, (FE TR, & LIG0ORE )b O &
0 7% & THREEROREICESWEERFICEERNED O TH Y | ZELBEROE &L
D LTV D (EEFEDE=F Y 77— 2 b TIERVPAFHRET, B b ICHER
L DHIICHW DI, 2R — MIFRET — X IS HEEE & Ot o701, JRHIR
ZIERAERE B D[R TR T OSE B FIFFEORE RATESWTHEIAMEORS bR E T
(Matanoski et al., 1997), L22L. AEINTHENDO ATFARERT —ZBHEVICHIR
LI TWT, ARIGETITFEMRTILICE o T,

A L7z kR JOWES R 058 S OHEE O K8 TR 6 L7 E(TCo. & 5 WM
Delzell 5[1995] \Z X 2 BIZIES < BIFIZ K DR THRD 1% EFITBEET 2 RE) O
k% Appendix4 (2", BEEOBFET VAW L=, BiEOLEHFHITDT ) 3 1%
WX T, BT LOBRT TCo DFERITIT & A EREZ RIZTS o7, LILRDBG,
FEMEO L - &b EWHEE TCo (i R A OET M2 L5 TCo )X 1.7 mg/m3 Th
%, Matanoski 5(1997)D7 — X IZFESWTHEB & TCo HIZZDME LY HIFADD
TONE o T2,

102.1.2 FEGBH TORBE T —5
§10.1.1 TRR7= L H 2, T V= ANIELERNL COES AR O LA % B6C3F1~ 7
ACEMEY o, ARRERAIE, Ol & PIEODIE NS, ik, . Harderian i, $L

MR, PREE. miiE. Zymbal R, Bg)E L O Sprague-Dawley 7 » hCELIR. FRARIR, 5.
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Zymbal . FENE. REEICHERE L TS, BLUTBELRLZL O 1C, RO LS LT,
RBRAEIT SR TIL, vV RFET X VDAL DEDBAERAICRILT, 7y FLV bIT
LINTEEZERE o Te, AFRT —2 (G bbb, 757 U280 OREWITm B
WIEMEZ R T &V ) BIEEERBROGEIICE S &, 2o HEOEIT, B THH LY
HEIREDOTHY, 7y MIERD &, v~ U RATAEKRINAIEER & TRRINAGEY
DENRZNZEIZERLTND, 6T, TAHMWFEMICREAET DIEF O R 5 0
X, Fx OIGOFHEIIC T AT 2 MUGHOKEI DR > TWD Z & LRERT 5 TREEN &
5, Tbb, YERRFY NIV U RAIBITLEGOFERIC, EB LV b0t HETH
LHAREMED D D (L, BoEOWE T, ~ VR T X VU kR LT2YiA . DEB O/F
S BEBE LRV ONTEMT 228, 7y FTEEMLREVWNILDLTH D ;
Thornton-Manning et al., 1998), —Ji, 7 v FTiX, £/ KXY RHDHWIEE / =K
FURVA—ANIVERETHDLEBZHND,

FomETBEINT W OO X A TOREBOREXGEGRE & MOMET 220
ZMPEREEBR SN TS, 72L& 21E, Trons 5(1989)1%, B6C3F1~ 7 A TH¥ I/l
BRY 8Bl B AN REPED R (=2 hr ey 7))L b e v A L ZADFTE L Bk
LTWL A EZE L T\, ORI, 2OV e v AL A% 72720 Swiss ¥ 7
A TCIEFAERDEI L DIE NS TH D R & ST IERAERIIFRICEF LTV
),

LR o T, ELRIZE FTOTZ P AT L DNABEROENTIZH D2, b M
OV R YA NVAREEET, B6C3F1 ¥ 7 AN Y LB ISR L CEPERIER I
BOVDIEL FR A VAPNFET DD THL I b, 2O RARA » MOk L TEl
LHINDLBBLOSERIL, HEOTZDICBEFRE L TRENTNDH DD, B h~DE
BARAMEZAT O I & 3B 2 SR,

7 v b TOMZETRD DA GELER, TR, BIR, F2, B LUK LU~y
A THIE SN EGEO— OIS LU, WoWRICHT 2R BELZT L TNDH L
LRI TWND, FE, ZNLOFMMOMERIL, FVE 2T 2MREDHELE LiITL
FEEL TWD, 612, FEfd, Atk X OB & 2 & e dfMG MR B d 5 VIR
PRREDE L 7 2 Ve NHERBIFICREE S NI~V ATHER SN TWD, L L2an
O, TH VR IND O T2 #F 5T DRI HoICifE S o Tidaniany,
Thbob, ARETRO LN TWND DD, Zib DNEEITRERENSFET 21/EHET
2 L TR (R E U MIEMEDRE R 2 E) SN L MNTHON TR L ISR TRy, &
b, In vivo DBIREMERBROKRIT, 77 P BLOZORBWNR L RH D~ T AD
A B SR E E JIE T Z L 2R LTV D,
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INHDOZEZZILL LT, DLTICRT L9 RPN ADFRAEZ FRITRN AAMEDIR S OHEEHE
ERH L, 78 b, NTP(1993) TiThiiz B6C3F1 ~ 7 ADEMI/NSA 47 v A TR
OOV ENEY o, AHARER P, O 8 A IE, Bl SRUE SO BIE S D UMD A,
JERERRRIE & D WIS A, BiTE O R B FLEAE S 5 N EA3 A, Harderian JRORIE S 5
VN A, IRBE O BRI A, 36 X ONFLIR O BRBRIARIE , 23 A0, & 2 WISEER A IEE
Hazleton Laboratories Europe Ltd.(1981a)(Z X - T Sprague-Dawley CT#I£2 S 1L 7= FLAR
s . WA 0 i R OO i, Leydig MR O, Zymbal BED A3 A, HRR B HR M0 e B i
HDLNIN A, BEOFERED ETH D, BESISEROFEIZOWTIX, vV ATO
FRER(5 Bt DIRNWEIFR O RBEIRE) D F T v N TONRAFT vt A (T 0 2 BefED IR
FIfR O REBEIRE T, MIREOF TR LA OaMREABEZ TWD)ED biTdnIc X
NI ERHS TS, (NTP [1993] @ B6C3F1 v~ v A L5 “B@BEHik” SBRTIE, &
B FTOENL TSI ARN EH L TWDH08, RUIMEE [2 FIChl 22 RME#E] 1Tk
ST U ADEBRPOCDOFHEICET 2 Bt Lz 2 FERoRBRIZE S\
TCos DHNEHENTND),

NS0T —ZIZES JERERAEM ORI O EMEERERELRD 5% EAIZBEET
BHIREE, TCos) DFREIZAV BT Fik% Appendix 4 IZFE# L7z, ~ 7 A TOBILITHES
< TCosfElE. k> Harderian IRIEE D 2.3 mg/m3( F{H] 95% 15 #E RS [LCL] = 1.7 mg/m3)
DD HEOIEMEY > fED 99 mg/m3(95%LCL=23 mg/m?3) £ COHMIZH D, 7 v MO
D TCos HHIIE X, FLIRESEED 6.7 mg/m3 (95% LCL = 4.7 mg/m3)» 5, Zymbal JRIEE
? 4872 mg/m3 (95% LCL = 766 mg/m3) £ CTOHFHIZH 5,

2R ENTWAWLWS, NTPOARAFT v IZBWTC 15y AME 74y
\C#%#E Sz B6C3FL ~ 7 A CTO/WNEEH T D LYMERIMERDIBERDOET U 7Tl
FEE S AEER OHEEMOKIKE & DD T+ 25X F~— 7 EBEBMCos) &72-T
I/\éo

10.2.2 FEEEH

BT, SEATILA AR K D F9E ) i (parallelogram approach) & 57— # (2325 C
b MBI DBIBIEOBIGFRED Y 27 2 EBIICHEE L L5 L3 2R AR RS TY
% (Pacchierotti et al., 1998b), 7 —Z &, ~ U AIZH T DHEZE T 2 BAAEOHRE & B #f
I BROBERBWEER O Y N EROYEBEKREE TH L, L LN, BRICAERY
BEREFTREIVLDRVEWVRED 7 X Pk, i~y ACEIZE S —RkIER
DWW L 2 INRZEMG (T2 RATREIC T A RE E OONAE ULV o MEFICEA T, 74
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VIR D~ U ZAAFERIRL O RS O IED KD Hivd, LB E b < ERPEEG
DEEBMHEELEDOBFEDIZD D H o & HEEZEORm WY KRSV MZR5THAH, (7
BTN FRE LT~ U ADOIENDOBZE L HEE AT 2B OMRE LSBT D
ThhHo, ) ZOHBIZEY | BEEEEGORBESOSEBROERSIILI IR TH
20, LinL, M~ 228 AT E THOMMITEWEZERRO b= &b,
PRELIZ B80T B ISR I LT, Ry F~v—Z RERFGOLN TS, ZOfEIE,
Pacchierotti & (1998b)IZ & » TH L MEE T D@ EMEEEICETELV L, &5
PR THDEEZLND, (L2rL, NTP ICL BT~ 7 RICBE SN EE DT
FIZBT L7 2V OB REENIAA TH LA, §10.1.2 12BN THELE LKL I IT,
BEAFIRRERIZ, Z0oxr RERA > M RENGCEROERIICAR#EYTHD & L
TIRIT DDA BRI L 1T A7 I TR, L L7226 Z ORFEFEMEIZ OV T,
PUTICEH S TW5 BMCos Z iR & 5 WITE M 2104872 > C RBETHILERD D,)

P DZEH T, NTP(1984, 1993)D~ 7 AL XD RO A T v & A B8 L OER I
BR(Bevan et al., 1996) CEIZER SN TV 5, BOoNTZHLDOTIEHHN, AFT—HIXZDE
BOFERIIH L TT v MIBRZHEDMENZ 2R LTS, ZHUE0E 0 Ao fE 24
IERT2HDTHA I, LEER->T, v U RV THIE S L IRB O FEiE OJRIKIZ
OWVWTIE, EHRAFENEE LAY, NTP @ 1993 4EOFBRT — & | 3587 KOG R O FF
PE(E(F 72 H, BMCos D% ENCH - L Y THDH EBEZ LD, TOWFETIE, I
DEMGOIAERNDT T ORBRIEE(=6.25 ppm[=13.8 mg/m3]) TRBEIRERFICAHE
WCERL, EEELREREL IR LTND,

PRE DO ZEHE I35 BMCos DEHIZ 2T Appendix 4 Tafilk L TN 5, & i i
IXEWERBERE CHITHIZR > TNDHDT, EERED 2HEZRENLRW -, TXToO
HBOBRELBEICANTZSE A, v U ADINEEHE O BMCos 1% 0.57 mg/m3(95%
LCL=0.44 mg/m3) TH % L kD LTz, HREED B HWIXEE DAL D% BEICANI
X, BMCos (ZIZIT 551200 & EZ HND,

ML T ¥ P ORFE LR T2EERELEZ bNLD, EARE hTOT X
VI UHRNBADERNTH D LD THHN, ZORICKIFITIFEEEOEEIZONTOA
FULEL T =X 3 RECEBROEESIICIIAHET TH 5, LLARRL, v 7 ATH
RINTMEFHINCHEREMIL, OB ELZF R T IRELD bEWIRE TOLE]
LZINTEY, ZLTME~OEEIC L TEH SN T — 27 RBEX, b0
DEBIIHTHNFv— 7 BEL Y HENOT, ACETIE, MRS 5
T SOG BFR O TE B AT IR L TR0,
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10.3 ZEB I OY 27 OREHIER

10.3.1 REBOREHEH

TRV ~DEREFEDB S RFEERIIRKATH L5, FEKLEW T OREIZE LT
MR SNIZT —ZIREE A ERVH, T OWERY - (LB GRAUE S L OO RRE) R
BREE~OH 7 — (L LTRAT~DP D 21, 2 b Dk ~D 7 2 V> 0
BOARIIRRDGE LR TIE LA LEFETEORED LD EHEESND,

—EROBRBEEED 1L LT, ARTEDLNFTXOT — XIS HEEZ T,
B F LT B TR BB LI ORKTOREZNELZSDTH2H(§
6.1.1 )19, FTHIZLDE, FREMD 95%2 ) 1.0 pg/m3 £ TOREIZEZE SN
TWAHREEERH D, L LR L, EEIX - RICEEICHCOEATZHIR TE D &y
DT, fEESND BRIV I DREOr —ADOFFE” 1X, 1.3 pg/m3(95 /X—& > ¥ A JLH)
WCED ETFREND, TEOLRORELZIT DR TIE, v 2 ) A Mo SF AP <
THIE SN BRFBIRED 95 S —& % A )VEMOEE, 1995)I1235< & | ##& 1T 6.4 pg/m3
WCHETDHIERD D,

TATEH, VDBV TH—EAHOAX  RHELWEFHETN L —VTT X v
ICHERFR BRI HELHVES, L, ZnbofERT. BABLOERNOZES T
DNy 7 T7Z 0 RBENSO—REMOFE 1 HEIE XLV L0 b 70,

AFLIEEA T HXOT—HIZXiuL, 7%= 0d, BROELROTRENADZELR LD b
LM ENDN, SESERBNBEEECOT ¥ Vo L O 2 Bl T 512137 —
ERARRELTND, —fRIC, MEINRWKIRE Y BEREEZ N2 E(ETS)IZ L - TRNER
BENBRENTWARIETOH N, 72 Vo U NEHE IS D omiEE TR Sh T 5,
Bei & N 2 E(ETS) B FAET 5 BB TH72 0 OFIG OWRFM 418 &3 FEREH 1L, B
ZERTOVHRELV L IHEWT YV RBEICEREINDIZ b H D, BTG L 21,
1H20A)0F, BIELICLD 740l HEREZNSEL08, TOEAWVE, B
B # N aEETS) THE SN TV D BN TOIBIERIC LS 1 HEREL D L 5EHLE0,
WUEER D7 2 vx 1 AERER, ETS ICEE SN TWRWVIERIEZ O 1 HEREL Y b
100 fi5 A &0,

19 777 %@ National Air Pollution Surveillance program (Z X5 7 % VT U REDRA
#7 —%, T. Dann(River Road Environmentral Technology Centre, Environment

Canada, Ottawa, Ontario)?”* % Commercial Chemicals Evaluation Branch,
Environment Canada, Hull, Quebec (Z#&8£(1997 4 4 H)
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10.3.2 U X2 DRREHIER

T H VT AL TED FRAERB LS o & AFIRIEREN D KA~ S b, %mEI
F & L TREERBEFIC T X P U BNERSNA T ThH D, BTFHXTOE=LY L IT
—Z 2 TEH SN HEEICE S L, —REHOEIUIB RGNS THY | il
DEERD S OBEUIMXIICEZ L BHETEX 2REDO LD THD, LIz ->T, B FD
DY 2 7 HEOE R, —HBREORN & BAVERICEE SN TV 5 —iRERM, BX
OTEDSRERMEDEZEZN L TRBEISNTWD REMRTH D,

TH VIO LS, BRI L OEHEOMIEIEIIC & > CEEZHRE S L1098
BHO b B 2 3T 27— 8 B EET AW T, U 22 2 HET 5720
CRBHEEEILIE 2 AME DR S O BAOHERE R & ol S %,

FEE 5256 2E TR P | X R ORI SE & SEBRENY) COMF RO H O T — X IZHSW TR ST
%, EE2EFHFA (Delzell et al., 1995) Tix, TCol(F 726, HIMIFIZ L HFETHED 1%
HRICB ST D IRE) NI B ANMEDOIR S OO R B2 b T D, EOREIE, Bl
AREIR T — X DRI N Z OFFHANIZ AL N E TH D, Bled AMOBMFETT VINEBERS
NTWER, ZREBEEEDOET ML > TELZ TCo X 1.7 mg/m3 Th o 7=,

FEREN) T OT — X IZHESWTE N SN RBANEO TR E O F EIIHEEMIEL TCos(FEHE
LD 5% LFICBEETHRE E LTHIESNTND, vV RICLD 2FMONA AT
v A (NTP, 199312 5-5< & . TCos1% 2.3 mg/m3(95%LCL=1.7 mg/m3)~99 mg/m3 (95%
LCL=23 mg/m3) CToHo7=, 7 v FTDH o &R 51 7-7 B (Hazleton Laboratories
Europe Ltd., 1981225\ C#EH X172 TCos 1%, 6.7mg/m3(95%LCL=4.7 mg/m3)~
4872 mg/m3 (95%LCL=766mg/m?3) T& - 7=,

t N TORBICESWTEL INAEIT, U A7 HEDOROZBEHEEE & O Mo Kt
ELTHFE LV, fElf EMEO RN L OVRESUSBIROMENT(§ 10.4 22 M) 0B 5%t
LT, R T—Z 205 2 L3S < ORMEIMEZ LS 23, BHRER] CTOIMEIZLE S
REENE LE_NUE, T TEDTHD, IDHIT, B NOBAERBAMEDTR S OHEEH
X, EBRE TONRALDNAAL FT v B ISV HEEEISEVMETH D, T RER
BT OT =213 b o LG TH LN, EFHT—F 2 RLICE N Sz TCouslBhR D
TCor &IERHTIIE, (> OB D & B SN EOFPANIZH 5 Z & IXHEH 1Tl
%)e
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Table 6: Comparison of estimates of carcinogenic potency with exposure levels.

Margin between
potency and Equivalent low-dose risk
Exposure Potency (TCe or TCw) eXposurs estimate
1.0 pg'm® (B5th percentile 1.7 mgim® {TCx for leukaemia in humans) 1700 50 =10=
for all sites in Canad
oralstEsNEANSSal ) 3 mpim? (TCq for most sensitive tumour 2300 22 x 10
site in mice [Harderian gland])
1.7 mgim? (25% LCL of TCy for most 1700 20 x 10=
sensitive turnowr site in mice)
8.7 mgim? | TCx for most sensitive tumour a700 7.5 % 10=
site in rats [mammary gland])
4.7 mgim® (85% LCL of TCe for most 4700 11 =10
sensitive tumour ste in rats)
1.3 pg/m® (B5th percentile 1.7 mgim? (TCw for leukaemia in humans) 1300 7.7 =10
for reasonable worst-case
i) 2.3 mgim? (TCx for most sensitive tumour 1800 28 % 104
site in mice [Harderian gland])
1.7 mgim? (85% LCL of TCe for most 1300 38 = 10+
sensitive tumowr site in mice)
8.7 mgim® {TCe for most sensitive tumour 5200 a8 =10
site in rats [mammary gland])
4.7 mgim? (35% LCL of TCe for most 3800 14 = 104
sensitive tumowr ste in ats)
8.4 pg/m® (B5th percentile 1.7 mgim?® (TCy for leukaemia in humans) 270 A7 xi0E
for area affectsd by E .
industrial point source) 2..:1 rnq.-‘rrF (TCe fwm1 sensitive tumour 380 14 x 10=
site in mice [Harderian gland])
1.7 mgim? (85% LCL of TCe for most 270 19 = 10=
sensitive tumowr site in mice)
8.7 mgim?® {TCx for most sensitive tumour 1000 5.0=10=
site in rats [mammary gland])
4.7 mgim? (85% LCL of T e for most T30 6.8 = 10=

sensitive fumowr sie in ats)

BEIR O B ORAHER(§10.3. DS &, BFEDAAD 95%7% 1.0 pg/m3 LL T
DRINELZFHDOT X P U BEICRBEL T D, ik TRl ERED 7 4 V2|
HHICRBIN TV —ERT 2bb, BRIV 95 25EOTT I A )OGAIL, BE
DD 95 N—F X AT 1.3 ug/m3 Th D, TEDRRERND D LERINT T X
DOME—DHIK T, BESAMD 95 /3—& & A /VHEIL 6.4 pg/m3 Th 5,

FBAMEDTR S & —REM(RERTE, BI ORIV 5 25ED 7 —2) B LURFE AR
U5 D R OHEE Fi& i B O [H 022 4x0E % Table 6 (27597, *MG9 5t FOEHAEY 27
HEMLRLTH D,

R DOIEIN AN BLFRISE DT X ORAIRED AN LR T, ZhAbDT
RABA Y NIV AZHEIZBWTHEETH D, BERD X 212, X F~—7 REBMCos)
® 0.57 mg/m3 (95%MCL=0.44) 1%, 7 % V=2 2FEMET L~ 7 AITB W T, BIEE
OE & b WIIRZER (T e b b Mo A G EN) ORAFET — % (NTP, 19931250
THHINLTWS, o, vV A TEEINTINEE O FOGAE & ORFEMEIZ D\ T
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Table T: Comparison of estimates of potency for non-cancer effects with exposure levels.

Margin between

effect level and
Exposure Paotency {BMCe) eXposure
_1 .0 pg'm? (25th percentde for all sites  0.57 mg/m® (BMCx for owarian atrophy in mice) 570
in Canada) 044 mgim? (95% LCL of BMCa for ovarian atrophy in mice) 440
1.3 pgém? {B5th percentile for 0.57 mg'm?® (BMCa for owarian atrophy in mice) 440
reasonable worst-case scenanc) 0.44 mg/m? (05% LCL of BMCy for ovarian atrophy in mice) 340
G.4 pgim? (@5th percentile for area 0.57 mg'm?® (BMCyg for owarian atrophy in mice) ad
affected by industrial point source) 044 mgin? (85% LCL of BMCe for ovarian atrophy in mice) 70

XN R 38 2 H3(§ 10.4), JEFEM 72T — XIS BADEAE D TCos fl & [FERIZ,
BMCos fEIE~ 7 A2 K B[R] UakER C O JEE 5 AR ICFED < D AMEDTR S OHEE R IC
BiFDbo & bEVELY bOT NI, INRFEMREOFIETIIRHTH L, Ll

RS, EOERAETPIEREZFHR ST 28FE bbb, BEWE & OBEBEMEIER) &
B LTV EGEIEIC > OMET D7 DIE, b NOAFEICEREL 52 DY 27
IR ADOEEITR IO LR CHETHE L TH Lot Lty IHEEROSE D
BMCos & B850 E O 02 2MEOHEE A % Table 7 (273, Lo L. SIEZEN OB T
INEIEWE L OB EEMZ LB L L T, 245 & R E O 0% 2R (72
bH, TR U CHFRRENBHEHEE SNUONLE /NI WI T HICEBT 5 BREIRET,
Table 7IZR L7 L 91T, RUF~—ZRED 1/70~1/570 TLNR2W)Z EITHE LR
ME7 B 7w, [FRIE : JFS0E 1/90~1/570 & Gkl

104 b FOBE~DOEREEEHEBIONY X7 OREGHEMCB T 27 EER X
MEHDEE

AT FIZBNT, HEHEOP I ONR D OREO T X2 P PRAFICHB S TWD
T EERIEW R, T X U OdERIE, AR T A bR E A 2 R L7 K OEELR
ITERNTWLHETIE, HRDOIFEHOHEDOGH LV 07 £z, Bl HmE/EHh
DFRFZ X DL, BEREEL T ACBT 5 HHEV &, KARFOTZ P U @BE~D
B NDIenNZ Eld, HOREMEID LTS,

AFZ TEREEEI L > TRIENA~AT Z OV PR L BICHH SN2 &R H HRRE
DD HNTND, THITIKRKAPEH T 2 K& 2 m08 B2 1 » (> 2 U A Sarnia)
[ E RN DTH D, ZORFEDILAT 2, 3 HIZOTe> TRIL B THZ7 2
T OUERED, REIMOEHBRZE LRI L TVDLNE I DI OWTUIE T AN TH
Do LU, ZORBHIAIENS 2, 3F 2 A— FVEENICFT CHRIRL 72 b D TH D006
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—HOERNZOWEREICERBE SN THA I ZLITHIREMNTH D, A Hilko
ERIFIADBEENGOVHBOMERL Y b, BETLOIRKTOTZ U RENMENZ &1
N TH D,

AF BT DHRKFOT X P AREIZET 5 AR Ree T — X I3IEF IRz D
TeoTCnd, A HENOE » FrOREHRBISHT I B 15 vz 2% < OFEFO KE /7 1345
AL EDRED T Z P B A TWD, LIeR> T, RR{aENT L7 XV ORE
HEEMEII N0 0 B2 b D TH D,

BTEMO L - & HHKINREIL, BNEKTOTZ UV U REIZONWTO+537T —
ANZLWNWZ ETHD, B MNIBEANLV LENRETE LI ZDKMEZBI T, 2
D EIFEERRETH D, BRNICEAERNR2TNE, BRREICBIT 2720
X, OO RKUCE T AEEICHEBIL TWD Z L35 O R e,

ETS 736 2 D053 73> TN D ERNZER T, MIRED 7 2V RNHIESHTWD, L7
L5, ETSIZHERSNTZEANERDO T 2 Vo OREICET 7T — X I3EFICEDL E
LTHY, YR PHRERA A RT3 A+ Th b, bbb 3, ETS
WFET 5 BB T H 5 ORI O3 72 ) OFIG Z2 20 LT 5 IEMUEE X, ETS IC&E
SNTVRWIFEEFEE LIV S, KVRREOTZ VT IR BEINTND I LIIMRETH
Do o, WHHEIEREOT7 2V AIRFESNTEY , EMMES LT 1 HERE
FERBICEWI L LEETH D,

THEVTE ) v —EREOBRICHIA AL T DM EE R L 212, BRE) NG,
RIHTEDIEEOROT XV )~ — ISR E WD Z L EHFEVEFETIER
WV, HOTEOEAT AN T PV ORWNIREICT G T 5 ATREMN S H 223, FFEDOFAENR
HDHWITHEIT A iR, HDOWITTHEFIC EDORE 7 % P U N &5 D E R
HI2OIIE, T —F B4 TR,

BT OT VU REICET AT — X T, T X U OYERN - (LR
BT XV U REBHICRAMMOBKIZEZ L ol T 52 L L EE DI E
NHEWIEEIZHESL &, BARNTF o OEERFEBRAERICHYS LW & iEhn
ROVFEFETH D, FRRIC, BEKFO T X2 P BT ST -2 =R F R 5T
WD, AMEBW ORI 2 — NS L BT A O ERICKT S EE R
BRI TITRNWZ LI VEETH D,

72 m b {0 BRI 63 2 A REHLOD B A 78 KR BA AR O E S HE AR 7o L
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TNDHENH ZEIZHONTIE, WS SARENTHD, L<IZ, AF Ly -7y a
LMEEBICA DN HIRIC LA ERED EANE ) v —EEB O akr— M TIEBliEIn
TWRWWDORID Y /s %08 A & OBIEMEIC DWW TIE, & IZEHIF OB L
TIEHDIREDOTHLRHHP)DT, —H LIz ZA—BEHOMEMEIZHL L TWRNE D
Thd, ZOZEE, ThOHD 2MOAEETIET, T X VT LMOWED T ~0 5%
DORFEICER L CTOW D ATREMER B D, L L2ans b, EBREMWICE T RN AMER L O
REMEDOFENIRFEIL, B EOFZAENMUGH OEWIZBZ LS BET 5 ) ., BXL O
b MEMICB T 2 mMEE2 B 6 < AT 2REMIHT 2RO 0 OFEIEKED Z L 235
25 &, BERGE LILERIBT 2BEFHEORONZGHLE DY T, 7¥ P it
FNCHEDAMERH D Z LIXEDLOTHENTH S, Ml L OVETEMRO in vitro ¥ XY
n vivo IZB T 5782V OREMOBIEEICET IR T — 2 _X— AT
FHE 7 VU BEME L OB AEERZN L TUEEG LB E L o
BH)EFHHKT DARERE DO THE,

EEBOEF aFR— FOREHAIL, BZOIBEETIIARINT L - & HEMFEN
HLOD—DTHDHN, ZOWFIE SN TEHIN TV DHEBAMEOTR S OHEEMEIZ H A
MEERH D, ThIFTFEE LT, RBEBOHEEPENRBEDOFENE=2 Y 7T — 2T
ESNTNDEWIFRIZLDH20, 728 21X, H2 LHTOREBDORBLY HRHTD L.
W DD DOIEFERIBEDOHEEEIZ 2~3 [F DAL B 25 (& 2 WRFERE TIE 10 FOHEIMR A5
N5), S5, BITCBIT D EHZERKE LTORATF L U BBOMBIAL Z RN TIE, i
ORMZERBROMEIER O ML Z O 3k — MBI 2BERICE S BB AMEORE D
BHTIE, BEICAND ZLIXTERD o, £, 720 ORFUCERT HEFE D
FEFBH ORISR . KIENFRT 2 R BORZ L AL L TND L bRah
TW5, 72, BMET2BEOBEFRICEAT HERIZZORBUL R — F TIIAFTE
T REM TONMICET DENRIER LR TE V0T, —REMDT ¥ T
T DB Z O e R — PR EOREETRELTWDINERD S Z LT
TERUY,

T — Z 2D < BERBUCBIR O E BT KON AMEOTR S OHEEEOEHIC
LT, N TF—va UIMECTHIERAERZWTAOET L BIHERIC T TN L
B ELRDPHERMED —NIZie>TnD, MAT, BT MELEN7z BiufmOREFIEA D

20 ZHALORBHEMICOET E L O RHEFNME, I X ORHERMEDNFED AMEDTR S DHEE
EICRFTEEZEBENICHONIT D Z EIFEARARERTH- 122, BEED LN SOH D
T2, FRkbo L EEMICHEELZHOMNITELEE X 6N 5, J. Lynch,
Consultant (Rumson, N.J.)7>% Health Canada 56 ®FAME(1998 4= 3 A 20 H)
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RN ERETNVORZENEO—RIZ/R>TND, LN, 4 FlEHOET VIZED
N ANEDTR X OREEEOFF PN (1.4~4.3 mg/m3) &) FHHEIF, BHINTRENA
PEOIRS DEFEEZ ARSI T TN D, WS OREEMEN T X CTOAMPEF LY Hie LA,
HIMFE IR & B 2 DN DIEGOHRIIESNTEY . 202 &N HMFHEBRIEH DD
FHHIZIER > TN D HEES, HORREDONEEMEICEFKEL TV D,

B 59 2R OBBNSAICERT 2 7 % U R o e MERICRIT B ERZED ATEE
(e MEFRERTIOZ LE2EX DL, v U ATORBUTIELS  FEEBEOFBIZ T 5
Ry F =V REEND TR, BRAEOREM S 7=, HER LD TH D & YRAR
END, LrLans, BRBEMKSEROEEZ S - & HHEICTE I~ T 2AORER TI3sE
CERPAFNZEE Ty FORBRTORMED 2 OV HFEORBERE, SRETOH
WIETSR) D 72012, EREM) TORBRIZIESWTEH SN TOW D RENAMEOIR S OHEEHE
xS DREDOREFEEN D D, DI, AFAHEZR PBPK £7 VI AR#EYI & &2 Hivd
72, T THEIN TV DEDAMEDOIR S OHEEMEITWAZRBRIREEOFE&IZESNH TN
%, Thbb, KRk 2B OMEICHOWTOAFARERE RIS ZEICAN TR
W RIS, U AT HITEICERNL DR &N AMEDR S O OBER ORI L 2IER, ~ T A
TOEEED TCos D 95%LCL IZEADWTEH S iuE, £ OEITAHEEEICE SN T
FHINAMEEIZOT N 1.4~33 [ LR L RWT RO LENTH A 9, E-HEk
(2. 7 v hTOEEED TCos D 95%LCL Z V5 & BifE & BN AMEDOER S DB DL 2IE
X 11~6450EEZ LT THAH ZEIFERICMET D, &5, vV ADY U VE
T B RN AMED RS OHEEEOEIZ >N TIE, WERMEL b o oo v 2 DOFFEED B
T HEADOEZMEO -0, ZOEEMETE, LosL, MOBENLO 2 ATt L CHlE &
NIAEOFHNIC B AL, T OEECKT 5 TCos MHIBRAYTIZZ2WNZ L1 LHER Il
T2, £7o. BEBROLRIRE )V A7 FEIEIISE TV Ak T HRBET—FD 95 N—k
HANVDHERIZIESN TN DD, PR 7ebb, 50 /83—t XA V)DOREDHH, &
FORNAMED SHEEE H 5 WIEET 5 95%LCL oWz 4 id, — &
THEOLNDMETIL 5 EOME, T RAERIC X - TREEZ I TV 2 ik o —fREN T
BONDIETIXI0EOMEEZ LT 2 LICEE L2 TR 5780,

YU RATBEINTIRE RO & OREMEX, WEDOKREIZBIT T X V= D%t
JET DEENCET AT — 2 BRI L TND7D, RiENTH D, 2 FRONL AT A
THEINTREZ, BXoL T XV NI o TEBLSE LN ELBHB b D b
DOHH LRV, INRFEMHIZN OO~V ATIHRELS S 9 » AR S, £72, il
DOEMBLIOMERIRERTYL, JIFRN T XV HHWEZORT v MUEHMIC L 55
PERBEOIEN L 72> TND LWL H D, T ORHEERDFER, INRFEMHICE SN T
RE SN HESOSBEROEZBIFIRIILTERERIHR L 20T 670, &6, B
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D BMCos 1T, AW FHIREWRN A e “BARIRO” EIEE HEZO T, T XTORED
FMiA G LI b DITHEDN TN D, b L, FREDH D WITBHREEEDREDH % EE
T5EL, 56415 BMCos & FAUT K 5 & & BIRE ORI OR N Z 2RO E, IO
U A7 HEEMEIFR B 22D ThH A 9, (TR TORRLE £ 721X PREE D EEE 7 FEE O HD
ZEfEIx4 % BMCos D 95%LCL 2 H L7256, UV A7 FBEEC 1.5 5 £ 7213 3 5D
EADICIEMELWTHAD, ) LLERD, vURIIBITLT7 XYL Inb 0
O BIENEIZ 0T 5 R RBMROFHLO EA, BLOMMO X 4 7 OFBOLGA & i L&
S BAROFERE DA AR N Z LIRS LT, ZONBHTO S 6 5 5E08IEH I E
HTho LB,

11. EBREERSIC X 5 2 E TOFHE

1998 L SN [FHEBS A FEEBI Y — % o 7 - Z NV —TF, 1,3- 7 F V%
"probably carcinogenic to human'(t MZxt L TEZ L BB AMZRINT L—T 2A)
ELTWDN, EUE, & MIBITIRPAMEOTHLUIRE SN TWD b DD, FEEREMW T
1,374 BE0N1,2:34- VR F T H U DEN MOV SIGHLN S D Z T
RSN TV A TARC, 1999),

63



REFERENCES

Abdel-Rahman SZ, El-Zein RA, Anwar WA, Au WW (1996) A multiplex PCR procedure
for polymorphic analysis of GSTM1 and GSTT1I genes in population studies. Cancer
letters, 107:229-233.

Adler I-D, Cao J, Filser JG, Gassner P, Kessler W, Kliesch U, Neuhauser-Klaus A,
Nusse M (1994) Mutagenicity of 1,3-butadiene inhalation in somatic and germinal cells

of mice. Mutation research, 309:307—314.

Adler I-D, Filser JG, Gassner P, Kessler W, Schoneich J, Schriever- Schwemmer G
(1995a) Heritable translocations induced by inhalation exposure of male mice to
1,3-butadiene. Mutation research, 347:121-1217.

Adler I-D, Kliesch U, Tiveron C, Pacchierotti R (1995b) Clastogen icity of
diepoxybutane in bone marrow cells and male germ cells in mice. Mutagenesis,

10(6):535-541.

Adler I-D, Kliesch U, Nylund L, Peltonen K (1997) In vitro and in vivo mutagenicity of
the butadiene metabolites butadiene diol epoxide, butadiene monoepoxide and

diepoxybutane. Mutagenesis, 12(5):339—-345.

Adler I-D, Filser J, Gonda H, Schriever-Schwemmer G (1998) Dose response study for
1,3-butadiene-induced dominant lethal mutations and heritable translocations in germ

cells of male mice. Mutation research, 397:85-92.

Albrecht OE, Filser JG, Neumann H-G (1993) Biological monitoring of 1,3-butadiene:
species differences in haemoglobin binding in rat and mouse. In: Sorsa M, Peltonen K,
Vainio H, Hemminki K, eds. Butadiene and styrene: Assessment of health hazards.
Lyon, International Agency for Research on Cancer, pp. 135-142 (IARC Scientific
Publications No. 127).

Altshuller AP, Lonneman WA, Sutterfield FD, Kopezynski SL (1971) Hydrocarbon
composition of the atmosphere of the Los Angeles basin 1967. Environmental science

and technology, 5:1009-1016.

Anderson D, Edwards AJ, Brinkworth MH (1993) Male-mediated F1 effects in mice
exposed to 1,3-butadiene. In: Sorsa M, Peltonen K, Vainio H, Hemminki K, eds.

64



Butadiene and styrene: Assessment of health hazards. Lyon, International Agency for

Research on Cancer, pp. 171-181 (IARC Scientific Publications No. 127).

Anderson D, Dobrzynka MM, Jackson I, Yu T-W, Brinkworth MH (1997) Somatic and
germ cell effects in rats and mice after treatment with 1,3-butadiene and its
metabolites, 1,2-epoxybutene and 1,2,3,4-diepoxybutane. Mutation research,
391:233—-242.

Anderson D, Hughes JA, Edwards AJ, Brinkworth MH (1998) A comparison of
male-mediated effects in rats and mice exposed to 1,3-butadiene. Mutation research,

397:77-84.

Andjelkovich D, Taulbee J, Symons M (1976) Mortality experience of a cohort of rubber
workers, 1964—1973. Journal of occupational medicine, 18:387—-394.

Andjelkovich D, Taulbee J, Symons M, Williams T (1977) Mortality of rubber workers

with reference to work experience. Journal of occupational medicine, 19:397—405.

Araki A, Noguchi T, Kato F, Matsushima T (1994) Improved method for mutagenicity
testing of gaseous compounds by using a gas sampling bag. Mutation research,

307:335-344.

Arce GT, Vincent DR, Cunningham MJ, Choy WN, Sarrif AM (1990) /i vitro and in
vivo genotoxicity of 1,3-butadiene and metabolites. Knvironmental health perspectives,

86:75-78.

Atkinson R, Aschmann SM, Winer AM, Pitts JN (1984) Kinetics of the gas-phase
reactions of NOs radicals with a series of dialkenes, cycloalkenes, and monoterpenes at

291 K. Environmental science and technology, 18:370-375.

Atkinson R, Arey J, Aschmann SM, Long WD, Tuazon EC, Winer AM (1990) Lifetimes
and fates of toxic air contaminants in California’s atmosphere. Final report. Prepared
by Statewide Air Pollution Research Center, University of California, Riverside, CA,
for California Air Resources Board, California Environmental Protection Agency,

March (Contract No. A732-107).

65



Au WW, Bechtold WE, Whorton EB Jr, Legator MS (1995) Chromosome aberrations
and response to _-ray challenge in lymphocytes of workers exposed to 1,3-butadiene.

Mutation research, 334:125-130.

Autio K, Renzi L, Catalan J, Albrecht OE, Sorsa M (1994) Induction of micronuclei in
peripheral blood and bone marrow erythrocytes of rats and mice exposed to
1,3-butadiene by inhalation. Mutation research, 309:315-320.

Bailer AJ, Portier CJ (1988) Effects of treatment-induced mortality and tumor-induced

mortality on tests for carcinogenicity in small samples. Biometrics, 44:417—431.

Bailey LR, Roodi N, Verrier CS, Yee CJ, Dupont WD, Parl FF (1998) Breast cancer and
CYPIA1, GSTMI, and GSTT1I poly morphisms: evidence of a lack of association in

Caucasians and African Americans. Cancer research, 58:65—70.

Barrefors G (1996) Air pollutants in road tunnels. Science of the total environment,

189/190:431-435.

Batinka IB (1966) Maximum permissible concentrations of divinyl vapors in the air of

work areas. Gigiena i Sanitariya, 31:18-22.

Bechtold WE, Strunk MR, Chang I-Y, Ward JB Jr, Henderson RF (1994) Species
differences in urinary butadiene metabolites: comparisons of metabolite ratios between

mice, rats, and humans. Toxicology and applied pharmacology, 127:44—49.

Bechtold WE, Strunk MR, Thornton-Manning JR, Henderson RF (1995) Analysis of
butadiene, butadiene monoxide, and butadiene dioxide in blood by gas

chromatography/mass spectrometry. Chemical research in toxicology, 8:182—187.

Becker KH, Biehl HM, Bruckmann P, Fink EH, Fihr F, Klopffer W, Zellner R, Zetzsch
C (1984) Methods of the ecotoxicological evaluation of chemicals. Photochemical
degradation in the gas phase. Vol. 6. OH reaction rate constants and tropospheric
lifetimes of selected environmental chemicals. Report 1980—1983.
Kernforschungsanlage Jiilich GmbH. Projekttrager Umwelt chemikalien.

Bell RW, Chapman RE, Kruschel BD, Spencer MJ, Smith KV, Lusis MA (1991) The
1990 Toronto personal exposure pilot (PEP) study. Prepared for Atmospheric Research

66



and Special Programs Section, Air Resources Branch, Ontario Ministry of the

Environment, Toronto, Ontario (ARB-207-90).

Bell RW, Chapman RE, Kruschel BD, Spencer MJ (1993) Windsor Air Quality Study.
Personal exposure survey results. Toronto, Ontario, Ontario Ministry of Environment

and Energy, Science and Technology Branch.

Bernardini S, Pelin K, Peltonen K, Jarventaus H, Hirvonen A, Neagu C, Sorsa M,
Norppa H (1996) Induction of sister chromatid exchange by 3,4-epoxybutane-1,2-diol in
cultured human lymphocytes of different GSS7'7 and GSTM1 genotype. Mutation
research, 361:121-127.

Bernardini S, Hirvonen A, Pelin K, Norppa H (1998) Induction of sister chromatid
exchange by 1,2-epoxy-3-butene in cultured human lymphocytes: influence of GS77T'1
genotype. Carcino genesis, 19(2):377—380.

Bevan C, Stadler JC, Elliott GS, Frame SR, Baldwin JK, Leung H- W, Moran E,
Panepinto AS (1996) Subchronic toxicity of 4- vinylcyclohexene in rats and mice by
inhalation exposure. Fundamental and applied toxicology, 32:1-10.

BIBRA International (1996a) The detection of dominant lethal mutations and foetal
malformations and chromosome damage in the offspring of male mice treated
sub-chronically with butadiene by inhalation — second study. Carshalton, Surrey
(Report No. 1542/1).

BIBRA International (1996b) The detection of dominant lethal mutations and foetal
malformations in the oftspring of male rats treated sub-chronically with 1,3-butadiene

by inhalation. Carshalton, Surrey (Report No. 1542/2).

Bond GG, Bodner KM, Olsen GW, Cook RR (1992) Mortality among workers engaged
in the development or manufacture of styrene- based products — an update.

Scandinavian journal of work, environment and health, 18:145-154.

Bond JA, Dahl AR, Henderson RF, Dutcher JS, Mauderly JL, Birnbaum LS (1986)
Species differences in the disposition of inhaled butadiene. Toxicology and applied
pharmacology, 84:617— 627.

67



Boogaard PJ, Bond JA (1996) The role of hydrolysis in the detoxification of
1,2:3,4-diepoxybutane by human, rat and mouse liver and lung in vitro. Toxicology and

applied pharmacology, 141:617-627.

Boogaard PJ, Sumner SC-J, Turner MJ, Bond JA (1996a) Hepatic and pulmonary
glutathione conjugation of 1,2:3,4-diepoxybutane in human, rat, and mouse in vitro.
Toxicology, 113:297-299.

Boogaard PJ, Sumner SC-J, Bond JA (1996b) Glutathione conjugation of
1,2:3,4-diepoxybutane in human liver and rat and mouse liver and lung in vitro.

Toxicology and applied pharmacology, 136:307-316.

Brinkworth MH, Anderson D, Hughes JA, Jackson LI, Yu T-W, Hieschlag E (1998)

Genetic effects of 1,3-butadiene on the mouse testis. Mutation research, 397:67-75.

Brunnemann KD, Dagan MR, Cox JE, Hoffmann D (1989) Determination of benzene,
toluene and 1,3-butadiene in cigarette smoke by GC-MSD. Experimental pathology,
37:108-113.

Bucher JR, Melnick RL, Hildebrandt PK (1993) Lack of carcino genicity in mice
exposed once to high concentrations of 1,3- butadiene. Journal of the National Cancer

Institute, 85(22):1866— 1867.
Camford Information Services (1995) CPI product profiles. Don Mills, Ontario.

CARB (1992) Technical support document. Proposed identification of 1,3-butadiene as

a toxic air contaminant. California Air Resources Board, Stationary Source Division.

Carpenter CP, Shaffer CB, Weil CS, Smyth HF Jr (1944) Studies on the inhalation of
1:3-butadiene; with a comparison of its narcotic effect with benzol, toluol, and styrene,
and a note on the elimination of styrene by the human. Journal of industrial hygiene

and toxicology, 26:69-T8.

CEH-SRI International (1994) Butadiene. Chemical Economics Handbook-SRI
International (CEH Marketing Research Report).

68



Checkoway H, Williams TM (1982) A hematology survey of workers at a
styrene-butadiene synthetic rubber manufacturing plant. American Industrial

Hygiene Association journal, 43:164—169.

Choy WN, Vlachos DA, Cunningham MJ, Arce GT, Sarrif AM (1986) Genotoxicity of
1,3-butadiene. Induction of bone marrow micronuclei in B6C3F1 mice and

Sprague-Dawley rats in vivo. Environmental mutagenesis, 8(Suppl. 6):18.

Cochrane JE, Skopek TR (1993) Mutagenicity of 1,3-butadiene and its epoxide
metabolites in human TK6 cells and in splenic T cells isolated from exposed B6C3F:
mice. In: Sorsa M, Peltonen K, Vainio H, Hemminki K, eds. Butadiene and styrene:

Assessment of health hazards. Lyon, International Agency for Research on Cancer, pp.

195-204 (IARC Scientific Publications No. 127).

Cochrane JE, Skopek TR (1994a) Mutagenicity of butadiene and its epoxide
metabolites: I. Mutagenic potential of 1,2-epoxybutene, 1,2,3,4-diepoxybutane and
3,4-epoxy-1,2-butanediol in cultured human lymphoblasts. Carcinogenesis,
15:713-717.

Cochrane JE, Skopek TR (1994b) Mutagenicity of butadiene and its epoxide
metabolites: II. Mutational spectra of butadiene, 1,2- epoxybutene and diepoxybutane
at the Aprtlocus in splenic T cells from exposed B6C3F1 mice. Carcinogenesis,

15:719-723.

Conner MK, Luo JE, Gutierrez de Gotera O (1983) Induction and rapid repair of
sister-chromatid exchanges in multiple murine tissues in vivo by diepoxybutane.

Mutation research, 108:251-263.

Conor Pacific Environmental (1998) A report on multimedia exposures to selected
PSL2 substances. Prepared by Conor Pacific Environmental (formerly Bovar
Environmental) and Maxxam Analytics Inc. for Health Canada, Ottawa, Ontario

(Project No. 741- 6705; Contract # DSS File No. 025SS.H4078-6-C574).

Cowles SR, Tsai SP, Snyder PJ, Ross CE (1994) Mortality, morbidity, and
haematological results from a cohort of long term workers involved in 1,3-butadiene

monomer production. Occupational and environmental medicine, 51:323—-329.

69



CPPI (1997) Technical dossier — 1,3-Butadiene. Ottawa, Ontario, Canadian

Petroleum Products Institute.

Crouch CN, Pullinger DH, Gaunt IF (1979) Inhalation toxicity studies with
1,3-butadiene — 2. 3 month toxicity study in rats. American Industrial Hygiene

Association journal, 40:796-802.

Csanady GA, Guengerich FP, Bond JA (1992) Comparison of the biotransformation of
1,3-butadiene and its metabolite, butadiene monoepoxide, by hepatic and pulmonary

tissues from humans, rats, and mice. Carcinogenesis, 13:1143-1153.

Csanady GA, Kreuzer PE, Baur C, Filser JG (1996) A physiological toxicokinetic model
for 1,3-butadiene in rodents and man: blood concentrations of 1,3-butadiene, its
metabolically formed epoxides, and of haemoglobin adducts — relevance of glutathione
depletion. Toxicology, 113:300-305.

Cunningham MdJ, Choy WN, Arce GT, Rickard LB, Vlachos DA, Kinney LA, Sarrif AM
(1986) In vivo sister chromatid exchange and micronucleus induction studies with

1,3-butadiene in B6C3F1 mice and Sprague-Dawley rats. Mutagenesis, 6:449—452.

Darnell KR, Lloyd AC, Winer AM, Pitts JN Jr (1976) Reactivity scale for atmospheric
hydrocarbons based on reaction with hydroxyl radical. Environmental science and
technology, 10:692—696.

Delzell E, Sathiakumar N, Macaluso M, Hovinga M, Larson R, Barone F, Beall C, Cole
P, Julian J, Muir DCF (1995) A follow-up study of synthetic rubber workers. Prepared
for the International Institute of Synthetic Rubber Workers, 2 October 1995.

Delzell E, Macaluso M, Lally C, Cole P (1996) Mortality study of synthetic rubber
workers: additional analyses of data on monomer peaks and employment in certain
work areas. Prepared for the International Institute of Synthetic Rubber Workers, 16

October 1996.

de Meester C, Poncelet F, Roberfroid M, Mercier M (1978) Mutagenicity of butadiene
and butadiene monoxide. Biochemical and biophysical research communications,

80:298 [cited in de Meester et al., 1980].

70



de Meester C, Poncelet F, Roberfroid M, Mercier M (1980) The mutagenicity of
butadiene towards Salmonella typhimurium. Toxicology letters, 6:125—-130.

Deutschmann S, Laib RJ (1989) Concentration-dependent depletion of non-protein
sulfhydryl (NPSH) content in lung, heart and liver tissue of rats and mice after acute

inhalation exposure to butadiene. 7oxicology letters, 45:175—183.

Divine BJ, Hartman CM (1996) Mortality update of butadiene production workers.
Toxicology, 113:169—-181.

Divine BJ, Wendt JK, Hartman CM (1993) Cancer mortality among workers at a
butadiene production facility. In: Sorsa M, Peltonen K, Vainio H, Hemminki K, eds.
Butadiene and styrene. Assessment of health hazards. Liyon, International Agency for
Research on Cancer, pp. 345—-362 (IARC Scientific Publications No. 127).

Doerr JK, Hooser SB, Smith BJ, Sipes IG (1995) Ovarian toxicity of 4-vinylcyclohexene
and related olefins in B6C3F1 mice: role of diepoxides. Chemical research in toxicology,

8:963-969.

Doerr JK, Hollis EA, Sipes IG (1996) Species difference in the ovarian toxicity of
1,3-butadiene epoxides in B6C3F1 mice and Sprague-Dawley rats. Toxicology,
113:128-136.

Downs T, Pier S, Crane M, Yim K, Kim K (1993) Cause-specific mortality in a cohort of
1000 ABS workers. In: International Symposium on Health Hazards of Butadiene and
Styrene — Abstracts. 18-21 April 1993, Espoo, Finland, p. 72.

Duescher RJ, Elfarra AA (1992) 1,3-Butadiene oxidation by human myeloperoxidase.
Role of chloride ion in catalysis of divergent pathways. Journal of biological chemistry,

267(28):19 85919 865.

Duescher RJ, Elfarra AA (1994) Human liver microsomes are efficient catalysts of
1,3-butadiene oxidation: evidence for major roles by cytochromes P450 2A6 and 2E1.
Archives of biochemistry and biophysics, 311(2):342—-349.

Duffy BL, Nelson PF (1996) Non-methane exhaust composition in the Sydney Harbour
tunnel: a focus on benzene and 1,3-butadiene. Atmospheric environment,

30(15):2759-2768.

71



Eisenreich SJ, Looney BB, Thornton JD (1981) Airborne organic contaminants in the

Great Lakes ecosystem. Environmental science and technology, 15:30-38.

Elfarra AA, Krause RJ, Selzer RR (1996) Biochemistry of 1,3- butadiene metabolism

and its relevance to 1,3-butadiene-induced carcinogenicity. 7oxzcology, 113:23-30.

Environment Canada (1994) Underground garage air quality assessment program.
Prepared by L. Graham, D. Rosenblatt, and P. Barton, Technology Development
Directorate, Environment Canada, for S. Lamy, Environmental Health Directorate,

Health Canada, Ottawa, Ontario (MSED Report No. 94-29).

Environment Canada (1996a) Summary report — 1994. Hull, Quebec, Environment

Canada, Pollution Data Branch, National Pollutant Release Inventory (NPRI).

Environment Canada (1996b) National Analysis of Trends in Emergencies System
(NATES) database. Hull, Quebec, Environment Canada, Environmental Emergencies

Branch.

Environment Canada (1997) Summary report — 1995. Hull, Quebec, Environment

Canada, Pollution Data Branch, National Pollutant Release Inventory (NPRI).

Environment Canada (1998) Priority Substances List supporting document
(environmental assessment) — 1,3-butadiene. Hull, Quebec, Environment Canada,

Commercial Chemicals Evaluation Branch.

Epicure (1993) Epicure’ Risk regression and data analysis software. Seattle, WA,

HiroSoft International Corporation.

European Chemicals Bureau (2001) European Union risk assessment: 1,3-Butadiene.
Prepared by Institute for Health and Consumer Protection, European Chemicals

Bureau. Luxembourg, Office for Official Publications of the European Communities (to
be published).

Gerin M, Siemiatycki J (1998) An evaluation of the exposure assessment methods
developed at the University of Alabama for the study of cancer among synthetic rubber

workers. Prepared for Priority Substances Program, Health Canada, Ottawa, Ontario.

72



Government of Canada (2000) Canadian Environmental Protection Act, 1999. Priority
Substances List Assessment Report. 1,3- Butadiene. Ottawa, Ontario, Environment

Canada and Health Canada.

Hackett PL, Sikov MR, Mast TJ, Brown MG, Buschbom RL, Clark ML, Decker JR,
Evanoff JJ, Rommereim RL, Rowe SE, Westerberg RB (1987a) Inhalation
developmental toxicology studies of 1,3- butadiene in the rat. Richland, WA, Pacific
Northwest Laboratory (Report No. PNL-6414/UC-48) [cited in Morrissey et al., 1990].

Hackett PL, Sikov MR, Mast TdJ, Brown MG, Buschbom RL, Clark ML, Decker JR,
Evanoff JJ, Rommereim RL, Rowe SE, Westerberg RB (1987b) Inhalation
developmental toxicology studies: teratology study of 1,3-butadiene in mice. Richland,
WA, Pacific Northwest Laboratory (Report No. PNL-6412/UC-48) [cited in Morrissey et
al., 1990].

Hallberg LM, Bechtold WE, Grady J, Legator MS, Au WW (1997) Abnormal DNA
repair activities in lymphocytes of workers exposed to 1,3-butadiene. Mutation
research, 383:213-221.

Hamilton-Wentworth (1997) Human health risk assessment for priority air pollutants.
Regional Municipality of Hamilton-Wentworth, Ontario, Hamilton-Wentworth Air

Quality Initiative, December.

Hayes RB, Xi L, Bechtold WE, Rothman N, Yao M, Henderson R, Zhang L., Smith MT,
Zhang D, Wiemels J, Dosemeci M, Yin S, O’Neill JP (1996) Aprt mutation frequency
among workers exposed to 1,3-butadiene in China. Toxicology, 113:100-105.

Hazleton Laboratories Europe Ltd. (1981a) The toxicity and carcinogenicity of
butadiene gas administered to rats by inhalation for approximately 24 months. Final

report. Prepared by P.E. Owen. Harrogate (Report No. 2653-522/2).

Hazleton Laboratories Europe Ltd. (1981b) 1,3-Butadiene: Inhalation teratogenicity
study in the rat. Final report. Prepared by L.F.H. Irvine. Harrogate (Report No.
2788-522/3).

Hazleton Laboratories Europe Ltd. (1982) 1,3-Butadiene: Inhalation teratogenicity
study in the rat. Addendum to final report. Prepared by L.F.H. Irvine. Harrogate
(Report No. 2788-522/3).

73



Henderson RF, Bechtold WE, Sabourin PJ, Maples KR, Dahl AR (1993) Species
differences in the metabolism of 1,3-butadiene 1n viv. In: Sorsa M, Peltonen K, Vainio
H, Hemminki K, eds. Butadiene and styrene’ Assessment of health hazards. Liyon,
International Agency for Research on Cancer, pp. 57-64 (IARC Scientific Publications
No. 127).

Henderson RF, Thornton-Manning JR, Bechtold WE, Dahl AR (1996) Metabolism of
1,3-butadiene: species differences. Toxicology, 113:17-22.

Himmelstein MW, Turner MdJ, Asgharian B, Bond JA (1994) Comparison of blood
concentrations of 1,3-butadiene and butadiene epoxides in mice and rats exposed to

1,3-butadiene by inhalation. Carcinogenesis, 15(8):1479-1486.

Himmelstein MW, Asgharian B, Bond JA (1995) High concentrations of butadiene
epoxides in livers and lungs of mice compared to rats exposed to 1,3-butadiene.

Toxicology and applied pharmacology, 132:281-288.

Himmelstein MW, Acquavella JF, Recio L, Medinsky MA, Bond JA (1997) Toxicology
and epidemiology of 1,3-butadiene. Critical reviews in toxicology, 27(1):1-108.

Howard PH, Boethling RS, Jarvis WF, Meylan WM, Michalenko EM (1991) Handbook

of environmental degradation rates. Chelsea, MI, Lewis Publishers Inc.

Howe RB (1995a) THC: A computer program to compute a reference dose from
continuous animal toxicity data using the benchmark dose method. Ruston, LA, ICF

Kaiser Engineers, Inc.

Howe RB (1995b) THRESH: A computer program to compute a reference dose from
quantal animal toxicity data using the benchmark dose method. Ruston, LA, ICF

Kaiser Engineers, Inc.

Howe RB, Crump KS (1982) GlobalS82: A computer program to extrapolate quantal

animal toxicity data to low doses. Ruston, LA, Science Research Systems.

HSE (1992) Methods for the determination of hazardous substances (MDHS) 53 —
Pumped, molecular sieve. United Kingdom Health and Safety Executive. London, Her
Majesty’s Stationery Office [cited in IARC, 1999].

74



TIARC (1992) Occupational exposures to mists and vapours from strong inorganic acids;
and other industrial chemicals. Lyon, International Agency for Research on Cancer

(TARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol. 54).

IARC (1999) Re-evaluation of some organic chemicals, hydrazine and hydrogen
peroxide (Part one). Lyon, International Agency for Research on Cancer IARC

Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol. 71).

IPCS (1993) International Chemical Safety Card — 1,3-Butadiene. Geneva, World
Health Organization, International Programme on Chemical Safety (ICSC 0017).

Irons RD, Pyatt DW (1998) Dithiocarbamates as potential con founders in butadiene
epidemiology. Carcinogenesis, 49(4):539— 542.

Irons RD, Smith CN, Stillman WS, Shah RS, Steinhagen WH, Leiderman LJ (1986a)
Macrocytic-megaloblastic anemia in male B6C3F1 mice following chronic exposure to

1,3-butadiene. Toxicology and applied pharmacology, 83:95-100.

Irons RD, Smith CN, Stillman WS, Shah RS, Steinhagen WH, Leiderman LdJ (1986b)
Macrocytic-megaloblastic anemia in male NIH Swiss mice following repeated exposure

to 1,3-butadiene. Toxicology and applied pharmacology, 85:450—455.

Irons RD, Oshimura M, Barrett JC (1987) Chromosome aberrations in mouse bone
marrow cells following in vivo exposure to 1,3- butadiene. Carcinogenesis,

8:1711-1714.

Irons RD, Cathro HP, Stillman WS, Steinhagen WH, Shah RS (1989) Susceptibility to
1,3-butadiene-induced leukemogenesis correlates with endogenous ecotropic retroviral

background in the mouse. Toxicology and applied pharmacology, 101:170-176.

Irons RD, Le AT, Som DB, Stillman WS (1995) 2'3'-Dideoxycytidine- induced thymic
lymphoma correlates with species-specific suppression of a subpopulation of primitive
hematopoietic progenitor cells in mouse but not rat or human bone marrow. Journal of

clinical investigation, 95:2777-2782.

Irons RD, Colagiovanni DB, Stillman WS (1996) Murine thymic lymphoma is
associated with a species-specific hematopoietic progenitor cell subpopulation.

Toxicology, 113:59—67.

75



Jauhar PP, Henika PR, MacGregor JT, Wehr CM, Shelby MD, Murphy SA, Margolin
BH (1988) 1,3-Butadiene: induction of micronucleated erythrocytes in the peripheral
blood of B6C3F1 mice exposed by inhalation for 13 weeks. Mutation research, 209:171—
176.

Jelitto B, Vangala RR, Laib RJ (1989) Species differences in DNA damage by
butadiene: Role of diepoxybutane. Archives of toxicol ogy supplement, 13:246—249.

Kelsey KT, Wiencke JK, Ward J, Bechtold W, Fajen J (1995) Sister- chromatid
exchanges, glutathione Stransferase _ deletion and cytogenetic sensitivity to

diepoxybutane in lymphocytes from butadiene monomer production workers. Mutation

research, 335:267-273.

Kenaga EE (1980) Predicted bioconcentration factors and soil sorption coefficients of

pesticides and other chemicals. Ecotoxi cology and environmental safety, 4:26—38.

Klopffer W, Haag F, Kohl E-G, Frank R (1988) Testing of the abiotic degradation of
chemicals in the atmosphere: The smog chamber approach. Toxicology and

environmental safety, 15:298-319.

Koivisto P, Sorsa M, Pacchierotti F, Peltonen K (1997) 32P- postlabelling/HPLC assay
reveals an enantioselective adduct formation in N7 guanine residues in vivo after

1,3-butadiene inhalation exposure. Carcinogenesis, 18(2):439—443.

Koivisto P, Adler I-D, Pacchierotti F, Peltonen K (1998) DNA adducts in mouse testes

and lung after inhalation exposure to 1,3- butadiene. Mutation research, 397:3—10.

Krause RJ, Elfarra AA (1997) Oxidation of butadiene monoxide to meso- and
(A)'diepoxybutane by cDNA-expressed human cytochrome P450s and by mouse, rat,
and human liver microsomes: evidence for preferential hydration of meso-
diepoxybutane in rat and human liver microsomes. Archives of biochemistry and

biophysics, 337(2):176-184.

Krause RJ, Sharer JE, Elfarra AA (1997) Epoxide hydrolase- dependent metabolism of
butadiene monoxide to 3-butene-1,2-diol in mouse, rat, and human liver. Drug

metabolism and disposition, 25(8):1013-1015.

76



Kreiling R, Laib RJ, Bolt HM (1986) Alkylation of nuclear proteins and DNA after
exposure of rats and mice to [1,4-14C]1,3-butadiene. Toxicology letters, 30:131—136.

Kreuzer PE, Kessler W, Welter HF, Baur C, Filser JG (1991) Enzyme specific kinetics
of 1,2-epoxybutene-3 in microsomes and cytosol from livers of mouse, rat, and man.

Archives of toxicology, 65:59-67.

Labstat, Inc. (1995) An assessment of the chemical toxicity of the smoke from
Canadian cigarettes’ Method development and analytical results for ammonia,
pyridine, 1-3 butadienne [sicl and vinyl chloride. Final report. 30 November 1995.
Determined under contract with Health Canada (H1021-4-9127/02-SS).

Lihdetie J, Grawé J (1997) Flow cytometric analysis of micro nucleus induction in rat
bone marrow polychromatic erythrocytes by 1,2:3,4-diepoxybutane, 3,4-epoxy-1-butene,
and 1,2-epoxybutane- 3,4-diol. Cytometry, 28:228-235.

Liahdetie J, Peltonen K, Sjoblém T (1997) Germ cell mutagenicity of three metabolites
of 1,3-butadiene in the rat: induction of spermatid micronuclei by butadiene mono-, di-,

and diolepoxides in vivo. Environmental and molecular mutagenesis, 29:230—-239.

Landi S, Ponzanelli I, Hirvonen A, Norppa H, Barale R (1996) Repeated analysis of
sister chromatid exchange induction by diepoxybutane in cultured human
lymphocytes: effect of glutathione Stransferase T1 and M1 genotype. Mutation
research, 351:79-85.

Larionov LT, Shtessel TA, Nuselman EN (1934) Concerning the effect of butadiene,
pseudobutylene and isoprene. Kazanskij Meditsinskij Zhurnal, 5:440—445.

Leavens TL, Farris GM, James RA, Shah R, Wong VA, Marshall MW, Bond JA (1997)
Genotoxicity and cytotoxicity in male B6C3F1 mice following exposure to mixtures of

1,3-butadiene and styrene. Environmental and molecular mutagenesis, 29:335—345.

Legator MS, Au WW, Ammenheuser M, Ward JB Jr (1993) Elevated somatic cell
mutant frequencies and altered DNA repair responses in nonsmoking workers exposed
to 1,3-butadiene. In: Sorsa M, Peltonen K, Vainio H, Hemminki K, eds. Butadiene and
styrene’ Assessment of health hazards. Liyon, International Agency for Research on

Cancer, pp. 253—-263 (IARC Scientific Publications No. 127).

77



Leiderman LdJ, Stillman WS, Shah RS, Steinhagen WH, Irons RD (1986) Altered
hematopoietic stem cell development in male B6C3F1 mice following exposure to

1,3-butadiene. Experimental and molecular pathology, 44:50—56.

Ligocki MP, Fieber JL, Ball JC, Pezda SA, Heuss JM, Paul RT, Wimette HJ (1994)
Sources, projected emission trends and exposure issues for 1,3-butadiene. Presentation
at the 87th Annual Meeting and Exhibition of the Air and Waste Management

Association, Cincinnati, OH, June.

Linet MS, Stewart W, Van Natta ML, McCaffrey LD, Szklo M (1987) Comparison of
methods for determining occupational exposure in a case—control interview study of

chronic lymphocytic leukemia. Journal of occupational medicine, 29(2):136—141.

Lyman WJ, Reehl WF, Rosenblatt DH (1982) Handbook of chemi cal property
estimation methods. New York, NY, McGraw-Hill Book Co.

Mabon N, Moorthy B, Randerath E, Randerath K (1996) Mono phosphate
32P-postlabeling assay of DNA adducts from 1,2:3,4- diepoxybutane, the most genotoxic
metabolite of 1,3-butadiene: in vitro methodological studies and in vivo dosimetry.

Mutation research, 371:87-104.

Macaluso M, Delzell E, Sanders M, Larson R (1997) Historical estimation of exposure
to butadiene and styrene among synthetic rubber workers. Prepared for the

International Institute of Synthetic Rubber Workers, 22 August 1997.

Mackay D (1991) Multimedia environmental models: the fugacity approach. Chelsea,
MI, Lewis Publishers Inc.

Mackay D, Paterson S (1991) Evaluating the multimedia fate of organic chemicals: a

Level III fugacity model. Environmental science and technology, 25:4217.

Mackay D, Shiu WY, Ma KC (1993) Illustrated handbook of physical-chemical
properties and environmental fate of organic compounds. Vol. III. Chelsea, MI, Lewis

Publishers Inc.

Maniglier-Poulet C, Cheng X, Ruth JA, Ross D (1995) Metabolism of 1,3-butadiene
monoxide in mouse and human bone marrow cells. Chemico-biological interactions,

97:119-129.

78



Matanoski GM, Santos-Burgoa C, Schwartz L (1990) Mortality of a cohort or workers
in the styrene-butadiene polymer manufacturing industry (1943—-1982).
FEnvironmental health perspectives, 86:107— 117.

Matanoski G, Francis M, Correa-Villasenor A, Elliott E, Santos- Burgoa C, Schwartz L
(1993) Cancer epidemiology among styrene- butadiene rubber workers. In: Sorsa M,
Peltonen K, Vainio H, Hemminki K, eds. Butadiene and styrene: Assessment of health
hazards. Lyon, International Agency for Research on Cancer, pp. 363-374 (IARC
Scientific Publications No. 127).

Matanoski G, Elliott E, Tao X, Francis M, Correa-Villasenor A, Santos-Burgoa C
(1997) Lymphohematopoietic cancers and butadiene and styrene exposure in synthetic

rubber manufacture. Annals of the New York Academy of Science, 837:157—-169.

McKone TE, Daniels JI, Chiao FF, Hsieh DPH (1993) Intermedia transfer factors of
fifteen toxic pollutants released to air basins in California. Livermore, CA, Lawrence
Livermore National Laboratory (UCRL-CR-115620).

McMichael AJ, Spirtas R, Kupper LL (1974) An epidemiologic study of mortality
within a cohort of rubber workers, 1964—72. Journal of occupational medicine,

16:458-464.

McMichael AJ, Spirtas R, Gamble JF, Tousey PM (1976) Mortality among rubber

workers: Relationship to specific jobs. Journal of occupational medicine, 18:178-185.

McNeal TP, Breder CV (1987) Headspace gas chromatographic determination of
residual 1,3-butadiene in rubber-modified plastics and its migration from plastic

containers into selected foods. Journal of the Association of Official Analytical

Chemists, 70(1):18-21.

Meinhardt TJ, Lemen RA, Crandall MS, Young RJ (1982) Environmental
epidemiologic investigation of the styrene-butadiene rubber industry. Scandinavian

journal of work, environment and health, 8:250—259.

Melnick RL, Huff JE (1992) 1,3-Butadiene: Toxicity and carcinogen icity in laboratory
animals and in humans. Keviews of environmental contamination and toxicology,

124:111-144.

79



Melnick RL, Huff JE, Roycroft JH, Chou BJ, Miller RA (1990) Inhalation toxicology
and carcinogenicity of 1,3-butadiene in B6C3F1 mice following 65 weeks of exposure.

FEnvironmental health perspectives, 86:27—36.

Meng Q, Recio L, Reilly AA, Wong BA, Bauer M, Walker VE (1998) Comparison of the
mutagenic potency of 1,3-butadiene at Aprtlocus of T-lymphocytes following inhalation

exposure of female B6C3F1 mice and F344 rats. Carcinogenesis, 19(6):1019—1027.

Meng Q, Henderson RF, Walker DM, Bauer MJ, Reilly AA, Walker VE (1999)
Mutagenicity of the racemic mixtures of butadiene monoepoxide and butadiene
diepoxide at the Hprtlocus of T- lymphocytes following inhalation exposures of female

mice and rats. Mutation research, 429:127-140.

Meng Q, Singh N, Heflich RH, Bauer MJ, Walker VE (2000) Comparison of the
mutations at Hprt exon 3 of T-lymphocytes from B6C3F1 mice and F344 rats exposed
by inhalation to 1,3-butadiene or the racemic mixture of 1,2:3,4-diepoxybutane.
Mutation research, 464(2):169-184.

MOEE (1995) Technical memorandum — 1995 results of the Mobile TAGA 6000-
1,3-butadiene levels in Sarnia and selected areas in Ontario. Toronto, Ontario, Ontario

Ministry of Environment and Energy.

Morrissey RE, Schwetz BA, Hackett PL, Sikov MR, Hardin BD, McClanahan B,
Decker JR, Mast TJ (1990) Overview of reproduc tive and developmental toxicity

studies of 1,3-butadiene in rodents. Environmental health perspectives, 86:79—-84.

Nauhaus SK, Fennell TR, Asgharian B, Bond JA, Sumner SCJ (1996) Characterization
of urinary metabolites from Sprague-Dawley rats and B6C3F1 mice exposed to

[1,2,3,4-13C]butadiene. Chemical research in toxicology, 9:764—773.

Nelson HH, Wiencke JK, Christiani DC, Cheng TdJ, Zuo Z-F, Schwartz BS, Lee B-K,
Spitz MR, Wang M, Xu X, Kelsey KT (1995) Ethnic differences in the prevalence of the

homozygous deleted genotype of glutathione S-transferase theta. Carcinogenesis,
16(5):1243-1245.

Neumann H-G, Albrecht O, Van Dorp C, Zwirner-Baier I (1995) Macromolecular
adducts caused by environmental chemicals. Clinical chemistry, 41(12):1835—-1840.

80



Nikiforova AA, Ripp GK, Taskayev II (1969) Action of 1,3-butadiene on the structural
elements of kidneys and heart. Nauchnye Trudy, Omskii MeditsinskiI Institut,
88:166—169.

NIOSH (1994) NIOSH manual of analytical methods (NMAM), 4th ed. Cincinnati, OH,
US Department of Health and Human Services, Public Health Service, Centers for
Disease Control and Prevention, National Institute for Occupational Safety and
Health.

Norppa H, Hirvonen A, Jarventaus H, Uuskula M, Tasa G, Ojajarvi A, Sorsa M (1995)
Role of GSTT1 and GSTM1 genotypes in determining individual sensitivity to sister
chromatid exchange induction by diepoxybutane in cultured human lymphocytes.

Carcinogenesis, 16(6):1261-1264.

NTP (1984) NTP technical report on the toxicology and carcino genesis studies of
1,8-butadiene (CAS No. 106-99-0) in B6C3F; mice (inhalation studies). Research
Triangle Park, NC, US Department of Health and Human Services, National
Toxicology Program (Technical Report No. 288).

NTP (1993) NTP technical report on the toxicology and carcino genesis studies of
1,3-butadiene (CAS No. 106-99-0) in B6C3F; mice (inhalation studies). Research
Triangle Park, NC, US Department of Health and Human Services, National
Toxicology Program (Technical Report No. 434).

OECD (1996) Draft risk assessment of butadiene. Paris, Organisa tion for Economic

Co-operation and Development, March.

Osterman-Golkar SM, Bond JA, Ward JB, Legator MS (1993) Use of haemoglobin
adducts for biomonitoring exposure to 1,3- butadiene. In: Sorsa M, Peltonen K, Vainio
H, Hemminki K, eds. Butadiene and styrene: Assessment of health hazards. Lyon,
International Agency for Research on Cancer, pp. 185-193 (IARC Scientific
Publications No. 127).

Osterman-Golkar S, Peltonen K, Anttinen-Klemetti T, Hindss Landin H, Zorcec V,
Sorsa M (1996) Haemoglobin adducts as biomarkers of occupational exposure to
1,3-butadiene. Mutagenesis, 11(2):145-149.

81



Owen PE, Glaister JR (1990) Inhalation toxicity and carcinogenicity of 1,3-butadiene

in Sprague-Dawley rats. Environmental health perspectives, 86:19-25.

Owen PE, Glaister JR, Gaunt IF, Pullinger DH (1987) Inhalation toxicity studies with
1,3-butadiene: 3. Two year toxicity/ carcinogenicity study in rats. American Industrial

Hygiene Association journal, 48:407—413.

Pacchierotti F, Tiveron C, Ranaldi R, Bassani B, Cordelli E, Leter G, Spand M (1998a)
Reproductive toxicity of 1,3-butadiene in the mouse: cytogenetic analysis of
chromosome aberrations in first- cleavage embryos and flow cytometric evaluation of

spermatogonial cell killing. Mutation research, 397:55—66.

Pacchierotti F, Adler I-D, Anderson D, Brinkworth M, Demopoulos NA, Lahdetie J,
Osterman-Golkar S, Peltonen K, Russo A, Tates A, Waters R (1998b) Genetic effects of
1,3-butadiene and associated risk for heritable damage. Mutation research,
397:93-115.

Pakdel H, Couture G, Roy C, Masson A, Locat J, Gelinas P, Lesage S (1992) Developing
methods for the analysis of toxic chemicals in soil and groundwater: the case of Ville
Mercier, Quebec, Canada. In: Lesage S, Jackson R, eds. Groundwater contamination
and analysis at hazardous waste sites. New York, NY, Marcel Dekker, Inc., pp.

381-421 (Environmental Science and Pollution Control Series).

Pelin K, Hirvonen A, Norppa H (1996) Influence of erythrocyte glutathione
Stransferase T1 on sister chromatid exchanges induced by diepoxybutane in cultured

human lymphocytes. Muta genesis, 11(2):213-215.

Pellizzari ED, Michael LC, Thomas KW, Shields PG, Harris C (1995) Identification of
1,3-butadiene, benzene, and other volatile organics from wok oil emissions. Journal of

exposure analysis and environmental epidemiology, 5(1):77—817.

Peltonen K, Koivisto P, Neagu I, Kostiainen R, Kilpelainen I, Sorsa M (1993)
Estimating internal dose of 1,3-butadiene: preliminary data on use of modified purine
bases as markers of exposure. In: Sorsa M, Peltonen K, Vainio H, Hemminki K, eds.
Butadiene and styrene: Assessment of health hazards. Lyon, International Agency for
Research on Cancer, pp. 119-126 (IARC Scientific Publications No. 127).

82



Pérez HL, Lahdetie J, Landin HL, Kilpelainen I, Koivisto P, Peltonen K,
Osterman-Golkar S (1997) Haemoglobin adducts of epoxybutanediol from exposure to

1,3-butadiene or butadiene epoxides. Chemico-biological interactions, 105:181-198.

Peto R, Pike MC, Berstein L, Gold LS, Ames BN (1984) The TD50: A proposed general
convention for the numerical description of the carcinogenic potency of chemicals in

chronic-exposure animal experiments. Environmental health perspectives, 58:1-8.

Portier CJ, Bailer AJ (1989) Testing for increased carcinogenicity using a
survival-adjusted quantal response test. Fundamental and applied toxicology,

12:731-737.

Preston DL, Kato H, Kopecky KJ, Fujita S (1987) Studies of the mortality of a-bomb
survivors: 8. Cancer mortality, 1950-1982. Radiation research, 111:151-178.

Przygoda RT, Bird MG, Whitman FT, Wojcik NC, McKee RH (1993) Induction of
micronuclei in mice and hamsters by 1,3-butadiene. Environmental and molecular

mutagenesis, 21(Suppl. 22):56.

Recio L, Meyer KG (1995) Increased frequency of mutations at A:T base pairs in the
bone marrow of B6C3F1 /lacl transgenic mice exposed to 1,3-butadiene. Environmental

and molecular muta genesis, 26:1-8.

Recio L, Osterman-Golkar S, Csanady GA, Turner MdJ, Myhr B, Moss O, Bond JA
(1992) Determination of mutagenicity in tissues of transgenic mice following exposure
to 1,3-butadiene and N-ethyl- V- nitrosourea. Toxicology and applied pharmacology,
117:58-64.

Recio L, Bond JA, Pluta LJ, Sisk SC (1993) Use of transgenic mice for assessing the
mutagenicity of 1,3-butadiene in vivo. In: Sorsa M, Peltonen K, Vainio H, Hemminki K,
eds. Butadiene and styrene’ Assessment of health hazards. Lyon, International Agency

for Research on Cancer, pp. 235-243 (IARC Scientific Publications No. 127).

Recio L, Meyer KG, Pluta LJ, Moss OR, Saranko CJ (1996) Assessment of
1,3-butadiene mutagenicity in the bone marrow of B6C3F; Jacl transgenic mice (Big
Blue®): a review of mutational spectrum and /ac/ mutant frequency after a 5-day 625

ppm 1,3- butadiene exposure. Environmental and molecular mutagenesis, 28:424—429.

83



Recio L, Henderson RF, Pluta LJ, Meyer K, Saranko CJ, Steen A-M (1998) Analysis of
mutagenicity and determination of mutational spectrum in rodent and human cells to
assess the roles of epoxybutene and diepoxybutane in mediating the in vivo
genotoxicity of 1,3-butadiene. In: Proceedings of the 14th Health Effects Institute
Annual Conference. Cambridge, MA, Health Effects Institute, p. 49.

Ripp GK (1967) Hygiene basis for the permissible concentration of butadiene in the
atmosphere. Biologicheskoe Deistvie 1 Gigienicheskoe Znachenie Atmosfernykh

Zagryaznenii, 10:33—-54.

Ristau C, Deutschmann S, Laib RJ, Ottenwalder H (1990) Detection of
diepoxybutane-induced DNA-DNA crosslinks by cesium trifluoracetate (CsTFA)
density-gradient centrifugation. Archives of toxicology, 64:343—-344.

Ross D, Siegel D, Schattenberg DG, Sun XM, Moran JL (1996) Cell-specific activation
and detoxification of benzene metabolites in mouse and human bone marrow:
identification of target cells and a potential role for modulation of apoptosis in benzene

toxicity. Environmental health perspectives, 104(Suppl. 6):1177-1182.

Russo A, Nogara C, Renzi L, Tommasi AM (1997) Micronucleus induction in germ and
somatic cells of the mouse after exposure to the butadiene metabolites diepoxybutane

and epoxybutene. Mutation research, 390:129-139.

Sabourin PJ, Burka LT, Bechtold WE, Dahl AR, Hoover MD, Chang IY, Henderson RF
(1992) Species differences in urinary butadiene metabolites; identification of
1,2-dihydroxy-4-(/N-acetylcysteinyl) butane, a novel metabolite of butadiene.
Carcinogenesis, 13(9):1633-1638.

Santos-Burgoa C, Matanoski GM, Zeger S, Schwartz L (1992) Lymphohematopoietic
cancer in styrene-butadiene polymerization workers. American journal of epidemiology,

136:843—-854.

Saranko CJ, Recio L (1998) The butadiene metabolite, 1,2:3,4- diepoxybutane, induces
micronuclei but is only weakly mutagenic at /ac/in the Big Blue® Rat2 /ac/ transgenic

cell line. Environmental and molecular mutagenesis, 31:32—40.

84



Saranko CdJ, Pluta LdJ, Recio L, Henderson RF (1998) In vivo and in vitro mutagenicity
spectrum of the butadiene metabolite 1,2- epoxybutene. Proceedings of the American

Association of Cancer Research, 39:330 (abstract).

Sasiadek M, Jiarventaus H, Sorsa M (1991a) Sister-chromatid exchanges induced by
1,3-butadiene and its epoxides in CHO cells. Mutation research, 263:47-50.

Sasiadek M, Norppa H, Sorsa M (1991b) 1,3-Butadiene and its epoxides induce
sister-chromatid exchanges in human lymphocytes in vitro. Mutation research,

261:117-121.

Sathiakumar N, Delzell E, Hovinga M, Macaluso M, Julian JA, Larson R, Cole P, Muir
DCF (1998) Mortality from cancer and other causes of death among synthetic rubber

workers. Occupational and environmental medicine, 55:230—-235.

Schattenberg DG, Stillman WS, Gruntmeir JJ, Helm KM, Irons RD, Ross D (1994)
Peroxidase activity in murine and human hemato poietic progenitor cells: potential

relevance to benzene-induced toxicity. Molecular pharmacology, 46:346—351.

Schuetzle D, Siegl WO, Jensen TE, Dearth MA, Kaiser EW, Gorse R, Kreucher W,
Kulik E (1994) The relationship between gasoline composition and vehicle hydrocarbon
emissions: a review of current studies and future research needs. Environmental

health perspec tives, 102(Suppl. 4):3—12.

Sernau R, Cavagnaro J, Kehn P (1986) 1,3-Butadiene as an S9 activation-dependent
gaseous positive control substance in L5178Y cell mutation assays. Environmental

mutagenesis, 8(Suppl.):75 (Abstract 203).

Sharer JE, Duescher RJ, Elfarra AA (1992) Species and tissue differences in the
microsomal oxidation of 1,3-butadiene and the glutathione conjugation of butadiene

monoxide in mice and rats. Drug metabolism and disposition, 20:658—664.

Sharief Y, Brown AM, Backer LC, Campbell JA, Westbrook-Collins B, Stead AG, Allen
JW (1986) Sister chromatid exchange and chromosome aberration analyses in mice
after 1n vivo exposure to acrylonitrile, styrene, or butadiene monoxide. Environmental

mutagenesis, 8:439—448.

85



Shelby MD (1990) Results of NTP-sponsored mouse cytogenetic studies on
1,3-butadiene, isoprene, and chloroprene. Environmental health perspectives,

86:71-73.

Shields PG, Xu GX, Blot WdJ, Fraumeni JF Jr, Trivers GE, Pellizzari ED, Qu YH, Gao
YT, Harris CC (1995) Mutagens from heated Chinese and U.S. cooking oils. Journal of
the National Cancer Institute, 887(110):836-841.

Shugaev B (1969) Concentrations of hydrocarbons in tissues as a measure of toxicity.

Archives of environmental health, 18:878-882.

Siemiatycki J (1991) Risk factors for cancer in the workplace. Boca Raton, FL, CRC

Press.

Sisk SC, Pluta LJ, Bond JA, Recio L (1994) Molecular analysis of Jac/ mutants from
bone marrow of B6C3F1 transgenic mice following inhalation exposure to

1,3-butadiene. Carcinogenesis, 15:471-477.

Sjoblom T, Lahdetie J (1996) Micronuclei are induced in rat sper matids in vitro by
1,2,3,4-diepoxybutane but not 1,2-epoxy-3-butene and 1,2-dihydroxy-3,4-epoxybutane.
Mutagenesis, 11(5):525-528.

Sorsa M, Autio J, Demopoulos NA, Jarventaus H, Rossner P, Sram RdJ, Stephanou G,
Vlachodimitropoulos D (1994) Human cytogen etic biomonitoring of occupational

exposure to 1,3-butadiene. Mutation research, 309:321-326.

Sorsa M, Osterman-Golkar S, Peltonen K, Saarikoski ST, Sram R (1996a) Assessment

of exposure to butadiene in the process industry. Toxicology, 113:77—-83.

Sorsa M, Peltonen K, Anderson D, Demopoulos NA, Neumann H-G, Osterman-Golkar
S (1996b) Assessment of environmental and occupational exposures to butadiene as a

model for risk estimation of petrochemical emissions. Mutagenesis, 11(1):9-17.

Spano M, Bartoleschi C, Cordelli E, Leter G, Segre L., Mantovani A, Fazzi P,
Pacchierotti F (1996) Flow cytometric and histological assessment of
1,2:3,4-diepoxybutane toxicity on mouse spermatogenesis. Journal of toxicology and

environmental health, 47:423—-441.

86



Sram RJ, Réssner P, Peltonen K, Podrazilova K, Mrackova G, Demopoulos NA,
Stephanou G, Vladimiropoulos D, van Dam FJ, Tates AD (1998) Chromosomal
aberrations, sister-chromatid exchanges, cells with high frequency of SCE, micronuclei

and comet assay parameters in 1,3-butadiene exposed workers. Mutation research,

419(1-3):145-154.

Startin JR, Gilbert J (1984) Single ion monitoring of butadiene in plastics and foods by
coupled mass spectrometry—automatic headspace gas chromatography. Journal of

chromatography, 294:427-430.

Stephanou G, Andrianopoulos C, Vlastos D, Demopoulos NA, Russo A (1997) Induction
of micronuclei and sister chromatid exchange in mouse splenocytes after exposure to

the butadiene metabolite 3,4-epoxy-1-butene. Mutagenesis, 12(6):425—429.

Stephanou G, Russo A, Vlastos D, Andrianopoulos C, Demopoulos NA (1998)
Micronucleus induction in somatic cells of mice as evaluated after 1,3-butadiene

inhalation. Mutation research, 397:11-20.

Swann RL, Laskowski DA, McCall PJ, Vander Kuy K, Dishburger HJ (1983) A rapid
method for the estimation of the environmental parameters octanol/water partition
coefficient, soil sorption constant, water to air ratio and water solubility. Residue

reviews, 85:17-28.

Sweeney LM, Schlosser PM, Medinsky MA, Bond JA (1997) Physiologically based
pharmacokinetic modeling of 1,3-butadiene, 1,2-epoxy-3-butene, and

1,2:3,4-diepoxybutane toxicokinetics in mice and rats. Carcinogenesis, 18(4):611-625.

Tates AD, van Dam FJ, de Zwart FA, van Teylingen CMM, Natarajan AT (1994)
Development of a cloning assay with high cloning efficiency to detect induction of
6-thioguanine-resistant lymphocytes in spleen of adult mice following in vivo

inhalation exposure to 1,3-butadiene. Mutation research, 309:299-306.

Tates AD, van Dam FJ, de Zwart FA, Darroudi F, Natarajan AT, Réssner P, Peterkova
K, Peltonen K, Demopoulos NA, Stephanou G, Vlachodimitropoulos D, Sram RJ (1996)
Biological effect monitoring in industrial workers from the Czech Republic exposed to

low levels of butadiene. 7oxicology, 113:91-99.

87



Tates AD, van Dam FJ, van Teylingen CMM, de Zwart FA, Zwinderman AH (1998)
Comparison of induction of Aprt mutations by 1,3-butadiene and/or its metabolites
1,2-epoxybutene and 1,2,3,4-diepoxybutane in lymphocyes from spleen of adult male

mice and rats in vivo. Mutation research, 397:21-36.

Thier R, Persmark M, Pemble SE, Taylor JB, Ketterer B, Guengerich FP (1994)
Mutagenicity of 1,2,3,4-butadiene diepoxide is altered by mammalian _-class

glutathione Stransferase. Archives of pharmacology, 349(Suppl.):R121.

Thornton-Manning JR, Dahl AR, Bechtold WE, Griffith WC, Henderson RF (1995a)
Disposition of butadiene monoepoxide and butadiene diepoxide in various tissues of
rats and mice following a low-level inhalation exposure to 1,3-butadiene.

Carcinogenesis, 16(8):1723-1731.

Thornton-Manning JR, Dahl AR, Bechtold WE, Griffith WC, Pei L, Henderson RF
(1995b) Gender differences in the metabolism of 1,3-butadiene in Sprague-Dawley rats

following a low level inhalation exposure. Carcinogenesis, 16(11):2875-2878.

Thornton-Manning JR, Dahl AR, Bechtold WE, Griffith WC Jr, Henderson RF (1997)
Comparison of the disposition of butadiene epoxides in Sprague-Dawley rats and
B6C3F1 mice following a single and repeated exposures to 1,3-butadiene via inhalation.

Toxicology, 123:125—-134.

Thornton-Manning JR, Dahl AR, Allen ML, Bechtold WE, Griffith WC Jr, Henderson
RF (1998) Disposition of butadiene epoxides in Sprague-Dawley rats following
exposures to 8000 ppm 1,3- butadiene: comparisons with tissue epoxide concentrations

following low level exposures. Toxicological sciences, 41:167—173.

Thurmond LM, Lauer LD, House RV, Stillman WS, Irons RD, Steinhagen WH, Dean
JH (1986) Effect of short-term inhalation exposure to 1,3-butadiene on murine immune

functions. 7oxicology and applied pharmacology, 86:170—179.

Tice RR, Boucher R, Luke CA, Shelby MD (1987) Comparative cytogenetic analysis of
bone marrow damage induced by male B6C3F1 mice by multiple exposures to gaseous

1,3-butadiene. Environmental mutagenesis, 9:235-250.

88



Tiveron C, Ranaldi R, Bassani B, Pacchierotti F (1997) Induction and transmission of
chromosome aberrations in mouse oocytes after treatment with butadiene epoxide.

FEnvironmental and molecular mutagenesis, 30:403—409.

Tommasi AM, De Conti S, Dobrzynska MM, Russo A (1998) Evaluation and
characterization of micronuclei in early spermatids of mice exposed to 1,3-butadiene.

Mutation research, 397:45-54.

Tretyakova NY, Lin Y-P, Upton PB, Sangaiah R, Swenberg JA (1996) Macromolecular
adducts of butadiene. Toxicology, 113:70-76.

Tretyakova NY, Chiang S-Y, Walker VE, Swenberg JA (1998a) Quantitative analysis
of 1,3-butadiene-induced DNA adducts in vivo and in vitro using liquid
chromatography electrospray ionization tandem mass spectrometry. Journal of mass
spectrometry, 33:363—376.

Tretyakova NY, Walker VE, Swenberg JA (1998b) Formation and persistence of DNA
adducts in liver of rats and mice exposed to 1,3-butadiene. In: Proceedings of the
Society of Toxicology 1998 Annual Meeting. Reston, VA, Society of Toxicology, p. 180
(Abstract No. 890).

US DHHS (1989) Reducing the health consequences of smoking. 25 years of progress.
A report of the Surgeon General Rockville, MD, US Department of Health and Human

Services.

US EPA (1989) Locating and estimating air emissions from sources of 1,3-butadiene.
Washington, DC, US Environmental Protection Agency, Office of Air Quality Planning
and Standards (EPA/450/2- 89/021).

US EPA (1993) Motor vehicle-related air toxics study. Washington, DC, US
Environmental Protection Agency, Office of Mobile Sources, Emission Planning and

Strategies Division, April (EPA 420-R-93-005).

US FDA (1987) 1,3-Butadiene. In: Fazio T, Sherma J, eds. Food additives analytical
manual. Vol II. A collection of analytical methods for selected food additives. US Food
and Drug Administration. Arlington, VA, Association of Official Analytical Chemists,
pp. 56—68 [cited in TARC, 1999].

89



US OSHA (1990) Method 56. In: OSHA analytical methods manual, Part 1 Organic
substances. Vol. 3. Methods 565-80. Salt Lake City, UT, US Occupational Safety and
Health Administration [cited in IARC, 1999].

Uuskula M, Jarventaus H, Hirvonen A, Sorsa M, Norppa H (1995) Influence of GSTM1
genotype on sister chromatid exchange induction by styrene-7,8-oxide and

1,2-epoxy-3-butene in cultured human lymphocytes. Carcinogenesis, 16(4):947-950.

Van Duuren BL, Nelson N, Orris L, Palmes ED, Schmitt FL (1963) Carcinogenicity of
epoxides, lactones, and peroxy compounds. Journal of the National Cancer Institute,

31:41-55 [cited in IARC, 1992].

Van Duuren BL, Orris L, Nelson N (1965) Carcinogenicity of epoxides, lactones, and
peroxy compounds. Part I1. Journal of the National Cancer Institute, 35:707—717 [cited
in TARC, 1992].

Van Duuren BL, Langseth L, Orris L, Teebor G, Nelson N, Kuschner M (1966)
Carcinogenicity of epoxides, lactones, and peroxy compounds. IV. Tumor response in
epithelial and connective tissue in mice and rats. Journal of the National Cancer

Institute, 37:825— 838.

Vangala RR, Laib RdJ, Bolt HM (1993) Evaluation of DNA damage by alkaline elution
technique after inhalation exposure of rats and mice to 1,3-butadiene. Archives of

toxicology, 67:34—38.

Victorin K, Stdhlberg M (1988) A method for studying the mutagenicity of some
gaseous compounds in Sal/monella typhimurium. Environmental and molecular

mutagenesis, 11:65-77.

Victorin K, Busk L, Cederberg H, Magnusson J (1990) Genotoxic activity of
1,3-butadiene and nitrogen dioxide and their photochem ical reaction products in
Drosophila and in the mouse bone marrow micronucleus assay. Mutation research,

228:203-209.

Vincent DR, Arce GT, Sarrif AM (1986) Genotoxicity of 1,3-buta diene. Assessment by
the unscheduled DNA synthesis assay in B6C3F1 mice and Sprague-Dawley rats in

vivo and in vitro. Environ mental mutagenesis, 8(Suppl.):88.

90



Vlachodimitropoulos D, Norppa H, Autio K, Catalan J, Hirvonen A, Tasa G, Uuskila
M, Demopoulos NA, Sorsa M (1997) GSTT1- dependent induction of
centromere-negative and -positive micro nuclei by 1,2:3,4-diepoxybutane in cultured

human lymphocytes. Mutagenesis, 12(5):397—403.

Walk R-A, Jenderny J, Réhrborn G, Hackenberg U (1987) Chromo somal abnormalities
and sister-chromatid exchange in bone marrow of mice and Chinese hamsters after
inhalation and intraperitoneal administration: I. Diepoxybutane. Mutation research,

182:333—-342.

Walles SAS, Victorin K, Lundborg M (1995) DNA damage in lung cells in vivo and in
vitro by 1,3-butadiene and nitrogen dioxide and their photochemical reaction products.

Mutation research, 328:11— 19.

Ward DE, Hao WM (1992) Air toxic emissions from the burning of biomass globally —
preliminary estimates. Presented at the 85th Annual Meeting of the Air and Waste

Management Association, Kansas City, MO.

Ward EM, Fajen JM, Ruder AM, Rinsky RA, Halperin WE, Fessler- Flesch CA (1995)
Mortality study of workers in 1,3-butadiene production units identified from a

chemical workers cohort. Environmental health perspectives, 103(6):598—603.

Ward EM, Fajen JM, Ruder AM, Rinsky RA, Halperin WE, Fessler- Flesch CA (1996)
Mortality study of workers employed in 1,3- butadiene production units identified from

a chemical workers cohort. Toxicology, 113:157—168.

Ward JB Jr, Ammenheuser MM, Bechtold WE, Whorton EB Jr, Legator MS (1994)
hAprt mutant lymphocyte frequencies in workers at a 1,3-butadiene production plant.

Environmental health perspectives, 102(Suppl. 9):79-85.

Ward JB Jr, Ammenheuser MM, Whorton EB Jr, Bechtold WE, Kelsey KT, Legator
MS (1996) Biological monitoring for mutagenic effects of occupational exposure to

butadiene. Toxicology, 113:84-90.

Wiencke JK, Kelsey KT (1993) Susceptibility to induction of chromosomal damage by
metabolites of 1,3-butadiene and its relationship to "spontaneous" sister chromatid
exchange frequencies in human lymphocytes. In: Sorsa M, Peltonen K, Vainio H,

Hemminki K, eds. Butadiene and styrene: Assessment of health hazards. Lyon,

91



International Agency for Research on Cancer, pp. 265—-273 (IARC Scientific
Publications No. 127).

Wiencke JK, Pemble S, Ketterer B, Kelsey KT (1995) Gene deletion of glutathione
Stransferase _: correlation with induced genetic damage and potential role in

endogenous mutagenesis. Cancer epidemiology biomarkers and prevention, 4:253—259.

Wilson AL, Colome SD, Tian Y (1991) Air toxics microenvironmental exposure and
monitoring study. Final report. Prepared for South Coast Air Quality Management
District, E1 Monte, CA, and US Environmental Protection Agency by Integrated

Environmental Services, Irvine, CA.

Xi L, Zhang L, Wang Y, Smith MT (1997) Induction of chromosome- specific aneuploidy
and micronuclei in human lymphocytes by metabolites of 1,3-butadiene.
Carcinogenesis, 18(9):1687-1693.

Xiao Y, Tates AD (1995) Clastogenic effects of 1,3-butadiene and its metabolites
1,2-epoxybutene and 1,2,3,4-diepoxybutane in splenocytes and germ cells of rats and

mice in vivo. Environmental and molecular mutagenesis, 26:97—108.

92



APPENDIX 1 — SOURCE DOCUMENT
Government of Canada (2000)

Copies of the Canadian Environmental Protection Act Priority Substances List
Assessment Report on 1,3-butadiene (Government of Canada, 2000) are available upon

request from:

Inquiry Centre

Environment Canada

Main Floor, Place Vincent Massey
351 St. Joseph Blvd.

Hull, Quebec

Canada K1A OH3

or on the Internet at:
www.ec.gc.ca/ccebl/eng/public/index_e.html

Unpublished supporting documentation for the health effects assessment, which

presents additional information, is available upon request from:

Environmental Health Centre
Room 104

Health Canada

Tunney’s Pasture

Ottawa, Ontario

Canada K1A 0L2

Sections of the Assessment Report and supporting documentation on genotoxicity
and reproductive and developmental toxicity were reviewed by D. Blakey and W.
Foster, respectively, of the Environmental and Occupational Toxicology Division of
Health Canada. A review of the exposure assessment included in the critical
epidemiological studies was prepared under contract by M. Gerin and J. Siemiatycki of

the Institut Armand-Frappier, University of Quebec.

In the first stage of external review, sections of the supporting documentation

pertaining to human health were considered by the following individuals, primarily to
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address adequacy of coverage: J. Aquavella, Monsanto Company; M. Bird, Exxon
Biomedical Sciences, Inc.; J.A. Bond, Chemical Industry Institute of Toxicology; I.
Brooke, United Kingdom Health and Safety Executive; G. Granville, Shell Canada
Ltd.; R. Keefe, Imperial Oil Ltd.; A. Koppikar, US Environmental Protection Agency:;
R.J. Lewis, Exxon Biomedical Sciences, Inc.; K. Peltonen, Finnish Institute of

Occupational Health; and F. Ratpan, Nova Chemicals

In the second stage of external review, accuracy of reporting, adequacy of coverage,
and defensibility of conclusions with respect to hazard characterization and
exposure-response analyses were considered in written review by BIBRA
International and the following individuals: R.J. Albertini, University of Vermont; J.A.
Bond, Chemical Industry Institute of Toxicology; I. Brooke, United Kingdom Health
and Safety Executive; J. Bucher, US National Toxicology Program; B. Davis, US
National Toxicology Program; E. Delzell, University of Alabama at Birmingham; B.dJ.
Divine, Texaco; A.A. Elfarra, University of Wisconsin-Madison; E. Frome, Oak Ridge
National Laboratory; B.D. Goldstein, Environmental and Occupational Health
Sciences Institute; R.F. Henderson, Lovelace Respiratory Research Institute; R.D.
Irons, University of Colorado Health Sciences Center; A. Koppikar, US Environmental
Protection Agency; J. Lubin, US National Cancer Institute; J. Lynch, Exxon
Biomedical Sciences, Inc. (retired); R.L. Melnick, US National Toxicology Program; K.
Peltonen, Finnish Institute of Occupational Health; A.G. Renwick, University of
Southampton; J. Siemiatycki, Institut Armand-Frappier; L.T. Stayner, US National
Institute for Occupational Safety and Health; J.A. Swenberg, University of North
Carolina; R. Tice, Integrated Laboratory Systems, Inc.; and J.B. Ward, Jr., University
of Texas Medical Branch.

In the third and final stage of external expert review, adequacy of incorporation of
the comments received during the second stage was considered at a final meeting of a
panel of the following members convened by Toxicology Excellence in Risk Assessment
(TERA) in November 1998: H. Clewell, K.S. Crump Division of ICF Kaiser; M.L.
Dourson, TERA; and L. Erdreich, Bailey Research Associates, Inc.

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

Management Committee.
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Concurrent with review of the draft CICAD, there was also a public comment period
for the source national assessment, in which the Priority Substances List Assessment
Report was made available for 60 days (2 October to 1 December 1999). A summary of
the comments and responses is available on the Internet at

www.ec.gc.ccebl/eng/public/index_e.html.
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APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on 1,3-butadiene was sent for review to institutions and
organizations identified by IPCS after contact with IPCS national Contact Points and
Participating Institutions, as well as to identified experts. Comments were received

from:

M. Baril, International Programme on Chemical Safety/ Institut de Recherche en

Santé et en Sécurité du Travail du Québec, Canada

R. Benson, Drinking Water Program, US Environmental Protection Agency, USA
T. Berzins, National Chemicals Inspectorate (KEMI), Sweden

R. Cary, Health and Safety Executive, United Kingdom

R. Chhabra, National Institute of Environmental Health Sciences, National Institutes
of Health, USA

P. Edwards, Department of Health, United Kingdom

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

Protection Agency, USA

R. Hertel, Federal Institute for Health Protection of Consumers and Veterinary

Medicine, Germany

J. Heuer, Federal Institute for Health Protection of Consumers and Veterinary

Medicine, Germany

dJ. Jinot, US Environmental Protection Agency, USA

C. Kimmel, US Environmental Protection Agency, USA
A.M. Koppikar, US Environmental Protection Agency, USA

S. Kristensen, National Industrial Chemicals Notification and Assessment Scheme
(NICNAS), Australia
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N. Moore, BP Amoco Chemicals (commented through Department of Health, United
Kingdom)

H. Nagy, National Institute of Occupational Safety and Health, USA
S. Tarkowski, Nofer Institute of Occupational Medicine, Poland

L. Vodickova, National Institute of Public Health, Centre of Industrial Hygiene and

Occupational Diseases, Czech Republic

P. Yao, Institute of Occupational Medicine, Chinese Academy of Preventive Medicine,

People’s Republic of China

K. Ziegler-Skylakakis, GSF-Forschungszentrum fur Umvelt und Gesundheit,

Germany (transmitted comments from BUA and industry representatives)
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APPENDIX 3 — CICAD FINAL REVIEW BOARD
Helsinki, Finland, 26-29 June 2000
Members

Mr H. Ahlers, Education and Information Division, National Institute for Occupational

Safety and Health, Cincinnati, OH, USA
Dr T. Berzins, National Chemicals Inspectorate (KEMI), Solna, Sweden

Dr R.M. Bruce, Office of Research and Development, National Center for

Environmental Assessment, US Environmental Protection Agency, Cincinnati, OH,
USA

Mr R. Cary, Health and Safety Executive, Liverpool, United Kingdom (Rapporteur)

Dr R.S. Chhabra, General Toxicology Group, National Institute of Environmental
Health Sciences, Research Triangle Park, NC, USA

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

Protection Agency, Cincinnati, OH, USA

Dr S. Dobson, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton, United
Kingdom (Chairman)

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

Protection Agency, Washington, DC, USA

Dr R.F. Hertel, Federal Institute for Health Protection of Consumers and Veterinary

Medicine, Berlin, Germany

Ms K. Hughes, Priority Substances Section, Environmental Health Directorate, Health

Canada, Ottawa, Ontario, Canada

Dr G. Koennecker, Chemical Risk Assessment, Fraunhofer Institute for Toxicology and

Aerosol Research, Hanover, Germany
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Ms M. Meek, Existing Substances Division, Environmental Health Directorate, Health

Canada, Ottawa, Ontario, Canada

Dr A. Nishikawa, Division of Pathology, Biological Safety Research Centre, National
Institute of Health Sciences, Tokyo, Japan

Dr V. Rithiméki, Finnish Institute of Occupational Health, Helsinki, Finland

Dr J. Risher, Agency for Toxic Substances and Disease Registry, Division of Toxicology,

US Department of Health and Human Services, Atlanta, GA, USA

Professor K. Savolainen, Finnish Institute of Occupational Health, Helsinki, Finland

(Vice-Chairman)

Dr J. Sekizawa, Division of Chem-Bio Informatics, National Institute of Health

Sciences, Tokyo, Japan

Dr S. Soliman, Department of Pesticide Chemistry, Faculty of Agriculture, Alexandria
University, Alexandria, Egypt

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

Sydney, NSW, Australia
Observer

Dr R.J. Lewis (representative of European Centre for Ecotoxicology and Toxicology of
Chemicals), Epidemiology and Health Surveillance, ExxonMobil Biomedical Sciences,
Inc., Annandale, NdJ, USA

Secretariat

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

Geneva, Switzerland (Secretary)

Dr P.G. Jenkins, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland

Dr M. Younes, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland
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APPENDIX 4 — QUANTITATION OF EXPOSURE — RESPONSE FOR CRITICAL
EFFECTS ASSOCIATED WITH EXPOSURE TO 1,3-BUTADIENE

Tumorigenic concentrations based on epidemiological data
Methods

The raw study data2?! for the six plants investigated by Delzell et al. (1995) were
used to calculate the potency estimates. The data consisted of the cumulative
occupational exposures to butadiene and styrene at each year of each subject’s life
(person-year), beginning with his entry into the cohort and terminating with death or
other exit from the cohort. The data also contained information on race, age, calendar

year, and years since hire of each subject.

The response of interest was cases of death due to all forms of leukaemia, as
information on the specific type of leukaemia was insufficient; only cases in which
leukaemia was considered the underlying cause of death were considered in these
analyses. Exposure estimates were cumulative occupational exposures in ppm-years

assumed to be incurred for 8 h/day, 240 days/year over a 45-year working life.

The objective of this exposure—response analysis was to compute the carcinogenic
potency, expressed as the TCo1, or the concentration of butadiene associated with a 1%
excess probability of dying from leukaemia. This analysis involved two stages. First,
the relationship between exposure and the death rate due to leukaemia within the
cohort was modelled. This was accomplished by collapsing (or stratifying) the data into
discrete exposure cate gories and then modelling the mean exposure in each category
versus the death rates due to leukaemia. In the second stage of analysis, the TCo1 was
calculated based on this exposure—response relationship and the background mortality

rates in the Canadian population.
FExposure—response modelling

In addition to stratifying by exposure, the data were stratified by race, age, calendar
year, years since hire, and styrene exposure in order to incorporate this information

into the exposure-response relationship. Each of these variables was collapsed into a

21 The cooperation of the sponsors and researchers for the Delzell et al. (1995) study in
the provision of these data is gratefully acknowledged.
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small number of discrete categories in order to reduce the number of strata, thereby
improving model stability. These variables and their categories are presented in Table
A-1. Exposure, defined as the mean cumulative exposure per person-year, was
calculated for person-years falling into each possible combination of the stratification

variables.

Table A-1: Stratification variables for exposure-response modelling of epidemiological data from Delzell et al. (1995).

Variable Categories

Cumulative butadiene expaosure (ppm-years) 0, =0-4, 5-9, 10-19, 20-29, 30-49, 50-99, 100-199, 200+
Cumulative styrene exposure (ppm-years) 0, =0-3, 4-6, 7-9, 10-19, 20-39, 40-59, 60-79, 80+

Race black, white, other

Age 40-44, 45-4% . 7579, 80+

Calendar period 1940-44 1945-49, .. 1990-95

Years since hire 04 5-% . 50-55

The data were imported to Epicure (1993)22 for exposure— response modelling. All

fitted models were of the form:
RR = O/E = g(D(9)

where RR is the rate ratio, O and E are the observed and expected numbers of
leukaemia deaths, D(# is cumulative butadiene expo sure up to time ¢# and gis the
exposure-response model, which is constrained to pass through one at zero exposure.
Four different models, discussed in more detail below, were fitted to the data. At the
model-fitting stage, the expected number of deaths is calculated on the basis of the

non-exposed person-years in the cohort, and not from population background rates.

Lifetime probability of death due to leukaemia

22 Epicure is a collection of interactive programs used to fit models to epidemiological
data. The specific program used to model the data for this cohort of styrene-butadiene
rubber workers is called AMFIT, which is specially designed to model hazard functions
for censored cohort survival data. The strength of Epicure lies in its ability to easily
allow the background rate to depend on user-specified strata, such as age, calendar
period, and race.
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Once the fitted exposure—response model was obtained, the lifetime probability of
death due to leukaemia was computed using lifetable methods taking into account the
death rates in the Cana dian population. The derivation of the formula used for the

lifetime probability of death due to leukaemia proceeds as follows.

Let d(#) represent the exposure concentration of butadiene in ppm at age ¢ years, and

let D(H denote the cumulative exposure in ppm-years, with:

t
D)= [ (x)ex
1]

This formulation of cumulative exposure allows for the possibility of non-constant

exposure scenarios.

At a cumulative exposure of D(d ppm-years, the probability of dying from leukaemia

by age t is given by:

t
PO )= [ hg (D (x);2) 8 (%) e (1)
0

where ArR(D(9;?) is the mortality rate from leukaemia at age ¢ given a cumulative
exposure to butadiene of D(#), and S(?) is the probability of survival up to age ¢
Equation (1) follows from the argument that the probability of death by age ¢is equal
to the probability of death at age ¢ multiplied by the probability of surviving up until
age t. In lifetable analysis, the mortality and survival rates are constant for each year,

so the integral in (1) can be replaced by a summation over year.

Exposure to butadiene is assumed to augment the back ground rate of leukaemia in
a multiplicative fashion. In other words, the mortality rate, given exposure to
butadiene, is equal to the background exposure rate multiplied by the excess risk due
to exposure to butadiene. This is known as the "proportional hazard" model and is

expressed as:

Ha (DGt ty=hityx [gio(tn] (2}
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where A(d is the background mortality rate from leukaemia in the population,
calculated from Canadian age-specific death rates23 due to leukaemia, and g(D(9) is

the fitted exposure-response model, or excess risk at age ¢

The survival rate, S(#, appearing in equation (1) is computed from Canadian
age-specific death rates due to all causes, where the reported Canadian leukaemia
mortality rate is replaced by the modelled rate in order to incorporate exposure to

butadiene. The formula describing the probability of survival up to age 71is given by:

J.
SJ-=EHD[—Zh;—hj+hJ.QJ,-] (3
J=

where A" and A are the Canadian mortality rates due to all causes and due to

leukaemia at age J, respectively, and g = g(D()) is the excess risk at age J.

Substituting equation (2) into (1), the lifetime probability of death due to leukaemia

is given by:

70
POO(TONTON= ¥ higiS 4
J=1

where 1-70 years is the standard lifetime for a human.
Cancer potency (TCo1)

The TCo1 is computed by determining the exposure D(#) at which the excess risk is
equal to 0.01. That is,

PLOCELEI-PLOEY _
1— PO t) '

01

23 Mortality data were provided to Health Canada by Statistics Canada. The
cooperation of the registrars of vital statistics in the provinces and territories of
Canada who make mortality data available to Statistics Canada under
federal-provincial agreements is gratefully acknowledged.
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If a constant exposure dis assumed for an individual from birth to age 70 years, then
d(?) = d ppm and the cumulative exposure D(#) = d X ¢ ppm-years. The TCo: is then the

ambient exposure level d (in ppm) at which the excess risk equals 0.01 at #= 70 years.
Lagged exposure analysis

In separate analyses, exposures were lagged by n= 2, 5, 10, 15, 20, and 25 years to
determine if the models would provide better fits if the most recent n years of exposure
were ignored. An nyear lag was achieved by resetting an individual’s cumulative
exposure at each year to be equal to the exposure he had accumulated n years prior. In
so doing, the last n years of exposure do not affect the probability of developing
leukaemia. The data were first stratified on unlagged cumulative exposure, and then
the individual exposures were lagged. Thus, the number of strata remains constant
when using different lag periods, and models with different lags may be directly

compared (Preston et al., 1987).
Validation study

To assess the predictive power of the exposure—response models, a validation study
was performed in which individuals in the cohort were divided randomly into two
groups. The models were fit separately to both groups, and then a likelihood ratio test
was performed to determine if the estimated parameters were equal. The process of
dividing and fitting was repeated 1000 times to characterize the variability due to the
random splitting process. If the models provided consistent fits, then the likelihood
ratio test would be expected to reject at a rate equal to the desired signif icance level of
the test (i.e., at a significance level of 0.05, the fitted parameters should be
significantly different 1 in 20 times). If the tests are significant more often than this,

the confidence in the predictive power of the models is reduced.
Results
FExposure—response modelling

Four different exposure—response models were examined and are presented in Table
A-2. These models are identical to those fitted in the Delzell et al. (1995) report except
that model 2 is more general and flexible than the square root model used by those

authors. Preliminary analysis indicated that all stratification vari ables except race
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significantly affected the model fit. Since race was only marginally insignificant, all

variables were used to stratify the data prior to model fitting.

The four models were fitted while stratifying on race, age, calendar year, years since
hire, and styrene exposure. The results of the model fitting are displayed in Table A-2.
(Note: A smaller deviance roughly indicates a better fit.) A graphic representation of
the data and the fitted models is shown in Figure A-1. Judging from the model
deviances and the shape of the curves relative to the data, especially in the low-dose

region, model 1 provides the best fit to the data.

For purposes of comparison, the same models were fitted using the median exposure
as per the Delzell et al. (1995) report. These analyses indicated that there is little
difference between using mean or median exposures. Models including age as a
multiplying factor of esamma-age instead of as a stratification variable were also fitted,
but these models did not fit as well. Since cumulative exposure and years since hire
may be confounded, their interaction was examined. The interaction was not
significant for any of the models. The same models were refitted excluding the largest
exposure group (200+ ppm-years), but this did not significantly affect any of the
parameter estimates. The four models were also refitted allowing for different
background rates for control and exposed populations. Different background rates
might be neces sary in occupational studies where lifetime non-exposed workers may
differ fundamentally from exposed workers as a result of differences in jobs and work
areas. Results of this analysis indicated that different background rates are not

necessary for these data.

The parameter estimates obtained in the present analysis are also not significantly
different from those presented in the Delzell et al. (1995) report. The differences in
parameter estimates are likely due to the different levels used in the stratification vari
ables. Table A-2 compares the parameter estimates obtained in this analysis with

those of the Delzell et al. (1995) report.
Cancer potency (TCo1)

The TCois were calculated for each model using the lifetable methods described
above, and the resulting ambient occupational exposures per person-year were
converted to environmental exposures by assuming that the exposures occurred for 8
h/day,

105



Table A-2: Parameter estimates and model deviances for each of four models fit to mean cumulative exposure per person-year for
Delzell et al. (1995) study and comparison with parameter estimates from Delzell et al. (1995) analyses.

Parameter Parameter estimates from
Model estimates Standard error Deviance Delzell et al. (1995) study p-value?
1) RR = (1 + dose) = =0.2850 SE(~ ) =0.0878 171.5 * =0.2028 0.39
2)RR =1+ = ~dose’ = =0.35999 SE(=}=0.2733 172.0 * =0.5000¢% 0D.62

= = 0.4558 SE(~)=0D.8222 * =0.1293
3)RR = g"= = =0.0029 SE(*)=0.0014 176.7 * =0.0041 0.38
4)RR =1+ = «dose = =0.0099 SE(*) = D.0065 1747 * =0.0068 0.63

2 p-value of likelihood ratio test of equality of parameters.
B Faor the Delzell et al. (1995) analysis, * was fixed at 0.5, and only * was estimated.

[Lw) -
.
=+ _|
o
o~ ]
| —— ER=[1+x1".29
o R RR=1+06*"0.38
——— RR=exp(0.0029%:)
_ ] —— RR=1+0.099%
T T I
0 100 200 300

Mean cumuolative butadiene exosure per person year (PRM-Years)
Adjusted for age, calendar period, race, years since hire and styrene exposure

Figure A-1. Observed rate ratios and fitted curves for leukaemia in Delzell et al. (1995 ) stucdy.

240 days/year. This amounts to multiplying the TCo1 by:

ahn 240 days

%
24 A 365 davs
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To convert the ambient exposures from ppm to mg/m3, the TCois are further
multiplied by 2.21, the conversion factor for butadiene. The occupational and
equivalent environmental TCois are presented in Table A-3. Environmental TCo1s for
each of the four models ranged from 1.4 to 4.3 mg/m3. TCo1s calculated excluding the
largest exposure group were slightly smaller, ranging from 0.6 to 1.6 mg/m3, while
those calculated on the basis of median exposures were similar, ranging from 0.4 to 5.0

mg/m3.

TCo1s were also calculated using the parameter estimates from the Delzell et al.
(1995) report and are compared with the TCois developed here in Table A-3. They
ranged from 3.1 to 14.3 mg/m3.

Lagged exposure analysis

The same four models were fitted when exposures were lagged by 2, 5, 10, 15, 20,
and 25 years. The resulting model fits are displayed in Table A-4. Since the deviances
are similar for each lag period, this analysis indicates that lagging exposures does not
dramatically improve the fit of any of the four models. In fact, TCo1s for all four models

and all lag periods ranged from 0.8 to 4.3 mg/m3.
Validation study

With respect to model validation, the p-values for the tests of equality of the
parameters are displayed in Table A-5. If the models were providing consistent fits
between the two halves, the propor tion of p-values less than the significance level of
alpha would be alpha. The results of the simulation study indicate that the test is
rejecting more often than would be expected if the models were providing the same fits
to both halves of the data. For model 1, the test was rejected at a significance level of
1% in 7.4% of the runs, whereas a rejection rate of 1% of the runs would be expected if
the model was fitting consistently. The results of this analysis reduce the confidence in

the power of the models to predict leukaemia mortality rates.
Summary

It is noteworthy that the choice of the exposure-response model does not have a large
impact on the resulting TCo1; as indicated in Table A-3, the values are similar, ranging

from 1.4 to 4.3 mg/m3. However, if a best model must be chosen, it would be model 1,
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owing to the smaller deviance (Table A-2), the shape of the curve relative to the data in
the low-dose region (Figure A-1), and the fact that it has one fewer parameter than
model 2, which provides a similar fit. The T'Co1 for model 1 is 1.7 mg/m3.

Table A-3: Carcinogenic potency estimates (TC ms) for models fit to mean cumulative exposure per person-year
based on Delzell et al. (1995) study and comparison with estimates from Delzell et al. {(1995) analyses.

Current analysis Delzell et al. {(1995) analysis
Occupational TCx Environmental TCx Environmental TC i
Maodel (mgim®) (mgim?) (mig/m?)
1V RR = (1 + dose) T8 1.7 14.3
2)RR =1 + = dose” 6.5 1.4 6.4
3)RR = g"™== 19.8 4.3 31
4)RR =1 + = -dose 13.8 3.0 4.5

It is difficult, though, to assess how well any of these models truly describes the data.
It is noted that the plot in Figure A-1 provides only a rough indication of the shape of
the data, since each point on the plot is an average of data in many strata. The results
of the validation study reduce confidence in the ability of the models to predict

leukaemia mortality.

The choice of exposure lag does not greatly improve the fit of any of the four models,
and it does not affect the resulting TCo1. Including all lagged models, the range of
TCozs is still from 0.8 to 4.3 mg/m3.

For comparison with these values, potency estimates were also calculated on the
basis of the recent case—control study of styrene-butadiene rubber workers by
Matanoski et al. (1997). Although workers were from plants subsumed in the Delzell et
al. (1995) study, exposure was independently characterized. Treating the odds ratio
presented by these authors as a rate ratio (since leukaemia is a rare disease) and using
their model and parameter estimates as well as the same lifetable methods described
above, the TCo1 for environmental exposure was calculated to be 0.4 mg/m3. It is
reassuring, therefore, that this value is only slightly lower than the estimates derived

on the basis of the Delzell et al. (1995) cohort study data.

Tumorigenic concentrations based on data from studies in experimental animals
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Estimates of carcinogenic potency were calculated on the basis of the incidences of
malignant lymphomas, histiocytic sarcomas, cardiac haemangiosarcomas,
alveolar/bronchiolar adenomas or carcinomas, hepatocellular adenomas or carcinomas,
squamous cell papillomas or carcinomas of the forestomach, adenomas or carcinomas
of the Harderian gland, granulosa cell tumours of the ovaries, and adenoacanthomas,

carcinomas, or malignant mixed tumours of the mammary gland observed in B6C3F1

Table A-4: Parameter estimates and model deviances for each of fouwr lagged-exposure models
fitted to median cumulative exposure per person-year.

Model Lag Parameter estimates Standard ermor Deviance
1)RR = {1 + dose} Mone - = 0.2B50 SEf= )= 0.0978 171.5
2 years - = 0.2B52 SEf- )= 0.0982 171.8
5 years - = 0.2BB3 SEf= )= 0.0985 171.8
10 years - = 02084 SE(- )=0.1034 1711
15 years - = [.ZB55 SE(- )=0.1072 172.4
20 years - = 0.280 SER)=0.1141 173.8
25 years = = 0.ZEBB SE( ) =0.1334 175.4
2)RR =1 % - -dose’ Mone - = 02800 SER ) =027 1720
- = D.4557 SE(- ) =D.8218
2 years - = 0.2802 SEf- )=0.2T30 172.0
= 0.4602 SEf- ) =0.827T0
5 years - = 0.4024 SEf )=0.2T37 172.0
= 04647 SEf- ) =0.8288
10 years = 0.4245 SEf- )= 0.2T85 171.4
= 0.4G6083 SEf- ) =0.8345
15 years - = D.4835 SEf= )= 02287 172.8
- = 0.2678 SE(- ) =0.5848
20 years - = 04720 SE(- )= 0.2558 173.9
- = 0.3243 SE(- )=D08572
25 years - = 0.Z360 SE(- )= 0.2833 175.3
- = 08283 SE(R)=15710
J)RR = g™em Mone - = 0.0028 SEf ) =0.0014 1787
2 years - = 0.0028 SEf ) =0.0015 170.8
5 years - = 0.0031 SE(- ) =0.0015 178.7
10 years - = 0.0034 SE{= )= 0.0015 170.4
15 years - = 0.0035 SE{- )= 0.0018 177.0
20 years - = 0.0033 SEf- ) = 0.0022 178.2
25 years - = 0.0033 SEf- ) = 0.0022 178.2
4)RR =1+ = dose Mone - = 0.0088 SE(= ) = 0.0085 174.7
2 years - =0.0102 SE{= ) = 0.0D0G7 174.7
5 years - =0.0108 SE{- )= 0.0072 174.8
10 years - =0.0137 SE{= ) = 0.008D 173.8
15 years - = 0.0158 SE{- )= 0.0105 174.1
20 years - =0.0178 SE(-)=0.0128 175.7
25 years - =0.0178 SE(-)=0.0128 175.7
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mice in the chronic bioassay conducted by the NTP (1993) and the mammary gland
tumours, pancreatic exocrine adenomas, Leydig cell tumours, Zymbal gland
carcinomas, thyroid follicular cell adenomas or carcinomas, and uterine sarcomas in
Sprague-Dawley rats reported by Hazleton Laboratories Europe Ltd. (1981a). (The

tumour incidence data for each of the sites considered are presented in Tables 2 and 3.)

Table A-5: Model validation p-values for Delzell &t al. (1995) study.

Proportion of p-values® that are

Model less than 0.01 less than 0.05 less than 0.1
1) RR = {1 + dosey 0.074 0167 0.252
Z)RR =1 + » «dose" 0.084 0.19 0.286
3 RR = g 0.08 0.188 0.264
4)RR =1 + * wose 0.103 0.214 0.303

? p-value of likelihood ratio test of equality of parameters fitted to each half of the data.

In the NTP study, mice were exposed to 0, 6.25, 20, 62.5, 200, or 625 ppm (0, 13.8,
44.2, 138, 442, or 1383 mg/m3) butadiene for 6 h/day, 5 days/week, for 103 weeks.
Survival of mice decreased with increasing exposure concentration; therefore, to
minimize the effect of the high mortality rate, the poly-3 adjusted data (Bailer &
Portier, 1988; Portier & Bailer, 1989) presented in the NTP (1993) report were used in
these calculations. For some tumour types, the adjusted data still demonstrated
downward curvature at the highest concentration. In these cases, the high- exposure
group was excluded in the determination of the TCos. The TCoss were calculated for
these end-points by first fitting a multi stage model to the data. The multistage model
1s given by:

d 3

O - -
Prc)=1-¢ I S L

where d is dose, k is the number of dose groups in the study minus one, P(d) is the
probability of the animal developing a tumour at dose d, and ¢ > 0, i = 1,..., &k are

parameters to be estimated.
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The models were fitted using GLOBALS82 (Howe & Crump, 1982), and a chi-square
lack of fit test was performed for each model fit. The degrees of freedom for this test are
equal to £ minus the number of ¢’s whose estimates are non-zero. A p-value less than
0.05 indicates a significant lack of fit. The lower confidence limits presented are
approximate, based on output from GLOBALS82. Results from the model fitting are
displayed in Table A- 6. Plots of the data and the fitted models are shown in Figure
A-2.
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TCoss were determined as the doses D (in mg/m?3) that satisfy

piD)-p,(0)
1- P07}

=005

and then adjusted by multiplying by:

2
6 i day « A cfays S weolk . Wiweoi s “ Wiwes ks
24 b clay T clays S weoolk 104 weeks 104 weaks

where, in the first term, which amortizes the dose to be constant over the lifetime of a
mouse, w is the duration of the experiment (103 weeks). The second factor was
suggested by Peto et al. (1984) and corrects for an experiment length that is unequal to
the standard lifetime. Since tumours develop much more rapidly later in life, a greater
than linear increase in the tumour rate is expected when animals are observed for
tumours longer than their standard lifetime (or the reverse, when animals are
observed for a period shorter than their standard lifetime). (Application of this factor
does not impact greatly on the final values, since it is very close to one.) The selected
TCos values for this study and their 95% lower confi dence limits (LCLs) are presented
in Table A-6 and range from 2.3 mg/m3 (95% LCL = 1.7 mg/m3) or 1.1 ppm (95% LCL =
0.79 ppm) for Harderian gland tumours in males to 99 mg/m? (95% LCL = 23 mg/m3) or
45 ppm (95% LCL = 10 ppm) for malignant lymphomas in males.

Estimates of carcinogenic potency were also calculated based on the results of the
bioassay in Sprague-Dawley rats (Hazleton Laboratories Europe Ltd., 1981a). In this
study, rats were exposed to 0, 1000, or 8000 ppm (0, 2212, or 17 696 mg/m?) for 6 h/day,
5 days/week, for 105 (males) or 111 (females) weeks. A high mortality rate was
observed at the higher concentration; therefore, this exposure group was excluded from
the analysis, except for the potency estimates for pancreatic exocrine adenomas in
males (for this end-point, exclusion of the high-exposure group would have resulted in
the exposure-response relationship curving downwards). As for mice, a multistage
model was fit to the data for rats using GLOBALS82 and adjusted to account for study
duration (w) by multiplying by:

113



2
B h/dal . o dals s week y Wik s « Wireaks
24 Y day T days Sweal 104 weeks 104 weeks

where the duration of the experiment was 105 weeks for males and 111 weeks for
females. The exposure-response curves and estimated adjusted TCos values based on
this study in rats are presented in Figure A-3 and Table A-6, respectively. The
concentrations of butadiene estimated to be associated with a 5% increased incidence
of tumours ranged from 6.7 mg/m3 (95% LCL = 4.7 mg/m3) or 3.0 ppm (95% LCL = 2.1
ppm) to 4872 mg/m3 (95% LCL = 766 mg/m3) or 2203 ppm (95% LCL = 346 ppm) for
tumours of the mammary gland and Zymbal gland in female rats, respectively.
Although the available data for analysis of exposure— response were more limited for
rats than for mice, it is interesting to note the similarity in estimates of potency for

mammary gland tumours (i.e., 6.7 mg/m?3 in both species).

Based on modelling (using THC; Howe, 1995a) of the inci dence of micronucleated
polychromatic erythrocytes in B6C3F1 mice exposed to butadiene for up to 15 months
in the NTP bio assay, BMCoss for somatic cell mutations were very similar to the lower

end of the range of the TCoss for tumour induction.
Benchmark concentrations for ovarian atrophy in mice

Benchmark concentrations (BMCoss) for ovarian atrophy were derived on the basis
of the chronic bioassay conducted by the NTP (1993) in which B6C3F1 mice were
exposed to concentrations of 0, 6.25, 20, 62.5, 200, or 625 ppm (0, 13.8, 44.2, 138, 442,
and 1383 mg/m3) butadiene for up to 2 years. There was a concentra tion-related
increase in the incidence as well as the severity of ovarian atrophy, as summarized in
Table A-7.

The exposure—response relationship for ovarian atrophy from this study was

quantified by fitting the following model to the dose-response data (Howe, 1995b):

q ifd = d
Pid)= o ] g1 =0y
{qn+(1-qnj. [1-9 (6 -dg) - a () ] ifd = dg
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where d is dose, k is the number of dose groups in the study minus one, P(d) is the
probability of the animal developing the effect at dose d, and ¢:> 0, 1=1,..., kK and db are
parameters to be estimated. The models were fit using THRESH (Howe, 1995b), and
the BMCoss were calculated as the dose Dthat satisfies:

piD)-p,(0)
1- P07}

=005

A chi-square lack of fit test was performed for each of the model fits. The degrees of
freedom for this test are equal to & minus the number of ¢’s whose estimates are

non-zero. A p-value less than 0.05 indicates a significant lack of fit.

The BMCos was then amortized to be constant over the standard life of a mouse by

multiplying by:

B h/day . A ofals s week
24 h A dlay T clays S woolk

Resulting BMCoss and lack of fit information for all models fit are displayed in Table
A-8.

The model fitted to all six exposure groups exhibited a significant lack of fit, likely
due to the fact that the curve rises sharply and then plateaus at the three highest
exposure groups. Plots of the data and fitted model are displayed in Figure A-4. Since a
good fit in the range of the BMCos (in the vicinity of 6.25 ppm [13.8 mg/m3]) is desired,
the model was refitted omitting the two highest exposure groups. This model again
indicates a marginal lack of fit. The graph of this model (Figure A-5) indicates that this
model provides a reasonable visual fit to the data, but the resulting BMCos is uncertain

due to lack of fit of the model.

The BMCos for the model excluding the two highest dose groups was calculated to be
0.57 mg/m3, with a 95% LCL of 0.44 mg/m3.

If only those animals that had moderate or marked ovarian atrophy from all
exposure groups were included, the resulting BMCos would be 9.6 mg/m3 (95% LCL =
7.6 mg/m3), although there is again a significant lack of fit (Figure A-6). If the highest
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exposure group is excluded, the BMCos for moderate or marked ovarian atrophy

becomes 3.1 mg/m3, with a 95% LCL of 2.5 mg/m3 (Figure A-7).

Figure A-2: Exposure-response analysis for butadiene-induced tumours in mice
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Figure A-2 (continued).
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Fig A-2 (continued).
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Figure A-3: Exposure-response analysis for butadiene-induced tumours in rats
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Figure A-3 (continued).
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Table A-T: Incidence and severity of ovarian atrophy observed

in 2-year bioassay in mice (NTP, 1993).

Exposure level Number of animals All Minimal Mild Moderate Marked
{ppm) examined severities severity severity severity severity
0 49 4 1 2 1 0
6.25 49 19 ] 15 4 0
20 48 32 1 23 8 0
62.5 50 42 3 18 21 0
200 50 43 0 9 34 0
625 79 69 0 19 a7 3
Table A-8: Benchmark concentrations for ovarian atrophy.
95% LCL on 95% LCL on
BMCos BMCes BMCos BMCes Chi-
Owvarian atrophy {ppm) (ppm) {mg/m¥) {mg/m3) square df p-value
All severities 25 1.9 5.6 4.1 61 4 0.00
All severities, excluding 0. 0.20 0.57 0.44 7.0 2 0.03
top two dose groups
Moderate/marked 4.3 3.4 9.6 7.6 371 4 0.00
severity
Moderate/marked 1.4 1.1 31 2.5 2.2 3 0.55

severity, excluding top

dose group
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Figure A-4: Exposure-response anahysis for ovarian atrophy in mice
("BMCp5 and BMCL g5 unadjusted for lifetime dosing).
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Figure A-5; Exposure-response analysis for ovarian atrophy in mice

excluding two highest dose groups
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Figure A-6: EXposure-response analysis for moderate/marked
ovarian atrophy
(*BMCD5 and BMCLDA unadjusted for lifetime dosing).
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