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= B4V 28 (5 YR 3l L& (Concise International Chemical Assessment Document)
No.bd =F L o FHFT K
(Ethylene oxide)

=2
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1. E

TF L UAF Y RIZBET A ARCICAD X, b7 X EBifti#E(Canadian Environmental
Protection Act: CEPA) O/ it st Ei o —8 & L TER S B NC S & 4
JEAEE BRI S K OV - & BRI P AL W B R EA S 9 A3 36 [R) CHERK L 7=, CEPA IZ
KO EEWEFMO B, —RBRED COMBEMNLRRBEICL D NO/EER X O8RS
A@Eﬁﬁmﬁf‘%é%ﬂfﬂﬁ#é LITH D, DL E 2—TIL19984E5 H R (BRES~ 0D 5 42)
BELO1999F8H K (b N ORE~DEE) E TICHERINT —Z B3RS Tn s, R
% #H(Environment Canada & Health Canada, 2001) D E°7 L b = —O/ERGERRICEET 5
B & AT HIECBT 215 % Appendix 212" T, SHIZBEL LIZZOMO L E2—|C
ATSDR(1990). BUA(1995), TARC(1976, 1994), K[EEPA(1985) &, =F L A F K

(2B 28 EDOEHCOE / 77 7(IPCS, 1985) 13 &% 5, ACICADDO BT L B = —IZB$ 5
1% 4 % Appendix 3127~ $, ACICAD 1320024 D9A 16 H ~19H ICHEFDE L 7 27 v R
T SN -k ZEES THEHEHME L L TR SN, RERFEESOEES NG
% Appendix 4273, IPCSMERL L7-F L A RICET 5 EEbS2WE 2 e b
— RICSC 0155)(IPCS, 1999) t, A<CICAD Z#x#id 5,

TF L A F T F(CAS No. 75-21-8) 1L =iR - HEHELRE TIEIEF T BUSTED B WA DK,
KThHD, KEHIZE,

L Z OB O EE k5w BT DAl iEtEZ2 R L, DO b DOIZT 2 720 O SENAN &
BT D7D :\ﬁbwﬁﬁﬁm%%ﬁb<%&ko:ﬂ X o TEHNIOBERED L v
2—BLOENICH S EENZRL 2 —2B L CERICHEBINTT — 4 X—R WL L
@@ﬁ%ﬁ%%héﬂtoﬁ&ﬁii@#m%éwiaﬁﬁm N ZE T EHE TR
WERITDFE#RS, LE2—7 —ICX o THRER-OTZOIZINZ 2 XE &SN D3Nz
776



A CICAD E[ETHAH D F XD 1996 FEDO=F L > FF > RAEERIT 625 Fu o T,
BW%IT=F L7 ) a—VlEDOBRICHEH Sz, £728 4% 3mSR SR I v
STz, EFEAZEM L, U ORER E LTOLEH SRS,

TFLUAF Y RORPIFIRRA~EHMM SN D, #HAKIEE R L BIREAETED G Ot
I, AT LRELERZOND, 1996 4, A CICAD 1ERETH 2 I 7 & Tid, e Al
DS D N 23PN B 28.0 B U BT RTREA~EH SN2, S HIT, BELEES T
ERREEE T T LU AX Y FEEHT2ERMRN G, R 3.0 hrRRa~EH
Hanr,

RRWHHEN =T Lo AF v RN, REICHMOBREa Y S— 22 MIB#T 5 &
TEZIZ W, BERENT-E FrXs I VB L DRIGICHES & R R 38
~382 HIZ7 %, KO ET TR, 2838, MK, KM, £
RWDHSRMES RN & D & b D, KRHEREENIEL, & TR 1 R, KT 12
~14 B, 4F5MESET 20 H~6 » H, WEKMHESH T4 v H~24FETH D, HHET T,
RIRICHRBT L B2 oD, THOH T K TOIMKSEEESNIL, 10.56~11.9 A £ A5
o, 75 7=/ KGERE (Ko BIEF RN LD =F Lt F o ROAKRN
~OERBIZAIAE N2,

TFLAFY REMNLRHEIZIV AT, KRNIZHML, =F L7 ) a—Lik
WV EFFUoAERE LTRSS, S ELITIKERTOTT Lo A%y FITRE
WIS dv, REIZH 20T D, TAFAAIT, ¥ 7 '8 DNA K% RS
Do NEZOEUANRIZAS AT=F Y IO R TE T,

FoHE A BT DT Lo AF Y FOSMERAFIEIZEKL, 4 B LCso i@ %
1500 mg/m3 LA ETH D, WEICITEHITEDAMENER SN TV, KiE#E AR
IR DIEGIED R DT — 2137w, BB Tl E & L TMER & MR R A~ %
IZHREDEFT LTV D,

TL L TBERBENOMIICLD L, = F Lo AX2 RIZIR - M - B8 ORI
BT, BIEWETHLH D, HTEEIES BEMREEL £ L T 2R ~OREN | L
FRE ORBEEZ T I-EEE & TSN U7 B8 E X 0 @l T L-8 TElsR
iz,

RRDBRBERKETHY ., LIER>TE FORFEFEMOT LTS HDRIKIT, EXRE2NL
WA LB OND, BABRICE S L. BT RIERORHIREIZIOWT, =F
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L AF Y R e PORBICKITTRZEFMOERE 2= FRA > FeEZDND, WA
HBRT, = F Lo ARy FIEZHEAREG(Rmp, U ~E, K- A #FEE L. 20
TERIBE A I E & OEZAHEER OGO EEN &GS, —BLTHEIDOH 5
AR BN D, WERBEMOEFIE T, =F Lo AT NRE & MENADFEED
B A R o OBEDIMR & 50, 7 —F OflKNbIRER R mE HT 2 & ixTER
[

TF L AR N in vitro B X O in vivo TRER L 7= 22 A B C L B {n 28R4
Beglxid 4, EREYCIImilazZh e R L ek By Le &2, =F Lg%
v ROBFEEEE BT AYRAERBREFRICOVWT—E LA A LN D,

EEBRENW T, DA LSRR DN A U D IRE X D BWIRE CORMEARMED
FHEEZMbDT, =F LAy NMIRFEEEZ R U, BT EESNE U O m sk 2% G0
1600 mg/m3 LA )DL &2 THhotz, b FOEFE~DOFE(E L L THRIREIZ OV T
DPLFRFFEOFEIIT D 720, FEEREY) TiX, RGO 5 b ATE~ DB TR E (>
90 mg/m3) TH LU %, FMEFEIRD ., BIRGEREM, B eEl, K- E o
Bl L Th D,

DAFZF LA F L RO Y AZ7HET, BROCEBRZERMLT S5 SVOHERT
RRA L MEeBZOND, HRBERISEROEREZHEP TRDNTT v hE~ T 2AORER
T, TF L UAF Y N AREZZ - F344 7 v bOBEBEMEAMB T, Ny 7 77
7Y R X0 BEERE AN 5% EA LU RIKEE X 2.2 mg/m3(==> kU A7 = 0.05/2.2
mg/m3 = 0.023 per mg/m3), 95%(FHEH XM D FIRHEIX 1.5 mg/m3 THo7=, BHITENA
DO AR & U, ARSI ZE A 5% I8N 5 I EE(BMCos) bR L TV 5 73(46
mg/m3), BN PR T DO RIZES L L O T, EFFOMOBIRAT Y RARA > MIBE
LTW7RW, RIS, B8 SR EIEA~ ORI IS MR IL, ot pg/m’
DHEIPFANE B Z HILD,

PLEDZ L TEMSBRFELTONAY Z71%. Bon-®eF ) 7Bl O0E
=XV TDOT—HEMNG, 108 EFHlEN S,

TFLUAFY FIBLICERTICFET D EEADNLTD, AFLEL L L bk
D DIEREAEAEWTIEN, T =213, BAEEMICERL LV THo L b B HEX D]
REMEN H DIRBEDO T FARA & ME, BIE~OAFELEOFE R TH L, wEFHIOFE
2R A E M & e D & AN ERTAEREOTF L AT LR
CHERBET ORISRV EALND,

u
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2. WEORER X OWERMY « LEHHE

TF LA F T RE.O)CAS No. 75-21-8)1F, B4 ¥ =F L 4 % R(diethylene
oxide), TRF T =X (epoxyethane), 1,2-T7RF =4 (1,2-epoxyethane), 4 FH >
(oxane), 4% KT ¥ (oxidoethane), A 7 > (oxirane) TH 5, &% Figure 1

IR,

Fig. 1: Chemical structure of ethylene oxide.

TF LA X RO+ H.COCH: T, FHXIr 1 #iX 44.05 TH D, =iRk(25°C) -
FEAESGE Tl A TRISTEDN &S WATRIE S 2 T, B R —T VRN H 5, R5EIX
5 < (~146 kPa) . 7K ~DEHREE 18 W GERITIRFN, WA - KAH T & b KO @ IPCS,
1985), Table 1 ([Z#ERHY « {LFHIME 2 £ L DD, FEHIZ OV TR, ARSCEITHRH L 72 [E
B2 e vt — FACSC 0155) IR STV 5,

Table 1: Physical and chemical properties of ethylene oxide.

Property Parameter Reference
Boiling point (*C) 10.7 WHO [(1285)
Vapour pressure (kPa) 86 (D°C) Werschueren [1853)
100 (10°C) Keml (1885)
148 [20°C)
208 (30°C)
Henny's law constant 14 BUA (1985)
(Pa-m¥mol) 12.18 Conway =t al. (1983
18.88 CMER & AEL (1928)
Sorption partition 1.204 Keml (1285)
coefficient (log Kagl
Oectanol/water partition -0.22 WHO (1285)
coefficient (log Kow) —0.30
Solubility in water infinitely WHO [1285)
(g/litre) soluble




ERBOTF L A% FOEWHFE220°C - 101.3kPa)IZA FO L BY Th D,

1 ppm = 1.83 mg/m3
1 mg/m3 = 0.55 ppm

3. Wik

SEIEREERFOTF L UAXT REGTT DT, HAZ v~ 87T 7 4 —(GON
Hob b —KIRFIETH D, (FELEKRORERNTEIITE R HRECD)H £ GC
BHWHND Z LNV, B2 £ BAWKRIAPE U7 iEERICRE S, YA TF LR
)b 27 X KR(dimethylformamide) THiAE L, 227 REZ T NAA~T X T4 T F 77—k
(2-bromoethylheptafluorobutyrate) (2 #% E &k L T 60835, Z @ ik (NIOSH
Method 1614)DREIH -V O F L oA F v FRHBRBAAEMIZL pgTH % (Eller,
1987a), KIE¥EZ 2R AL FRIT. BHEEGEMERICE), N B r g (TR
FIRMRD%., 2-7 1€ X /) —/L(2-bromoethanol) ~DZEHIZ LV /54T & W H S BiEE R L
TV 5 (Tucker & Arnold, 1984), NIOSH Method 3702 TiL, ##AI T2 7 u~ v 7F 7
EA A AbtERE AWz, FESEROTT Lo ATy Roiriszrd, REHIv Y
VOWHEBER D ALh, Ny ST LUCHi#ER, AR a~ 87T TICEBEEAT
%, ZOHEOKRHRBAHEERIZ2.5 pg/mLT&H % (Eller, 1987b), —F L > A4 F 3 ROk
BHIZEY 77 —CbHifEsh 5,

TFLUFFTRONETS o EUAMIE(E Fa %= F 13 ) > [hydroxyethyl
valine] 8 L Ot Fr & = F /L b 2F > [hydroxyethyl histidineDid, Mok,
2bh GC/EEHTMS), BIREA 4> MS & GC. GC/ECD (2 X 5 & B4 Edman 47
fiEiiic & 0 IES 2 (TARC, 1994),

TF L UAFY RiE GC/ KA T U AbHEIEIC L0, 8E T -0 E & O CHlE
ENb, GC BIB~Ny RALA—2 GC TR EH, 3K, 9 2F v 7, = FFAbim
TEMEA BrsAb Al B, IR OERETTF L ATy ROSGHTICHEH I TV D

2 I ST HALE VWD Ev D WHO o 5$t%3#E5F L, CICAD ¥ U — X CikZE&H
DLW E ORENTT T STHEALTRT, JRED 2 WITFRER TIRED SI AL TRIN
TWDEXIX, AXLETHLIHT S, HEH D WITHER CRENSFREN TRENTH
% L &%, 20°C, 101.3 kPa §ef F O HRE A VTR T 5, A OFINEIL 2 #1
FTET 5,



(TARC, 1994),

4, b FBIUREDRRER

BUOE, PR, HEICBIT 27 — 213, £ & LT CICAD 2MR#L & - 2 [FERFEHML 0 &
BHERKIE (1 T 2D b D &4 5, toE~ OP:HiRE L OPEH A7 — 3 BiEici
SOZEHL, HULTWL EALND,

4.1 BEARER

TF L AT RIINL 200 BRI ERN O AR T 5, HHFEORY TIL, =F L
(ethylene) CRAAME M AR FHEAN N 0L T F L A% RiZ7: 5 (Abeles & Dunn,
1985), & HFEDOMAEN TIET=F L o DERAEIC L > TH AT 5 (De Bont & Albers,
1976), /K 3 (Smith & Jackson, 1974; Jackson et al., 1978), HEfEE, F/ki57E(Wong et
al., 198)MOAERT D2 L b b D, TD XD RARBERND DAEREL RS D Z &1
TERVR, SEHEI IS bThrtabnsd,

4.2 ANZROFBAIR

4.2.1 HEBIUH®R

HFED 1996 FEDTF L oA X RAFERIT 625 F2 ho, 1999 413 682 ¥ ko
(2725 L HEE &5 (CIS, 1997),

FEINT-F L UAF Y RiE, ZETR TR EEHE oREP AL LT
&N % (ATSDR, 1990), 1993 &=, 71+ # OAEFER D 89% N F L >/ U 22—/l (ethylene
glycol) D HL5E 2 (SRI, 1993), 1996 H=121% 95% 23 ARk D B A9 Tt H < 117 (CIS, 1997),
S TR OIS 1T HEE 4%(26 1 h )23 B T HNT(CIS, 1997), =F L oA ¥ KX
B 2 WX @ bR FER LOERR SMORUER EMAEDE T, B, MR, AR
T B OWE W HN D, BUZHHVELE Z IR 2 £ Do FE 3 (How-Grant,
1991; BUA, 1995), #ifk=V >, 7V a—rxz—7 /1 KU 7V a—1oflE(CIS, 1997)
CHHAWLNRD, BTV, HRMIZIEZOMmO AR E LTrr y MEEA], A
PAALA OBIEIZ B IS H ST % (Lewis, 1993),

TF LAY NI MO R, Fkl L ORRFHERE OME RO 5

10



(J. Ballantine, personal communication, 1997), PFHAIB I RZF DS E L THHEK
0.4% D EHFETHELOND, ZEA, ZBAlL BREAL fiFle SiciiibshTnsd.

Ballantine, personal communication, 1997),

4.2.2 FEFRFEBYIR

TF LAY ROIRREEGRIEE LT, LA OBEER 73 (US EPA, 1984) & # 3
2EE A Y (Howard, 19893 & T HiLd, EHHORARSEETITRWEABNRSHUS
EPA, 1984), RV # % 2 =F L (polyoxyethylene) i M A BERE Oy & L THWS
N 5 (Gaskin & Holloway, 1992), Z DERED = F L > A F o NIxmiEH# 0+ TS
LTWDOT, tids/RICE EED A LMD, [FAEIZ, 10 mg/L KM T/ =7 =
/) —)L= k% 7 — b (nonylphenol ethoxylate) ##(Z & F #1(Talmage, 1994). 10 mg/kg
THRARTEAN A E L THHRAL TWD, E~<05%D=F L A F L Fegie, W
Ra—T 4 7R ESEIERMUBORERD S,

TF LA RIEBG R OEZAAD), MR EGES IR GREADIZ AV 535 (Agriculture and
Agri-Food Canada, 1996; Health Canada, 1999a; S. Conviser, personal communication,

1999), JE7EtL . W EHFE TR T E HRE F TIREN T2 5 TARC, 1976),

4.2.3 HIGHIE

SO =TF L oA Xy RiZEofE - FEHARFCMZ, =F L7 ) 22—/ (ethylene
glycol) = hF v T —h, =—FT)b, =X ) —)LT I ORTERC %ﬁﬁtﬁéi}’bé(Howard
1989). 1996 1, 1 ¥ RO BTG 23.0 T, HE LT\ 5 EESEFRIT
FAF v 7 BROGHM0.24 F ), EEEAW6.1 F), TEMAAREEWE.T F /)
£ A PEEFIN.0 k)72 % (NPRI, 1996), 1997 4F £ TlZid, 1993 FEDHEH ED 82%
DSHI S AU 72 (ARET, 1999), 1996 41T, P& AL EE <0 g 3 1 I 4 1F 2 (commercial
sterilization) C=F L A X REMFHT 2 EFEHXE O, I 51T 3.0 B RR~E&
P sz,

HEENOTDH L, WHEITTF LU AF T FOFHRE TV RV, BEICK LT
R A2 IR & AT K W(IPCS, 1985), 1994 $ 4 HIAT b IEIC L D & b T O
AL L COEMMBEHEITHEE 40 FicoiFxs, SITETIEE < Ofif TEBFB A # IE
{b. L 7= v (Havlicek et al., 1992; Canadian Hospital Association & Environment Canada,
1999), =F LU AF T FELBL LARAWRERMEZEN T2 L5172z (S
Smyth-Plewes, personal communication, 1998), 1994 4 Xk 0 HIfEOMH - fHEIXIX 5

11



Ml nEHRBND,

KEDOZF Lo AF Y F—RBEAFOREICL D &, BiHEICED 2861, W -
JE7K 57%  FliE - B4 E 31% ., B 8% . = b ¥ v/t 4% TH 5 (Markwordt, 1985),
IO KE DOWFFE T, PREHIREARA & L THEH STV D DIZAEERDODTNC<0.1%
ERBEDL LN TWVDEN, RA~DOHREDO K% H O T b (Markwordt, 1985), [FIFERIZ,
Berkopec & Vidic(1996) D EHIC LD L, An U = =7 CIHIKEEXIC L D Ka~DTTF
Lot dy MR, WFEEICBT 57 ) a— VOMOFEERAERD X 5 72, ol
FEDZholed, BHEO S HIREIEFED 5O 2FGIEL 2% B E 2o Te, ~LF—
TlE, ERSCER S PE S OWEIEE THEH SN2 EITRIEEEDRN 0.07% THh - 72(Wolfs
et al., 1983),

KEFIEER S DEHER L TRD L% T, KEZBEL =T Lo AFy Kikb
N5z EiFix e A E72 W (Meiners & Nicholson, 1988; US EPA, 1992, 1994), U v A A )L
—HRDOKEXEER 72 AV H R Tk, KPTOEFOBEFETF LA X RRKRE
L ACHEBERNAZ, BZ 6 X2 OJiisk F 72 13K ABSE E L O BA O E R L)
LAEFE L, RRUIBATT 2 &4 5% (US EPA, 1992; WCB, 1994),

5. RETOBE - o - B

BRENZEE ORI T — 2 IE3< &, KRR ST Loty REKEICH
DEREEa =R A2 MIBEIT 2 L 13E 212V, RATO S EEIE 20 Buve
EZ2HN5(38~382 H), KEMENDLEZD EBRRICEDZKREANLD T 4+ a7 7 b
BEEIZR D0, KNS OFFEEE TS £ 0 IH OO EE AR LB & 135 212V, log
Kow (—0.30)MEWNZ &, =F L oA o RAVERNICERT 2 il feth i B E IR &
FHIVD  KEVERCARRER R AR EE £ 721X T~ OERIT LA D 720,

51 K X

SACFEER CARBR LI Rrd v I Oh L EARKMHTRIG LIz F LA ¥ v FOKRK
AT, RRUREE A 1x106 7 2 A /blem3 &35 & 120 H(Atkinson, 1986), 99 H
(Lorenz & Zellner, 1984), 151 H(C. Zetzsch, personal communication, 1985, Atkinson
2k 551H, 1986), 38~382 H(Howard et al., 1991) & #E S 417,

TF L AT RO RE T Ham G 1.43%xt%)1X~200 H (Bunce, 1996)3 L 1) 330

12



H (Winer et al., 1987) & RfEH HiL, B FaXxo T30 LE DRIGICESEEHETH L,
8.0x10% B LN 1.0X108 7 I /blem3 272 »7-, Z DX 9 pdFmit. MHED T —EMN
i@ PN B2 5 DT+ 7 Hilf & B 2 5415 (Bunce, 1996),

TF LA F T FOKEMHIZIEFICHE  GERIZET, BRICLvENRV DY + v
27 7 " FRIAEND N, BRIENE < (~146 kPa), AFREENHNDO T, Ur v a7
U NOBBRIFRENTH D EHDND, ERERE CRKFOBEKIZL 2HENRBR I
(Winer et al., 1987). U4 v 27 U b CTIERGAFRERIZFEAETRLRNEN) Z &
DFEILAT T STz,

5.2 /K

KEITOZF LA Fy Fid, 285, MUKGIE, G5 - Bt i@/e £, %< Ok
WREETEEDLEZEZROND, FERDL, KETOZF LA F T FOZKIIT K 5 KF 5
B, MET 1R, JEGE 5 m/P T 0.8 R & #iE ST A (Conway et al., 1983), 7K
(& CIIINAK SR 78 & ORI TH iR S H(US EPA, 1985), =F L A ¥ & R3S
noé, kP TIE=F LY a—u, AP TIE=F L) a— iz F Lo on
2t KU (ethylene chlorohydrin)lZ72 %, FEERTIX, MKDARIZ X 2 R pH 5~7
DOYKHFT 12~14 B, HFAKFTTI~11 H LH#EE STV 5 (Conway et al., 1983), /K
TOMEBAES RN AR 2 /0 &0 % 7= (lightly seeded) 2 #{b 1 ik 58 BR &
(BOD)#BR THI 20 H EMFRIBETEWALIR Y 27 AT I HIZEWEE 2 515 (Conway
et al., 1983), Bridié ©(1979a) & Conway ©(1983)IZ X 5 BOD ORIz -3 & Howard
599D FENEL A R A i &2 1~6 » A L HFES o 72, #EE LI iF Km0 E it
BHAZFE S < & KR PBEE AR 4~24 » A 1272 5 (Howard et al., 1991),5 H [&] BOD
[T FERR A SR R £ 1.82 g/g D 3% Td - 7z(Bridié et al., 1979a),

53 tTHBIVEHR

TF LA F Y FIEUKIZEM L HRAOWE I 720D FREED B 72 (146 kPa)
TEIZRH L THRFED RGN EATE L, TEANTD L LRE LR, HER T3
Liclt 223, ) 133E < 7¢ 5 (Environment Canada, 1985), =5 L > 4% ¥ RIZ/K THIR
INDETEEEMET L, ARFICRKENME T T2 EAREE BRI 5, HF/KEIZ
BETHE, = FLoAFY NZMTARO TF~BET S, #HTABIORHERTOMMK

IR, pH 5, 7. 9 THITE SN 7= EEE 5 10.5~11.9 H & #5 S 7= (Mabey
& Mill, 1978; Howard et al., 1991), —f¥fJIC, ZAEDB L RREEEICR LN, =F L
YAF T RIFIARGESIL, KR¥O HETHBZRICESMIND E A bD,

13



TFLUAFY ROEETOBRENEINZOWTIIMHR STV, WA - b3
ME O, EESHBIIWAEIND LIZEZ LR,

5.4 AWM

BREENEVH TOTT L A%y ROJEMIIMHER STV, log Kw 73-0.30 &
BV Enn, AMEHEITIEFIT D720 & B % 51D (Verschueren, 1983; Howard, 1989),

5.5 BREFOSM

THT4ETMITTF L AFR Y ROFERNS - a2 /3— A2 M - BIR(EAT A
N~DBAT)DRREE & | EEHERE (1 5 2) D BREEN T ORRAY 72 53 A DFFIE 2 -3 72 012
fERk S 7z, ERIREE « EFBET V(LNVOT T T 1 F7 /WITIE, Mackay(1991) &
Mackay & Paterson (199123 B3 L 7= Hika iz, T XTOWERRY - (L FAIEE D AT
fElE, ERMFHMAEEICE S X STk D72 E 58I L7ZGEMIZ DWW Tk DMER &
AEL, 1996 % %),

v &) ANEE O N O ik o A BRI B 4 48 L2, ChemCAN L~ 1
D7 T 4 BT MIHESS L, = F Lo AX v RORISHKERFMZ#) 70 B & L7z & x|
Z OHIIR T OMARK 2R NILN 8 A LR S iz, RIKIZR BRI W =0 HE
HHR D T 12 MU\ C i R B S S AR T Lo U, 1993 4FE A 2 U AR T D 53200 kg & W
IREA~DOHHEZIEICT D & FHEFRETIZIRZAY 1.02 ng/m3(344 kg). KH
0.067 ng/1(99.0 kg), 13 6.03 x 10-> ng/g (0.858 kg), EE ' 3.27 x 10-5 ng/g (0.034
kg) L HEE Sz, EMERIZAIAEZN/2VW(DMER & AEL, 1996),

FRTTHLE=TF LA %y FRER, BRSO A2 U ARHICHAT 5 225U
TFLUFFY REEENRVEWIEICHESL, KERIEBET VB LOCKE O B
FRICE D KEOBERET S 48 MDD ZER P = F L v A% ¥ RIEE T & 315 (Woodruff et
al., 1998), A& U AMEHBICHET S, IvHoME=a—a—27 D 1990 0 T F-
BIEEX, 2N 4.9 ng/m3 & 59 ng/m3 Tholz, TNHDVHREZE A2 ) M
RIS 2 RAP O F L oAy FRELEET S &, ChemCAN E7LICE DT
PR IX 6 R EH L, K&H 6.2ng/m3 | /K 0.4 ng/L, 3 3.7x10-4ng/g, J&
'H 2.0 x 10-* ng/g & 72 >7-, ChemCAN OBz /N— K~ A N Th D [EAEY -FHY
BT DREZ, BNNBHROANT =4 L LTI HT 42T NMHERTHA, BE
IXZENEIN 4.3%105ng/lg BL 1.4 x 103 ng/g & Tl X % (Health Canada, 1999a),
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6. REFTOEELE NOREBEE

CICAD 7ML & 3 % ESAOFE M 00 ERHEREI(h 3 ) DBBEIEE T — 2 % U 227 O
AHEFORILE LT, ALECTT, MO ORE Y — I TENT5 & TSNS
2. BT —HIEIC LY RS ERBND,

6.1 REFTORE

611 Kk &

PERRRKA PO F LA F s FREICBET L7 — 23R D0,

7 FHTOLERREFERBRIH LR S, (EE0RAN TREIN 24 FFRK
K750 oS5 H 3T, 3.7, 3.9, 4.9 pg/md OTF L UAX T RAKBRHE I
(Health Canada, 1999a), =7 L A% ¥ R S 7 ho 7o 47 3B O IR 235 HH R
RD 12124 5(1/2 x 0.19 pg/m3 = 0.095 pg/m3) & A5 L. FTHYIY F— & OFHfHE
12 0.34 pg/m3d & 2%, ZORBRTIL, 7ANRN—=ZMD 9 »FTH 3 4 FT(33%) TF L oA
XU RBBRIHENTZN, A2 VAMD 35 T, /U7 A TIND 6 » T Cliimi s
727> - 7= (Health Canada, 1999a),

N F A OMERER TO 1993 FRRERETAVICED THIT —Z 2k L
(Environment Canada, 1997). I%M@i&“@fﬁﬁﬁﬁ FHI7THERIET A L, = TF LA T
R 1 REREPES MR E X 12 pg/m3 % LD &ALz, T35 5 km B8 XLV 2.7 km
HiCOFHRIR AR 1 BRI MR E X, 3.7~20.1 pg/m3 Th-o7, T HOTHIEZ
MR TE D & D RMEMEITI RS HRh o7,

AT FORREFL O F Lo Ay FHEE — B VR E R ORI, SR & o iERE
100~70 m, MEZEOEE 30 m, 18 m, 15m, 12m T, Z£#<4 0.26, 0.83, 1.3, 2.12
pg/m? T o 7= (Environment Canada, 1999), #EHIRICIE-S<, EFBENR D120V,
REITES 22 L FIan D, HEEEIZ, JEHIRBLED KRR A A AL, @k R
DB DG E A;%T“%#’Em*té US EPA “SCREEN3” # U A7 L—AET NI HESL,
ZOETIMUE, ERWEIZITO DR DAFRIS bR E . PR 5 OB EIRFIZ T L — A
(FHPNAER S % . B - S2MEILE O & O e OFREWRR T2V EAE L TW D (AR
7 A—% . US EPA, 1995),
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KEAY 7 A N=TMNBEOZF Lo AF Y ROPHEREDOTERAA L N T, v
PR T L7 24 MRS SEHMEIE, 0.038~955.7 pg/md3(n = 128) Th - 7=
(Havlicek et al., 1992), HFH L OMEICL D&, v U BALRABAHNTIIoT LU AT
RRREIZEHINSD, 20 60KMBRENTH LD, REENKELI D LS
2N, WEYA ZNVKEOZF Lo dXy N e —ET5A0N05, K& [
X 2& RN Ho7c, B 74 =T MALE THREIS L7 KRR X 0.032~0.40 pg/md(n=
36) T ol BV 7+ =7 MiEfEHL O TlX 0.029~0.36 ng/md3(n=22)Th -7,
FEHE LI, REGUBHI S &, =F L oA F 2 ROZERM « FEEIB A DV TR E I 226
A EHT I EIITERNEEELTWD, BUEDIX L FIIEFICRELS, & ITH
HEB Tl /o M CREIRED 100 522k 5 2 b b o7,

KEZ v Y ZINT 2 73VERD 4 5 BrORE L 2 O OHEHIC L2 =F Lo A F R
DO —7 B - FEERKIEEN, K[E EPA SCREEN 5 X O Industrial Source Complex
Short-Term $L#E 7 /L % HICHEE S 7= (Tutt & Tilley, 1993), fii g% D NFRITFEEHEZR
T3 1 FTHEE =T L A% o RERPEH & 1959.5 ke) & PEHH EHIE A Ok 3 » AF (4
M 210.9 kg 75 2.1 kg ~OHIB) TH 5, EAL 2 » FTOTFRERFHREEREIZ, 32 m
BEL - S OREM T, PR AEREY 11 pg/m3, JEBEEL 2 ug/m3 Th -7z,

6.1.2 BHNZEXR

T X DLPEARFEAER T, BAEAME Sh-EEORNZER 24 K 7L 50 30k
H1EREIOA T, 4 ug/m3 O=F L A% R S 7z (Health Canada, 1999a), =
FLrdxy Rt nanols 49 WBOREZRHRA D5 & H&Q/2 x 0.19
pg/m3 = 0.095 pg/m3) EAET H L FTHU0 T — X OB 0.17 pg/m3 L 725, =F
LAY RiE 50 DEEDOREES 1 A0 O EREL L 728 Bl 22550k 24 30kt 5 5 33
BT 5 ug/m3 3R X472 (Conor Pacific Environmental, 1998),

6.1.3 k. EH - 1%, LW

BOBbK, HIFOK, HUTFOK, KB, B Ao F Lo ARy FREICHET LT -4
TR S e T,

614 & M

1985 7 v ~—7 O/NFRIETAFLIZEN 204 3B 5 5 96 i EHAT7%) b F L v
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F %2 R S 7z (Jensen, 1988), Wi SN2 REIX, SHFRTEARA L T\ F
Lyzank RY v EeoF LAy FOREEZ T, FREOF Lo A% FEFE T
<0.05~1800 pg/g T, EINEICE LFHIEL T\, =F LA F ¥ RixEFEE 24 e
W EBEEE TRH S u(Jensen, 1988), IR LT 84 pglg, FemlR X 580 pg/lg Th - 7=,

1975 4=, KETERILS 720 2372 30k 150k, £ 3262 3k 1 Bl T, =F L
Ty R a0, E& L T (Duggan et al., 1983),

6.1.5 JHEHEHEML

AN ITIEAR - WEA E L CHE S TF L oAy RvE £ 5 (ATSDR, 1990),
JEAR X N a LIREA S N X, ELZENEI 0.3 pg/mL & 0.02 ug/mL O=F LA F
v RB R s,

i%vyﬁ%vFix%yﬁ7ﬁnﬁ®ﬁﬂ%%méﬂfwé ER = A2 e

CBEFRRORY 7 a— o —F VFNIIR R TR Luglg D=F Lo FF e
J ’\7»—75%%{%’ L T 5 (Filser et al., 1994), Kreuzer(1992) D#iis T, A v 4 7 @5 D
TFLUAFY FE )~ —EET 1.9~34 nmol/cm3 (0.08~1.5 mg/L) T, & F & F 28|
DTF Lo AFxy REFRBEORKMIL 1.0~14% Th - 7=,

6.1.6 [ERIE

TF LA Fy RIIMEWEETEIEE, MiKT = —7, BUIss R & OBRE 2B E
HobltbZHENTWAYWE T 5 (Henne et al., 1984; Babich, 1985). I I 12 [ 7k
FRITRIL S A0, *mﬂiﬁi HHWIIBOSAER O 1 L LTHEET 52 &0 5IPCS,
1985), IRHEEZICERBRICEE T =F Lo AT ROREIX, 1720 L 2% FTH
% (Gillespie et al., 1979; Glldmg et al., 1980), Z @ X 9 ZRREIFX—EICE H OIFEX %

WFRLH00, BE#%D 180 mg/m3 WA 52 ENEEH D,

62 b MOREE: BE

Zov7varEAEY AT OREHEDEARLTHEZATRAFHEET, Dl
EHL—HOT — IS XRBEWHTHENTED, Z0oZLiF, RKFEOF LA
X RPRZUTHH &, MOBERIZIIBE LI WE WO FIENS, IELWIZ E0EH
fFiFoid, BT, =F L UAF Y FIIKEESCEATIER R WD, EES TE~DF
BAEMER—IIB 2 6N\,
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KENSHFH A5 U AMEBICTHAT 2RI =F LA F2 FREZ 5.4 x 10-3
pg/md EARET S L, ChemCAN 7 H 7 4 ET A TTRHIEND KAFZTF Lo AFT R
IRE(6.2 X 1073 pg/m3) 3HEE e/ NRA BRI ORI /2 D B 2 bile, SRR TERR
THLNZ, BA - BNZEROTTF LA F v NREOITHEID 7 —% OEHE(E TR
0.34 pg/m3 & 0.17 pg/m3) A, —ERDOEHN - ENTO—-HRERKEZBBERELZRT EEX
bz, X O—REROWAZRBEHETE FIRMEIX, ZEAZRERBRCRE SN2 -
BNZEROTT L oA F Y g RBEGERZI 4.9 pg/md & 4.0 pg/md) ZBLL 35
(Conor Pacific Environmental, 1998), U 7 /L =7 N ¥ o ¥ )L A KGGRE O L)
1 0.038~955.7 ng/m3 T - 7= (Havlicek et al., 1992),

RGHFTTF Lo Ax Y FREOFEL L TR ZIT 2001%, fGRFEELOFERTH
%, 7517 % (Environment Canada, 1999) & 7 11 U % (Tutt & Tilley, 1993) DJi [T D)=
ARKIRFENT 2 ug/m3 & PRS2, 7 v U 2N QLB it 5% £+ 0T 0 B4 K&UE 11 pg/ms3
& FHIE N7 (Tutt & Tilley, 1993), 7 /L X=X =F L > 7Y o — LBl i s 35 o = 4
RRAFFLrAFT RO 1 FHOKEREEIZX 20.1 pg/m3 & Tl &7z (Environment
Canada, 1997),

T=HIZRANHD Z b, REROKRIT T LA F s FERIZOVWT, B
b HMERHIHEEEZAFRKT 2 2 LiIxTE 20,

6.3 bt MORER B*E

FEE IR OWE ORIERFIC=F LA XY FOAER - FIHIC X 58T 2% 5 alHENE
WD, TFLrAFy ROBERECRIGHITE WD, — AT ALBEE i O 125
<, VAT AIEEICHE LS, BERBRIITHIEDRNTHNTWD, ZEITELL
THEZ o 7 TORBAH T A L, 8RS 77U o Z0, BSOS HEREER TR
% (CHIP, 1982), &= b#W'E PEH B $%(Toxic Chemical Release Inventory)(Zi, 1988
FIZZTF LA o RS PR, 7213 U 7o pE2ERRR A% 197 fRIE S T 2 (US
EPA, 1990),

T X ER S GRS, O CERE H AR &), W THEAER G, E
AL - B AEEA S, TR SRR X S RS I ERRLOBERICHL, =F
LU XY RICERBETDZENH D, X500 WENFEE TOEBRELS - HdhoIRE
B, BEROERICHNONTNDR, bo b bmWIERBRRENALNDDIE, 2
DX IR TOHHIETH S TARC, 1994), =F L A% v R a2 BURZ MEEEEH .
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FAFAEE 72 & ARk & il 2 A BCIRIRIC T AEA & LTHWD . KEOFEBE
FBETYH TV T LI 2 A, mESNIREICIIEE, & RIS RE22T
5OENHBTZ(0~F) 1500 mg/m3), JHPEDOMRER 7R ERERAEICZ L D &, HREORE D
ARG e tm EN O F L oA FIREITEE LT mg/m3 O L~u |l —i@ kI
TLZENRH LN, BRI L ORER 22 [ o R B0 8 -5 (TWA)R E Xk s iedia 90
mg/m?3 % F[a]- 7= (CHIP, 1982),

7. EREMB IOt FTOERNEIE - RH O

TF LAY ROFEL L O OFEHRIZ. BHICWAZRIC L 28R 557-
HOEN, B hOT—X LRI TWVW 5D,

TF LA F Y NIRRT Dt 23365 1 m < . ek &l X OWRRIR EIZ O
PEIFT DD S OFGAI T & FIAE LA (IPCS, 1985), S FXERFEOTTF L oA
Fy RN EZRE LT — X132, 7 v b(Filser & Bolt, 1984; Koga et al., 1987;
Tardif et al., 1987). ~ 7 A(Ehrenberg et al., 1974; Tardif et al., 1987). v % ¥ (Tardif et
al., 1987 DB T, K & U CRsMIZRIL S5 Z E N 5127 > 72, Ehrenberg &
(197 DHEFF Tl FIYEE 2~55 mg/m3 DT F L ¥ Na 1~2 Brfil~ 7 212 5%
T5HE, MAREDIZIE 100% 2 RIN STz,

BOBRDAVIIEZERZE LT EREOF L oA NI EIZEET 55810
TV,

TF L UAF Y R EZORBIIHEBIRICEHEIZ AT 5D, Ehrenberg 5(1974) 3~
7 A2 2~55 mg/m3 D[UC]=F Lo F %y Fa 1~2 B RE T 5 &, MERER b - & b
Z < B ENT- DI, B, T, Ml KR, MosmEidzh o binnoi,
18.3, 183, 1830 mg/m3 D[UCl=F L oA F v FERKICT v b & 6 Rl 25 & (EE
RN IR ZE N T 2.7, 20.2, 106.8 mg/kg IKE), HEHEEN S o & b BV OB,
fRlg, ML imEk, BT, b o b b RWDIIIEN TH - 7= (Tyler & McKelvey, 1982),

Ehrenberg &(1974) D2 L5 &, ~ 7 A TlE 48 LA A B DK T8% 3R IT
P XA, D 24 BREREILANIC R E BRI S 7z, Tyler & McKelvey(1982)12 X % &
AR L7 2RBEIRE T, 7y MR A SN MCl=TF Lo A F v RO FEHEHRKIZIR T
(S S B ME 59%), BTV 72 2o N B bIRFEA2%)R=F L oA F 2 F1%) &
L CMRICHER SN2 0 . BEASWICHR S Tz, [UCl=F L oA F v F(F e
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‘/‘\}ﬂ“_/lf%“iﬁfﬂ mg/kg (KE % 7 v MEMENICHEERET 5 & | HSTHED 43% 13 50 R¢fH
PIPNIZ IR~ E PR S, 2O RP(H 409138505 18 REFLINIZERD Hiviz, 9%I%
S@2-v FefxvxzF i) 27 A (§[2-hydroxyethyllcysteine), 33% % N-7 & F /-5 (2-
t FafvmF )y 27 4 »(Nacetyl- S [2-hydroxyethyllcysteine) (X6 54 7% F
7 v [glutathionel#l &) & [AE S 7z, & 61T, 1.5%E _@fbikFE L L TiRH T, 1%
FERAHOZF L UAF T RE LT, Wb ERICHE Sz,

Brown 5(1996)i%, 7 v hBLURY VY RICZF LU AR REWARE L, TO5A L
PEH 2T, MRS X OZOMoOME) OO =F Lo dF T ROEKIE, 7y hLD
YU ADIE DD 3~4 [FRREHED o T, FFEANT, HREHEOM, MK, Hio=F Lo 4%
VRREIZELL L T, LovL, ok 2 &, 7 v NOBRORBEX 20%,
U ADFERTIL 50% TH -7,

TFLUAF Y RICE, 8B L0t Fed 2 RZMOBRFRERHD | EH 5 b
BB EAOND, 1 BT F L7 ) a—L~OMKSRBEES L, v = vlg(oxalic
acid), F@EE(formic acid), “FMLRFE~ELEHT D, b O —HORKIZINE TFA 4G
ERRH ST @k FafxvzF ) A7 A »(8[2-hydroxyethyllcysteine) & S-(2-
HINVRF U AF V)Y AT A (8§ ([2-carboxymethyllcysteine) 23 £k L, kW TZNZEND
NTEFMMEFEERTHLWN-TEFNL-S@E Rax T ) AT 1 (Nacetyl-
S [2-hydroxyethyllcysteine) & N7 & F/L-S(2- T /LR X T A F ) AT A > (N-acetyl-
S-[2-carboxymethyllcysteine) 23 £ %3~ 5 (Wolfs et al., 1983; IPCS, 1985; ATSDR, 1990;
Popp et al., 1994),

AFTELT7 =KD L Ty MY U RATIEI NG F A ALE DT L RED
BT, KB ¥, 4 X)TE, =FLrAdF v B b ITMKSFIZ LY =F
Lo 7 ) a— Lk TR S5 (Jones & Wells, 1981; Martis et al., 1982; Gérin &
Tardif, 1986; Tardif et al., 1987; Brown et al., 1996), =F L A4 F o RiZ=F L o Dft
#Hn o b AT % (TARC, 1994),

TF LA XY R AREOREIZR T 5 4B 5 1) Y E) fE (physiologically based
pharmacokinetic: PBPK)E 7 /LZET 7~ N TSN, ~EZ/ b & DNA LD F
L AR RREEITIN A MR A AHTREHS (oo A 20 SR S R SR K D IR Sy fiRds X
I NETFFH -G T AT 27 —RBIZLD1E8), MBIOMN T VE F 4 ofliEd
4 £ %5 Krishnan et al., 1992), ZOEF /IS HICHB S, v A& b MIbHEM S
7= (Fennell & Brown, 2001), ¥ I =l —Yarnb, ~T A, v b, b FTIEENTE
I L% 80%. 60%. 20%7%5 7 V2 F 4 Gk TR# S D 2 & 2R S 7z (Fennell
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& Brown, 2001),

IDZEE OV TADINEFF L ST AT =7 —B(GSTTDOREREMN, ~
VA>T y h>E FOIETHEA T2 L b —ET 23 7y bBIU~T 2D GSTT1 i
PRI TR T, BUF, B, B k<, 7y Mk IO~ 7 2l Ciraftofsk X v
EHEEND 2N 7 AMOBERIEHEITRE L TRV, =F Lo FF v Fide b
GSTT1 B#Z D FE TH % (Hallier et al., 1993; Pemble et al., 1994; Hayes & Pulford,
1995).

TFLUAFY RiZ DNA BLOY V0 B & ARE ST OREEEZ T L3 (kT
HREFHTHD, ~ETBE TR, 72& 2 IZMIMRIZ AT A R NER#DO Y
U Z ., NYBLXON b 2F Y (histidine) T b K S 15 (Segerbick, 1990), =
FLoFdxy RIFEOBRERTHLI=T L ORBFFICEREIND T, =F LB
FO=F Lg%y ROARMEREZT TR AREOMGIHE, ~EZ7nerB8LUT7 VT
SR E ZURTBEONRNy I 7T RITB T AT AFIGICES L, kO Z &
DNA (2 1 % 5 (Bolt, 1996), N-(2-t KX x=F )N U (HEVaD s b Ko x5
= X%VV(HEHis)fﬂLJJDﬁK I, =F LA XY FORBSERE 2T T AEE B ORI
RO HNS(EM TIARC, 1994), EMEHR D HEVal Ny 27 7772 RL~ULbid 9~188
pmol/g 7 1 B2 ToH 7= (Térnqvist et al., 1986, 1989; Bailey et al., 1988; Hagmar et
al., 1991; Sarto et al., 1991; Tates et al., 1991, 1992; van Sittert et al., 1993; van Sittert
& van Vliet, 1994; Farmer et al., 1996; Granath et al., 1996), DNA ([ZfiEa+T5=F L v
XV RE, BHIC 7-@-k Fr¥rFN)s 7 = (T-HEGua) Z Bk L (Fést et al.,
1989; Liet al., 1992), (I 2 2D EER MOMIESFRE SN TWD, FEEREOE RV
VBRI 7 DNA T©, 7T-HEGua OY¥ Ry 7 777 RL~Ljd 2~85
pmol/mg DNA T& - 7= (Fost et al., 1989; Bolt et al ., 1997), Z#5DfEIZTTF L o FF
¥ RIERBEEO T > I HALL L TV 5 23 (Fost et al., 1989; Walker et al., 1992), X ¥ &
ED@EWNITEE VT Wu 51999012 KX, & ORI - WEHOMM D 10~15
EONKRME 7-HEGua 23389 515,

Xl OTF L oAy FEFERIEE (Fennell et al., 2000) & k3 5% 88 57 @ &
(Yong et al., 2001) DHFZEH> 5, GSTT1 “ X L& s+ (null genotype)” (GSTT1 i&Efs+ D

3 Ty MBI U RADIEEREAEIIILRR DN BB AT I~ ALD T > b
DIE D BE,

4 DL EORERIE, GSTTLIEMENBEELRRELNTHL 2D, v~V AMBLIUT v MET
DB L BT 508, 7y M THEGMBESN RN L LiT—8 L,
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REEAKRIDDOIE D M GSTT1 “BitEiE s 7% (positive genotype)” (GSTTI Efx 1= &'—
1O EFA) LY ~EZ v ey HEVal (IR 2N 2 L 3o T, v U ATIE, &
F I FEAoAHARGM, M. R, T, B H kD DNA @ 7-HEGua OVEIR A, 7 v
rDEED 1/1.5~1/3.9 TH - 7-(Walker et al., 1992), 7 v F, ~T A& L, FHTFF
=V DI OFEYE D @ (> 550 mg/m3) O BB FFE % IC8ZE Sz 3 (MceKelvey
& Zemaitis, 1986; Brown et al., 1998), [EEREROBMMAMERE CHER I N Z L 1T
FEHICET 2, T4, FolEB L O hTOZF LA ¥y RO PBPK £ 7 /LA 2 i
s X 7= (Csanady et al., 2000; Fennell & Brown, 2001), 7 v k., U A, & hOET
JNIHBERNEZEL L TRBY, = F Lo A F Y MENEOREM LA FRETH D, =
DETMI, B FBIOToHEHTZF LAy RONEEERT L7 AF AL LT
B EVIHfameE b —H LTV D, ZFFEBIOIEHOEERNIBED KNI BV D &2
B, BT A2 RTEZREENI L0, D LAT oW E v ORI 7224 Pk RE
DETHHATE 5,

8. EREME X Win vitrodRBR R ~DE

8.1 HA[EZEE

TF L AF Y RORARBEICLDBMEEMEITES Ty P~ T A A XD 4K LCso
IZFNEH 2700, 1500, 1800 mg/m3 T®H - 7=(Jacobson et al ., 1956), &1 LDsoOUKIA
WBIEHEZ ~ 330 mg/kg R, M~ 7 2 280 mg/kg R, HE~ 7 A 365 mglkg R, M
HeE T v b 270 mg/kg K TH - 72 (Smyth et al., 1941; Woodard & Woodard, 1971),

JOKAE, 9 -, BB X OERAGT WA, B9, atEkLr~rooF L oF
T RIRARBCEELZITOIBLRBE CH D,

82 A - HHIRE

KEHRGEOTTF Vo A%y REEICET 272130 772<, L L THRBECXLE)
WO NEERBRICIR SN D,

10 H~8 HH., BX*Z 730~1500 mg/m3 DTF L 4K RRAFREZITI-Z. T v
M, DA, BTy b, UHX, YL TIHTHEM L 72 (Hollingsworth et al., 1956;
Jacobson et al., 1956; Snellings, 1982; NTP, 1987), %%, 180~915 mg/m3 DT F L
YAFYNICREBE LT v P TIR MIRFRIEE BRI TR EDIENT, SEIER
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HLAR TR ERALAR 021k H 42 U 7= (Jacobson et al., 1956; Snellings, 1982; Mori et al.,
1990), 810 mg/m3 D TF L AT NI 3BT L~ v A, (KREEMMEH, %I
(hindquarter) i FEEN R B, RHEAIEER, WA, RERSECTE, 7y b, vURE
%.90 mg/m3 &\ 9 RAE T & 49 738 O 18 # & CREI NI £ 4172 (Snellings, 1982),

7> MZ915 mgm3DTF Lo AFy RE 13 HEREETLE. ~E/ BV RERT,

~v h 7 U b FRIMERE O, MRARMER DB FE O 5 417z (Fujishiro et al., 1990;
Mori et al., 1990), S HIZ, MKE S F I EFRMMTINVE T A VBRI LT F
X —BIEHE O T (Katoh et al., 1988, 1989; Matsuoka et al., 1990; Mori et al., 1990;
Fujishiro et al., 1991), 72 & WNZAFOIEEEEE(L O IN(Katoh et al., 1988, 1989) & 4 &
Tz, 370~915 mg/m3 DTF L A F ¥ FHHIZEFE TT v MBI INZIEZN DRI,
%R ~D 2 (Hollingsworth et al., 1956; Ohnishi et al., 1985, 1986; Matsuoka et al.,
1990; Mori et al., 1990), TR/ 7 4 U o —~ LR3I % (Fujishiro et al., 1990), H5H: -
B+ i ORI E T & o 7= (Hollingsworth et al., 1956), ~ 7 A~D #1175
v b & [ABE T (Snellings et al., 1984a; Popp et al., 1986). 183 mg/m3 &\ 9 i FE TR
BEMENASITZ(NTP, 1987), 86 mg/m3 T HIEEB) 2N INH] X 4172 (Snellings et al.,
1984a),

458 mg/m3 DTF L A F L NIZ 12 BT L v Y% T, JEREE L i LT, Mg
T RT A—2GR - BfEREL, ~~ b2 Uy b NEZ Y BIIERSE)ISE T A
SN 7= (Yager & Benz, 1982),

TF L UAF Y RORATGMEICE LR S 7oME—oF - 1R CIX, 7~ MZ 100
mg/kg (RE, 5 [F], 21 HFTE 15 RO 5T, (KEBED . BRI, $8E O 55
4 U 7= (Hollingsworth et al., 1956),

8.3 REIRELEMNAM

8.3.1 1B@fEmM

TF LA F Y FAORBIZEE IS FFEGEIER B OWTEEMARMIZEIT RS TE S
FORFIIENAMEITERANEPNTND, O 2407 v h#&ERBR T, 60.4 mg/m?
DOIKEE CHE R REEMMEI & . >92 mg/m3 TATFHIMEHNE 25O 51 T\ % (Lynch
et al., 1984a,b; Snellings et al., 1984b; Garman et al., 1985; Garman & Snellings, 1986),
S HIZ>92 mg/m3 TRO LIS BT, MIET AT F T X LR
ROV, & - BRI EEORD . Ml - e - KB - WEORAE & B RE O S -
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EMIRAEOFRAER EF IgOSEAE M TTEIC, RO « TSN g O 2 B A K
fbo3AR EH B 545 (Lynch et al., 1984a,b), 183 mg/m3 TIIAL B MIRFEE N 72\ VE
¥ ZEhiE 2358 & 7= (Lynch et al., 1984a,b),

AAE. AREEIN, ERIRAIEUE 7 & OGS RARA » MIxt$ 2 & OB,
B6C3F1~ 7 2~ 92 F7-1% 183 mg/m3 D 2 FEH & CRIZ S - 7=(NTP, 1987),

PANZ>92 mg/m3 DT F L oA F T N 2 FHRE L3RBT, MNP ERERE AU o il
KA M7 4 —BLOEROMZEEROBEH A U7 (Sprinz et al., 1982; Lynch et al.,
1984b), 183 mg/m3 THE L7= /L 12 JLH 2 JL7ETF 2, MRMREHRE O T 2RO bl
72, 183 mg/m3 TIXAEIGIMOFE 22 b H 47z (Lynch et al., 1984a,b; Setzer et al.,
1996), Lynch 5(1992)I2 L% &, 0. 92, 183 mg/m3 D=F L > A% RIZH&ETR L8
TlE, ZBBEHFORMEHITITZN LN 012, 2/11, 3/11, ZFEK T 10 F&I1TI1% 2/4, 2/3,
4/4 OEG TKEREER RO by,

832 FEIAM

FToWBETIEIZT LU AR RORBEICLY, SESERZ A TOMENHEM LTz, #F
Fen7na b antiERGEERERL E)% Table 2(7 »~ 1) & Table 3(~ 7 A9, 214
DL T, WAZRIEIT L0 MERE F344 T » MO HEZERYE A f5536 L OWRRRIBIE & | JEZ
v hOERER DR A RN LR U, ~ 0 A TIIMERET, Wil - #5058 S D JRIE & 28 A,
NS — RO FLIR B ARIE AT ST A, METIRENE Y VoS, 15 - FLRD R A
FLIRRR S A 72 13RS LR S A (DA BH BN L 7=, BiTE ORI L2 A D#INA = F
Loy ROMBIRAKRGHZRICHET v M TBIE S L. IS Tt~ & 2RO
MEPIEDSEEFE S AL7z,

1 Fischer 344 7 v h & =F L A X K0, 92, 183 mg/m3(Z4&FET D &, HEZERM:
Fp OF RN B U, & ATURFERE CBE & 72 o 7= (Lynch et al., 1984a,b), MEIEH
R EFS X OV A oD R A TR R BE o> F& A8 SR N 22 & AHEAME IS B L 7=,

HZERME A MR F344 7 v MR T 5 BRBAENE CH D, Z ORI EL O EME LN
HIZHOWT, ez &0, IRERRmITH ST,

Fischer 344 7 v N ZWEMERNC 120 8% 1 #E &L L C, =F Lo A% R0, 18.3, 60.4,

5 HBZERMEA MR F344 T MR T 2 BARRBANIEE TH 5, Z ORI O [EE O EfE 72
RRIZOWT, M EZ G, FERNZRFEmITH STV,
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183 mg/m? % #&FE L=t = A, fERIZFEETH - 7-(Snellings et al., 1984b; Garman et
al., 1985; Garman & Snellings, 1986), HAEZERMEE MR O AR E o5 & M
& B BE RBENEMENTE O TN, REKRFERH S ISRD NI DD AT, #ET
KTHREE & O EENE D NI OISR ERED 72 T - 7-(Snellings et al., 1984b), X
Tid, RS RERAEREZFLCRTHEL THEASITT 5L, =F LAy NRELE
P 3 BEEE 3 FR D 5 1177 (Snellings et al., 1984b), R I M 5 R iR . B i
i FERLHE I AE) 0 BN A HE R C YR FE AR 1 12 B 22 S 7= (Garman et al., 1985; Garman &
Snellings, 1986), FZ FHRMENE DT A== (15/58) 3 1EZ ~ b D s H & R£(183 mg/m?3) TH &
|2 _E5 L72(Snellings et al., 1984b), BFEEHY T ORBOBI(=F L A% REZED)
5 20~24 H ABNC, HEZERME A dp, o R IE, IS O R A0S B L 72 (Snellings et
al., 1984b; Golberg, 1986),

ek B6CBFL~ 7 AICTF Lo A% 2 R0, 92, 183 mg/md & RET 5 L, MAE X
iR 23 A (alveolar/bronchiolar carcinoma) & /~— 4" — It 0> L BE R 52 i il 0D 38 A= 22 7%
FEARTFIEIC A AT 15 L7 (NTP, 1987), METIE, MR O BN ) > SHE &= IR A DR
AERPNRFEERAVEC LR U, JURRAAB L ORRE T EERNAORERN T RBER L L L
H L7=(NTP, 1987),

AR~ ABEHRNAMRBR T, =F L AF K 128 BL O 366 mg/m3 D 6 » H M
O#EFE B 6 REfE - 5 H) C i IRIEAE 76 4 =R AN R FE AR {714 12 B L 7= (Adkins et al., 1986),

% 1 B G 0S A MR ©, M Sprague-Dawley 7 v NI 7.5 £721% 30 mg/kg AE DO
FLoAxy FEE 2 [\ - 150 BERNKET S & miEEGG b IR LRRA) DI
N ERAFMEIC 5 LU7-(Dunkelberg, 1982),

M NMRI v~V AT, =F L > AFL FALHT-Y Ok L 5 64.4 mg LL )% 95
W T G325 & FESHBAL O MEEE (P ) O 5hs F B A7 IS A B AZH I L 72 (Dunkelberg,
1981), Mff ICR/Ha Swiss ¥ 7 A1) 100 mg D=F L > A F 3 R(10% 7 & b &k %
SEVEJEICH Y FRES®AT LT, RIEEEILRED 572 0y- 72 (Van Duuren et al., 1965),

8.4 EBiIEMHBIVEEIZ. FRA b

TF LA XY ROBBEMEICOW TN L E 2 —23T772 0 72(TARC, 1994), #55
WC—BEMERROLNDT20, 2 2Tl in vitroilBRCR F 71X EBREMWIC L 0 T2 b= if
TOMEEZRTIZEED D, TF LAy NIRRT A3 ALHIT, Eii Sn-IEiE
TRTORBR B LML R LIZTARC L B 2 —, 1994), in vitro Bk Tl Mg, BERE,
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FFEO DNA 5B LB FRARER L | BEROBRFEMPFERE S, WALEYO
M Tlx, BASFRARER, B, YL, M ER, SEH DNA A6k,
IR YL R 22  DNA S5Ok 72 & DR Bleg STz, & < I Hallier 5(1993)1 in vitro
TR Sz MRMMY BRI R I AR RO B D, GSTTI(G 7 7 A T V5 F
Fv G RTUART 2T —B)NEEOHERE L AREOHEEBRE BHROMAEDIE D BREn T
L xR LT,

mvivo = F LA ¥y FEmaERiR s . O8I, BA, EHEGFOWTRTH—H
L CHtEORER 23R S T-(TARC, 1994), in vivo DEFE T, ¥~V AR LT » Ml T
U UKD e RX Y F AR AR R R EE SR (Hpro) a1 B 588 BN FHF S 4,
UYX Ty b PALDOY LR v TR - Ty hOFEMIE, Ty FOBIRT, fifitkd
BERZWRFER ST, =F Lo AXy FERARE SN REER~ 7 2T, FAfEORH
N AGRER(NTP, 1987) & [FIAEDIERE T, Mi(Zacl E)(Sisk et al., 1997) & T U o RER(Hprt
JE)(Walker et al., 1997a) Di&Efs 2R B OBEE N EH LT,

1 Big Blue®(Jacl & #ix#:) B6C3F1~ 7 A% 0, 92, 183, 366 mg/m3 DTF L 4%
URIC1HG6KH - M50 -4 BMBRETDE, MIET VK Hpre 8T, ZZRERD
B ESEVHEE R Z i 2.2 (20.03)x10-6, 3.8 (£0.5)x10-6 (P=0.009), 6.8 (£0.9)x10-6
(P=10.001), 14.1 (1.1)x10-6 (P<0.001)IZ72 > 7=(Walker et al., 1997a), JEfET U > /¥
RO Hpre 28R B OMEFE)S, 366 mg/m3 T 1 H 6 FEf -8 5 B - 4 B 5T L /- F344
7 v MBI OCEEE ) B6C3F1 ~ 7 AT 5.0~5.6 {5iC LF L7-GERBERH L O
i2)(Walker et al., 1997b), [RI#£IZ. 0 £ 721 366 mg/m3 T/ Big Blue® (Jacl J'Zlinkt)
B6C3F1~ U AIZEET DL, fiti - Bl - MR CTO lacl Z2REBRDOBEED A L=, B
I TIx R U722y o 72(Sisk et al., 1997; Recio et al., 1999),

TF LA XY RO in vivo 7282 TlL, o B OBEHAE R 2132 LFH%H
SNT=(TIARC, 1994), ¥~ T R « 7 v MIEMEBEERE, £~ U R TBBERE D TR
ST, 366mgm3DO=F L AFT N1 H 6K -5 H - 7MW AZREL, R
ST~ T ADIEHAR T, EEEZHRE S ELRIKENEIC L o TAIEMICRH SN, 2
OFHFEIL, AFIERT R T FEROSBE TRBELZ T B RO TRICRD X
Sz E &N 7= (Lewis et al., 1986), HE(C3H x 101)F:1 ~ 7 {2 0, 302. 373, 458, 549
mg/m3DEF LU AXT Fa 1 H 6K -5 H -6 HMRAZREL, SHIC 2.5 HEHE
H 1 [ElfkRE L Tos 5 T-stock(F 72 1Z[SEC x 101]F)M~ 7 2 & AZh04 5 & EEEIER(%)
(P < 0.01 [>373 mg/m3]) G, 424 000), 6(8), 14(13), 23(24), 60(45) L 72
- 7= (Generoso et al., 1990), ZFEREDOMHE & T-stock(F 721X [SEC x C57BLIF M~ v A (5
— X T fEA) OAF A DR O HERSERE 1X(P < 0.01[& M ERE]D (%), ZHh £ 1/2068
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(0.05%) . 32/1143(2.8%) . 52/1021(5.1%) . 88/812(10.8%). 109/427(25.5%) T & - 7=
(Generoso et al., 1990),

8.5 AFEmM

8.5.1 AFHRE~DEE

Wistar 7 v MZIZF L A F T F>458 mg/m3 - 13 D %@%ﬁfgoff LA K
BB IO OZNE, R LIREERD . K8, Bk HE=E%) 0 LA 8
g2 X u7=(Mori et al., 1989, 1991), K 1 BEHS A& %ﬂeﬁkfﬂ ﬂbk VET D L. B0
FEIT BRI E > 92 mg/m3 T EF L7y, BEKRFMETIE /R0 7-(Mori et al., 1991), 915
mg/m3 FFED T v b THIEAMGTEEN D L7=(Mori et al., 1989), b 727 » Mkl T,
25~32 # + 370 mg/m3 DTF L A F T R D ZFER ITEE O RS ZMEN R S vz
(Hollingsworth et al., 1956), ZZALATFS L OMEIREI 4 1@ L COREM~D 183~275 mg/m3
WARBE LTI o7 T v MR T, WHEMEBrEERlssnl, HkR7 v Mok
0 OEFEREPAD . WINED EH- RS20 O51% 0 B O HAEFE O P ALE D O
(Z7> M 1VE S 72 ) OERBUT KT D AR O L OIS 2 b 71 7= (Hackett et al., 19823
Snellings et al., 1982a,b; Hardin et al., 1983), Zi D OEZESITIX, BB ~DOFE
EREITRD b ivie o T (IR RS X OYTENC D A5 <),

~ 7 ADEFE~DEEIL, T v MIEE L T\, ZZBCHTIC 549~2196 mg/m? % 5%
L7cHETIX, 1 IEdh 72 OWNIRE OB, & IKRE B X EFERFE O D761
(Generoso et al., 1987), 366 mg/m3 + 5 H[FZE TIX R 1 (%) DR EERFED L5
(Ribeiro et al., 1987), 86 mg/m3 + 10 DA T 7o~ U A TITHHRE L O 22V O
Moot B BN R A4 D AVTE s, FIXFE RIS T L7225 > 72 (Snellings et al., 1984a),

92 mg/m3 & W\ SRR 24 » A B L7V, K053 X ONEEME O 238142
X 7= (Lynch et al., 1984b,c),

8.5.2 FEAEEM

Sprague-Dawley 7 > h OAZELR]T « dEARF, & D WITIEIROSBEBEO R, =F L F
X2 FRHAEIERE TH D 275 mg/md #2595 & A E R X OB R OB ITINZ.,
FIEARE B4 U= (Hackett et al., 1982; Hardin et al., 1983), Fischer 344 7 v b D#E
TERH DA BB LI b7t B2 72700 183 mg/m3 2 45 & | IffF
RENBA L2 (Snellings et al., 1982a), LUk D Sprague-Dawley 7 » MZ 1464 £ 7=
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I% 2196 mg/m3 OFEFFMRELRET 5 &, WREE CHRFEERDZSIER L, 2196
mg/m3 TRENY) O RE N Z 3] 3 2 BHARENE 2 7~ L7223 (Saillenfait et al., 1996), {77
TEEDOFERUTFRD B2 o7z,

MDA~ 7 AZ=F LA F 2 R 2196 mg/md &, KRRLHE %, WhRE 2 2 CHEE
BT 5L RIS~V =7 KIE, RO, WE, LEGE, AHER BB X
O D #F I 72 £ O e R ¥ 234 U 72 (Generoso et al., 1987; Rutledge & Generoso,
1989), AR KOG ORBFIECT M L, BEFLICE L 2 WHAEF RO bk
(Generoso et al., 1987; Rutledge & Generoso, 1989; Rutledge et al., 1992), AZACE I
>1647 mg/m3 DT F L A F 2 NICEHIZTE Lo~ U A0 T, BRI IEl S h,
AR AT O e R0 58 A8 B 5 L 72 (Polifka et al., 1991, 1992),

C57BL/6J ~ 7 ADIHHRH 7 HIZ 1.5, 3. 6 FFfE], 3800 % 7-1% 4900 (mg/m3)-h THEH&
L C. & F(exposure rate) D 2 % 51l L 72 (Weller et al., 1999), %R (mg/m3)-h M
RO REFHE ARREREL Y & FRHE - SiREOT T L U A X FIZEE LB DOITS
W, BBFOFELT - WX, w7, EEE. BrEREICT 24 FRENEM LT,

8.6 whixEM

TF LA F Y ISR LERIY T, #RGRISH T 2 BN &HE TBlEsh T
WD, —ESOENY TSI D B I B 215 L3 5 &A1 L 72 (Hollingsworth et al.,
1956), 7 v FH IO~ 7 22810 mg/m3 D TF L o A F L RE& T~8 MBEHET L & %K
O W iHEE A R332 8 5172 (Snellings, 1982), 458~915 mg/m3 D= F L > A F L FIT &
%7 v FOHFEMSE - BHERER T, XADESHITRV LT, W, RIEDOHZEN R &
—EH ORI BN A U, N2 TR O A BEFREERAE Ol 3R 28 M & = BRI AU REHL S
DO HLNDHEE Y H o 7= (Hollingsworth et al., 1956; Ohnishi et al ., 1985, 1986;
Matsuoka et al., 1990; Mori et al., 1990), 86~425 mg/m3 T 1 H 6 M -5 H - 10
FoE 1l EMBABE L~ r R, BITHORFRACEHREDHORK T LBLE SN
(Snellings et al., 1984a), EIEE 425 mg/m3) TIE I F I F R KHCIHEDY . BB X
OMRIE~OJEH# [tail-pinch, toe-pinchDIZxtd 2 2L R X7,

>370 mg/m3 Z:FE% O U Y X L OV I, BREOBE R L O ZEME b ME ST
% (Hollingsworth et al., 1956),

2 HEM 0 92 F721% 183 mg/m3 HFTE T, B =7 A YL O ORI FHIZE MR X OV 6
M X+ 7-(Sprinz et al., 1982; Lynch et al., 1984b),
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8.7 BHERHMFT

TF L UAFR Y RORBAMET, EREY TIEB L ICAEME RS B8R OEHET V¥
MUIZEWAELD EABID, TF LU AFY RO in vivo 28T, 7y FBIO~T A
D JNig T-V > /38R Hpre JEIZZERZE BDFHFE S 472 (5~5.6 ) (Walker et al., 1997a,b),
366 mg/m3 (Z 5% LI I E s~ v A OffiCld, lacl 2 2O HBUBEE S FHAEEWP <
0.05) |2 L5 L72(1.5 f%)(Sisk et al., 1997), Z DO~ v ZADEHiI L OWIEIC I T 5 lacl
BEROBEIZ AT 208(ENEN 1.9 58 X OV 1.3 %), IR T IR & G2 21T 25
Niehol, BfEO L ZA, Zhb 2 DOEFE(indicator)” i THIEE S A7 ZERA B
L T LAY ROFER A - MARER A7 8D AN O BEFR 2 BRI R 3 R 72 )
S7c, InvitroZEIZ X D, b N EEBRMEEELO HPRTEIZBTH=F LA ¥ R
HHRMERE T LIV THNT 5L, RETIOEBBTFORBBERRKIENALOINLD Z &
3B B HMT 78 o 7= (Bastlova et al., 1993)

t B IXOFEREY) T T-HEGua DR I TWDH 2D, BOBAKINNIIBIT 5 Z O
KB DBEIN S < OWFFEDE R L 72> TV 5D, Walker 5(1992) & Wu 5(1999b)ic & 5
WA T, F344 7 v b & B6C3F1~ 7 AT, [AFRTITAebiizi EORNANE A 4T
v A (Lynch et al., 1984a,b; Snellings et al., 1984b; Garman et al., 1985; Garman &
Snellings, 1986; NTP, 1987) & [AAR DGR T ik TR L7=(1 H 6 FE[# - 5 H - 4 JHH D
W AZTE), T-HEGua fliZ~ 72XV 7 v FOMEG, K. M. FEOE S o3 h
ZRnodz, KFENTIX, M- B - B4 - AR COMIMEOEIXFREK CH o7, =F L
X RICHEETDE, 7y NORMEBERAREN EFH LR, v~ U AT EFSET, ilE
BRAERII T ATERLEN, 7y FTIEER Lo 22 &vn, Walker 5(1992)
& Wu 5(1999b) OfEwmIC KL, fEx OB O 7-HEGua OFERIE & | Bl S -
R BLAYRE DN AU & ORI B 72 BRI ITE8 O b vz, oo ZK &AL, 7-HEGua 72
E. F LA F Y MY DNA IED, =F L o A% ROFEB AT D 5 -1
I El S BRI S e o T,

9. b F~DEE

9.1 JEEEHEE

9.1.1 FJBEIErE
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TF LA F v REKA~OZRIL, RELORGEOHIE A 5 & 292 & 3% % (Thiess,
1963; ATSDR, 1990), AK¥EIE 1% &\ I IR T HHEAT D & BM DR O RITHANH
HE T 5 (Sexton & Henson, 1949), RJENEEFE I D & 1~5 K& IR EFS KX OHE
BENAE L D DONRFHE T, ZDO®R/IKEDTER S ND, =F LA F v R THRE IR
BILOKR~OEETH . FERE B STV 5 (Royce & Moore, 1955; Marx et al.,
1969; Hanifin, 1971; Biro et al., 1974; LaDage, 1979; Bommer & Ritz, 1987; Fisher,
1988; Lerman et al., 1995),

TFLUARY NIRIEME TH D, BFE%R. 18O T 74 7% —)B KOIVEL(Hfi
R &) DB SIS N BIE ST, =F LA F Y RIZ K DEGRE CHET 2% 0 B
TFT7 4T % — KGR E~TEE) B I N 7-(Bommer & Ritz (2K 25 L B = —, 1987),
M BEOCAHEA, £BT T T4 TR RISEHFVELDL ZERHY, = F LA T
R &R BRI THRE R 3 D B E e B O JEFIAS H 5 5 (Dugue et al., 1991; Verraes & Michel,
1995), =F LA F v NICERT DHEMEFFERIIZE LW L TR, 7T LAF =G
b WFTHBIERIC LD b D,

912 £HE~DEE

Hemminki ©(1982)1%, #HEOBWELEIC=F Lo AF T K, FAX LT LT E R
(glutaraldehyde), /L A7 /L7 & R(formaldehyde) Z{EH L=, 7 1 > 7 v FOJFHEEEA
Z oy 7 OBERREFERZIAE LT, 1980 FIZ7 4 T ¥ ROIRBEOWE A &~ 7 & 48t
KR E LT, #Et 1443 AOITIH(545 NIRRT DSRE 2 21 7=, Z OO —5R
ELTCOEBRAEILE AT b/h > 72 (Hemminki et al.,, 1982), L2>L. Zi &
BT 1976~1981 2T TT 4 > T > KD 24 JEFE TIT /2 bV IE 2 & | 8 BFFE] N
EIE(TWA) T 0.2~0.9 mg/m3 DTF L oA F MENHE SN TEY , B — 7 BEITHR K
fifl 458 mg/m3 T& - 7= H (Hemminki et al., 1982, 1983), 1976 ELLRTOHHIZZ N L v
BVATREMED B D WREA, BREEAT A | X FROWT I S 25 L TV W REITEFE OB A
Zy7DoL, Fi#ELEdRe L, WEAI~ORZICHET LERITFEELR» BRI,
R OEIFIZE T 2 H RIS OWTIEMZEL AW TAFEL, 1973~1979 FFDOT7 4 T~
RAEEOBPEFiERE W CTHER LTz, JELBER ¥ v 7 ORRR e BIRIRESR % | 4F#h,
RRPEEIER AR O B ERFIGEER), 2 — b —B X 0T v a— & BECHIET 5 & 9.7%
2720 . XHRBED 10.5% LR TH 7=, L L., HERRE OB IERIUTIE U TRIA X v
T ORE ST D & BRBREO BARTERIX 15.1% T, IEFRBERED 4.6% LV HEIZHE
o 12(P<0.001), =F Lo AF L REMOBEAE ORERIZONWTHITT 5 &, BRI
PERD LRANH LML RGO F L oA Xy REBORTH > -HIEZOEIT
FRFERE 16.1% 2k L, FERERE 7.8% ; P<0.01), BFEiid® D LB O Z — 0 RH G
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720 . BRMERII=TF L oA X FERBOWEHLIEA ¥ » 7 22.6%HREEIZHL L
BREICEE, P<0.05), FFEER 9.9%. *HHE 9.2% Th o7z, ZD%, BFECTHRBEEE
REIZARIR L2 R REB OB E TR e L, RS [FEPE2 53R L 72 (Hemminki et al.,
1983), HARMERIITT L A F ¥ FEFEOIME T 20.4% & RHBED 11.3% & b,
KIRE L CHEIZR NP -72(P<0.05),

Rowland 5(1996)1%, KEH U 7 4L =7 I 1987 FthFIBh T Xk CHEsB L, M/EZAHh
H L7z 18~39 MO AEITF 7000 ANZOW T, =F L A%y R L BRTER L O
B mHIPEE DA L O AT, R & BREOIERAE KRR & W5 X5 oLt
RO Z WV, Flne =F L oA F 2 FEEBICOWTHERN SO 1320 ADO &%
T OXRE Uiz, 3 32 ADNTIEHOF L oAy REELZFLE L, HIRFOREIC
B9 2 WIEECRE ORI A CTH 5, =F L oA F v REELMEOFER CHiE L7
U A7 1%, HERTEE 2.5(95% 5 #E X R [CI] = 1.0~6.3), FpE(21~37 ) 2.7 (95%CI = 0.8
~8.8), BWIPE(>42 ) 2.1 (95%CI = 0.7~5.9) Th o7, HIRETNLEZH NS L, =F
LUA Ry REBRLMETIE, FMTHIET S &, ERRWT N0 R R ITIRERR S 2.7 %
(95%CI = 1.2~6.DIC72 D AlREMERNE N 2 EAVRENTo, HERKEMICER BT, BiRE
TAHLAOER, BECHIET D &, Hxt) 271X 2.1 TH-72(95%CI = 0.7~5.7),

RFNDTTF L A F Ty RERBENETAOIRIFICKIETREL T, RIS Tn
%7 427 KO Lindbohm &(1991) DML T BHEIC=F L oA X REBERH D & |
HARMFED Y 27 BAEIZ LA 2 L5 Sh72(P<0.05, 4 v X[OR] = 4.7, 95%CI =
1.2~18.4), #FF 99186 DUILIRGIN M kIS & 7e o7z, RAR~D BT B ORI ENES
FICES W, BBICET A ERENT —Z 137 BHENEE L QOO BARTE#E(n = 3)
LIEIR(n = 10)DEUT D Te o T, AT Tl MEORESLT L — b« Zoaif#le L
L OWTER 72 R T b BE S e o Tz,

9.1.3 #EER~DEE

TF LA FY FAOHEIDH D VITRMIBRFER I, 0] T EEh M 2 Je MErh g i
NHAE SN TV D RGO 2RI 7.7~ >1281 mg/m3) (Gross et al., 1979; Finelli et
al., 1983; Kuzuhara et al., 1983; Zampollo et al., 1984; Schroder et al., 1985;
Fukushima et al., 1986; Ristow & Cornelius, 1986; Crystal et al., 1988), Z&F&{= 112
TFERDBEET 2 2 L BEN, =F LA ¥ R>1300 mg/m? O Cld, PERERA
s I =V CEORE DR A O MR AN FAEMD O EMFER NI SR o T
(Kuzuhara et al., 1983), 915~1281 mg/m?3 DT F L > A F o NH[A|ZEE T, KEFRIER
E AR R~ DN IR ST 5 (Gross et al., 1979; Salinas et al., 1981),
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9.1.4 ELHIEE

>9.2 mg/m3DZF L U AF T NZaHEE LIC/EER T, REMY >/ BRO YRR O
HOMA—& L THl ST 5 (Table 4), (KR (<9.2 mg/m3) TORERIT—E L T euy,

A AR A D Al R YL 0 AR AR DA 78 B A L SR EE GBI > 9.2 mg/m3) D 2 #Z
THEREN TV D, KEE(<0.9 mg/md) TORBEIIZIES >E R H D, —HOZETIL,
Bl IR G 5 (R ASHABE B 0D 57 3 R iR A 1R 3% D ki 2 2 & SRR S LTe, ZEDMFTE T,
WL T TF L ARy NI ORI BN 2 bz,

B O T, A E I EE(3.7~60.4 mg/m3) D FEFEIC LV, EEE IR Mo/ MEH
B O FR2ZR D Hiv7-(Tates et al., 1991; Ribeiro et al., 1994), L 2> L{KEEABR T
X, RPEO/NEHBEEICEEBIIA N2 oTe, T—XDORNTOR—HIT, ©—7 &
#5. BEFFHOE, WEREOZENRKMR LT B2 6ND,

EREGEOBEF(ETTT LU ARy FICERE Lz, EMER OB & 4~12 N% 1#EL
T 252 ¢, Fuchs 5(1994)1% 4 B[] TWA =5 L > 4% & RIEEN 0.1~0.49 mg/m3,
0.5~2.0 mg/m3, >2 mg/m3 DFEFE T, KMMHELZEKD DNA —AREGIW RS 1.5
5, 2.2%, 1.5f%(P < 0.05, P < 0.05, P> 0.05)IZHNT 5 L@t LTz,

9.1.5 MDIEEMEE

KEQ FDE LA X a1 FDORFBREE T, WEB» LR En-oF Lo A% R
\ZZFE L7z 59 NO&MEIZ, M ~D 2N 57 (Schulte et al., 1995), #FEIT 4 »
A OV BigRGER 0. >0~60, >60 (mg/md)-h OSFHEICHKSE, - (K - EiRED 3
BT, £E=2 U 77— 2B KREVREBEICIS T DIRED 8 i TWA FEJ IR &
£ 0.15 mg/m3(0~0.55 mg/m3), LR T 0.31 mg/m3(0.24~0.55 mg/m3) TH -7z,
A F v a@FEBE TIEZELZE A 0.04 mg/m3 3 L0 0.99 mg/m3(0.5~2.5 mg/m3) Th - 7=,
KEDOEEED~~ F 7V vy FBLXONEZ O, ERESREICS, BRE
HETHAFZNAE TIIRAWED 2R L, & OIS ERER ORI F a2 A
BIEhoTa(~EZ Y P=0.03 BEUAN~ 7 U v b P=0.02), FERFERR L L
T 5L, KEOEBERTMERT DY 2 RERER(%) DB HOARIC LR L(P=0.04), %
FERR(%)MEF L7Z(P=0.03), AFvaTiFoF Lo AFy REBLE~A~ 27U v B
FONET B EOEGERBRD 1 NOLTHEE)OMIZ, HaHFHIA ERBERITR
D HNRD o T MR O P ERER IR TR L MBI OHINGEREHFRA B) & = Lz,
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U Tl Shaham 5(2000)73, 88 A D IR 5 #8 xRS - PRI - BUEEEIZ LD ~ v
F LN, 46 A 145~210 43 TWA IR 723 <0.02~0.1 mg/m3 DT=F L A ¥ K
\ZFkE LA AT )L OJRBEIk R T3 » A, PRI 6.6 42), ARMLEK - HLEK - AFERER
DO SEEEH O E FIA B 2BMP<0.0D), ~~ h7 Uy MED EH Vo ERB LW
1L/ INKR D S-S B DI D3R BTz, A BRI K QMR EEER O SR B & ~F 7\
EURICAEEIT R T,

HEE 8 B TWA 2% 0.09 mg/m3 RiD—F L o A4y REGE TR BMA/EEE 36 A&
(van Sittert et al., 1985), HE T &FEIEE <1.83 mg/m3 T F L 4 F v NELEIC#ED - 72
BHAEE R 84 ANZ(Currier et al., 1984), MEFAIZILIZERD Lo 72,

L RUDBFHEHET, =F LA F T RCRKEE 0.11 mg/m3 - 97 43 ~71 mg/m3 -
2.5 Sy B #E Lz 556 ANDOHRE O K KIEE & B PNEO A2V THEHE L 7=
(Deschamps et al., 1990), K RREEOAEHER, WAL, BEE, HRICEITRho 7203,
KR IX R Do T ANBEDS BB HE D 6 A THIZ ST,

92 2 A

SROEFHIET, T F LAY FOMERB L SEIERIATONA L ORFEN
R DTz, BIRSNTZRA(E « TV - - MER)D Y 227 REE% Table 5 IZF &
Z)o

AU =—FT U DTF LA X NG JREEEE 709 N &2 XR LT 25 ak— MFET,
AIFECERID 7 7 22— 3 fillRSME, IEUELREEISIRI=630 ; 95%CI 200~1500)
BILOEBA(SMR=546 ; £1- 10 FN3HEN L 7= (Hogstedt, 1988), #RIHAIE - N AT
HoT=DIE, 1941~1947 HilZ/7 vk RYLIETZTF LU AF U FEAKL TV zIER
D TIHOFHRIB L OMRTER TH - OCENEHZEM), ko= F Lot d s Nk
I DIIE ) BEhrofc(Zmrue RYEICL2=F L odxy REIETH O, 1941~
1947 OV BFEIRE IR L% 26 mg/m3 Tho7o2d, B — 7 EITRXEE 732 mg/m3
ZEED EHRESINTND), FHEEIXZOMS X ELFEWEICH FHE I TV,

Greenberg 5 (1990)I3K[E D 2 SO F L A% FRETH CTIEEES 2174 A& %14
& LIEARZE 21TV, Teta 519931 X 2w akr— b 7ave RY 28 L2 278 A%
BRSO L CL 10 EE OB Z LT 5D, BRHBEITEREIME =F L oA % o REEHMA T
Ot EMB 2 G0 T SN2, =F LAy RIBEDOEERRSITIIIT2 > TR
W, —ERE THOERBIEXEOMET L OEN I, Zoak— hTiE, &F

36



R¥

L. EOFRTHMEFHINCABERIET DOEEIMIEIHR SR H o 7= (Teta et al., 1993),
BB T BRI LR LR o722, BT X 2 EBRIZE A B RSB TR
oI, RBRBEH TCOLRMEIFHA R TIIZRWEMARO bz, BGOREHRICL 2 Y
A7 &P RND L WTNOBRATHABEREMITED bR oToin, M EZRHLT R A
IZEDHEEIT D 7ot 2~9FDOFEFE THN ARV 27 (2.77, 95%CI = 1.11~
6.93. 5T HNIFAZIC LT L, = F Lo AF Y FORBENKERE TR ELDND,
TF L7 uuatk RV (ethylene chlorohydrin) & REHH 278 AD VU /X« MR
A® SMR 1% 294 T - 72(95%CI = 127~580, 8 JL1-f) (Benson & Teta, 1993), —F
LA FEFGIC 10 4FRLL BRLE S EE B0 AR U A 713 2~3 512 7 L7z,

18
7

TWA FZEEDS 4 #] - 3 FBEIREAL - b - @I T THIE Sz, BT 2 FEHEIT
THOEEMAET=2 ) IS TR UENIX R OBEPREEE T o RFZEMIC
KOEHE SNz, BNEEBOFERIC X2 RBRRIT, HHER & HERBEMEWK - F - &)
IS ERD BN, 1974~1978 FEDORBIT OV T, G OIEEE TF — ¥ NE#E
BEINT, TRLSD 1925~1973 FiZbi=p 2 ZE L, VA hAN—=U=TID
THTORBIITT FHAME AT 2 —F L Ok TOEMET —Z 0 bi#tE sz, 18
OFITEHITIAEIAIC D=0, MRE LR R L0, BRIIIREREILS2ZIR"HDH EER
bbb,

Z OPREIITER OHEERBZREIZ VAU - - BEBEOXSOR), BHFHEOR S
XV RO FTH B o & BRWVEBHICAD & O Th o = CEEEHGRABIF 27.2 45,
R RBHIN 5.4 4F), EEBIIT7 XA VT UBIORVEURE, BEXZE 26 EOMEICD
7% L T\ /= (Shore et al., 1993).,

L ETTRROE— 3R — FOWFFE T, Steenland 5 (19913 K[E D 14 OPEE EHH i
REFHORETH T=F Lo AFy NICET LA K 18254 ADEERDELTIZON
THAE L, KEO—MR{ER Y i L7z, Z 0%, Stayner H(1993)78 =0 =k— kO
BB M L, BEORFIOVTHEE L, b Lo 14 Higko 5 Hill% o RiHE
(B2 RO H D 13 MR OIEEBICRE L., T ak— O XY FE7 BiE i & 5
Wi L7, ZAU S REEOHEEARIL L U7 — 2 S — 203, R R B 00 36
HCT—HEOEMPELZIT., FOHH Q- TITREBRY L7 v VR ER CRESE L
LT, 1976~1985 41T 18 fiid% THH7= 2350 DRI O TWA RFEfE 13 & £ 1 % (Greife
et al., 1988), Fifg O FEIIMEIIMRL . FeI(EE), BEEIRERNCFRE Sz, AR
Yo7V TSN RBORENRUT 2807 T —IZHHLTEDL, =F
L oAy FERRIT SRBHREICOWTERMEICIES BFET V&2 EICHER S vz,
ZOETNNOZEEMRDOT-ODT =21y MZOET A THEH S iLeh o7 46 Ol
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EME) 2.0 mg/m3 LINO=F L A% REBEN T S, E¥EFAIL 6.8 mg/m3 Tho
7z(Hornung et al., 1994), & AD RFERBHEMIZ, THENOIELXORETT L 4
¥R (ppm)IZ, ZOFERICHELZHMB(BEEZRU-HL0ODORIMTH 5,

IR — MR E LT, EMIRRDBDAIZ L DT OEMNEIA LN -T2, BHIZHT )
ERNERBREMNR S >72b 00, M Tiddld Lz 5 Th 5 (Steenland et al., 1991),
B 5 RAE R BE R O M es R ESS (all haematopoietic neoplasm)”iZ X % %E1- 0 SMR 1%
124 TEHSGFHFHIARETIERWV), BREEZEOMNIIHEFHIAE TIIRN o0, &R
WERET, IR F Y il JOHEIIE,/HE A IR O SMR (ZZ 120 192G /Y
ARETIERW)BIWNTS Th o 7o, Bl A O ILH IR E O R RGN L(SMR
=322), ZFEI0 5 OB ILBIEL S /e )y o 72 (Stayner et al., 1993),

“OiE M ASRIEE DR R A ENNCHEET 2 &, REBFEREOFETH TR L
(SMR = 196, 95%CI = 101~343, 12T H), FH OHIL, HHEORFEICL S SMR ICIE
DA (x2 = 1.69. P=0.19, 24 FETH), ZEIZITAOBEMBTRE S 72 (x2 = 1.01, P=
0.3D)Z LICHEHALTWD, LHEOEMITEC AV (n=9)Th-o722IcLbbDT, &
CICHEEBRCTHE CH-72(n=1), BIEEBEORRAVIEIREL D ORHIZ LIzA > T
B L5 & MRS K D BmRIE N R R Tdh > 7= D1% 20 LU EOEFE Th
oz, BURGHNG, = F LAY FEBARL Y U MERIIRB X OHERTF U &
NEEGR LTS, ®EICRGHFIA BRBBRSEMN RSN, RERE - RS
MERRIER L2 IER XU U RBIC L DT OMICZEH . DT Tidd D 2SR
WFRO BTz, B & AIIEIC, EORKRTITH 2 BFEHFIIAE TILR W RS
BRARS bz, b FOFEMMAE G L. “Y v WE(ymphoid)” fE BT TR B Sk
BRI B LTz, OHTIC 10 FOFEMMZ Eie & RIEEE & 28 MARRIEE £ 729+
XY UNBEENENORCICHE PR BERBERR S o7, RIERELH - TV -
JiKd B D DS AN 1T A D ZTE SRR D 7 5 372 (Stayner et al., 1993),

FRRoRBRIL, REEFEOMENHEE L R THELRVRBRO—2TIEIH 23, Zhbo
HEEMEDR ML T 85T — 21X 1978 FLEDO L DIZRHENATWVAH(LAL, ZDakR—
DS H 1978 FELIRNCRBE L2 7 NV —7 OfERIT, &2ak—F LIZIERL T, #FLHE
HCholo LHIE IND), RAGK T & 72 2 M OREZENEIE D AW E ~ D BB & 3 bl X 72
Mmolo, ZHETHEEZRARWIEBMEOKRZ WA CTIXH 52, BB EL . 1E
B D 28% M HIEIRTE S 20 LR L e o 72 CEXBIRIR 16 4 ; FH %%
M 4.94), ZoMICBL, AIMFEETHE 7 AT 5 NT IS &KEOHIT, L TZo
RIS FHNAEBERBEFCNAE T WD ZEIZHEATREXTH Y (SMR = 345; 95%
CI=111~806), ZDadx— MIZHITBWMHET HLEND D, BEBOKIEDE NI
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SHREF OVPEL 2 2 L CTHIB T 9 (RN D ), FEEBEZ LM TITHERMN ST 5 &
LMEDIE D Lo 7-(55%%F 45%),

t & ® Steenland 5 (1991) DAL TIX“Z DD U > R4k D EE (other neoplasms
of lymphoid tissue)” & L CTHEBE ST, FER T2 U /O 7= 7o [FE BRI o FE I
KXo T7ra)—fbrateTr—4 %, [Hlar— bk TkdT Wong & Trent(1993) 37347 L |
FHEOERT XU O REICE DTN T Z &R fER SN2 (SMR = 247 ;
95%CI = 141~402), E)ifgithifH] £ 72 1 TR & B+ 2 BBAOCPIRZ R T D138
SN0l FERIC, HELZ EORNBATAL TS, IBREIFMSCE IR K 55T
H—=AF B0 T, ZOEITIRT % Steenland 5 (199DIZ X HHFFE & 0 #HFHL
FEDRRE VD, BEIROBERE O 2 OEIL S 2 HAL TR,

A = =7 OEWETERESR O 2 T8 TEH< B 2170 A\Oak— T, BRAY
AT DOFHFRA R TRV EFANED bz (Hagmar et al., 1995), #at A E TIX
RO EFT, VN EIIRANAB L OAMB THALNTE, =F LAYy REERT
DO YRAED 0.24 (mg/m3)-ERTFEOIMEE BT DM BRSNS 503, 10 FLL E ORI 23
HHEXTIHRICEDD L, AMBO Y 22708 EF LIEEHZOEE TR, AIME
JEGIO =T L oA ¥y RREZFEMEIT, FRNRat— Lo bl irol,
ZOMRTIZ, ~EZ v B fIMEOE & HEE REMEIC BRI 2MEEBERAED b
(Hagmar et al., 1995), Z VI3 fE %] 0 5% O RAEHEEME 2 =3, BP0 %Eo 11T,
B CHEOMRRIZII~NE S v U MIMEDAFRRIE L EiES N T\WD, EDLED
=T LA F U RICLD DT, ZOMOETEILFEE A F /L (methyl formate) & 7 /L4
oo ;=R Thotz, Lzl IBEMAR O P fifix 11.8 4F & Hhipos < . B
SN 1.83 (mg/md)-4E%2 Bz HIEEE N 200 AR TH D720, K¥EOBRFEMHEITEIE
Emllehoi,

NAF—DEETH TH LN B 10 ADKR D 9k BERETORENRBIFZE T, =
FLUoARY NEBICLDHEEFHAERERY A7 EANHL NI/ > 72 (Swaen et al.,
1996), oHTxt5R % LM 10 FLLEICK > TH U A7 IZFERICE Do 7208, HEE BB
\ZY A7 & ORREITIFRD Lo Tz,

@R O FEBEHEEMEN 72 <, EMERRR EDONRADE L D7 unthd % < OEFIE TIE,
1 MARSCMAAL DR A D U A7\ HEHFRIA B 72 BRI 720> 7 (Morgan et al., 1981;
Gardner et al., 1989; Kiesselbach et al., 1990; Olsen et al ., 1997). Kiesselbach ©(1990)
OHFFETIE, ALERAL 6 HLOZEMIH O H A 9.6 DO FHME 3658 AT, HILHLH O
D 2 & M R A AT REEORE - W CEMR I & OFBIEIEER O B AL72 s
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572, Gardner H(1989) DG T, =F Lo AFy FA2RE - T4 oF 1L
4% v REEAIZ# T2 8 bt B & 2876 AT, (LFEEMEERE TEb i 27
IR A3 (S N HIFFE 1.33 AN, RBeBIfRE CIXIfFE A TR Bl sz no7c b oD
(0 N/HIFHE 0.76 N), W b FRIA B 722 BUE TlEg iy - 7o CRABBRR A M TR
#1), Morgan 6 (198X —F L > A o FiE TIH O B 767 AT, HEHFIAE TIER
VBRI AE DSIMAE LS TR AL AR YR VR T AR LN, RIS S iR o T,
Olsen 599N L D adk— M KO TIX, KiG - i - BlK - U > BRpEAE M gs
FAfk, FOMD YU o SHHEE DR AN, IERFHFRITED A BERIBRIETARBD b, =
Frrruve R COHLOEREREE T, VN - EmaEfn Ao SMR 28 LA L
(SMR = 149 ; 95% CI = 60~307 ; 7 A/ HIFHE 4.7 N),

S5 D5 2 tEO/NREFZE T, U U RANE A E(Bisanti et al., 1993)°R2% A
(Norman et al., 1995) D U A7 OF B 72 LA R S 7=, Bisanti © OWFZE Tld, Hulk:
Rt d 5L, 1938~1984 FEl2A X VT TZF L oAy RERGTFE b o(LF T8
E¥E 1971 A0 U R E/HfEPED SMR 1% 682(3E1- 4 A, P<0.05)Tdh - - (FH
BRI 9.8 4F 5 ERI O BBEHET A, LU, ZET SRR FBIBIFR TR0
LI o T b DO, FEEFEHIEORIEILIEM S 2 R Tu e,

10. ERZBIVCHARAROEYM~DE

KIRDIKAE « BAEMICHTH=F L oAy RO BHRIZR SN TND, BOEW
WHIECRE RIE N TTh, &5 WIEEEB LSRR R ON =R ) TREhZb o &
LIEOEWT Y RARA V MIEREZES, EM~ORBE2 F O TUTFIORT, 25D
WFEC. fEA - BEEE - Bb - iR BN, ME R LS ESEREMMICENT, =
F LAy RITHEKEEOBIR T 2R R 2 7% L7-(IPCS, 1985; US EPA, 1985;
Dellarco et al., 1990; IARC, 1994; BUA, 1995; §8.4 t, &), ZHEFM = KR A v M
LB Y ~OEEOEM L)L TOREITH L TIERY, LArL, —fiZZnbo
WENETDOE, MORBNFHRSNIZRE L RENOCERNEETH S,

10.1 XKAEEY

MERERICkT 2o F LAy REEE, BRFMZ LIS~ 7z (Dellarco et al.,
1990), #PEICEI Ll SNTEBD R WEREDO —>ThH D, =F LA ROIEMEGIE
T DA~ D53 % 73 1C50(50 % FHLE R FE) 13, 22°C 0 16 R[]l B 2 MERAER T 10~100
mg/L T& - 7=(Conway et al., 1983),
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T— AARBROL BIETIE, * X F 7 AH(Salmonella typhimurium) TA1535% L O
TA1008K CTHEIFZEIRE O E AR MBI £2 X 7z (Pfeiffer & Dunkelberg, 1980), [FIERIZ,
KW # (Escherichia coll) Sd-4 ¥ CA RFHRICHEKSBRDYH - 72 (Hussain, 1984), &
JE 2.6~1000 mg/L CO 1 WEIRE T, 77 =2 7 X/ ALERIC EMRI 7 BSOS B 1%
B AT (G0 BRI, MR O /7 RIT A MR T, 100% & FEAMIZZE L Ty 7z (Hussain,
1984),

4210 mg/L LA T DRREIRIC ## L7- S £ & E MBI, RZERE R B UG BIR A
B b vz (Dellarco et al., 1990), LFLOHFER EnD ., HifE, AGERE. HRZE), DNA
EEENE, EFOEICHEBET L L, =T Lo AF T RPBARROMBEERICLIE T
BAMINT D Z XL,

TF L UAXY NIMAEY L BEEBSIWICHT 2B ERE THVWEALNLD, KE
EPA @ X v a(Daphnia magna)\Z K 5 EHER 73 1K o0 Gk m MR T, MIERE IS
F5< 24 Bif# LCso 1% 260~300 mg/L T, 48 Kifl] LCs0 1% 137~300 mg/L TH - 7=, [A]
DS TOT T A4 v o)) 7 (Artemia salinia)\Z L 5 20k MR T, 24 BEE LCso
1% 350~500 mg/L(n=3)T. 48 Kl LCso X 490~1000 mg/L(n = 3) T - 7=(Conway et
al., 1983),

IO T L A% v PSRBT Th %, Bridié 5 (1979b) D T,
HE RS < ¥ 2 X 3 (Carassius auratus) ® 24 F¥fE LCso 1% 20°C T 90 mg/L T -
7o 77 v b~y KX ) —(Pimephales promelas)% i\ 7= k[E EPA BEHEZ K 5 LKA
PEEEPERER T 24 FEE LCso 1%, MERSME T T 274 mg/L | MEFEEE T T 86 mg/L, FE
K[ T 90 mg/L Th o7z, FFRKSMHF T TOD LCso i, 48 KFfH T 89mg/L, 96 IKffH]
T 84 mg/LL T& - 7-(Conway et al., 1983),

10.1.1 ZGREEYDZFEIE

TF L UAF T ROKFTOEESEEDIT, =F L7 U a—/(ethylene glycol) &
TF L7 uvutk FU (ethylene chlorohydrin) TH 5, SWMEEMERER T 24 B LCso
E, = F LTV a =BT 7y by R/ — IVvra, 773403207 TER
Z1>10000 mg/L. >10000 mg/L. >20000 mg/L C. AL TFL oot R

T 768 mg/L., 675 mg/L., >1000 mg/L T& - 7=(Conway et al., 1983),

10.2 BEAEEY
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FHLX, AR, = Ry oMM =T L4 XY NEin vitroCa&ET D &
AR T Z2RAE 4 U 5 (Ehrenberg et al., 1956, 1959; Blixt et al., 1963; Shulovska et
al., 1969; Jana & Roy, 1975; Migliore et al., 1982), Yt {K{B{E I S Ok Ye 4 53 (R #i
B, AF X, abAX, X~ LATY XY 2T Y (Tradescantia paludosa), fb¥) THEIZE S
7-(Smith & Lotfy, 1954; Ehrenberg et al., 1956, 1959; Mackey, 1968;
Moutschen-Dahmen et al., 1968), Ehrenberg©(1956) #4512 L5 & KAHEE1.5x108
mg/m3(80%) T6 H FALEd 2% & | Yeta kIR HIZ &K 5 A4 A L+ O AR T2 65 28N L7,
PR TIE, 7 ru 7 ¢ VOB FRARE RS RO3FITHIM LT, 4 L%
DT 23084 35 KL UN11894 mg/LORIKIZ 2R T & 7 mm 7 4 VAR OB R 122
SRS FL 3 IR D F N F 3. THEF L ON3.8F 29N L 7=, Jana & Roy(1975)DHllEIC L 5 &,
A % (Oryza sativa) D2FEDBIE T CTlX, =T Lo AT FIRENEWIE E2RE RFHH
FEME o Tz, 4 BIRE L SR RFICEA S & BEEI1888~6167T mg/LTHh -7,

£ v a2 v (Sorghum vulgare Pers.) % F 7295 i B B (Fusarium. Alternaria.
Helminthosporium spp )JffliER T, AT 4+ A7 12 8 mg/L OD=F L > A% K&
To5E, R23%DOHEHDRAETL, Tradv@FORFEN % 100%HF L
(Raghunathan et al., 1969), AT + A7 OWEARE L =F L oA F v ROZER - HHR
FEIZ R 72 BEMEITRE O H e,

T F 7R BROKRKHFZT U oA F 2 RISk D IR R & A b
N5, 24 BFEEARBR T, B THIELZE X T B A Y 47 v A v (Trogoderma
granarium) DT RIL, =F LA F 2 ROL4 BEEZ 1000 25 3000 mg/m3 2 EiF 5
&L 24.5%0 5 98.6% ~& EF Uiz, AAFER & RILE RO BIREICA B AT R 72
(Rajendran, 1982), Rajendran & Shivaramaiah(1985)i%. 250~1500 mg/m?3 DT F L
VAR R 24 BRI BB N a2 A v 7 A b (Rhyzopertha dominica F.) D5l K
TR A 7=, 500 mg/m3 Ll EThOI, HAEIREENT @%ht@ 0.01), ~a v
¥ a v N (Drosophila melanogaster) D EPES PEESERERIZF BT 22 IR H i A
B LW in vitro DYLERGIErE X QMR OFEIL e Evb, =2 F LA XU RERFEICE DR
h OGRS BIEE S 7= (IPCS, 1985),

TF L UAXR Y RO BERB I OB AMALE~OFEBICET 2 HERIIMERTE RV, L
N TEAAONREY & L CEREBHBHEON TN D, BAEFSWHEICKIETREL L
TlX. Snellings 5(1982b)A3 45 L7=, 183 mg/m3DTF L A% RIEAICE DT v b
DEFE~O B ENREN L OT, BARKICKET =T LU A%y ROFEL G
T sboL bEERMET Y FRA L FELTBRENTVS(E8.5.1 M),
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11, FESHm

11.1 B~ B

11.1.1 BRAEEMDEFE

11.1.1.1 FBPANE

TF LAY FRBIERE ORI CHTNR - #60 - L - BBt - &0E - T - -

Nig23 AN K DBEC DA RE SN TV D2, GEHLZ—BMIEALNT, Si/mICh
50

i

—fRAN DI DOBIE BN IS < 3, B - JiE (Hogstedt, 1988). Wi# ¥ =4 M i &
EE L H5(Steenland et al., 1991; Stayner et al., 1993; Wong & Trent, 1993), & CE
P iE (Hagmar et al., 1995) O/EZEH 12, FIIE, & Mg RIEE(FE 21X F— a2k —

FOFERT XY L), Voo iSRS, U o SRR IERNIED U 2 7 o E5-
MG I TV 5 (Table 5), ZALH OWFIREIZTT Lo AT RUSMIH L OWEN
bHEBZONTcF LAy NS - EHBEMER LV . 3 ICER O DI
FIFETRET D2HEFE AL,

BHPEED AR — FTHIZY 3 - MG RBADY A7 XTI L2 RH L0, #H U
T 2 fF12ii 72 72 (Shore et al., 1993), L2xL. &SRR ANEEML T\ F Lo
RE TIHEE B O FHA (Teta et al., 1993) & W\ H ME— D FIAM TS 2 23, EERFHA TOBEYF
T I EEELS ., BRBENZEDO SN EEE O SV Hagmar 5 (1995)%°
Steenland 5199 DA TOFE L, TN LN 11.6 F L 16 FTH-7 Z LITIFFET
HUEND D, KA OFA CTlL(Steenland et al ., 1991; Stayner et al., 1993), #][A]
RHE D 20 FLL R LTV RBRIT 28% 7210 T, HILAEO 7 A 5 ADFETIF T < fix
TDOEDTHD, LIeh> T, BIEINTEEENZNEBLS RV DiL, 2t bZD
— BB A EM Th ol LB X BT,

TFLAFY REREOHESLHE L Y X7 & OFEMEICET 2RIL 3F0A T, £
NENZ BT, &5 WITHREINIHET L TH 50O MIFEEO b o7, L L,
I RHILOFIA Tl BRI O EOBMMEILERZE TéH - 72 (Shore et al ., 1993), #&H&H]
I E 7T RIFICE L TH . BHFFEOE R & 5 WITHE B ZRRE 2> D AT DA MR S
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niginoiz, LinL, leRkad— MMa=18254) DM CiE, BRI 5&EE OFEM G HE &
RIERBEOBOHEEI 21T, BURSHIOF LA X ROREREL Y A
B LOIERTIF Y AN EEAEDEZEY W EE[“lymphoid” neoplasms] & FRiak)
EEOMIZ, AE72P<0.01)8FEONERNH 5 Z & H5r7h - 7-(Steenland et al., 1991;
Stayner et al., 1993), =F L > A ¥ FORFERE & EMHREG LRI &
ANPEIZ KBTI S EEMENRD b, BFEREE L QMO RIC#&ERIGSEREH -7
D, WHRHFRRABMEITRO b n oo, BBREOWDIX, ZOSHTICE T S o &R
BRGS0, S REIT VTN b E MR A DO FRFFIE L 1X R 620 e v D 2 & T,
Z O RIFMOBFFERER & b —B L T\ 5,

L7ei3-> T, MRS & e R R 2 =F L o 4% v FREBEOBREZ R~
FAGEIL. BEELUCT X ORFEIHIRELR 72 & ORI RBILR ISR T D1k D FL 2 —Fiii 72 L T
W5, ZOBBEINT) A7 3PRETIEIS 528, BHHHAZEHNRE LA bh
50

BbiloTF LAy FIRERBRERZ R & T 2L OMBIIE T, R LM O
AR E R PR E STV 5 (Table 4), BARIEI723HE T A E2DHDDRFNG
K R BERHEE DARML & 3 2 121%, = A — MFECIERI FRIFSE L 0 EtE MRy, £ T
LRIEY., bo L BIBEDOEWIET, =F Lo A% v FElREREH O 5 CHER
FHIREPBE SN Z LT 4T L b IE~OEMR 226 FiRGE OFE T3 nice &,
TFULUFFRYRICERETDES ) LDEMT 22 L 2B T 5, B RVHT- /2R &
LCHDHIENTED, MIEEFOZEOEINTIZF Lo AF L R >9.2 mg/m3 (272
LEBESNDMEANRD D720, BBERICBEBROEEIC L >TND, S HICHEHRER
FTAEMO K2R TH, —H L THEOR A1 S 17z (Stolley et al., 1984 ;
Galloway et al., 1986 ; /5 H &= #f Mayer et al., 1991; Ribeiro et al., 1994; Richmond et al.,
1985), #HIHAFFIE DU DI AR KEER OFEE N R TH - 7223 (Garry et al., 1979;
Yager et al., 1983), Bl CHEAMKRFEFHIFEOMEN T3 LA LTEY . Zh b ALK
FIZE Db D E1EE 212 < W(Laurent, 1988),

TFLUAFRY NI, EYFRBRNO b NOEPAMETHL EEZDND, =F
LoARY REWATLE, F344 7 v FOBBEKEANT L ~ v 20 Y > YE(EREIC IS
W TCE DO OTI D IS %) DI AN EFH-3 % (Lynch et al., 1984a,b; Snellings et al.,
1984b; Garman et al., 1985; Garman & Snellings, 1986; NTP, 1987), =F L A%
DErEMIEIH LT, EEHEICREN TR Z R L TOLDEREN RN ER LR
Do TFVLUAF Y RIIRABRT NI IAHIT, ZIETXTOEYRER CEEEEEZRT
LR SINT VD, =F LA XY RIC in vitro CTHBE LTZMIE « FolE - v bo
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Ml & | In vivo TR Lo EBRFEOKMIMICIZ, @HE, Bis 28R %, DNAHELE, M

fB IR FRENBZE SN D,

L7=2MMo T, BERBEMIBITA2ZT L oAy RER & MEESOBEEIX, L
SITRBEND0, IREMEIZNZ2, & D CIEBRERTZIC L VRSB RNOHMID 7
S TF LAY RBFHAEERT D Z LRI, EREW) TIEREN AR L OEE
BIEIC S & AW e B A AT DM e RE L B D, DL EDEE L v b ER
Y ORBUC AT BIFERNERR RN E0nD, =F LU AF U Rkt NOEBAWE
THDHAREEIBD TRV EEZZBND,

11.1.1.2 A ZESR A S

bt FEHOT — X TR SNV, Ty b e v U AOZF LA F T REBRICET D
ZHOBR T, T o RN OEMERIEZRAEH | Bt g, R, DNA
. IR ABE SN TS, =F Lo Axs NICEBR LE-EREYM T, DNA 71
XL A OBRFMERBM O hOEEEZ R L TnbH eEX LN, B M@y T
T=F L oA F s FREDNA IR Z & TONTERERR RN, = F L oA F v
Nide HIRL DR RIT DO AIRetED B D LW R D,

11.1.1.3 FENESG 72

WERBEATOREICESS L, mF LA Fy FIIIR & - KEORIETH Y |
BAEETHLH 5,

W EIRE D= F Lo A% o RICRE LIEEEEORE T, RR~OEENRIIR S
NTWD, bbb, MEEEMES FEMARRIEE, rEE OO E . R
(R O T, F72>1281 mg/m3 O 2 #5 TILPENE AR RIS DO D2 A £ O fhsR M
B IO OEPEZERE B U7 —HE O R 7 £ C¢H % (Kuzuhara et al., 1983),
VT, = F LA F D FERRR ISR ORI E & TR R O BBE S BIZE S T
V% (Sprinz et al., 1982; Lynch et al., 1984b), ~ 7 A TiX, (K O 55E CTRE BT
& BFREBME F 23R 53T 5 (Snellings et al., 1984a),

TF LT RO b OETE~DFE(H KRR & fi T AR TR D BRI T D 72
(Hemminki et al., 1982, 1983; Rowland et al., 1996), B OHFFE®E CTlddb D08, =F
VAR RRBOARRHENRH H/3— N —Z2 b ORMETHRRED U 27 EH-D R
N T 5 Lindbolm et al., 1991), EMFRINCEZTH, 20OV A7 ERIE, FEEEM R
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DIRINT S, BIE~O BRI DR . BEREIHEE ORI, H1 OIRE - # - HH)
PEDZEAR) DS B AR EE TR b L= BB CHEA T b b,

11.1.2 RBERISDIT

11.1.2.1 FEPANE

NANIZT L AXRT RO AT OMEHET, BRCEREEEIT D5 IVOEE
R RRA L FEEZ BN DS,

TF LA XY RON AN T D 5ia s BERDE) 328k 2 FRICEBEL SN TV D DI,
BAEDEST —2IIIHHRN D720 Thb, &bz, WEHDHT—HF TiL., b b EFEBR
YT TF L oFF L ROMRBEB X OERBTICERNZER TSR,

TR SOGBER O T IZiE L2 T — 2 1%, F344 7 v MZ XD 2 DOEBAMEASAL T v
A (Lynch et al., 1984a,b; Snellings et al., 1984b; Garman et al., 1985; Garman &
Snellings, 1986) &, B6C3F1~ 7 X2 L5 1 DDFNANMNA AT A (NTP, 1987) 7>
b6 N5, F344 T v M CITHEEZERME A MRS, RENE B, 4IRS 56 A2 R 12 & B
PEDOTEMAFRD B, o~ U A TN A, Y Ul FERA A, SRS A, IR
VLB = —RERBEO T AR EH LT,

TFLUAF Y ROEERAERE NNy 7 7T 0 RED 5% E5A &8 2 REESERE
BEE[TCosDiX, Appendix 4 DBV FHRT D L, M F344 T » FHEEZERMEAMBETO 2.2
mg/m3(=v FJ 27 = 0.05,/2.2 mg/m? = 0.023 per mg/m3) (95%15HH[R I T BRAE
[LCL] = 1.5 mg/m?®) 7 & iff F344 7 » M fESED 31.0 mg/m3 (95%LCL = 16.1 mg/m3)iZ
F TS, BEMSEBRIZS & D RENTWZRWEFZE(Lynch et al., 1984a,b)8TiL, 3H
LD fEEE D TCos DIE ANy WO (BRI KT IS 12.5~31.9 mg/m?3) (Table 6),

6 L2L. LD WVITHREZE T, MORENEETHL EEZ LN,

T B A MERIY F344 7 v FCIE— R BARBENA TS, BEMRLED, 2
DOIEFEFL O IE LUVVERIEH S 02 SR T,

8 & <IZ Lynch & O#f7E(1984a,b) DT »~ M RHHEEED AIMFEH 4% % . Snellings ©H O
HF72(Snellings et al., 1984b; Garman et al., 1985; Garman & Snellings, 1986) ? xf Fa##
L5 L 2L ETH o728, Snellings 5O F L A F 2 KN 183 mg/m3 ZFZHE &
IR TH - 72,
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~ 7 AD TCos 1THARDIED ~— & — JRESIIRIED 6.7 mg/m3(95%LCL = 4.2 mg/m3) T,
RE N FE IR A D 22.7 mg/m3(95%LCL=11.4 mg/m3) T 5, LNL., T DEEMN
RALE$ 25 NTP A 47 vt 198D1%, 2 HEREE SR LR EL T O, Mk
IR 92 mg/m3 & BFELUSBROFMAREE Th -7 Z LITHET 2XENH D
(Table 6),

TF L UAF Y NIC 4 %8 L=l B6C3F1 ~ v A(Big Blue®, Jac IiEfsE AT
U 2 RERD HprtZZ8R A B3R 0£5 1) 7 (THC program f# fil; Howe, 1995)9(Z -5 <
& (Walker et al., 1997a), RHIfRZERZE R DO T~ — 7 R (BMCos)(Hprt 255828 L%
RN 5% BT 2D IR (MR B8 48 288 (A IE L 72 B, 7 v h&~ D 2D TCos
RIKEOFHANTH 7=, Lo, Walker 5(1997a)C &L % 25 S0 BAFR O /3 HridiE bl &
ERNVTWEZ EIZEE LTI LR, 3 HER &SRR RE SN TWED, &
KGRI 92 mg/m3 TH - 7=,

HECBEBREHONCT OIS bW LT — 2 2IEH L LS &, BB A U
BRBIME L | = F L oA FRCE BB O P78 T O MKIER U 2 7 & g LTz,
ZOGHOT m k aL L fERITRISCE Tl 4TV % (Health Canada, 1999b), & O
B, Ty bOb oL bERERRIFOE F344 7~ b OBEBERMEAIMF 06 RIS
A 7 1%, Stayner ©H(1993)I2 K % = A8 — MFFEUER O BRAE R TE A 0T L 7o ME— O3 FHFT)
THZESNZ, BHICBIT 2T To A MR b NN EEMERRIEZE NG O SMR X
e —HLTWe, LML IZOHKITIIRBARH Y, VR OFERBLICHERREH % 3
T ZEIETERY, ZF LA XY ROEFT — I RMFEERH D | 1ERO K
BRORHEL FHEBIZAND Z ENTEXRW(E K ITREEOBIGREDRD, =512,
BRERL LOMHHCRBIT 2 EHAR L, B e b OO —BEZFrET 2 SWITRIL & 72
D VEREFF OBEHAREY) T, Do EHFEICE T D SMR 15 HEBR R O &G PH AR D TR
TlEBETLE, EREME L FOEERBIMEL EHELBE L THERD D HDITR D0
£ TR TH 5,

11.1.2.2 AR T S
TFLUAFTVRNICRERELLZE hOFIROBEHY A7 ZEREILT 2R AN, WD

MIRENTE, ZOHIbh oL HbAfEME VR D DI, Natarajan 5(1995) 55|
KAEBHY = v a vy TOREETHD, ZORKLI, = F L AT RICkDEREY

9 0,92, 183, 366 mg/m3 (Z%iE L-EWIC BT D Hprt 225875 5o S 45 %8 A= 8 (x 10-6)
X, FNEN 2.2, 3.8, 6.8, 14.1 Th-T-,
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A7 %L OIEMICHEE T A0 —4 X v v 72 E L, ﬁ% bz o> T Z D5 EDE
a2 LVEMHIIEA DT a T L7 Fa—FORREEL-OIThh, 2Oz
RAA 2 MTOWTRAR ST FHEN, MERICBEHR O 2T %ﬁ%f%éio -
ZTIEZEDOHRREEBHITH A Kﬁ#é@%%ﬁ%wmﬁwmm&bfmﬁoL#L\%ﬁ
SNTBEAY A7 IHRDIZHEL b TWH7ed, ZOHMIZEET HDIXZE0—HT
LZen, R E L= DEA R Lo B 2 BV EZE R B B OFFF O 7T, HPEZERAE L
BEMEESEZERAE R, BRI B E SN TR, ZhbDTy RiRA v M4 53
T — X T, BEER TS TRV, AFFHROBENY X7 1ZEEI DT L
HERLTWeWEHI Sz, & MBI 2EEBEERARE ROBINIX, —H OBk E
MERR X2 7 OBIC L HDH BV, BRMEOHEIMTREND &5 2 b5 (Hemminki
et al., 1982),

SHTORPE L=k, & b ORRERTE 4B L CEHl S 4172 Lewis ©(1986) DAL (F -+
FERDOEAT =% bV BT 572D RMFEEL EICBIT 5, ~ 7 A ~OEME AT
BRERFRTHD, " val I a7 7a—F Mz, ~ 7 ARHEZE B
Hprt)(Walker et al., 1994)72 5 NI &~ Ok E R FEM (HPRT)(Tates et al., 1991) D E &
BT — 2 &2 N5 &, =F LA F 2 R 1.8 mg/m3 ~O 4R 57 @5 (1800 W) o i 12
XoT, FHMRICEEBBEENER LI EADND, Ny 7 7T 0 RED 4% 104 %
DY ATHRNDAETT, BBABEE DOEORILE LT, ZD/EMH® BMCos i% 46 mg/m3
LHh oD, 10

HEFHMED RFEFEMEDER L LT, ~U AD Hprt BRER T HEMAE, v o
HPRTZESRE BRI IMA R, ~ U AOZRERE . BRI 28 TIEOK, Moz
CRDYU R GERERFEAERN CEMRERER~OHNHR, HEENL TFHENDLE
’Eﬁii EMtER STV A (Natarajan et al., 1995), EEH ST Z NS ERIC L D ARHEFEM A
EELLE D &L LR, 2ok ) HiHEIcIx, BESNDORBELZ T LR DD, 7
— 2 BREAEE S AP TIERW)TH D Z LA L D AN FEFEMEILR RS LTV 72
W,

11.1.2.3 FFHESE 722

TF LRy RCHEEIERENRER SN D DI, OWFZE TR U723 X
DEWEEDLXPITTHDL, SHIT, T F Lo xy RREGEMEICER 721528 2 5

10 fl Rk Ok 2E) BB ~ e 258 THEIE L7225, KT TE R 28 e i A A R oD 72 b AR
W I E L Ty,
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T B, BEEOFERIIH LB L TRSGNOH DO ELNBOH HILDH Z &
5. DT —RIERORBIZEE Y 27 OREHED SWIZ, REBERSEKREZERILT DT
YRRA LV RELTHETHD Z LIFHLMNT, O RARA » MIESS RER, #
RBINTWVOMDEEEIZ LA THL EHADIND, & 2T, =FLorAdFy FORMRE
Ba ) T DR L IKIZERD 67z 2 2°(Sprinz et al., 1982; Lynch et al., 1984b,c;
Setzer et al., 1996), HIEMEFEMRBM ToF L o AF Y FEET v MIRD B A~
DFBIZES L &L THAREITE A pg/m3 OFMHICR D EHAbILD,

11.1.83 VU X7 DRREHEH

REMTIESH LN, BUESHHT —ZIZLE, —BEROTT Lo A% REREKT
BLHIKRTHD EEZ DI, MOBEAENDOBRUTIZEAERNEALRD, IBIT,
THD & 5 SR L O RZUTHIIE LT, =F Lo A%y RBARR, BNZEA. #
BIKOREHH CHIE EITHREEND Z EITENTH D,

JEIGE T B E L OBEBERMAEENPREDL EADNLEZTF LA XY RO LD Ml
MR OLE, B0 D \ME IO E EEIC AN, RTEHEEIE A RS AR
DEAHEEM L L L CTY 27 2HET 5, HRBEISEABRE bbb I<RmSNeT v b
T, =F Lo AFy REWMARTE L2 F344 7 » b 2SHEEERYE (A L5 2 38 9E 35 i
1K TCos 1% 2.2 mg/m? T, 95% LCL (% 1.5 mg/m3 CT& - 7-(Table 6), 71+ % & Z DD
DHENRLERDOEL, RIABLOBAZEROFER - THI=F Lo A% FNREICET I
W2 nT — & % Table TIZRd, BT X TITRbn e 2GR EERRICL5E=42 1)
T =2 T, A,THU ) F =2 OFHER O~ — S E PRIV A 713 >1077 006
100 EWHOERMEY 27 HEEMIT L LWEINICY TXE D28, ZHUIZED > b0 2
SOTNRY U T NMCE S ZEE2ENTIER LR, =F L A% v NS o
WAL LTHWEEEZTOTRU A 271E, >10° L WO RHEY A7 HEEMEE LW
BEIMNICINE D, L2L, ZAUIHHOEREZZBE L TET Y v 7 SNTCREICE S S
DT, BE=H YT T —FTEIEEIN TN W L2 SN TR b0, 1990 40 U 7
=TI BNV ATOE=XY T T =220 DOEZEIT DI EFE ST s
(R fE= 956 ug/m3), 95% (5 HEIX M1 0.75~5600 ug/m3 & Ji< . B 74 A X
INEoT(n=6 kEREZRT 1 5 FTOY > 7 V) (Havlicek et al., 1992),

11.1.4 E PREJ X 2BEHEDTFREENM L GHEE

0 PRMCHE Y A 7 #EEMoOfEE - <10-7, >10"7~<10-5, >10-5(Health Canada,
1994 )
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Table 7: The margins between carcinogenic potency and limited available data on
predicted and measured concentrations of ethylene oxide.

Margin between exposure and

potency estimates: Category of
TC g5 (2200 pgim3 and equivalent low-dose
Concentration of exposure to ethylene oxide 95% LCL (1500 pg/nt) risk estimate®
0.0062 pg/m®; concentration in ambient air in Southern Ontario predicted from TCps 350 000 107 te 10°°
ChemCAN fugacity model 95% LCL 240 000
0.34 pg/m® censored mean concentration in ambient air from multi-media TCps 6 500 107 to 1078
survey in Canada (Health Canada, 1999a) 95% LCL 4 400
0.17 pg/m? censored mean concentration in indoor air from multi-media survey ~ TCgs 13 000 107 to 10°¢
in Canada (Health Canada, 1999a) 95% LCL & 800
2.12 pg/m?, predicted maximum average daily concentration in ambient air in TCps 1040 10°°
the vicinity of Canadian hospitals 95% LCL 710
4.9 pg/m®; maximum concentration in ambient air from multi-media survey in TCos 450 1075
Canada (Health Canada, 1999a) 95% LCL 310
4.0 pg/m®; maximum concenration in indoor air from multi-media survey in TCps 550 107°
Canada (Health Canada, 1999a) 95% LCL 375
201 pgim® predicted maximum th ground-level concentration in ambient air TCos 110 1070
in the vicinity of an ethylene oxide production facility in Canada 95% LCL 75
2 pg/m?; predicted maximum average annual concentration in ambient air inthe  TCps 1100 1078
vicinity of a sterilization facility in Florida (Tutt & Tilley, 1993) 95% LCL 750
1" pg!m3; predicted maximum average annual concentration in ambient air in TCos 200 1078
the vicinity of a sterilization facility in Florida (Tutt & Tilley, 1993) 95% LCL 140
956 pg/m™; highest mean 24-h ambient air concentration sampled in Los TCps 23 10°°
Angeles (Havlicek et al., 1992) 95% LCL 1.6

2 Categories of equivalent low-dose risk estimates: <107; 107 to <1075 and 10~% (Health Canada, 1994).

BB T DT =2 OMFUICHONTEZO T LR THEB SN TVDAA, T I TREIC
BT 27 — 2 DARFEEMEIZONTE R LD, EERIZH S o L bELRENERLE S R
bNDEMNEToH S, CICAD 1T/ L2 &EBE & T NITHS < U 27 OREHIER2ITF & LT
RLTZITT &R,

TFLUAXY ROBFHICET 27— _X—2AOEEEFIHRETH D, EEREW DR
NP LIS DI T 27 — 2 X=X RENTH 5728, @VMERE CHEITERETH
MARBIEFEEBELD LV DL, 2D DOEEIIKT 2 BGEORRE L) X7 #
M EZAZETNLIE, RERZMOGEFELZENOTLILEOAREALND,

MZxtT D =F Lo A F T ROFRDAMEIE, &K 18000 ANLL L2725 24— MNF9E 7
E“@é’riﬂﬁﬁénf%f:o LrL, 29 LEEWFZRICITHIFIN H 0 . KRR DR IEHE D
BE4 5 %22 IR ENT IR oT2(E K ITHRKRIEEFERFOBHAR)S, FEEIZ,

12 @2 — 2T ) U ICHESSBAY A7 O EMEIL. B ERICK AHE X 0K
VM (Teta et al., 1999),

B REBRFEESIT. 2 OHFEDIET /587 (Steenland et al., 1991) 235/ Steenland &
REFNTLIDY %ﬂ?ﬁéﬂﬁf_&') FEH DD DELNEN R EICIZZ D EHEET H M
NhdEEZT,
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—WAERIZI T D MBS TR & ATEA~ DRI D P EITmE ) & &2 Rz T
O, RERBFRZ G & T X5 2HEimiT TE 20,

TF LA FY ROBNAMEICITZEDOBIcEENEERER 2 RIZL, & b & EREY
TIF LA x v NOREH & AMEREFICEENZRITRNZ L IXMNTH DM, BAHE
GEME A FRT DRI SR> TWARY, B REEIMTEZ SN D EBHZER
HEH LTI TV,

FERENM & B N ORBAMEOEBELENERD D L DI LRVDIE, EFT — X _—
ZZRARNH . b N EEBHOEINO—EZHET D & X ITHW LK EhEE - G - 7EH
M OFEBIZE DS RN @Y T, ERFZEIC 380 %5 SMR O HE X 28 2 SN 72 8 T
H5,

X

iy

F344 7 v FOBEBZEKMEAMBFOE b & OBEMEICOWTITE T ARERERE N & D,
HZERME A MIRIE Z DR D T v MIFFRAER C, JERBEMRT » b TOHRBAMEE
MABEIZEL, FRALHEEL TWRWNLTHD, LovL, fm /e RSB O
FEhS N7 v FBLOY T ZADOWIET, WITHAENL > T2EEED TCos 134 3 fFIZL
DT, U R ORAEHEDRERITIEDL L 2h o Tz, MEZ v N OBZERM: A M5 k)
3% TCos @ 95%LCL 1% 1.5 mg/m3 T, %7 2 LHEEMEIL 2.2 mg/m3 Th o712, FHEEK
i BEAR S B e 22 iR ST (M F344 7~ N O JFUFMEMMIEE € 81.0 mg/m3) THEFR X 4172 TCos e 5
EICHESL L, Z2I0BELNTENANMEOE ST F344 7 » b O R B fHIC X
HEE11.1.3) DB X Z 14 5D 112725,

11.2 BWE~OEEITAMH

11.2.1 FHE=> Fa¥1 > b

TF LAy FEHOREFNTT X TRI~OKH T, RS 5 KU S
T TF LA RO R—= AV NMIREZGATHZ LIFERNWEAI EBZX BN
Too KRSDOEMENENOT, BRICED =R T4y 2T U NENDR, TOREA
N =X LDOFBITR/NRICE EFE D Z LRI S50 o T D,

KRBT END Z ST ENTER, S BHRICITIRE E 7232 UL L ki
THHENDZ ERH D, ZF LA Fy RO~V Y —EHITE W ZH(12.2~19.9
Pa + m3/mol), KRLTEHEPDOERBITE 21T, ERT —FNOARDPBITREICEAET S
LB HNDCEEE ~1 FEE), % - WEEEDRE KO T L oA X FREICET S
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EHIZRVNA TR BHEHIEN S O IR/NRICE EE 25 Z &8, & ITBREKLHIERE
DR L RFFFN O bR SN D, DLEDZ &b, KPREITEHR TE 2BET, £
NP ZKEEY~OFEEEMbIZEAERNWEEZLND,

TF L UAFY RO—KRERIZZER T, TORENLZELATICERE L, ST &%
L&, T RARA U MIZERFEBELZTHEHENI Z LA H, =FLogF
¥ RILEEHEEME T, BRAME THD L0 I BEIIRFELN H 5 A3 (§9.1 B L1V 9.2), =
BTy RARA YV FREEOERM L~V TEAEEYIC RE TR, £, A&
FOSBfR, FHREEEZ 25 &, TERICHRIZITR > TV RN, BIEINTHED S b,
HLHIL VDI EAED ST HEH o L bAEREEL G R HRENRT L FRA M,
BIE~DEEXBETH D, THLLINDOMO BT ETIRVERE TALNS,

11.2.2 BRIEFJ X2 DREHIE

AFHTRATZT L oAXy RRHUESNT-OTb T EERRECTH 5, ZNLSMNT,
KEAH U 7 =TI e B RE R OT — X B3 ET & 5 (Havlicek et al., 1992),
1990 - 5 H O o ¥ LBV ZAFRHTH T O i KV 24 R 1L 956 ng/m3 T(95% CI
= 0.75~5600 pg/m3, n=6, RKBEEZRLIZ 1 5T CHRE), KEOKKIRE 277 HE
ERBHEEEV)IE LTHVWSRS,

BT — X3 TR CORKEa L X~ AV N THEFIZRENTH D, bo b bREEED
R e AT EBRMT > T, BAET > WHOMNBREMITR D EEZ BN D, critical
toxicity value(CTV. fx/NeEaltf)iE Snellings 5 (1982b) D LSRR N HIS/-H DT, 2
THEINTWLEEIL, BAEEMIC Lo L b ERNRAEEYELY 5 X DN H 540k
FHT Y RRA VN ERT O ESNTZ, RMEICLD L., KEEEZ(083 mg/ms)T
X FEIEAFEDS KIRIZHAD U, ERES BEIRENLHT- 0 OWMAEF A LTz, Lieh-> T,
FEAEh > CTV 1X 183 mg/m3 L 725, CTV IR E Li=T — & & v h DRI T,
ZORBOKEBETH -, O HRBRITEMMAE TIIR ERETHEONZ LD T,
183 mg/m3 NEIFARA FERBIRE RO E ) DN FETHE S LTV L, 2
OHE D= DICHRBRFE AV Z SN TWDH DI THARw, BLEOHEBNS, 3T EW
TRECHEM L~ ~OBEN T > E Y LARWEERRERD 2 O)nBlE sz, CTV
21 100 &9 BRI R & 7o AR S A2 IV CL A AR W RH o e i B2 B il (estimated
no-effects value: ENEV) 1830 pug/m3 3% b 417z, L7223 > THi% EEV/ENEV % 956,
1830 = 0.52 (Z72 %, HEEN 1 RGO, BEAAEYHTIIRET=F Lo AF U FOR
HBEBEICLD Y 27 135/RICIEED EABND,
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11.2.3 THEEM

TRTCOBEE AL /R—hA LV T, BET—223H 25013080 EMFEICIRESNS,
EEE L TE ST, LA BEEZHWERBRICITIH ABREORHEIEENES, S5, 44
7RO LB TR MENBIE SN, FOEML L TOREBIIREETH
60

A Y 73 V=T N TREIREICRE 2A8(§6.1.1 ZR)BNALNDLZ LG, Z
NS DORGKIREIITE D DD ARMEFMEDN & D /[ REME RIR S5,

12. EEEHEEEIC X 5 2 E TOHR

TARC(199)1Z=F L A F ¥ ROBENAMEIZ OV T MIXHT 2FEUIREN TH 5
M. EREBWIIT RIS H D LRSI, = F L AR YRR TN TORKRAE
LAYV TR IR SR BRI E B SO R RWE TH Y . RBEERICRAR
FHFRIEOEN L DNA BIONEZ v U ATIEEFHERET D5 2, EREHLEE o
FEDABUSIFHBL L T2 O T TARCA99)IT T F L oA F ¥ Nid b Mk L THEMNAM
BRI (I N—TF DEfEwmST T,
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APPENDIX 1 — SOURCE DOCUMENT

Environment Canada & Health Canada (2001)
Copies of the Canadian Environmental Protection Act Priority Substances
List assessment report (Environment Canada & Health Canada, 2001) and

unpublished supporting documentation for ethylene oxide (Environment Canada,

1999; Health Canada, 1999a,b) may be obtained from:

Commercial Chemicals Evaluation Branch
Environment Canada
14th floor, Place Vincent Massey
351 St. Joseph Blvd.
Gatineau, Quebec
Canada K1A 0H3

or
Environmental Health Centre
Health Canada
Address Locator: 0801A
Tunney’s Pasture
Ottawa, Ontario

Canada K1A 0L2

Initial drafts of the supporting documentation and assessment report for
ethylene oxide were prepared by staff of Health Canada and Environment Canada.
Sections of the supporting documentation and assessment report on genotoxicity were
reviewed by G. Douglas (Environmental and Occupat ional Toxicology Division, Health

Canada). H. Hirtle contributed additional information in the preparation of the draft

CICAD.
Environmental sections of the assessment report and supporting
documentation (Environment Canada, 1999) were reviewed externally: D. Maletski

(BUA, Germany) and D. Markwordt (US Environmental Protection Agency).

In order to address primarily adequacy of coverage, sections of the supporting

documentation pertaining to human health were reviewed externally by:
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T. Fennell, Chemic al Industry Institute of Toxicology
R. Gingell, Shell Chemical Co.

L. Recio, Chemical Industry Institute of Toxicology
W.M. Snellings, Union Carbide

M.d. Teta, Union Carbide

V. Walker, New York State Department of Health

Accuracy of reporting, adequacy of coverage, and defensibility of conclusions
with respect to hazard characterization and dose-response analysis were considered in
written review by staff of the Information Department of BIBRA International and at
a panel meeting of the following members, convened by Toxicology Excellence for Risk
Assessment (TERA) on 12 August 1999 in Ottawa, Canada:

M. Bogdanffy, DuPont Haskel Laboratory

dJ. Christopher, California Environmental Protection Agency
M. Dourson, TERA

S. Felter, Procter & Gamble

J. Mandel, Exponent

R. Rudel, Silent Spring Institute

V. Walker, New York State Department of Health

J. Preston (US Environmental Protection Agency) provided written comments
on the draft supporting documentation, hazard characterization, and dose—response

analysis.
APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on ethylene oxide was sent for review to 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,
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USA

H.B.S. Conacher, Bureau of Chemical Safety, Food Directorate, Health

Canada, Canada

C. Cowles, Industrial Chemicals Unit, Health and Safety Executive, United
Kingdom

S. Dobson, Centre for Ecology and Hydrology, United Kingdom

E. Frantik, National Institute of Public Health, Centre of Industrial Hygiene

and Occupational Diseases, Czech Republic

K. Hensle, American Chemistry Council, Ethylene Oxide Industry Council,
USA

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

Veterinary Medicine, Germany

C. Hiremath, Office of Research and Development, US Environmental Protec

tion Agency, USA

J. Kielhorn, Fraunhofer Institute of Toxicology and Aerosol Research,

Germany

A. Kligerman, Office of Research and Development, US Environmental

Protection Agency, USA

Y.H. Lee, US Food and Drug Administration, USA

R. McGaughy, Office of Research and Development, US Environmental
Protection Agency, USA

H. Nagy, National Institute for Occupational Safety and Health, USA

R.J. Preston, Office of Research and Development, US Environmental
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Protection Agency, USA

R.P. Subramanian, Office of Research and Development, US Environmental

Protection Agency, USA

K. Victorin, Institute of Environmental Medicine, Sweden

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

Hygiene and Occupational Diseases, Czech Republic

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

Germany

APPENDIX 3 — CICAD FINAL REVIEW BOARD

Monks Wood, United Kingdom
16—19 September 2002

Members

Dr R. Benson, US Environmental Protection Agency, Region VIII, Denver, CO, USA

Mr R. Cary, Health and Safety Executive, Bootle, Merseyside, United Kingdom

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

Dr S. Chou, Agency for Toxic Substances and Disease Registry (ATSDR), Atlanta, GA,
USA

Dr S. Czerczak, Nofer Institute of Occupational Medicine, Lodz, Poland

Dr S. Dobson, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Dr G. Dura, National Institute of Environmental Health, Jozsef Fodor Public Health
Centre, Budapest, Hungary
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Dr L. Fishbein, Fairfax, VA, USA

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

Protection Agency, Washington, DC, USA

Dr Y. Hayashi, Division of Chem- Bio Informatics, National Institute of Health
Sciences, Ministry of Health, Labour and Welfare, Tokyo, Japan

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

Medicine, Berlin, Germany

Dr A. Hirose, Division of Risk Assessment, National Institute of Health Sciences,

Tokyo, Japan

Mr P. Howe, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Prof. J. Jeyaratnam, Colombo, Sri Lanka

Dr J. Kielhorn, Fraunhofer Institute of Toxicology and Aerosol Research, Hanover,

Germany

Prof. Y. -X. Liang, School of Public Health, Fudan University, Shanghai Medical
College, Shanghai, People’s Republic of China

Dr R. Liteplo, Existing Substances Division, Environmental Contaminants Bureau,

Health Canada, Ottawa, Ontario, Canada

Ms M.E. Meek, Existing Substances Division, Safe Environments Programme, Health

Canada, Ottawa, Ontario, Canada

Mr F.K. Muchiri, Directorate of Occupational Health and Safety Services, Nairobi,
Kenya

Dr O. Sabzevari, Department of Toxicology & Pharmacology, Faculty of Pharmacy,
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Tehran University of Medical Sciences, Tehran, Iran

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

Sciences, Tokyo, Japan

Dr F.P. Simeonova, Sofia, Bulgaria

Dr J. Stauber, CSIRO Energy Technology, Centre for Advanced Analytical Chemistry,

Bangor, Australia

Dr M.H. Sweeney, Document Development Branch, Education and Information

Division, National Institute for Occupational Safety and Health, Cincinnati, OH, USA

Dr K. Ziegler-Skylakakis, European Commission, DG Employment & Social Affairs,

Luxembourg

Resource Persons
Dr C. Cowles, Health and Safety Executive, Industrial Chemicals Unit HD, Bootle,
Merseyside, United Kingdom

Dr C. Elliott-Minty, Health and Safety Executive, Industrial Chemicals Unit HD,
Bootle, Merseyside, United Kingdom

Dr K. Fuller, Health and Safety Executive, Industrial Chemicals Unit HD, Bootle,
Merseyside, United Kingdom

Observers
Mr A.G. Berends, Solvay S.A., Brussels, Belgium; European Chemical Industry
Council / European Centre for Ecotoxicology and Toxicology of Chemicals

(CEFIC/ECETOC)

Mr W. Gulledge, American Chemistry Council, Arlington, VA, USA

Mr C. Newsome, Dow Chemical Company Limited, West Drayton, Middlesex, United
Kingdom; European Chemical Industry Council /European Centre for Ecotoxicology
and Toxicology of Chemicals (CEFIC/ECETOC)
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Mr M.A. Pemberton, Wilmslow, United Kingdom; European Chemical Industry
Council / European Centre for Ecotoxicology and Toxicology of Chemicals

(CEFIC/ECETOC)

Mr W. Stott, Dow Chemical Company, Midland, MI, USA; European Chemical
Industry Council / European Centre for Ecotoxicology and Toxicology of Chemicals

(CEFIC/ECETOC)

Mr J.M. Waechter, Jr, The Dow Chemical Company, Midl and, MI, USA; European
Chemical Industry Council / European Centre for Ecotoxicology and Toxicology of
Chemicals (CEFIC/ECETOC)

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

Geneva, Switzerland

Mr T. Ehara, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland

Mr H. Malcolm, Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Ms C. Vickers, International Programme on Chemical Safety, World Health

Organization, Geneva, Switzerland

APPENDIX 4 — DERIVATION OF TCos
Concentrations of ethylene oxide causing a 5% increase in tumour incidence
over background (i.e., tumorigenic concentration05s, or TCoss) were calculated by first

fitting the multistage model to the dose-response data (see Figure A-1). The

multistage model is given by:

Pld=1-e"%" grd- ..+ gud
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where d is dose, k is the number of dose groups in the study minus one, Ad) is the
probability of the animal developing a tumour at dose d, and ¢gi > 0, 1 = 1,..., k are

parameters to be estimated.

The models were fit using GLOBALS82 (Howe & Crump, 1982), and the TCoss

were calculated as the concentration Cthat satisfies:

AC) - AO) 0.05
1+ AO)

A chi-square lack of fitness test was performed for each of the three model fits.
The degrees of freedom for this test are equal to &£ minus the number of g7s for which

estimates are non - zero. A P-value less than 0.05 indicates a significant lack of fit.

The TCoss and the corresponding 95% lower confidence limit (95% LCL) were
adjusted for continuous exposure by multiplying the values by either 7/24 x 5/7 (for the
study reported by Lynch et al. [198 4a,b], in which animals were exposed for 7 h/day, 5
days/week) or 6/24 x 5/7 (for the studies reported by Snellings et al. [1984b], Garman
et al. [1985], Garman & Snellings [1986], and NTP [1987], in which animals were
exposed for 6 h/day, 5 days/week). Model parameters, the adjusted TCoss, and
corresponding 95% LCLs are presented in Table 7 in section 11.1.3.

For the tumours in rats, characterization of exposure—response was optimal in
the study reported by Snellings et al. (1984b), Garman et al. (1985), and Garman &
Snellings (1986). The number of dose groups was greatest in this bioassay, and two of
the three doses were in a lower concentration range than in the study by Lynch et al.
(1984a,b) (0, 18.3, 60.4, or 183 mg/m? versus 0, 92, or 183 mg/m3 ). Dose spacing was
excellent (approximately 3-fold variation between concentrations), both sexes were
exposed, and group sizes were slightly larger (120 per sex per group) than in the

bioassay of Lynch et al. (1984a,b) (80 males per group).

For the study in rats in which exposure-response was best characterized
(Snellings et al ., 1984b; Garman et al., 1985; Garman & Snellings, 1986), the TCoss

range from 2.2 mg/m3 (95% LCL = 1.5mg/m?) for mononuclear leukaemial4 in female

4 Mononuclear cell leukaemias are a common spontaneous tumour in F344 rats. The

exact etiology of this tumour type, including cell of origin, has not been definitively
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F344 rats to 31.0 mg/m3 (95% LCL = 16.1 mg/m?) for brain tumours in female F344
rats. TCoss for comparable tumours in the study in which exposure-response was less
well characterized (Lynch et al ., 1984a,b) were somewhat higher, ranging from 12.5

mg/m3 for mononuclear cell leukaemia to 31.9 mg/m3 for mixed brain cell glioma.

Values of the TCoss in mice ranged from 6.7 mg/m3 (95% LCL = 4.2 mg/m3) for
Harderian cystadenomas in males to 22.7 mg/m3 (95% LCL = 11.4 mg/m?) for uterine
adenocarcinomas. It should be noted, however, that characteriza tion of exposure—
response in the NTP (1987) bioassay on which these values are based was not optimal;
there were only two dose groups and controls, with the lowest administered

concentration being 92 mg/ms3.

For none of the modelled TCoss was there signif icant lack of fit (P > 0.05,
Table 7 in section 11.1.3). For the study in rats in which exposure—response was best
characterized (Snellings et al., 1984b; Garman et al., 1985; Garman & Snellings, 1986)
and that in mice (NTP, 1987), fits for malignant lymphomas and mammary
adenocarcinomas and adenosquamous carcinomas (combined) in females in the latter

investigation were poorest (P= 0.06 and 0.08, respectively).

Based on modelling (using THC program; Howe, 1995) of the incidence of Hprt
mutations in splen ic T-lymphocytes of male B6C3F1 mice (Big Blue®, /acl transgenic)
exposed to ethylene oxide for 4 weeks!®(Walker et al., 1997a), the benchmark
concentrationos (BMCos) for somatic cell mutations (i.e., the concentration associated
with a 5% increase in the incidence of Hprt mutation) (adjusted for intermittent to
continuous exposure) was within the range of the lowest TCoss in rats and mice. It
should be noted, however, that characterization of exposure—response in Walker et al.
(1997a) was not optimal; although there were three dose groups and controls, the

lowest administered concentration was 92 mg/m3.

In the interest of utilizing all available data to inform characterization of
exposure—response, the tumorigenic potencies developed based on studies in animals
were compared with risks of haematological cancers reported in epidemiological

studies in populations occupationally exposed to ethylene oxide. The SMRs for

identified.

15 The mean frequency (x 10-6) of Hprt mutations was 2.2, 3.8, 6.8, and 14.1 in
animals exposed to 0, 92, 183, and 366 mg/m3, respectively.
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leukaemia reported by Stayner et al. (1993) (the only epidemiological study in which
individual cumulative exposure was characterized) have been compared with the risk
for the most severe outcome in rats (mononuclear cell leukaemia in females). There
were three exposure groups in the cohort: <1200, 1200-8500, and >8500 ppm - days,
with corresponding SMRs (95% CI) of 99 (27-252), 85 (23-219), and 75 (15-218). To
compare these results with those from the studies in animals, the human exposures
were converted to lifetime concentrations in mg/m3, by first converting the cumulative

exposures (ppm - day s) to ambient occupational levels by multiplying by:

1/ (4.8 years x 240 days/year)

where 4.8 years was the average duration of exposure in the cohort and 240 days is the
number of occupational days worked per year. The resulting ambient occupational

exposures were converted to lifetime environmental exposures by multiplying by:

(8 h/24 h) x (240 days/365 days) x (4.8 years/70 years)

where it is additionally assumed that cohort members worked for an average of 8 h/day
and that the standard human lifespan is 70 years. The resulting environmental
exposures in ppm were multiplied by 1.83, the conversion factor for ethylene oxide, to

convert them to the units of mg/m3.

The relative risk that would be predicted by the fitted animal model was then
compared with the observed SMRs from the human study. The relative risk at a given
experimental dose is calculated by Ad)/H0), where Ad) is the fitted multistage model.
The lifetime exposures above were converted to equivalent exposures in the studies in
animals so that Ad) could be applied by multiplying them by (24/6) x (7/5) (6 = h/day of

exposure, 5 = days/week of exposure).

The midpoints of the estimates of exposure for the lower two categories and
the lower limit for the highest exposure group in the Stayner et al. (1993) cohort were
converted to ambient environmental exposures, yielding 0.02, 0.18, and 0.31 mg/ms3,
respectively. At these exposures, the modelled experimental data from animals predict
relative risks of 1.00, 1.04, and 1.06, which lie within the 95% confidence interval of
the human SMRs. Note that these exposures are very low compared with the
exposures used to fit the animal model. The lowest animal dose group was 3.27 mg/m3

(continuous dosage), with a fitted relative risk of 1.65.
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These predicted risks are also consistent with the SMRs for all haematopoietic

neoplasms in males from the same cohort. These SMRs were 95 (95% CI 26-243), 143
(62—-283), and 196 (101-343) for the same exposure groups as above.

Peritoneal mesothelioma in male rats

Mononuclear cell leukemia in male rats

(Lyncher al., 19844, h)

(Lynch ef al., 1984a, b)
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Results indicated that risks predicted based on the most sensitive outcome
in rats (mononuclear cell leukaemia in female F344 rats) were consistent with the
confidence intervals of the SMRs observed for both leukaemias overall and all
haematopoietic neoplasms in males in the cohort study by Stayner et al. (1993) G.e.,
the only epidemiological study in which individual cumulative exposure was
characterized). However, the limitations of this comparative exercise preclude its
meaningful contribution to quantification of risk. These include uncertainties of the
available epidemiological data on ethylene oxide, which prevent adequate
consideration of traditional cr iteria for causality (particularly with respect to
periods of follow-up in investigations of greatest sensitivity). Moreover, meaningful
direct comparison of potency in laboratory animals with that in humans is
precarious at best, in light of the inadequacy of available information on interspecies
variations in kinetics and metabolism and mode of action to serve as a basis for
characterization of site concordance between animals and humans and the
extremely wide range of the confidence limits on the SMRs in the epidemiological

studies.

APPENDIX 5 — LIST OF ACRONYMS AND ABBREVIATIONS

BMCos benchmark concentration05, concentration associated with a 5%

increase in the incidence of an effect above background

BOD biological oxygen demand

CAS Chemical Abstracts Service

CEPA Canadian Environmental Protection Act
CI confidence interval

CICAD Concise International Chemical Assessment Document
CTV critical toxicity value

DNA deoxyribonucleic acid

ECD electron capture detector

EEV estimated exposure value

EHC Environmental Health Criteria

ENEV estimated no-effects value

GC gas chromatography

GSTT1 theta-class glutathione Stransferase
7-HEGua 7-(2-hydroxyethyl)guanine

HEHis hydroxyethylhistidine

HEVal N-(2-hydroxyethyl)valine
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Hprt (HPRT)
ICs0
ICSC
Ko

Kow
LCso
LDso
MS
mSMR
NIOSH
OR
PBPK
SE

SI

SIR
SMR
sSMR
th
TCos

TWA
WHO

hypoxanthine phosphoribosyl transferase

median inhibitory concentration

International Chemical Safety Card

sorption partition coefficient

octanol/water partition coefficient

median lethal concentration

median lethal dose

mass spectrometry

meta standardized mortality ratio

National Institute for Occupational Safety and Health
odds ratio

physiologically based pharmacokinetic model
standard error

International System of Units (Systéme international d’unités)
standardized incidence ratio

standardized mortality ratio

summary standardized mortality ratio

half-life

tumorigenic concentration05 (concentration causing a 5% increase in
tumour incidence above background)

time-weight ed average

World Health Organization
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