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E B F Y E R MSCE (Concise International Chemical Assessment Document)

No43 77uvl A

(Acrolein)
FFE
http://www.nihs.go.jp/hse/cicad/full/jogen.html
g 31
1L EH

TrualbA T AR CICAD 1. ) ¥ EEEfRi# 1k (Canadian Environmental
Protection Act : CEPA) D T CHESe b 79 & 7 Afi 71 8 (Priority Substances Program)®d—
B & LTI UREHICER S - & BHZ F S & . Environmental Health Directorate of
Health Canada 3 X * Commercial Chemicals Evaluation Branch of Environment
Canada 2NA R TIERK L7z, [AIERFEIEIC T 2B ERE M O B L, —KEREEToD
MR R BN BREE D A7 5§ & b OB RIFTREBO R HET 2 2 LI2h 5.
1998 4 5 AR H (BREE~DOHE) 5 L 101998 45 10 A (b b OREFEA~DZEDRE i THERR S
7T =2 BARLEa—THRH SN TW5L, Source Document(F&EEH D ET L B = —Dif%
#E L AT HFIEICET 215 % Appendix 1 (27597, TARC (1979, 1985, 1987, 1995),
ATSDR (1990). IPCS (1992, 1996). BUA (1994). US EPA (1996). EU (1999) &\ -7z
LEa2—8BM 72, A CICAD D7 L v a—ICBT 5 EH% Appendix 2 [Z75-T, A
CICAD /% 2001 420> 10 A 29 H~11 A 1 BICH F ¥ DA% U CHfe Sh o mismatE A
2 CHEHEREHIE & L TRRR Sz, i REtZE B2 O 22 N+# % Appendix 3 (2773, IPCS
PR LTZT 7 v LA B84 2 EBL A E 22 e — RICSC 0090)(IPCS, 1993) b
K CICAD (Z#i#i 95,

7 7 1 LA (CAS No. 107-02-8)I%, HKR O, MEAFEHEKTHD, 771l
A IR EER L ORBOBROEY & LT RRICHEEN D, 727 a bAoA ATk I &
S>Th, REEREOERE L THEEN S,

L LE =27 —0EH Lz, &5 WITEERETZE B SITH LD SCHR R TE DAL LS
Wik, E& U TRFHERIEN 200 2 BB THEL <R, RFHlOARZ R 72 fE I RIE L
D LB O LT, fERAFMEHIESRE IS HTICEE TIE R0 I < KO #H#
b, BHHRNBEZEEEIEDLLLE 2T —=RRDEHDIZO>WTIHBMN LT,
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JFUEEHERE (D F2)Tlix, 778 LA 3B b, AKEOBREAER L O HEE S
DFEEKRDEAEDF & LT S T 5, AHOREE(T 70b b, EICABHPEKD
B & L OROMBERE Z & T NI O R~ HEER/NRE 218 b DT /LA v
DEERHEIN TS, 72, TEREOEDKLAT OFIEIDE ORI X0 HH
ENTWD, WFTHTIE “BIEISND” TraA L oKE, KE, TE~ORHIXEE
IHTUV7e0Y,

TrubArOESEE . ZERH - K TOEWEERREWI OO, Tr/r LA
NEMAZBE T2 L1320 THA ), THHEDEEEa L /S—h A2 "D HECEE
A SNDZ EBRNTHAS, T/ a LA UTEML > TEOHIRB SN, £D
FEEINR, FERMERE F OBV T, B E L ToATICE#EKH I =0
TIHRWT 7 7 LA v OREFREBESTHIORKH THIE SN TWD, BIEAHEH
L7200 CHRELE N E 2 RO T, 77 v LA AFEEEHERE (L &) OKE, K
B, THETHREIATWRNY,

F L L TERBY CITORIZRBRIZE S L, 77 a LA U BERRICBER LIz bR
~OFELBITRONCHERAL LM eb b, MAZORGE, B OEBEE O FIBE)ICIE
ENERE S, DOREICERT D, T/ a LA U li b e NORE~DOFEREO
MICEEDH 57 — 21 TE L U THRTERICIR SN TR, 7 Z7ualb A0k MIBITS
AL EICEAT 2MBRITHR I TV, B FBXOREOEREMIZINT, T2
0 LA T ERGE L IRORREIER RS 5,

T a LA DRYEEBIIOWTOREILR 2EFIRHEITRR S Ty, AFT
EDT— SR L DT 7 LA Y ORPAMOFMICE T IR+ TH D, T
MEARITREAZE LT 7 1 LA o oBMERN - BB AEICET 5 0EORBR T, »
MWD HA T DG THRAERIT EH Lo 7eh, 7y e~ U ATIIRRERDH LT
RWEEERD EA NS -T2, 77 vl A X in vitro TIIERFMZ RS, 1n vitro i Bk
(T DNA & EHAHAMMN L. DNABEZ 5 SR RN H D 2 L 2R L TV D508,
RONTZT—ZIFRARE LT v FORPEREG bbb | $EATAL) TORGEEEZ R
LTV R, IEHPHICDIE 2RBRICEN T, 77 u LA TR O G K o CEREWY
THIEEMEZ G| S Z SR T,

WABRBHROT 70 LA v OREIT, bo b bIEFBEICHRON TS, T7ulb Ay
IR SN H Y | EERARBICL D AALRS—, FLEY b, BEOU X TEE
IROKE AR PR R GRIBE . VIR, RAE D oL, HIMPEESE) A bz, ok
HIERWVRET, WS ONOFE(T v b, vU A ELEY b, NLARZ— P A X)NC



B, T REIARRER Lo L 2 A HITHE AL GRUE) T B GRATME O AR Ak BE 7Y
IRIRE) RO bz, —BEMEITRVA, homE COREL £, BAshi, 2ozt
T, MASNTET 7\ LA PRI SR TR 5 > A X TO hF =
FART 4 7 AFBROFER L —EL TV,

FEERENVNZ 1T D HEEAL CORIEIEICEESE .04 pg/m3 & W) KETOT7 7 LA
VOMFRENEHIN TS, ROBROLE., BEMBEREIX 1.5 ug/L TH D,

JFEBHERRE (I FINCBITHRZFOT 7 a b A D 24 FRE ORI #5712
X OMERMAFED 1T, —RERD 5% ~10%2030732< th 5 ngmdlIZB&BFEINTWNDH I &
ZRLTWS, ZHUTMFRREELY LRTHD,

FEANTORE 2 OFEEPROMX AT G- FRIT5 5> TORWA BNZEXUIEE R RHBE T
&éo77ﬂv4yﬁ#&@®ﬁ%W?%ETé*kﬁ&ﬂﬂﬁﬁfﬁ%éhfwéo*
BAERDSGE, WMAT 7 0 LA N2 K52 REEICE LT, MK OMXIE 53R
ENZERUZ L D FFEIC tl:f\ékd\éb\k*f%méﬂ’bfb\éo L L7 s, HEEPERIC &
S TRELS B EZT HHIE IRET 2HEROEE, AUTWAZIT T 2B HE L
Thbo b bHEELEZOND,

ATFTAREZR T — Z IR LIV TWV D A3, Kk & 72 E THIE S vz &5 O R FE O & G
LR EOBERICKE S EAEIND D) IE, B HERUZKHT 28 EMARE OB AN T
»H5D,

KAEEYTIXAMER LOMEMEET — 2 BAFTE 5, BEEDOLAIZIL, 2T —
A DHPERBIILTND, BEAEEMITKEEMEID T 7 v b A AR DS ERMERN
EoThs, FERHMERED FX)DORKTOT 70 LA L, AAEYIT L CHf
ESNTOWAEEERBMEL Y IRV, oz 8— KA Tk, 727 LA rORE
TR 5 WV TR TR R IR EE SRR ST e Wiz BB L DT 7 a L
AVERBRTHIORWVWEEZ BILD,

2. WHEORERIUWH - LFOHE

727 a4 2 (CAS No. 107-02-8)Z7 7 U LT LT K, TULT AT R, 727 UL

7L R, 7aXjf—), 7Fa/-2-=)h— a2z -1-T—LEb 0o, 4
+H %X CHOCHCHz, 73 1 &1% 56.06 Th 5, 7 7 1 L A » Db P& % Figure 1 1IZR T,



Figure 1: Chemical structure of acrolein.

ERTIET 7 v LA ik, FIEEOER, EEFHREIKRTH D, Table 1 1277 1 L
A OMFLR) - ALFERIME 2 £ L i, B HMHEIZHOWTIEA CICAD (iix# L7 [EES
(bW g 224t 7 — RACSC 0900) (27”77,

Table 1: Physical and chemical properties of acrolein.

Property Range?
Boiling point {(*C at 101.3 kPa) 521to 535
Vapour pressure (kPa at 20 °C) 289 3to 365
Water solubility {gllitre at 20 °C) 206 to 270
Henry's law constant (Pasm¥maol at 20 =C) 0.446 10 19.6
Henry's law constant (dimensionless at 7.8 to 180
25°C)

log Kow *1.1to 1.02
log Ko *0.219 t0 2.43

* Includes experimental and calculated values listed in Irwin
(1987, 1958), ATSDR (1990}, BUA {1994}, Eisler {1994),
Mackay et al. (1995), US EPA (1996}, and EU (1999).

ARUFR—MUEHINTZREKTOT 7 v LA v OEBLR$(25C, 101.3 kPa)iX, 1 ppm
=2.29 mg/m3 TH 52,

2 7ru LA d20°C,101.3 kPa lZk1F 5 A #5503 1 ppm = 2.33 mg/m3 Th 5 (BUA,
1994),



Table 2: Methods for the determination of acrolein.®®

Sample Assay Limit of

matrix Sample preparation procedure detection Reference

Air Adsorb on sorbent coated with 2-{hydroxymethyl)piperidine GC/NSD 2 pglsample US OSHA, 1988;
on XAD-2; desorb with toluene; analyse for oxazolidine (6.1 pug/m?) Eller, 1994
derivative
Draw air through midget impinger containing acidified Reversed- MR US EPA, 1988
DMNPH and iscoctane; extract DNPH derivative with phase
hexane:dichloromethane (70:30) sclution; evaporate to HPLC/UV
dryness; dissolve in methanol
Draw air through bubblers in series containing 4-hexyl- Colerimetry 22.9 pgim?3 Feldstein et al.,
resorcinol in an alcoholic trichloroacetic acid solvent (10 ppb)F 1989a

medium with mercuric chloride

Draw air through midget impinger containing 1% sodium Colorimetry 22.9 pgim? Feldstein et al.,
bisulfite; react with 4-hexylresarcinol in an alcoholic (10 ppb) 1989b
trichloroacetic acid solvent medium with mercuric chloride
Moist air Collect in DNPH-impregnated adsorbent tubes (with HPLC/UNY 0.3 yglsample Vainiotalo &
calcium chloride tubes); extract with acetonitrile {0.01 mg/m?¥ Matveinen, 1992
Exhaust gas Derivatize with O-benzyl-hydroxylamine to O-benzyloxime; GCIECD MR Mishikawa et al.,
brominate with sulfuric acid, potassium bromate, and 1987a

potassium bromide; reduce with sodium thiosulfate; extract
with diethyl ether

Agqueous Derivatize with O-(2,3,4,5,6- MIMS/EIMS 10 pagflitre Choudhury et al.,

solution pentafluorobenzyljhydroxylamine (10 ppb) 1992

Rainwater Derivatize with O-methoxylamine to O-methyloxime; GCIECD 0.4 pagflitre Mishikawa et al.,
brominate with sulfuric acid, potassium bromate, and 1987b

potassium bromide; reduce with sodium thiosulfate; elute
with diethyl ether

Liguid and Purge (inert gas); trap in suitable adsorbent material; GCIFID 0.7 pgllitred US EPA, 1986
solid wastes desorb as vapour onto packed gas chromatographic

column
Biclogical Derivatize with DMPH; extract with chloreform, hydrechloric HPLC/UV 1ng Boor & Ansari,
samples acid; dry with nitregen; dissclve in methanol 1986

*  From IARC {1995).

= Abbreviations used: DNPH = 2,4-dinitrophenylhydrazine; ECD = electron capture detection; FID = flame ionization detection; GC =
gas chromatography; HPLC/UY = high-performance liquid chromatography/ultraviolet detection; MIMS/EIMS = membrane
introduction mass spectrometry/electron impact mass spectrometry; M5 = mass spectrometry; MR = not reported; NSD = nitrogen
selective detection.

¢ Mote that 1 ppb =1 x 107

2 Practical quantification limits for other matrices: 7 pg/litre for groundwater; 7 pglfkg for low-level scil samples; 350 pg/litre for water-
miscible liquid waste samples; 875 pg/kg for high-level soil and sludge samples; 875 pgllitre for non-water-miscible waste samples.

8. Atk

KRR e AL KIS, K, ERRE, BIRB L OEEEED P ICHLT 7 LA

DEBIEIZ OV THiIET LTARC, 1995), Table 2 (2777,

BREEY I NAhBLOA Y ABEEE KT OT 7n LA 23 Lo ETHT AT R
T, 042,3,4,56- 0 F 7 Fa_r UM Faxv 7 Ive frzrl (02,345
,6-pentafluorobenzyllhydroxylamine hydrochloride)if&ikt L, H A/~ 777 ¢
FEH A a~ T T 4 JERESHTENC X > THEET % (Le Lacheur et al., 1993), #
2rna~ NI 7 4 /BT HERBRB IO R a0~ 87T 7 ¢ /A 4V 8RE =5 —Ft



XEBONEE AW FEORBRRIL. 22 35 BL N 16.4ug/L TH 5D,

PEH A OT 7 a LA o DIENFET VT E R~DE I\@%@ IS 1E &R BIED T )T
& TE=F =N T2, ZNbDHET, MERRICBIT27 VT e FL 24-U=F
07 =)Lt K7 YV (DNPH) & OFFERAERKIZESNTND, BEME%Z hL= 2 Tl
ML, RAFT VRGBT E TR0~ T T 7 012> THHT 50 RN
0.05mg/m3)(Otson et al., 1993), KZHF DT 7 1 LA > ORI 0.05 mg/m3 i, DNPH-
B W TNVEEIZT 7 a b A Uk, T8 b= MU AL TER LRk v
N7Z 7 412k >THHLTHELTZDann et al, 1994; T. Dann, personal

communication,1998),

REFOT 7 v b A AECET D2HEMOBEAIL, TA7a~ 77 0550
WRIK 7 v~ 757 4 OBSICAEL ST 7 v LA -DNPH § %%’ﬁﬁé7mtﬁ/7
/L7t K-DNPH & 7 k> -DNPH |2 & 5 T O aTHEME, B X ' DNPH-#E T U 5 7
MHOT 7w LA s DEEERBENIIERNZ & Th D,

4. b FBEIVREOREIE

K CICAD MRILE U7 AER e &EICB 57 — 21k, £ & L TEWHMIZ EhE L
T T HEMNEDLEDT, ZOT—X 2L TR 5, EICBWTES, SR 58E TR
RAHLDD, FAEFPEH N2 — 3BT EZ BN D,

4.1 HRARRTOREAR

T v LA RS LORBGBREOEY & L CERERICKRT SN, FE, IRET
F—=I Mo EN D=y vy VA P OREWE & L THEE ST 5 (Slooff
etal,1994), £7-7 7 v LA L, AEMORTEREEOEY) (Lipari et al., 1984) & LT
FHRARIZ L > THHEH S, R RKF O RIEAKEDIALFEIERIIZ L > TEKRT 5
(Ghilarducci & Tjeerdema, 1995), BRA TORLEFRE NS OT 7 v b A »OARKEIZE
THERNZT — XX ELEHRE S L TR,

4.2 NAWRAEIR

B L 72 IR DTV D T2 O REE TIXd 223, JREEHERE (I 2Nk 5K



Table 3: Sources and estimated releases of acrolein to air . Est based on emssions test data from H

in the sample country (Canada). {1058a.b). BUA {1984}, L A, Graham {personal
commamication, 1998}, and IPCS {1888), multiplied by the
estimated 1995 mideage for on-road motor vehides in
Canada (Environment Canada, 1883). This estimate also

Estimated releases

Sources (kg/year]  considers that about 90% of light-duty gas vehicles in Canada
Nat | 1 tati Unk have catalytic converters, which reduce emissions (L. King,
atural sources: fermentation, nknown personal communication, 1208).

forest fires & These include aircraft, railway and marine vehicles, other off-
road motor vehicles, and gas-powered [awnmowers and snow-

Road motor vehicles 209 000-2 730 0002 blowers, mast of which are expected to have greater emission
rates than on-road vehides because of a lack of pollution

Off-road motor vehicles, Unknown, could be greater control features (L.A. Graham, personal communication,

including aircraft than road vehicle release 16aE).

¢ The lower estimate comesponds fo the total emissions of
acrodein in 1995 reported by two 0SB companies responding

Oriented-strand board (OSB) 3 208-25 664- to the CEPA Section 18 Industrial Survey {Environment
industry Canada, 1887) and one 0SB company reporting to the
Accelerated Reduction/Elmination of Toxics (ARET) program
Pulp and paper (kraft) mills 3 T747-18 T35 [ARET Secretariat, 1888). The Larger value is the total
emission estimated for all 24 such plants in Canada (D.
Waste incineration 2 4735e Halliburton, personal communication. 1288), assuming an
awerage emission rate of 1070 kghyear per mill.
: » @ The lower estimate comespends to the total emissions of
Coal ba_SEd Eleciric powsr 48717 504 acrolein m 1995 reported in response to the CEPA Section 16
generation plants Industrial Survey by nine Canadian pulp and paper (kraft)
. mills (Environment Canada, 1887). The larger vakue is the
Dther combustion sources? Unknown  total emission estimatsd for all 45 such kraft mills in Canada
(D Hallibarrton, personal communication, 1228), assuming an
Atmospheric production from Unknown average Erri-s;'g;ﬁa[g of 416 kglyear per mill. : e
other pollutants * Based on the estimated emission rate of acrolein from one
municipal incinerator in Ontarie (Movamann International,
) 5 i h 1887), the nameplate capacity of Canadian hazardous waste
By prnd.uu:t of vinyl acetate Negligible incinerators, and the amownt of mumicipal, hazardous, and
preduction biomedical waste incinerated in Canada in 1296,

+ Based on US emission rates (Lipari et al., 1284; Sverdrup &t
al_, 1984}, high heating value of fuel. and Canadian coal
consumption in 1225 (D. Rose, personal communication,
1088).

Includes preseribed buming, woeod-buming fumaces and fire-

places, natural gas fumaces, other electric power generation

plants, and other industries (e.g., smefters)

n The unintentional production of 2700 kg of acrolein was
reported in 1225 by one vinyl acetate preducer in the CEPA
Section 15 Industrial Survey. Related releases of acrolein are
estimated to be negligible, because it is reported that
impurities such as acrobein are separated and processed for
recowery or disposal (Environment Canada, 1887)

[P ~DOT 7 v LA o OHEERHES Table 3 (R, BT HEBEER~OHHO
B NARFATRIT, AREMRER EDONBNEEI CTh 2 LHEE SN D, AEMERTLE
BRBEN D DFEM & LT, 77 1 LA L THBERNFE MEF ., BREIE, FEFET. BRBER Y R
M), RV ZF LT T2AFy 7 BBE, BMHBEIC L > TRAET 2, B BRBERIE
IV BIOT 4 —BNVEOPET A LB Z LN TWD, RITH., ghax o vr ., itk
FOF 7o — FEOF =X, 1ZEAERWVE, ZNSDORAERNSOMHEX. END
DOHHELIY Z N EEZ BN S (Table 3 &),

Tru LA i 1,3-7 % v x 2 (1,3-butadiene) I L O L 7 U sL(allyl chrolide) D X 9
72D KEIFEYIE O SUSROTE 7 RIZ > THERR &4 D (Maldotti et al., 1980; Edney et
al., 1986a,b), HFEMEATME & i T 2 HEH O RIEERE TIX, 7RV OBEDOT 7 1 L
A VU INKEFIZHH &% (Environment Canada, 1997), FERS B = /L (vinyl acetate)#Li&
FIZIRAWE & LT 0A%DEIETT 7L A URAER SRS ZE bESNTND, 20
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e, 7rmabA s MoORMmIT, R QBEEEAZ R T, BEISH D WITEEIND
(Environment Canada, 1997),

JFERHERRIE (7 T 2) Tl 1980 RO TN IRIE S V725 D A B 74 B B T 8570
SHDBERTICT 7u A rnkEtd bt #fE SN 2n(King & Sherbin, 1986),
1990 FACEITIAT O IBHIHE TIIKEREET~DT 7 v LA & ORHITRE T & 720
- 7z (Environment Canada, 1997), 77 1 L A VR EHKOBEHAZ RS . H T X DK, JEE
TEA~OHBHIRIL ZAVE TRE STV, FAEAKFEA TR Py — L L TOMEAREC
X, 77 b A NIERICHBEIND EB2 LD, AMFEGQIH COA MR & FibF
HE)~OBHKE, 77 v LA THAKIREEY T OREY & S U CIERMEKIENED pEY) & 4
L, ZHUBEWHFICHEASNSBPCI, 1991), fEHINET 7 v LA U35 Lic K
i L7z & %& %2 55 (1. Viti, personal communication, 1998), L7-728-> T, M EIXER
TEHEEBEZLND,

4.3 AEL R

T u A CERE, SR TT m AU A AR IS S e T AT S Z LItk
STHEEND, TrualbA 3=, 77 VI EE(acrylic acid)flid H 2 FE B A &
LTCAEIND, 771 A HIROERAERER1980 F225H 1990 FRFTHIL, KE
27000~35000 k> HARCEEMSE 5P 20000 v, EU(Z TR & KA AFEHL
M2 #FN6000 k. 17 10500 ki (BUA, 1994) & ST 5,

EU Tid, 77 v b A 3EENRINY ., BAEWRIR L O LAIE LT S o 3
O FMR L UTLEFEED R CEREMH SN TWAH(EU, 1999), B4, =7 b, 7
NEBTF U, A=A T VT TAY AR EMDEL TIX, 77a A i3FE LTKE

« HKEE, WEKES R X OUKILERHL . ARl E LCTRHOL SR TV D

T m A, REEHERE(D &) TRIELISNTIL, Al CARE S LSRR D
B AR EBRLS T OB P OFERI92%) & L TEBBITHA ST\ D, o
FTEIIF, Z o 7 BLOEZRE O 2 HULEAD OHERY) 2 75+ % (BPCL, 1991), 4>
BOT 70 LA AXFEHFSE B I b H S Cu b (Environment Canada, 1996a),

9%@k9®77uv4>@:1%4@#%1%7&’??%@@@&@%%5’%Aé
N7-AEREEYFIZERD 57z (Environment Canada, 1994; J. Wittwer, personal
communication, 1998), 77 12 L' A VX E LA INTT & 7T B RRICRMHA%)
& L THERR & T 5 (Environment Canada, 1997),

11



5. WETOBEH - o1 - B

T b A IEDR BN T OBRE IR A T AT R, =R A MHE
TORBENI/NE W,

51 K &

RITHH ST 7 a b A i, 5 T b FmcEAS S e Faxs Z oL
— W& i3 % (Ghilarducei & Tjeerdema, 1995), B TIL 72 W G I, EHZR iR
WlE = e DG, AV DRt & 5 (Atkinson et al., 1987; Haag et al., 1988a;
Howard, 1989; BUA, 1994), 7 7 1 L' IRKPITHII S 72 2 L BIBMEIL A I L -
TR 5 WTREME 278 L T A (Grosjean & Wright, 1983), K& A :ERIIL, & Fuefv
7V ANVEOGNIR T % HEERIZ DS WTEH RN G| 8.4~33.7 R[] TdH % (Atkinson,
1985; Edney et al., 1986b; Haag et al., 1988a; Howard, 1989; Howard et al., 1991; BUA,
1994), 77 1 LA ¥ ORUSHEIZ EED W R R 10 FrERN & Mackay ©(1995)
IFHEEL TS, ZAULOYFINENZ EnbBEx L L, 77 a A U FRBHEORK
BEMWE TIE7R,

5.2 K

T bAoA BYHISALERKR, NI K DA, HFIZ L - T, Mk
K5 BRI D (Bowmer & nggms, 1976; Tabak et al., 1981; Irwin, 1987; Haag et al.,
1988b; Howard, 1989; ATSDR, 1990; Springborn Laboratories, 1993), Hi F/K CTix. #
S 3 R K OINK 3R K » TER2 % (Chou & Spanggord, 1990a), #izEkKH D
T a LA rORSHEICHES O EEIE 30~100 FE & HEE S5 (Mackay et
al.,1995), Mt TF/KIZHIT 2 -REIT, AFU MR JAuE 11 B B RIS i 336
~1344 F5f(14~56 H) & H#EE S % (Howard et al., 1991), FZKEE ThREA & L CfEA =
N7 78 b A4 OB RERMMNIL 73~102 K T > 72 (Jacobson &
Gresham,1991a,b,c;Nordone et al., 1996a), HFE /K THEIN=T 7 1 LA D LLEHIE
VIS . REEBEIC D72 2K CoOBENIR W E bl b,

53 JE &
JEERAKRTIL, 771 LA ARG, ARl X OEw e 27 ), Ehk
\Z ko T, HRIISMET L BEBISME T CoEINTZ 2 7.6 BEE. 10 FR & @ S

#172(Smith et al., 1995), Mackay ©(1995)1%, FUSPEIZ HE-S W72 280 2 100~300 KFfH
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ThHHEHE LT, 770 LA 32 DR EERSE KR E(K) & @V AKEED 7=
O, BEMHOVVTEEICE LIWESNLIZ LiIFEzZONT, ZhonTr7ulA %
KMPBWINT 5 Z & b & 2 b7 (Irwin, 1988; Howard, 1989),

54 + 1

FRAEBRBEICIRBNTT 7 1 b A NIEW R, K, At S, HEEA~FERISAIZIX
& S5 (Irwin, 1988; Howard, 1989; Chou & Spanggord, 1990b), ZiLH D7 1t AL,
Ke MEWZ EMBHEEEINDT 70 A v OERGELZ2E LIIETSELEEZLND
(Irwin, 1988), 7 7 1 L A > ORGP HES Nz T EIE. 30~100 FEfH & HEE &
5 (Mackay et al., 1995),

5.5 AYtH

T a LA AL, KEWERE L AT Z )=V KSR (Kow) DME L L BUSHEA E
DT, AL HECAREITENE TSNS, 7 —F W (Lepomis macrochirus)\Z7 7
LA &) 13 g/l T, 28 HMBRTE L= & 2 A, EWiEkitaiBCF)IT 344, R
1L 7 H THo7=(Barrows et al., 1980), L>L. ZOMATHIE I Nk 1CIIHmE &
ATWIZATREEDN D H DT, Zh O DEITB KISzt EZEx bnd, LV EYy BCF
fi£ 0.6 1%, Veith ©5(1980)DEMRENF FFEA L, 727 v LA > D log Kow—0.01 % AW THE
EENTz, [MClT7 7 v LA AZKT T 1LHEBICHZ > THEZE@®IE % 0.02 mg/L., HH%
# 0.1 mg/L) L7=3 BRI L 72 L HOMARIC Y 7 1 LA i3t Sz o 7o, G
WOFIEL, ZHODORENRT 7 LA v L Z20EEATITOSRBTE L LR L T
% (Nordone et al., 1998), Zi 6 DOFER LS /2K BCFEIZE S &, 77 r b
A NIKREAEWITE UL AN SN D &35 212 < W(Howard, 1989; ATSDR, 1990;
DFO, 1995; Nordone et al., 1996b), FEAEMEMIZL>TT 7L A U RRININD Z LI
F & A ERW(WSSA, 1983),

TrabArOEERE A= b AV ML Bi(a 28— A2 R D OB B
B2 b WCREFTOEGMERLNIT D20, 70T 47 VU7 ¥ftbivic, EW
WHEIE VT T (T T T 4 FT A L-ULIDIX, Mackay (1991)72 5 ONZ Mackay &
Paterson (199123 (%8 L7= kA W TEIT Sz, ]Gk, AJ13T A —4— B LU
B2V TIE Mackay 51995 L2 HMENH Y, TOMETRO LS THDH, A)XT
A — 4 —fEI%, 531 & 56.06, {5 —86.95°C. K ~DEfESE 208 g/L, ZZKUE 36.5 kPa(20°C),
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log Kow—0.01, ~> U —7E%% 9.8 Pa m3/mol, K& H -3 5 Ief], 7K H =083y 55 e,
TR 55 REfE), R AR 170 R Th o7z, BT U UL, RE 20 m OF
JE 7K1k 10000 km? % 5 2 100000 km2 ~DARE LD T 7 /b0 FHEHEEE 1000 kg/lRf 2 D
W, RRGET 1000 m &ERE STz, AMREZEIL, EKE 1 cm, 15 10 cm O
ETENEN 4%B L 2% L BESNEZ, ZOTTFVTHRE S HEESmRIT, HiE
PEH BT AR S,

TT VU7 ORBRICEIT, T m LA VBB SRBRITIS U TS E S EICEH T
HIZEWTRENT, RIS, T v LA UG E ORI SN D L RES
WETOBETIZREE 5 2 ERTFREND, 1= & XERRTICH END & KEIER
KIPAFAE L, T L OVKIPIATET 2 DI S A RTH D L EZ BND, AP~
DEHDOEE B IR TH 5 Mackay et al., 1995), ZIUHDFAESA NS, T/ alA
TOEDD I R—=F A FBD L /= s A hA~E B SRVEE N S D 2 &
WREESND, 770 LA VD= 8= b Ay h~ERICHTRS WD HETH, F
DAL= A M ELHMITELS . ZIITF LA EERB LWL D 5,

6. WEFTOERELE NOREE

ARETIIFEERHMERE (T F 2)DORETREICESZENTCWD, thoELx TOT 7
o LA ORI, TTICE LD LN TWAAPCS, 1992; IARC, 1995; US EPA, 1996).
ZOFEMRITIESLS & BB —ITEHB L TWA ERLND,

6.1 WEFTORE

611 X%

FIATE 29 TARBUER KOS HIRIIERERN +SICEm 0T, Z2<OREY 7
NHTT7ubA 2 BINT D2 &N TED, AT FHEHHT 4 FFE & 23 24 RefEER
BENZY TR OFEHEE L, —&%IC 0.2 pg/m3 Kl ThH oD, 77l A %, 1989
HF~1996 FICEFRRIGYER 71 77 A(NAPS)D b & T, 5 MR il o4, #B
T =15)CEHI 7= 24 B 7L 2816 F 1597 (B7%) I HGRHIER 0.05
pg/m?) 172 (Environment Canada, 1996b; T. Dann, personal communication, 1998),
Y TIVOTFREEL, 0.18 ng/m3 TH -7, BHEE 7 » AT CiE. 0.05 pg/m3 5 2.47
pug/m3 £ TThHoTz, [BH 2 % P Chied 1.85 ng/m3, BAHH 2 4 Frd & 0.33 ug/m3 &\
IMETHST-DIE, WHTEHOFELZITTCNDEBZLLND, 1989 ~1996 4D NAPS
T TR EOMERE 3 » A BN EERE S 7o KR T, s PR T 1.58
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png/md THovz, T OfEIE, 1994 £ 6 H~8 AlICH i cELNRZLDOTH D
(Environment Canada, 1996b), NAPS 5 —# -t~ h® 90, 95, 99 /S—%& ¥ A LfEIC
YT LHRAFOT 7 v LA REX, EEH 0.4 pg/m3, 0.6 pg/m3, 1.1 ug/m3 TH 5,
INHDT—=ZIZES L, BT FITBITLRAFT 7w b A UREE, #RTTH & A48T
ML TV LW HORREDTELN S 5,

B TR SN RAFTIE, 77r b A UPRiansg 2 &iddbn, ko fE
EELTEZONDEME 4 5 FTOFEEPREIL 0.1 pg/m3 K TH D | 24 FEfiY- > 7 LT
X 0.5 pg/m3 K T & - 7= (Environment Canada, 1996b; T. Dann, personal
communication, 1998), #F #2351 2E T & B TOT 7 v LA v OREIL, FEL
LTWD, fEOEL Y —ficd e,

612 FEHNIES

— R FETOT 7 a LA L OBNREIL, BINRED 2~20 5 ThH 03, KWED
FENTORERILIZE A EREINTWRY, T 7 r LA E, 1991~1992 FIZA4 ¥
UAMT 4 P —DFFEN DI S L7z 29 5 O 2R Y 7V TR ST 2 (R
FRA 0.05 png/m3) (Bell et al., 1994a; R.W. Bell, personal communication, 1995), Zi15
DO TN OFHIPEEB.0 pg/m3)iL, FHIESEE(0.16 pg/m3; n=29) L 0 2272 b 5 <,
% DERNPRFEIE 0.4~8.1 ug/m3 Th o7z, A ¥ U AN I b oo EEERES L O
IR B 2 FREN D 1993 I L2 ENERD 11 o7 di 37 Th | fith
ENTWDHERHEIES 0.05 pg/m3) (R.W. Bell, personal Communication, 1996, 1997),
SEEIHERE X 1.1 pg/m3, {H % OfEIX<0.05~5.4 ug/m3 Tdho7-, 727l A iE, T
HREHFO 11 Y T AOWNFTILTHR S e 72 HIBRA 0.05 pg/ms),

INLDOREDOENERDT 7 v b A Y OREIX, T FT AT e RRRLVLAT VT b
NIRED EFIfE-> TEATDMAN D 0Tz, BEZANEOYHNH 256 & niEE
DY 4 X P=ENINV P DFRFETBT DENRKDT 7 v LA CERREL, £hZh
3.0 ug/msd & 2.2 ug/m3 TH Y, X NTBYERENELRICBIT LT 78 b A LV ORBERTH
D EWVIGERZ W BNEMT TV D, KEE EETHA SN HIR Y a0 EiEF
EENDZTIRLA UL, XN 1 RKbT- D 3~260 ug Th - 7=(Magin, 1980; Manning
et al., 1983; Guerin et al., 1987; Hoffmann et al., 1991; Phillips & Waller, 1991),

T m LA T 1997 TR ey MEOEEERICEHR L FED GRS Lo BN ZE
KR35 Tt 34 T, 16, 22, 23 pg/m3 DR TR S 7 (IR 0.43 pg/m3)

(Conor Pacific Environmental, 1998), Z 15 Ol 54572 @A 2850 85 ¥ 7 /LTl
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M &2 o -WRHRAR 0.4 pg/msd), /N2 ay 7N = 6)F =1L 7 v "—2 M (n =
15)0 B EEVEL T3 U7 FRE CHRELL7ZENZER 15 o 7 b . £72 205 0 i
DENZELZ NS BT 7 1 LA I & 727> 72(Conor Pacific Environmental, 1998),

T 7w bA E EZDOE 2 O LIRSS T 2 ERNER TS, AEROHR
ECHIE S 7= (Badré et al., 1978; Weber et al., 1979; Highsmith et al., 1988; Lofroth
et al., 1989; CARB, 1991; Sheldon et al., 1992; Lindstrom et al., 1995; Williams et al.,
1996), MLOE L DT =2 T & A ED IEFRRBBEIR(Z =3 FiAa b—T7 MR, B
BREVRHDHEEEICEICREEND, EXX 4 IOV ARNT U DEKFOT 7 v L
A DL, 11~23 pg/m3 T - 72(IPCS, 1992),

6.1.3 A

BT BT DLEHEAKTOT 7a LA REEICELFHTE 2 &NT — X132 DOff#&
IR SILD N, FIUT I D &EAKSLUEIK B ITRE STV,

198247 AN 1983 4E 5 HICEiSN/=E=4 Y » 7HRETIZ, A% VAN 10 »
AT CERI S AV ALBREREL K > 7 v di(n = 42007 7 v LA I3 RHBRALLF( <0.1
ug/L) T& - 72 (Otson, 1987), 1985 4F 5 H /5 1988 4F 10 A £ TIlZ AT & O VE KVETEH D
4 M CHEME S 7= 150 » AT Tk FKEDILFBOTHAE T, 77 1 LA T EKCULEE
KOV 27Tl BUIAFEE) MR S22 ho 72 (B HR A 1.0~2.5 pg/L) (Environment
Canada, 1989a,b,c,d).

KETIHEMESNT-MAET, 1988 45 AnD 7 AIZHH~GNTZ 3 #FTOMWETZ > k)
SRS AKETITEFELREIKICT 71 LA A3 SN o> - R 3.5
ng/L) (Glaze et al., 1989), OFHAEIZIUVNT, 1980~1982 A2 K[E D IEREE Mtk /> & £7
MENTHFARLHENRT, 771 LA BRI ESNTZ0IL 798 Yo 7L 2 Rl E
Do TR IR FUIRFE), 0% T FoT 7a b A U REOFIRAEIX 14 pug/L
Al T - 7-(Staples et al., 1985),

6.1.4 HFEKL

1982~1983 4|2 L AWM 2 & 2 BB K LEE T35 s 54D vz 42 oEKiIC, 77 .
LA I & e o 72 R HBR A 0.1 pg/L)(Otson, 1987), 1985 412, A & U AN
— =T ALY ERNE 2 TN L OB N7 LT ~OHEKFIZT 7 LA VR

6.9 pug/L 3 X O 7.8 ng/L R S vz (R RS 5 ng/L)(King & Sherbin, 1986), L2 L.
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1989~1990 FFE\ZIE A Z U AMITH 5 FFL 2 THE L UM 24 O F AL /8 B3 T 5
DB 5T HEK I TR S h- 72 (R AR 4 pg/L) (OMEE, 1993),

615 EBBLOLE

JEEBIOLERTOT 7 0 LA VREICET 2 0707 —Z 3R S THh 2R,

6.1.6 &5

Tra b A NINENEE AR OPRELS D5 VTN T HIZ4 U 5 (Beauchamp et al.,
1985; Hirayama et al., 1989; Lane & Smathers, 1991), 80°CI(ZN#L, 20 KRS L7= 5
P OB > A oT7 7 a LA 0t 11.9~38.1 pglg (¥ 285 pglg) Th o7z
(Hirayama et al., 1991), 7 7 & L A ZHEO 4 FEONENZ 7= BRI > H O BEHHIC
49 pg/T(e—F ) ~392 pg/LCEREMMH 4172 (Shields et al., 1995), Lane 35 X
Smathers (199D, T MO T 7w LA VEAIZ DAT, HilRO/NEHB LU
78 &R BT M BN K > TR T 7 m LA U EA SN D AlRetE A 7R LT,

77 u LA i EY(Kallio & Linko, 1973; Hayase et al., 1984)B X UOH A DO F— X
(e.g., Egyptian Domiati, 290~1024 pg/g; Collin et al., 1993) DR FIZFEA SN D & B
b, Feron 5(1991)DOHEIC LD E. T 7 v LA U OREITEY T<0.01~0.05 ug/g.
B CROKIRE 0.59 pglg Tholz, L LR bV v T AERIOSET, Kk X O
L7eH U T ABUZOWTOHERIZR SN TR hode, 77 m LA MIERISATHARD
MINETF—X, ¥ b7, FEDAFeron et al., 1991), &} R— 2~ (Cantoni et al.,
1969), £ XL OFHE S 7= A (Hrdlicka & Kuca, 1965; Grey & Shrimpton, 1967), =
a7 g EF a3 — MNME(Boyd et al., 1965), &7 A(Hrdlicka & Janicek, 1968)(Zf# Hi &
nTnd,

FHCTELZEET =X IIEFICREINTHDIN, T7r LA B85 Ta—L
FWEED DI T L 3 — LEMORITFERE L OB I F X5 EIFEY (Feron et al., 1991) &
LTCHEAINDIDTHAH, RUA L TRRIEEIL 3.8 nglg L 7 (Feron et al,
1991), FHEEEIL, EEPEOH T T—(n=3)T 1.6 pg/L, H\7 T —(n=3)T5.0 pg/L
T - 72(Greenhoff & Wheeler, 1981)72%, A% U ANz dH B/N52)E THEA L=+ D
T T NTA T, IFADODT N0 pg/L) LvEH S iu7eny> 72(Subden et al.,
1986), EET — X IR SN TWRWA, /T a—WiEEHE(a— b — fRIC
FitH & 7= (Feron et al., 1991),
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Table 4: Estimation of human exposure to acrolein.
» Distributions of 24-h time-weighted average concentrations of
acrolein were estimated from disiributions of concentrations of
Statistical parameters acrolein in outdoor air and indoer air, using an assumed normal
of distributions of iliati 7 . distribubion of fime per day spent cutdoors (i.e., arthmetic mean of
time-weighted Probabilistic estimates from: 21 hiday and standard deviation of 1). A mean time spent cutdoors
of 3 hiday is assumed based on point estimates of time spent

average Simulation Simulation indors and cutdoors (EHD, 1987). The distribution of the time
concentrationst.e No. 14 No. 2¢ spent outdoors is arbitrarily assumed to be normal in shape with an
arithmetic standand deviation of 1 h. The estimates were.
25th percentile 0.7 ygim? 0.2 pgim? developed using simple random sampling with Crystal Ball®
Version 4.0¢ {Decisioneering, Inc., 1806) and multiple simulations
Median 1.7 pgim? 0.6 pg/m?3 of 10 00D trials.
= Concenfrations of acrolein in outdoor air were represented by the
Mean 2.3 pgim? 1.3 pg/m3 distribution of 24-h concenirations from the NAPS programme.
Acrolein was detected (detection limit 0.05 pgim*) in 57% of 2816
75th percentile 3.6 pgim? 1.7 pgim? samples collected between 1932 and 1884 at 15 rural, subwban,
and wrban sites in New Brunswick, Nowa Scotia, Quebec, Ontario,
. 3 3 and British Columbia (T. Dann, personal communication, 1333)
30th percentile 5.3 pg/m 3.7 pgim = Concenfrations of acrolem in indoor air were represented by
95th percentile 5.9 pgim® 5.0 pgim® limited data of the Windsor Air Quality Study and subsequent

sampling in Hamilton, Ontario (Bell et al., 1994b; OMEE, 1004;
R.W. Bell, personal communications, 1985, 1806, 1997). Acrolein
was detected (detection limit 0.05 pg/m?) in 80% of 40 homes.
sampled in Windsor and Hamilton between 1881 and 1223, When
indoors, it is assumed that the general population is exposed to
concentrations of acrobzin similar to those in the indoor air of their
homes, as there are insufficient data concerning concentrations in
other indoor envircnments.

4 The distribution of cencentrations of acrolein in indeor air used for
Simulation Mo. 1 was the frequency histogram of concentrations in
the 40 homes sampled in Windsor and Hamilton, Ontaria.

+ The geometric mean of the data set of concentrations in the
41 homes samgled in Windsor and Hamilten was 0.84 pg/im® (geo-
metnic standard deviation, 7.07). A lognormal distribution with this
geometric mean and standard deviation, truncated at 8.1 pg'm?
{i.e., the maximum concentration of acrolein measured in the
indoor air of homes in the Windsor Air Quality Study), was used to
represent the concentrations in indoor air in Simulation Mo. 2.

W SN R~ EOREBITT 200 & Vo lo 7 — 2 TN SN TWRVRS, 77
2 LA U, BRREECERNIN TS Er T 7V ERY RAF L UMW T T AT v s
DEIRFEM & L THEL B,

L7=23» T, IS N - Hiih DT — % (Hirayama et al., 1991), Egyptian Domiati 5~
— XD #FL(Collin et al., 1993)B L OFRD A o THIE S NT- 3.8 pglg LW o727 — X LIk
L, EAREBMICO Luglg 257 7 v LA AFHfE ST,

6.2 b MNDREER ::RE

T m A 2 DRSO EREIT RN HEAR U7k IC T & L TIRE S (A
DXIE, #EAERZOHLE), 2OmREIETFT 5(88 O T, WA LEIN»DLDF
o oEE L TR L TV D,

BETIZEENHIREICET 27T — XX, SEIEREDILODEOBMITPE ST
Wb, Trual A rOREE, 2, BEETHELS T 01% ERTEESNTWDA, VD
HOTIL, 40 pgl/g KT, KT 1 pglg RiiThH 5, Ao U AME L OKRAELED
M TORIE SN TV DEEIKRD 2HEOFE T, 77 v LA IRH SN o (EhE
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NOBHRER I <0.1 B LU1.0~2.5 pg/l),

BT EOFRERNPBBE SN TNDELRTOT 70 b A 0D 24 BEREINE L3 E O
RINHEEEZ BT 57200 ME LT, 10727 —2»R"b5, Table 4 1%, b
EMEDOIEE DI E 2ODY I 2L — a VO REZRT, ZhHHDTF U SN
TeHEEIC LI AR D 5~10%73, 24 RpINESFRE TH72< &b 5ugm3 DT 7/ 1
LA VNCERBEINTVD EE 2 B 5 (Table 4),

HFEOENRaDERBHFOT 7oA U REICETLIEDWT —ZIES<
(Rickert et al., 1980) &, MRIEE L, MR D EBWBREDT /70 LA VIEHEEBRIINLTND
EEZLND,

6.3 b hOREE : BE

EEBIT ST EREERBIECT /0 LA VIRBETH, Hx OBESREICBIT AR
B2 DWW T DT —Z % Table 5 12 F & 9 7-(TARC, 1995).

7. EZEREWB I UL FTORRNEIRE - BB

VEOTIa LA 0L, SEIERTIVBBIORY T I o B {k1EH (Alarcon,
1970, 1972, 1976)F1, & X ORIFE OiEE2k(Nath et al., 1997 FIHENTEK SN D,
T a LA AXEWIEER B D 72D WA OBIZEET RIL, WIEEEARERAL (KGE 72 £)IZ
RESNDH(§8FM), WA LT 7 v LA ATKEGy, ZREZ TN £ 0 T DIE
RSN ERE 2 7 BB KOS R ERO SH BRCRE I o N2 F A4, ERT —
HIIHEE SV TRUVIICHESR T D, A X, XX, 7= by M Cirhbhc#hiiEERICES<
L (Egle, 1972; Ben-Jebria et al., 1995; Morris, 1996), #EERZICMASIN=T 7 al A
DOWIUTIRFF TIERV, RO EITREREZROT 7 0 LA ORI, E&ERH D0
ITEMERICHERE STV RV, B8R SN -BORPIZ UL UITHERE S 2 REt o E-
<& BULRMEREIL, 7V TFA L EOREBLON=TEF LI AT A AMLEW~
DOEWMNEI > T D X 9 Th 5 (Figure 2),

8. ERWMILBWE LW in vitro RBRZ~DE

8.1 Hi[EIZEE
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Table 5: Occupational exposure to acrolein.®

Concentrations in air

No. of No. of fmagin)
Country plants  Job, task, or industry samplest Mean Range Reference
Finland ‘Various industries, e.g.. 257 98.8% of Finnish Institute of
(1830-1282) manufacture of plastics (A and P} measurements <025 Occapational Health, 1804
products, pulp, paper,
paperboand, metal, glass
products, electronic
equipment
Finland 5 Restaurant kitchen {A) 0.05-0.58  Vainictalo & Matveinen,
1903
2 Bakery 0.02
1 Fond factony 0.0
Finland 3 Bakery 11 (A) 0.12 <0.03-0.52 Linnainmaa et al.. 1900
USA Bakery {A) 0.02-0.32  Lane & Smathers, 1881
mglbatch
China Emission from rapesesd il CQualitative Shields et al., 1093
identification
Former USSR Emission from sunflower oil (&) =11 Isrnerow, 1934
(180170 *C)
Finland 1 Shipyard B2 (A) 0.01-0.0 00414  Engstrdmetal, 1880
7 {maximum
{median) ¥
Drenmark 3 Engine workshops {A) MNO-0.81 Rietz, 1885
LsA Wildland firefighters 1(P) 0.05 Materna et al | 1882
LsA 1 Truck maintenance shop 0.5 Castle & Smith, 1874
Russian 1 Rubber vulzanization 044-15  Volkowa & Bagdinov, 1880
Federation
Russian Workshop, welding of metals D.11-1.0  Protsenko et al, 1873
Federation coated with anti-comosive
primers
Former 1 Pitch cooking plant i0 0.27 0.1-0.6 Masek, 1882
Cascheslovalea Coal coking plant 20 0.05 000205
5
LsA 1 Workshop, repair and senvice <01 Apal, 1873
(diesed exhaust)
Russian Cuarries, exhaust from diesel 21-7.2 Klochkowskii et al., 1881
Federation engines
Russian 1 Production of acrolein and {A) 0182 lzmerov, 1884
Federation metiyl mercaptopropionic
aldehyde
Russian 1 Press shops in oil seed mills 2-10 IPCS, 1882
Federation
Finland 14 Manarfacture of BT (A) =0.02 Pfafii. 1862

thermoplastics (17 different
processes)

» From IARC (1005)

= Abbreviations used: A = area sample; P = personal air sample (breathing zone); ND = not detected.

T LA ORI, Ty b YU RABIUNLAL —IT 4~6 RFHERE L
7= AF 5 LCs0 1% 18~151 mg/m3(8~66 ppm). #% 145 LDso I% 7~46 mg/kg K8 TH
%, AMEBEMEOBEL., KELERE TORER X OFIRARZOME 7 8 Th 53,

ELEy MZT 7l A % 39 mg/m3(17 ppm)l FFREIE A 87284 Davis et al.,

3 7 ruarArofattEticET 5
Canada, 2000)% &,
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1967), H5WE 0.7 £721% 0.9 mg /m3 (0.3 F£721% 0.4 ppm)2 FiEIE A SH7254, K
TEEARPLO EA 3 KO R R OB, PR E O T 238152 S 7z Murphy et al.,
1963; Leikauf, 1992), 300 F721% 600 mg/m3, 5%, 77 ul A v EREQEN =a—
L Ze AW THE Swiss ~ U AZEEBRET 2 &, IR, a7 T4 7 o2 HE#KER X
ONMEGER FE 70 & O T A3 8152 S 317 (Watanabe & Aviado, 1974),

Ty NMIT7ulb A %057 H50F 1.53 mg /m3 (0.25 &5 % 0.67 ppm)6 HEH],
BRI L2 2 A, BIENKGE LRICBT 5 702 F 4 ViR iBERIEROE LWME T (P
<0.0D)EE U7z, BPENICHBR 2R E D 5 VI 7 V2 F 4 o BORBAIIBIE S
73-7-(Cassee et al., 1996), Syrian golden /.4 A # —(Kilburn & McKenzie, 1978), &
JLE > h(Dahlgren et al., 1972; Leikauf, 1992). New Zealand H {47 ¥ (Beeley et al.,
1986)IC7 7 1 LA V7KK & 2.08~1120 mg/m3(0.91~489 ppm)HEBFELI-L Z 5, &
B D VEIRE TR B 22 BB R, TR, RIE. O o, HmMEEEFE) 23 A 5
iz,

HEF344 7 v MZ, 77 1 LA 25 mglkg RREPEEIEK) & BB 535 BT
X bE# U7=(Sakata et al., 1989), flizix. AFlgiZH1T 2 BITHEELB B O RE 82 %
o A EiRAT), BiTE B L OUMRE ISR 2IRITIEZ L (EERIE, itk E K, ZHME
BEAER., 747U CHERE, [RBIHIL, FE, £ L CEEZAnEKZMERA LN, L
UG BEE, W, B & 2 WIS AR B IR SR o T2,

8.2 WL IRIE

T a AL, A% ERGEIZETE RN A 23, RDso fE(FEREL 50% 80 & = 5
BEEE)>2.4 mgim3 23, T HE THRE SN TV AH(EU, 1999), FREOEW(L VY, =7 k
U, MET N XD invitro#BRIZIESLS & 77 8 LA Ui ERIE D BRRIKOIER) % )70
0 (30~100%) &t 5 (BUA, 1994), 7 H X RERXLEREW OIRZ RN T 5, 1% 7T 7
o LA R, IR KOV EICEE OB E A 5] & 2 L7-(Albin, 1964; BSC, 1980a,b;
BUA, 1994), BSiE D & 2% FEBr DOk H(1990 4F Susten & Breitenstein (2 K » Tl 7z
FALEY FOF IV —Ta T AMNIREBLTNDR, 7 u bk a—/LE IO s
DIRRNS AFTEXLTF—FIEIT 70 b A v DRIERRELHE T DI R 5 TH 5,

8.3 AU HIRE

831 B A
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It Wister 7 v b = 5~6)II7 7 1 LA 785K 0.57. F721% 1.53 mg/m3 (0.25 F7=1%
0.67 ppm)% 1 H 6 ], 3 HIBRFET 5 &, MPENSGE/BAT LRI EE A O RLAR
PR L (RS AR HE5E, IR, FIEE, JREME O AER) & A Ue Ay, R BRI
U 72735 72(Cassee et al., 1996), [H/NEHELOAEL) = 0.57 mg/m3 (0.25 ppm)]

T lA DR 0.9, 3.2, 9.2mg/m3(0.4, 1.4, 4.0 ppm)% . Dahl #IFRZADMET
N (A T MR i ML E A~ DS MR S HRBTPERNIC, 1 B 6 IF[#], 1 5 B, 62 H W A(RL
B EZ A, 0.9 BLUV 3.2 mg/m3 (0.4 X 1.4 ppm)BED TR T, MlilZERE D
WA ME ORI LR A (R A . R BRI, RRE Y v/ SEREREE 22 D) B &
7z, 9.2 mg/m3(4.0 ppm) T, MiGESE, FME, Hif) & & (R F R B4 O R e ki
WELPRIRE N b oTo, T m LA UkERER T Atk B, M. O, FFiR. B
TN BB 70 2 I35 S 72 o 7= (Kutzman et al., 1984), [LOAEL = 0.9 mg/m3
(0.4 ppm)l, L22L 723 5. i Sprague-Dawley 7 >~ MIT7 7 v LA % 0.39, 2.45, 6.82
mg/m3(0.17, 1.07, 2.98ppm), 1 H 6 K¢, W 5 H, 3MEMICHz > THRBEEH) LIk
EORBRTIX, 7 v FOMITA < BIEC I T 5B 7 2 b3 H 5 417 (Leach et
al., 1987), [6.82 mg/m3 (2.98 ppm) TD & 13 K ORI~ D 2]

F344 7 v M MEES n=2)\27 7 v LA 755 0.9, 3.2, 9.2 mg/m3(0.4, 1.4, 4.0 ppm),
1 H 6K, #5 H, 62 AMETEEH)LZE 25 0.9 mg/m3 (0.4 ppm) TIEA EHEIL
Bivenyo7z, 3.2 mg/ms (1.4 ppm)IZBFE SN BW Tk, FERZBOEY, =2 hu—)L
IR & A ER(a 7 — 7 B Es X OSHERRBL AN (b3 e b iviz, 727 1
LA > 9.2 mg /m3 (4.0 ppm)ZEFEH% TIIET v N OB EH 70 5 NCRE B L O
WIS FL A LN DT, DD ~D R L BVEOAMKFRELAT X, i Sh T
W72 (Kutzman et al., 1985; Costa et al., 1986), Lo L7273 6 ( ARERBR D T D& T,
EFNORE T U U RBREBEDORAERDOIE L D& RO 5N TV 5 (Kutzman, 1981), 7
7ualAr0, 0.9, 32, 92mg/m3(0, 0.4, 1.4, 4.0 ppm)ZFE S NEOHF TN
R U 2 SEREREEFE AL R FH ) 2B TIE 22V, 2 1/8, 3/8, 2/7, 3/5 Th -
7o [H/NEEE(LOEL) = 0.9 mg/m3 (0.4 ppm)]

77 albA U 1.6,8.5 mg/ms (0.7, 3.7 ppm) % Sprague-Dawley 7 ~ b, Princeton
&5 WE Hartley E/0E v b, HEY 2L Do —27 /v RIZ 1 B 8 FFH., 5 FfH,
6 M, KEWAZRZEEE)TDHE, TXTOREGEFIZH L L A X)IZ 1.6 mg/m3 (0.7 ppm)
CHRERRIP B PR RIEME 2L & B DI U 82k L 7= (Lyon et al., 1970), 727 12 LA >
8.5 mg /m3 (3.7 ppmIZEFTET D & VLI, A X &P IICEEORKRIER., 7 v MZ

BERARED (P<0.005) 338D Hiv, A4 XEB L OV L ORE (R LA K ORREM
R B R, YL O RGESEIERE XK. R ERACAE 2 R - 12 K8 KRN RTE X DRk
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BRI e R LT,

T a LA DRERGIT AR, EF, KR, REIOMED/ ST A—2— 1L
HAERT, MR B FRIPT R 2 B OB TR~ 7o 2 FoRBRICZER 55 (Lyon et al.,
1970; Feron et al., 1978), 1 A O ERTiX, 77 1 LA 7% 0.9, 3.2, 11.2 mg/m3 (0.4,
1.4.,49ppm)% 1 H 6 K[ 3 5 H, 13 # i, Wistar 7 » b, Dutch 74 % Syrian golden
INDA K — 2 77% LT (Feron et al.. 1978), 7 v b CIXENEN OFHRIRELZA LD F A
SRS RS L OVEIERE IR, IRERFECTH -T2, 77 1 LA 2 0.9 mg /m3(0.4 ppm)Z:iE Tl
B 1 DE T OEEEN DTN L, BlEICHEBR B PR A2 U, 77 L
A > 11.2 mg acrolein/m3 (4.9 ppm)Z#& Tl LN LH L, &fE MriE, [UEF. [F
3 B HFREE 220y U B B ORI BRI A b & oy NARAZ =TI, 77 r bAoA v
3.2 mg/m3(1.4 ppm) DEEFE T, SNEICEEEL AR RIEZALAAE U273, 11.2 mg /m3(4.9 ppm)
TIE, s, WEEA, KUEICEEEE 2 U RRE OMMR BRI AL B SN, X T
X, 777 LA 11.2 mg /m3(4.9 ppm) TOFx, S, K&, [EXE L COMICERE /20
L RS O B2 A0 2 L 3 81522 S 47 (Feron et al., 1978),

Sprague-Dawley 7 v b (n=WlE% 15). Princeton ¥ 721% Hartley <€/LVE v b (n =i
% 15), e — 27 v R(n=2~4), Y AHF W (n=9~17), FHIZT 7 2 LA > 0.50, 2.3,
4.1 mg/m3(0.22, 1.0, 1.8 ppm)% 90 HEMA L7= L Z A, & o & HIRWRE 0.50 mg/m?
(0.22 ppm) T X |2 ZFE B ORI 72 2 (i, B, FRIDZ AU, X0 &
TREETIX T R COMMITIS T, K T, BB BP0 e 8 b A BLEL S L7 23,
B~ BB TFE S 7R v o 72 (Lyon et al., 1970), 1K T, 2HERHICHEE
ERTRWIFBRINT, EELIIEZ LTV, [LOAEL (£ X) = 0.50 mg/m3
(0.22 ppm)]

832 BEOFR

B AENAfHEI T, A7, 178, KE, MREE, LRFENAST 2 —2—5H25 0 1H
R BT L~ D 2233 (2 B L 72 S BT D IFE AR L TWHD T, T/ bA %
oK G Sz mlE L O BB A . R ARG T 5 TR A ITIERA N H
% (Newell, 1958), RHNTZEHDOT L RRA > b LMl S e WikBr <., Mo CD-1
~ 7 AT 14 AR L TIAEHT7- Y 4.6~9.0 mg(EE 0.46~0.90 mg/mL)D 7 7 1 L A
AMBIROKSG Lo 2 A, R EHINEICEERTFNREEBII N0, &
FERECIEE BRI AW IRE OFEAE DS 5 28 L T 7= (BSC, 1983),

13 EMERBRTIZ. 772l A4 (AFLElo—R 5%KEEKT)% . Fischer 344 7 v
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(2 0.15, 0.25, 0.5, 1.0, 2.0 mg/mL(0.75, 1.25, 2.5, 5.0, 10.0 mg/kg {&H/H), B6C3F;
~ 7 AT 0.125, 0.25, 0.5, 1.0, 2.0 mg/mL(1.25, 2.5, 5.0, 10.0, 20.0 mg/kg A&/
RO, dilf 05 L7=(NTP, 1998), TifefbRic ks &, 771 A2>0.25
mg/mL Z#& 5 3727 v b £>0.125 mg/mL Z#&5- S/~ 7 AR ERERE 10 pirp
108), B CTOMMIHNERFARZ (i, #28, IE 3 L ORTE ORIE, /i H O R R HE5E)
WEE SN, L L, 2O OREDORAER L FHFZHABEEIC OV TOREIIAES
DL IEEAEREIN TR, 77 LA >25mg kg (KE/H G TR ~DRENT
v NI E OIS L O~ 7 2 (Il L O R E & O H M) TEZ S 7= (NTP, 1998),
[ EBENOEL(Z v b) = 0.75 mg/kg A%/ (0.15 mg/mL); LOEL (w7 R) =
1.25 mg/kg A&/ H(0.125 mg/mL)]

838 FERE

Mt D> New Zealand AT VXD REEICT 7 1 L1 (7,21.63 mg/kg (KHE  JEE 3.5,
10.5. 31.5 mg/mL)% 1 H 6 B[], M5 A, 3WMEBAAT 5 &, HEORIE, {FIE, ik
MBI L (A, REIEE., REA) B STV 5 (BSC, 1982a),

8.4 EHIZRELRBBAM

FEEREN ~ANFRTE LT=T 7 a bAoA o OEMEEME R AMEICE L TR SN TWDT
— 2%, 2O BRIZIRE S5, Syrian golden /A A X —(HEHES 18 VENZT 7 v LA
VAR 0, 9.2 mg/m3 (0, 4.0 ppm), 7HEF/H, 5 H/AH, 52 WM DT (& H) % 29 MO
[EE B 2 B W 256, BEORERD(P<0.01 205 P <0.05 ~3 L UMD R ERD (P<
0.001 225 P <0.05~), D FEXHH E EO (P <0.05) & FH %}l E & J(P<0.05),
SE DRI > & PR DA B RN AN AR U, B8 ST B)IC 2R |2 B
L7 AFBIE S e hr o T, Loy L 2 OFBRIZ IR B 0 B2 I B i o b 7e &
HORBREL VST H1T, RARS D,

o> Sprague-Dawley 7 v ~n =202, H—JEE (18 mg/m3; 8 ppm) T, 1KH/H,
18 » HZFE LM, MERE, B2k e e R, miE, [E. iz &) ofikn
FRERR T RAC B I S 7 h o 72 (LeBouffant et al., 1980),

BAORGHOT 7 v LA o ORMEENE B AMEICET 2 AT T — & 1%, IR
DT RRA > F 3 Sprague-Dawley 7 v k(Parent et al., 1992a), CD-1 ~ 7 A(Parent
et al., 1991), B — 72 /L R(Parent et al., 1992b) TR OLNT= 3HDONA AT v A &,
2R & — AR ORI BT O A F344 7 v M TN O ORBRIZ L 5 b D
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T& % (Lijinsky & Reuber, 1987),

Sprague-Dawley 7 v MMZ7 7 v LA > 0.05. 0.5, 2.5 mg/kg K&E/H %, 102 #H .,
168 0 5 -G 10 R 38 5 (A A > 7K ¥ 0.005, 0.05, 0.25 mg/mL i3EHfRE) Lz =
A, MIEI VT F T AT xS —EENLERBREOMERE CIERFRMITIA (P <0.05)
L72,0.5,2.5 mg/kg (KHE/H % &5 S 72 1E(P=0.003) THRAID 1 4F HITBR Y LR A
0.5. 2.5 mg/kg KEH/H 25 SN7-HP <0.00D)TiX, £HMAE L TR ER N
57 (Parent et al., 1992a), TR FH-OJEKIIFE ST, FOMOERETEHL X
Nigholo, BB U AN B A B B S o T, 13 HRICER S

DT v N TIEE ORI EFICRAE SN, 2 br— AR e SRR
7 MBI E LTed D WITBISEER SN T v P TIETRTOERMMRE E (&
H. B2 OB oNT, TR 1 FEER, TBIORHEROET » hOAfFRITa
M — U Uiz, L LR BEE 2FBIIE, 77 r A VCRBEBSN(T X
TORBREOBECTIIAEGFRIa bu— LIV EWEARLND, 770 LA VICEES
NWIHET v FOAGFROH G EFIZOWTORMEIEHEIX, mENnRhoT-, Aikk
TIET 7B LA B INTZT v bOE CHEFRESNREBIIBEZ IR o 7o, £
® X 9 72784k1% Fischer 344 T~ F(NTP, 1998) T L 7= it 7 Y R M 1 34 5R TR
HILTE Y, £ 2 TOFMBIREZI T REARIL, Parent ©(1992a)12 & 2 ARG B T O o
ReR L Rk CTH -T2,

ARk, CD-1~TAIZT 7 ul A2 0.5, 2.0, 4.5 mg/kg {KHE/H% 18 » A & 5(i1
VKRR 0.05, 0.20, 0.45 mg/mL (X4 HFREY) L7z, BEIKH 5 VIR TR/ N7 2 —
X —ZH A 72 BR AT BN B S /e o 72 (Parent et al., 1991), 77 1 LA > 4.5
mg /kg WE/HBFEGIC L VIEO~ U RIZFIZEERTN, 2k, HH072(P<0.05) K
FHICK 5%) & RFEBRBIFOAEREERD LFH(P < 0.05)ThHh D, ZORKITHEE SN
T2, EUIZHERBO L b —Z b B ER X O EF&BE OB CTAFEREN
BNo Tz, WE LIz~ 7 ADOALFROW L e EFICBT DG EORHMBA R S e h
ST, EBIT, ZOEBRTIT., 7270 LA ANIREISNT-~ 7 20T AR BLH B2
TRO LRV, ZD XD ki B6C3F1 ~ 7 A THEa S L7 oo ¥l 72 e R ik 1
AER(NTP, 1998) THIZ ST\ 5,

TrualbA %0, 100, 250, 625 mg/1(0, 14, 36, 89 mg/kg (AFE/H)4, # 5 H, 124
W, Mok&S5 L= ol F344 7 v M (n=20), H5\\E 0, 625 mg /L0, 89 mg/kg
REE/H)Z 104 BROKEE S U721, M, S HOICHIER, HT » MOMERHRELET A6

4 (KE 350 g OT v MI XD FEHEAKEQO.05 L/H) L W HH (Health Canada, 1994;
Meek et al., 1994),
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B, B, &7 £ 7o 72 v o 7= (Lijinsky & Reuber, 1987), 77 1L A >
625 mg/ L(89 mg/kg WE/H)%@J’IK&@ L7cMEZ > M2, FEJREBEO L b —/LiZH~,
R BB IR D FEE(5/20,  P= 0.091)35 K OB RCIERE ET” 0058 4= 0> 3737 H9n(7/20
P = 0.022) 034 5 7= (Lijinsky & Reuber, 1987), L2>L7203 5, FEMII AR TH 5,
Lijinsky & Reuber (1987) DR S MBUI A #FMAE LR, 77l A k-
THEZ v FORIBIINADRTEAE LT &V ) GEILIE A B v s> 72 (Parent etal., 1992a),
Lijinsky & Reuber (1987) D ER Tix, KFTOT 7 a LA LV OREEMEE 2 ha—/L
L. TOEBHEEL L) ol EOFEENTHIN TRV LITEETARETHDH, L
o T, BIciE S HRIZ EFROA A EOHEL V0720 DR THAS D, HEM

. NGRS B S W iR B, 3 TIZERE S 4U72 LDso ([ZHA~ T2 0 K
AN

TrualbAr20mg/kg RE/AE, 7 H, 53 WG ST A XIZBIT D IEREE M

DB, }JEHEV/\/I/VC*H#E/](%E{KTE/j)fiu[ﬂ:ﬂ% RO, REfRRE & & HITRERIT
B L @IS A U7 2 & 2 mie) . e & CTIRE LR T A= — (& v
A&gﬁyhﬁkﬂ%\7»7:/thmkwm\ﬁwv?Aﬁ@E%kwwkamﬁ%
72 A (Fpe 1) (P<0.05)7238i417- (Parent et al., 1992b),

T albA U ERFHIRE SN NLAZ =T = ha VT L UBROIES O
MiZZenote, Xyl VoI K DHNAORELZ R TIEHILIR ST
(Feron & Kruysse, 1977), Cohen 5(1992)i%., 77 v L A > OKI&IK) & EIENE 5%, v
T UNERERG L2 T v P TIR, KEEREARGR, VTV ERIRELTEIROT v R

(ZHe BEEFLEEIE DI A A L7 &t LT,

8.5 BLEEHBIUVEE=. FRA

T m LA AR VA MR (RENETE LI L OIEEME L) (Hemminki et al.,
1980; Lijinsky & Andrews, 1980; Hales, 1982; Lutz et al., 1982; Haworth et al., 1983;
Marnett et al., 1985; Foiles et al., 1989; Parent et al., 1996)15 X OB M FLENM il i
(Smith et al., 1990\ ZE /5 - 2ERER £72F v A =— X - N A2 X —JIF(CHO)HMIE((Au
et al., 1980)|ZH &Y ta R B % . CHO #ifa(Au et al., 1980; Galloway et al., 1987)3 &
U5 b U 2 ER(Wilmer et al., 1986) I tfilk e /R AZ a7 E 2 h 8+ 5, 77 LA
> DBIGFEIEDOFHE R ITIE DNA BEOFERENEE L TWHEEZBND, Tl A
Y 1Z DNA IZf5E L. DNA-# R 7 B O4EME 2 TERK L (Grafstrom et al., 1988), b R #if
M (Dypbukt et al., 1993)% L OV&E X D Rzl (Grafstrom et al., 1988) T DNA H
PEIEE #3375, b MRHEEEIIETIE, 77 r LA d, BRMERIEORENLD
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DNA &1 e K48 Hifd > HPRT FEMIZ R 1T 2 A RAZFHHET 508, IEHFM TIEEEFRE LRWn
(Curren et at., 1988), Z»OZ LiX, DNAHBEGILIT 7 a LA L OFERT HEROFE /o8
FChd I LaR/MHT TN D, invitroRBROFRIE, MIAN 27L& F 4 (& 2 W iEfho
il SH £)737 7 v LA @ DNA HEEMPLTF->TWDH I L ZRRLTWD
(Eisenbrand et al., 1995),

In vitro R OFEF, 77 LA 2 id DNA B O VX7 F L EBEE LEERN 72
M AR TE D Z EXRENT=N, [ F344 7 » BT in vivo T 5 mg /m3 (2 ppm) 6 Kf
MEBEOEAIZL D)L TH, SH5MEIC DNA-Z VX7 BEUEOINTBZE SN Tz
(Lam et al., 1985),

W R (R B EVE U D) NIC BT D BIEFMFHMHICH £ VG L TWh R0y, 7
7 bA DR OBREMICEE T 5 IR in vivo iBRIZV, 1 ICR/Ha Swiss
~ U ATOBMEBOERBR T, 7 7 v LA v (IENR )% 2.2 mglkg (FEE THREG L TH,
R, BR, H5WITHRIFE T2 IX 72 hy - 72 (Epstein et al., 1972), F344 7 » M
PR 9.2 mg /m3 (4.0 ppm) £ T6RfHE/H .5 H/AE, 62 HHZFEWLA) (Kutzman, 1981)., .
& B\ & Sprague-Dawley 7 ~ MMZHA] 4.1 mg /kg R EEREN) % 5-(BSC, 1982b) L 7273,
KA Y > RERk & DN T B B O Gu R B O F AR INIBIRE Shigiho 7,

8.6 AGEEM

T LA rOkE/ AT % in vivoikBR(EHEIE IS Y A BRI K D)
X, AR O 5T, 7 v b To 2 AT ER(Parent et al., 1992¢), 7% (Parent
etal., 1993), 7> M(BSC, 1982¢,d). ~ 7 A(BSC, 1982¢,d) T DI EFE MR R S 41
TWb, LNLERbWARBRIZEILHEETIET v FTo 1 HRAFERER O FICIRE S
LTV 5(Bouley et al., 1976), Z 15 OBRIZE-S < & BHARITI T DAL (H R A
72 E)TORBIIREN Th 2 (FHEREILETHIMRICRE SN D, Lo LIFEB R
HR I L 23BRIC B W CIIR RS L OMEAEERBIE STV D),

Ho b bIAHICE LS ERRD LA T, 2 RichbieoTT v MRt
BEHRG LA RATE), SIREE. IR, froAEFR o RE, #ARK. L
178N 3 FEM S Au7-(Parent et al., 1992c), Sprague-Dawley 7 » K (Fo)lZ 1.0, 3.0,
6.0 mg /kg H/H (BiA A KEHK 0.2, 0.6, 1.2 mg/mL 135 A% 70 H# & 21 H
] D A2 B 1 1) (HfE D ) 12 % G-k n & 5) L7z, 727 r LA 8.0 mgkg KE/H(0.6
mg/mL)#& 5 L7277 v b T, Ml Fo OFFIICHBE2RKERD (P <0.01), Hf Foils LW
F1 O BHREZEREEOOS A, Al E IEE L, AEHGE e O) B BlE S vz,
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8.7 MRFBMER X VRER~DE

iR A Bl T — X IXRER T, 77 1 LA > 570 mg/m3(249 ppm)10 3 A Z:5Z (12
X7 v FOKEH D W ITHR O EFZ L (Springall et al., 1990), 3.9 mg /m3(1.7
ppm) 6 WEfEl/H, 5 HFW AR ST~ 7 A DO E R O Rk i o fE kP B 1 28 b
(Buckley et al., 1984). 9.2 mg /m3(4.0 ppm)6 FEfE/H, 5 HRF/AAE, 62 HEWL AZRER I
727 v FOfTEIZ K (Kutzman et al., 1984) 1%, Wb Rm S TUWVRLY,

Z v ~(Bouley et al., 1976; Sherwood et al., 1986; Leach et al., 1987)8 L U\~ 7 &
(Jakab, 1977; Astry & Jakab, 1983; Aranyi et al., 1986) CT® in vivo W N ERIC X -
T, 77 b A ORPERICE 2 5 EHEEGE U, iMEo s V77 oA, Hik
BOSHE, U 7 ERNEEBIG F L OWRIRIEE) 3R A S iz, S PR B OmME 2 U 7
Z 2 AWA)H, 0.23 mg/m3(HEAIIR G IEEE 0.10 ppm., 3HE/H, 5 HREDZZREINi-~ v
A CHIE ST (Aranyi et al., 1986)73, EHIREHE CIXHEIT W CTh oz, LV ERE
DT 7u LA AAEEFEINTZT v T, EFNRT A —F—O— MO E L FEFE RO
BB SN TV D,

8.8 MIERIMT

EWOGHED T2, 7 7 v LA 3l & 77130 < (BRI K OFERER RO RE &
T&E D, 77 vl A rOEEPiBos i, Mg (S > & LBEROIX 7 V42
FANDIFE BLIOY R BE LT F NZhHHEER SHHE L ORIEDTZHTH S D
(Gurtoo et al., 1981; Marinello et al., 1984), 7 > K CTi, 0.2~39 mg/m3(0.1 ~17 ppm)
DT 7L A BN LT, RIS /37 B SH HORERFHD 2 2 Lz
23, g Tl = 725> > 72 (McNulty et al., 1984; Lam et al., 1985; Heck et al., 1986;
Walk & Haussmann, 1989), i SH J% & L= E Bl 21X, v AT A ») CTHIALE S
HETrBRLA UOREBEEHETE DLV Z LRV ONORBRTH LM o7
(Sprince et al., 1979; Gurtoo et al., 1981), [F£k(Z. Eisenbrand ©5(1995)1%. ffumN 7 v
B2 F A (F I OERESHE) N T 7 v LA O DNABEIERZBET 5 Z L 2R L
TWb, 770 Ay OFENRT 7 ab Ay =N FH bk EmL T, < RL
H—EIHE SN DD TH A 9 H(Mitchell & Petersen, 1989; Horvath et al., 1992; Ramu
etal, 1996). AFTE 57— CTlIMEmA LRV, OB TIL, 7r/rL A%
DINEFFNMED T N2 FF= AT AT AT RiE, BBET UV ERKEH%
L 7-(Adams & Klaidman, 1993).
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Tra A URBICIDRINT, BRI OT AT e ROKIEEEL LTV, L
LANRG, 770 LbA 7 AT FRTH - & bR S, Bl CEgE S -
Fg S — 2 & Z U ESE DNA & & U X7 ISR LRE LI & A/t 5 v )
Z L EIR LT in vitro RBROFERIT, JE OB ASHT CHERERRISKTT DA A E
BT DEPOTNNTE RCGRAVAT VT RZEONIHET LR TH D, IEMRHEREITR
HMTHHN, ZNHDOT AT E R(ELITHENLVALT VT B IS X DIEGOFEIIL, B
PLAZ IV D FRAEHEFEME RO 36 O DNA-Z X 7 BB SIC L B E B2 b T 5,

LU b, 77 ulbA Lo T &4z DNA-X U7 BRIGR G D/ 2 —
CHEISEILT ¥ T AT E RBEOWHRAL LT LT e RORE =2 LB o TNA Z R
[REoNnlzT—XIZRmENTWD, TR AT RTIE, BESERINTZIRE
(1350 mg/m3[750 ppml) T, T v  DOIFUCHERRIS K OMLKGEE T D DNA-# >~ BAUGED
HEIME & - 7225, HESEEE NI 720> 7= (Cassee et al., 1996), &L AT LT b RTIE, &5
DRI SN 56 XV ARWRE(T mg/m3[6 ppm]) T, SMEANTGE LR EEZTIERL<)T
DNA-# > /87 B DOZENE L BEFE OB IN/N & - 7-(Casanova et al., 1994),

E BT, in vitro i RBRITZEHEAICT 7 1 LA > DNA & K& LTI & 42k L. DNA
WCHEERZTZEE2RLEN, 77 LA VIZRBPAERS Y | & 5T AL RS
AECERE DNA & UGS L TR 2 £ L DNA 52 5% T 5 Liid 5123, 5—4#
IR+ THD, 77l A5 mg /md2 ppm)DH B[R S/ (AL & 5)Wistar
T v h O BRI 1L DNA-Z VR 7 BHREITHIIN L 72 o 7228, ARV AT VT B RBEESE
T % DNA-% /37 GG DO A et L7 (Lam et al., 1986), 4 H & ClZfThi 7 iBh
THIE®R G SN BB T DNA-Z VRV BN BIE I N> 7-DiX, SH & A
ESREWE (N EF A DL I RNCHEA LT VW LICRNTD & W) TR S 5,
DI, P 2 T A )RR L W AIRBEOT 7 a LA > ofiladEEx
BTN TO Z LS OMEEEOREE 2R EN T TH D EEbh b,

o AR FE (0.5 mg/m3[0.2 ppm] H D W TN ) DT 7 v LA %, Wistar 7 v b
~Hi[Al(Roemer et al., 1993), & 5\ X8 (Cassee et al., 1996)( 5 ) ®FTE% ., SIENK
B ERR BT ) OMIEEEIE O KNBIEE SR, ZORICET 27 —XI35%aell
—FH L TEW 20,

9. b hr~DE

T7ulbA4 I hOEKEEIREZRINT D, 770 LA U RKOMTEBEIL 0.07
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mg/m3(Sinkuvene, 1970) T&h 5 73, R IT 0.48 mg/m3(Leonardos et al., 1969)
ThD, BEIWEDEB~ORPLA 0.34 mg/m3 D E (Weber-Tschopp et al., 1977) T4
ENTWDH, EEEE OIREKA~OHRNKIT 0.183 mg /m3GHARE) THE STV % (Darley
et al.,, 1960). 0.69 mg/m3 T 40 73HRERE I NI HBMERT T 4 7 TRERED A LTz
(Weber-Tschopp et al., 1977), 0.6 mg /m3 TOW A TIX, "EHk, SR, B & ek
K72 EIER g R~ D83 4 U 5 (Kirk et al., 1991), Ko b b, 5 mg/ms3 Ll LoD
SRR T, 2 500 ERBICH 2 5 2 L1 TE T, 20 mg/m3 LA EORRETOREL,
IZE 58561 5 (Einhorn, 1975; Kirk et al., 1991),

B, ML MErE, AT, B OREUIIE & IRERI, BOliv, KUE SR, BlVEIE,
HE g, FEe EORENFEHII LD BRBEMAD 2V OBRIC L D) TRHE ST
Do WRIKT 70 LA NERER G 8 2 WO TARER & $Efih 95 & | BEFE, VRIS, ALBE. FZFEZ.
TERLIRNHEAZE 2 & T T O 28 & 5 WIIRERRR E 2 355 - 5 (ITTI, 1975; Beauchamp et
al., 1985; Kirk et al., 1991; Bronstein & Sullivan, 1992; Rorison & McPherson, 1992),
& AR D 2 WITW AR DS H BN (E & 5 VM3 AUE) TS S 7z (Champeux
et al., 1966; Gosselin et al., 1979; Schielke, 1987; Mahut et al., 1996)),

BRI T 4T IO Ry FRBTT 7 LA 2 0.01%dH 5 MNE 0.1%1K 2 B Ai .
RIS e oo, L, 1.0%IKE B At 48 A 6 NTHMERGM BlEg &
T (RIEMEFEND % P o TR IEORLBE 72 &), & DT 10%ik & A0 S iz 8 A 8 AZKUiE
PEFEN . BEAE. RIEMERIIEE . FLEATEIE R & O EE AER 3 BIZ2 S 1u7- (Lacroix et al.,
1976),

b IR BE TR OREEBIZ DWW TOEFIREGREBRICIB N T, FERTF U 23 fE (52
B, U o SERMEFMIEA8 B, FEY oSERYE F I (39 1), 23R BEAE(20 1) D& BB
LTI a A UG EE 21 FiA ZE LS E O TEL, Ott H(1989) 1 HLiFT
L7z, FERVF LY U RETT 7 a A U BRBOAF Y AT 2.6(2 #), FEV o EkERA
MIFITKF L CTiEA > X 2.6(3 #i), ZHMEE BRI L CoA v XX 1.7 #) Th -
7o EDF v X G FHHNITERD 2 W GEEHAT OFERIF X OMEHEXHE 23 R S Tun7
W), ZORFFRIE, FEGIE D7 BEHAHTICET 2 MEN R, T r LA U REG
FENOILTFE & DOFRIREERE) ORME LA SN TRIBRAR S 5,

10. EREBLVCBARROEY~DFE

KA ~DT 70 LA UEMITIAEICGRBR SN TV AN, BAEEM~oT 7a LA v
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DEMEICET 57— 21X, REWTH D, KERBIORRALEMIIRTT b EZEOE W
ITURBRA YV MIERERBWC, 770 LA OB O T PRIl BV 2 7R 77,

10.1 KkAE4AY

Tru LAt KEEICEHEEND S, HKEE CERREAE U THEH S ziE R,
KAEBRBE COBMEN KRR STV 5,

77V Y A H N Xenopus laevis) DET-F U< Uik, 96 B LCso A 7 pg/L T,
BRI nTo b o & IO @V IKAER TH 5 (Holcombe et al., 1987), #AKMIZxT 5
) LCso %, 14~250 png/L TH 5, MEARMIZxT D LCsolE, 56~240 pg/L &#HiE i
T % (Holcombe et al., 1987; Eisler, 1994; EU, 1999), #EHFHEEY DT 7 0 L A %3
%z M BRI LT 5 (US EPA, 1978; Eisler, 1994), 44 X ¥ 22 (Daphnia
magnais)lT b o & bSO @O EEFHEENY) T 48 IKEfE] LCso 1%, 22~93 ng/L Th 5 (EU,
1999), AWM G E£727 7 a LA ATk L TR E, PSR OFILRIE T, 2 FefH
HA5H ECs0 lXAGNAE 7 v 7 o A7)V U A(Proteus vulgaris) T 20 ug/L T -~ 7= (Eisler,
1994),

BbAIL LToOT 7 u b A OFMEICET 52 < OBFARBRICEI N, 3L EDK
AHERL & IR MEDS WO (BPCI, 1994), fERR Sz b o & bR @O, B
® Scenedesmus subspicatus T, 72 W] ECso(/3A 4~ Z)I1% 26 pg/L. 72 FEf] ECs0(HY
FEH)IL 61 pg/L. HEAEHIRENOEC)E, 10 ng/L(EU, 1999) Th 5, HIAKOIF £ L < 72
VER DRE 2R 2D SN TND T 7 v LA O EIL, ZEERH 0.25~8 i
% LC 1~15 mg/L Tod 5 (BPCI, 1997), FEAENEMIIRET 7. 727 2L A 2 25 mg /L
e te AARICHEE 2% I 2 5 2 &£ A TE D (Ferguson et al., 1961),

RAEEDZKT DB MEBEERBROF RIZIZE A EATTE A, 21.8 pg/lL, 60 HIFE
BT 7 7 v b~y KX J —(Pimephales promelas)lZ7 7 v L A L I&FEEE /R L7-
(Macek et al., 1976), 7 7 > b~y KX —0O Fi SO AEFRT, 42 ng/L #FETEHELL
KT L7z, FrttROAEAFITH T %5 NOEL 1 11 pg/L LHEES NIz, 8777 oo
F AV a(Daphnia magna)lZ 64 BRI Z#EE LI2& 2 A, 42.7 pg/L T Fe ARIZ 100%
BT Lz, A3 5 NOEC %, 16.9 pg/L & #EE S v7-(Macek et al., 1976), Bl
B Cl. #kKE (Dreissena polymorpha)\Zxt+ % 14 H B4 %% NOEC 1% 1800 pg/L
T -7=(EU, 1999),

% < OREAEYTS T BT, BBEIRITEHAN KRG TRlE T, o
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i, AWK RIZ L - Tl Sns 7 7 v LA U RIRICERTR SN2, 1
BROGEMRIT, 77 v LA KPR - LT W) LI LIEA BiREICHR
SNTWD, AP REISNTZEEOREIL, FIKFREBROGE XL <IclwE s
BELYLEP-TZEEZDND, FRE L TEL OHET DT —ZIIKEEWICHT S
TrulbArOEETESEEL o TV EEZHND,

10.2 FEAAY)

FeA=B7 AR AW B3 B3k — 2 1d, EBRELEY) TITh i 2Bk & EW CiThiu =2
BlOEMRBRICIBESIND, T—X X, 77 a LA BT URALEMD KA
X 0 HEOKRWZ & AR LT 5 (Eisler, 1994),

ZIVE CTHABRAEY) ~ORERITE AThIL TV, FEREM~DREIT §8 ([Zik~
ENTWS, 73y A(Gallussp) TIET 7 1 LA 113~454 mg /m3, ff 27 A&
T CTREICHEENGRD 5 7-(Denine et al., 1971), ~ 4 E(Anas platyrhynchos)\Z 31} 5
O 50 LDso 1% 9.1 mg/kg KETH V. 3.3 mg/kg IKHE &\ H KIEE T, HH., Ei#hk
. PRI, Ao X ) e o#E A R Lz (Hudson et al., 1984), ME—iEk X7z
WEHBM TH DX A 1 a vy a v (Drosophila melanogaster)% <k V L LD T
7 b A UKIRIRICERTE LT 2 A, 4K LCso 1% 4606 mg/L % i# 2 T\ /= (Comendador
et al., 1989),

FRAEFE ~DRKFT 7 v LA OBMEICET 27 — 2%, (EWIZ X2 3 otk
WZIRE S D, 771 LA 2 233~4700 ng/m3 1258 Sz THOMY OIEIZ A E » 7k
DEENELZ S 7-(Haagen-Smit et al., 1952; Darley et al., 1960; Masaru et al., 1976),
FBR X7 Tl B IO O T V7 7 v 7 7 (Medicago sativa) T, 233 pg /m3
% 9 RFM 2 FE% (2 ORREEIT Haagen-Smit 5 (1952)12 K 2 iR TR AR, BEACK O K
BN BT (DR OFTHE A L), ZOREILZ, 7 A S Sz oftio 4 FO/EY(
ko %A 2 ([Beta spl. = % A 7 [Cichorium endivial. & 7 V > Y v [Spinacia
oleraceal. A — bt L X[Avena spDIZxf 325 NOEC (ZFHY U7-, BFEHEIL. WIET 7 1
LA %738 S CHEBAICEARICEA L7z (Haagen-Smit et al., 1952), 7 v AR 7=V
(Lilium longiflorum)fi COFRER T, 910 ng/m3 ~ 5 B ZEE% . {EHEHIEN T 2ICLE
&N 7-(Masaru et al., 1976), 4700 pg/m3 2 1.2 BfEI &R SN A > %7~ A (Phaseolus

sp)iE. 10%OEREEEZ R LT,

33



11.1 EEE~D BB

11.1.1 BREEMDIFE & RER I DFFM

11.1.1.1 E A ~DEEE

t F~ORFREONICET 27 —Z %, BHICHIRICRE SN D, HHHEREINL
7o D ARBIPIRE 2t 5 & LT IR IR ©, RAE OIREB X O~ fili|ns &
NZE71 0.13 mg/m3(Darley et al., 1960) & 0.34 mg/m3(Weber-Tschopp et al., 1977) &\ >
TIRRE CHA SNz, —F. 0.69 mg/m3(Weber-Tschopp et al., 1977) LA F CIrXrER A
B Uz, MRS TV D 1 HE0ESFA(Ott et al., 1989)1%. 77 v LA DI At
Ml 2R E L THWDIZIEA+0Th D,

EFTOT=ZERENTNL T, fERAEMEHER L OHERISEBZITIER b
B TOMBRIZHS <,

11.1.1.2 EBRBIYY~DFE

T m LA AERIERIENE <L KB, HIEICRRE AR I 2 2
T VIR RBREEERET Do AFARERT — X0, ERBYOREEIEE
FHTDZEETRRLTODN, INHOT =X FHERET TH D,

WABRBHROT 70 LA L ORET, bo b bIEFEICHRON TS, T7ulb Ay
T, MIEFEERDHY . bo & BIERWVIRET, BRE(T v b, YU R ELEY b NARH
—. P A NCEH, P, REIRAGRE Lz L 2 A, FICEAIA (GBI B GRTT
PEDFARRI B P 72 ) D3GR 0 B Te, —BPEITR WV, MO#RE TOREL £7-, B
ENdz, ZOZLiE, MASNEET 7 v LA USRI SIRE CEE T 2T o lES
AXTORFTaXIT 47 ARBOFERLE KL TN D,

W O 18 BB R AR CRUBE ORI LIE LIEZERTIE RN, T7r A o
DIRZ RN BIZE S, AR (0.50 mg/m3[0.22 ppm]) TA X, #L, v FOK
TEA~DOHELENRD 5 17=(Lyon et al., 1970; Feron et al., 1978; Cassee et al., 1996),
2V OBINDGH Y | AR AR D KB O —EAICIRE S TWen, JRENZ—
FOT VT e RTHEINEL D& —HTIFFEL TS, 7y NTOREITIEL L
TIREE CIXEIEIC., BRE CIIEMAEICBEINTZN, NAAZ—BLOE/LE Y b
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TORET, FL LTREXHDWITIRE TR ST,

e o CcomH, T, RHORBRICKESE, WA TOBILHTR L —8 L, JFE
ORI B(EHRED) N T 7 v LA v & AR L 721 > O B AL o8l
£ &N 7=(Newell, 1958; BSC, 1983; NTP, 1998), i ERTiL., FIKNARHDIEL (=7 A
&7 B FEENEDORAD (v U R), MIEELFRI ST A =2 —DEM(T v & A X)
72 E DN, BlEShi-(Parent et al., 1991, 1992a,b), F&4 Gl MREBRTT 7 0 L
A UREROKES, BEEEIBRAELE=T v b E XIS 7-(Parent et al.,
1992¢, 1993),

G RGEGET 70 LA N X OREICHE & SRR b Eg & L2 &
2N 1 EORER THER ST\ A(BSC, 1982a),

WABT 7 a LA L ORNAMETFMT D7D DRI E L TESLHOF 5727 — X IZAF
T& 72\, 7 v k& Syrian golden /NA R X —TO 2O CIIIEENBE I N2 o
oo LALRDG, ZNOOMEIINSREFETHY, BEHMBLIOHERRE DO L DI
[RE X LTz (Feron & Kruysse, 1977; LeBouffant et al., 1980),

BOoRG®T 7u b A O@EEE /PR AMHICE L TAFARERT — 213,
Sprague-Dawley 7 » k(Parent et al., 1992a), CD-1 ~ ' A(Parent et al., 1991), t—
7 )V R (Parent et al., 1992b)IZ#% N &%, LFAFH O RARA » M &R AL AT
A 3L, M F344 T > b THLT RIS JLONEIR 7o ik O B D 7 & F8 ~ 7o 91
OB TH 5 (Lijinsky & Reuber, 1987), LV A& ER T, JFRIKIEH S0 TIX 720
BHERNT v b~ ATER LR, FEZMOTIEG OB EREIMNIA SN2 T
(Parent et al., 1991, 1992a),

EHE R AERBRIZIIM A SRR SN T v F o 1 IREGRER N & 15 (Bouley et al.,
1976), 7 v ~® 2 A5 ER (Parent et al., 1992¢) & . 7 ¥ (Parent et al., 1993). &
> M(BSC, 1982¢,d)¥ LU~ w7 A(BSC, 1982¢,d) DFAEFMRBRNH Y, T XTROKS
TRBIRbhle, ZAbLORBRIZEBWN T, 8T, 2RI, B OBEMEAICRE S
nTW5b,

LHHETICHERINZRONTZEBOFEICHESL & MEFNEBEM COME 7 VT o
VADIE T INE KGERG A S &R 2 LR E L DR E i S 7= (Aranyi et al., 1986),

T 7 v A N dn vitro TITARIFVEZ R L, ME & B2 LE Mg 28 s - 2808
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B gl Z L, CHO fifa oM SR QAR & CHO fiflids KL OBEE v b Y v/ Bkl
Rt RSz 5l & 23, 77 v LA X DNA LS4 L. DNA-Z 2 R0 BHE T
L. b MERHESEAING &S S BRI DNA BS54, b MHESE
TT 7w b A %, R EED DNAEEREXREMILO HPRT BisFFEICR T 548 R
EHETDH, ZOZ LXK, T/ LA UFERMEAROEER A=A L LT DNA HE
EEAT TS,

ERINTWD 1 HFOBERERCTIZ, 77 LA VU HRETOWRAIZ L > T Wistar
Z v b OEREEIZ DNA-% > /87 BARRE O BEIMMN I 572 v o 7= (Lam et al., 1986), )
DAL (FE E DA U 2 501 C OBARFME DR~ D BIEPE XD 720 As . 5 AL
TT7ualbA ryOBLEEICET S in vivo REBRIT 0 Tide<, BRI, BHEThd
(Epstein et al., 1972; Kutzman, 1981; BSC, 1982b),

in vitro RERIZT 7 v LA N EHE DNA SAHAE/FEH L DNA G Zz5lskE 32 &%
RLTWDN, 778 LA VISR AREMENL TENAMEZ RS D0, 5250k DNA &
EHMHAERT 20025 T 21213, 7—Fi3AtanetExbohsd, SR ETITPR
TN K DB ANMENAFTT v A In vitro 1251737 7 0 LA v OEnsEttzrd
W, BEO in vivo ITBIT DA COBSFMEICEAT 27 — % 0472 I 38Tl
BRNWZEEZETLE, ZOWHDREBADFAREEEZPFRTE 2, LEER->T, SbA
LR E Ly,

11.1.2 [HEFREE 7 I1ZI5EHE DR EZE

11.1.2.1 W® A

BREOEMW) TITON TR ANRER T, HELRRICBOONTHE LR LEEL, bolk
HERWRE TREIZT B LTI TWeD, BEMERSEEMIE TRERA DI,
HAEIZIBNT, 727 1 LA > 0.57 mg/m3(0.25 ppm)IZ#FEWA) Shi=T v kD LEN
LB ERICIBITHE b B ER S 7= (Cassee et al., 1996), &EENMR FR7. K&, KB 0
Jifi T O IBATHE AR & IR (30.9 mg/m3 & 5 U M3>0.4 ppm) THEARDEIZFED b L7z
(Lyon et al., 1970; Buckley et al., 1984; Kutzman et al., 1984, 1985; Leach et al., 1987),
HERHIWAGAER T, LOAEL &5 2 51 2R 0.50 mg/m3(0.22 ppm) |2 #fE 5 EE L 7= A X
X, bo b bR E <L ERPEDFHMIZAT 72 DAL TV 2R WIS KRR BRI 2L 2338
W57z (Lyon et al., 1970), 3.2 mg/m3 (1.4 ppm) & BFEINT-T v NI, @PEICHRE
DFAFIR B 2L & BHE 7 iR P E N & - 7= (Feron et al., 1978), ZE@SUGEIRIL, F
SWHTH-DIREDT 7 v LA TR ST 2 fFORERR AP AGER TH S 2272
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> T2V (Feron & Kruysse, 1977; LeBouffant et al., 1980), Z1L 5 DFHE T, NLA X
— D EET OIS DR E N 9.2 mg/m3(4.0 ppm) THE S,

FEBREWY OR[E COIEBEFBREELEZ ONLDT, bo b bEZEO®mNED
VDEDTHDLT v FORUF~—7 BEBMC) % HEiC, FEEMBRKTHRLT, 77214
VOMBERETONREH SZ, L Lans, B—oRBr CREISRIR & ES 51
SMTENTODRBRITZ VO T, OO OBFEOEMNEX HEN TS, B FOXK
X, RS B E AT EEREY L B o TV AR, KGEMIEREIIRIC ThH D, X
HIZ, b MURREOT 7 v LA VR A BT 5 L ARAMERB LIRS 5 2 L%,

ZIIARFZRBHRLTND, ZOXIIZ, & hOKGEMKDT 7 v LA ~DRIE

X, EBRBHOSOEEBEMICFRILTHAS D EHET D2 LITZ Y TH LM, F oIz
T, B FNOAGMR AL — BEXOREEN LY RENZ LICK D2 EBHERDH D,
LML, ZOBMRENVEZHLMNITHIZIE. T—2NRRELTWD,

7w MBI A SH7- 2 FORER, 3725 Cassee H(1996) 3 H# & Kutzman &
(1985)7 62 H [ R 3BT, BMCO % 53 21213+ 7215 # T - 72, Cassee 5(1996)
ER BN LV TRELZBIER L, ZHUE L TRE COMBIREZIRENREE S
BIEORBRORDDOE D TH o7, LNLAERS, ZORBCHEEEE LIy ho—L
AT 2REICRON TV, & DIZRBEIFEILTNOBY OLUTD 227 1= (R
NGE\ZVFD—NﬁlwmoLk#oT\TCﬁ\BMC%iUW%@E@%VﬁET
OVEREIZHESWTH I & 7= (Cassee et al., 1996), Cassee ©(1996) DiakBR)> & H &
L7z BMC (X, Kutzman 5(1985)7%° 3 O & GIRE L a2 b — Lz AW T#HE Lz
BMC &g st Cinsd, 0 TC i, 1H#A BMC % H 13 2 I3 AR+ 22 fth D sz o
EWETH DA X TO LOAEL IZES W TH H & 4172 TC(Lyon et al., 1970) & H#k ST
W5,

%< DX A T OB LT, EHIHEORERIL, TC ORI DML L TiFE L 22uy,
L2 L7223 5, Cassee H(1996)12 L 2 aBRiX, EBREM) OXGEIZ I T 2 MR B 280
DIREFRZHREL TNDL b2 L BIREDOHWRARRTH L, £OT — X ITEHHBRN G
BH IR, ZoORBROME Wistar 7 v b OEPENRGE FRIZBIE SRk o
XA 7E, [AROZ >~ h(Feron et al., 1978)3 L OV~ A A % —(Feron & Kruysse, 1977)(Z
Al AL THRM SR ANA AT v THRESNIZ LD L Bigo T Rpotz, ZOX
T, BB ORESISBROIEE D 2D DEERBROT — 2 (I HhS&, 3 HE7 7 m b

5 BHEGERICNT D BMC ORI E 72 550D T — X2 ~T VB ATH-DDH ) HiH
N Tz,
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Table &: Benchmark concentrations for acrolein using a multistage model.

Incidence

{at 0, 0.38, 1.56 BMC. BMCLe
Lesion®* migd ) (') {mgdm} =2 of P-value
Disamrangement, necrosis, thickening, 0419, 155, 38 014 0.08 1] ] 1
and desquamation of the respratory’
transitional epithelium
Basal cell hyperplasia andfor 0719, /5, 406 0.88 0.13 1] 0 1

increased mitotic figures in the
respiratory/transitional epithelium

*  Moderate and severe histopathological changes in nasal passages of rats exposed (8 hiday) for 2 days (Cassee et al., 19048)

A AN FZFTE R A) ST Wistar 7 v R OB IENSGE B TOEMIT LT, FEEGITTEE
HBMC BHEH S Tuv 5 (Cassee et al., 1996), EHE /25 — # X Table 6 | /x ST 5,
AT, T — F MR ERIGBfR6E fEET D2 DI+ B2 bbby RiRA v N OHFLE
~EEOBICRESND, ZHbiE, 2 SDOBEERL 2 Fr— A REORAERICET 5
F T =2 Th ol “FEEME AR S 2 VWIERGE ERBAT BT DR D
m” BEO “KuE BT R OB, B, IR, FEE” THhDH, ZNITEOE,
I Wister 7 > NI HDxZ Y RARA 2 MIH o & D ® ) O BMCos (SN XGE
FRICEBT BIRAFRAESR 5%ENNCEIE L2 IRE)IX, 0.14 mg/m3(Figure 3) TH D, il
(X, PRREA~EE ORI, B, IR, FHEECES <, ZOMEBMCL)IIXT 5 95%
1ZHERA O FIREIX 0.06 mg/m3 TH 5, gD 7=dr7 & Kutzman (1981) & Kutzman
5 (1985) 28 H i L 7= 8 WA ~ D L2 % T % F Ak BMCos (3. 0.76 mg/m3(0.33
ppm)(BMCL05=0.27 mg/m3[0.12 ppml]) T&H - 7=,

TCIXT v b DEENGIE LR TOIREEMRZIZ% 95 BMCos SV T FD X 5
B xhi,

¢ = Old4mgn’ , 6
100 24

0.000 35 mg/m’

¥ 04 pgm’

S R BERR OO B R B T L AR T 1A 8 2 WK 72 A fEIR ClE T — Z IR B ¢
bhoHlEZLND,
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OLM@Mﬁﬁ T A NS 3 AHBERWA SN T v b ORIPENRGE EE

BT DBEAIAEE, B, MEE, FIEE, WAL & O 5% HMN &R DWW IRE

T& 5 (Cassee et al., 1996), 95% IR D FERME(0.06 mg/m3)iL, FEA/NE L
— B NAREZETHDHDT, EHINRN-T2T,

6/24 1%, WriseHy 7 25 (6 IR/ H) 2 e A 258 I Z AR 37 2, WA I i) 2R iR (T
Lo TEHIELT 2 BN, ZDX D RFENT 7 v LA AZx LT
B2 E D DT OV T OEEFELZ 25 7 — 2 137220,

100 I ARESURE(FEAIC L 21X 52X 12 10, FNOIXH2EIZ100TH D, FIH
TELT7T—FIX. WERRNT —% %5 ”*m%iﬂtﬁi%ﬁﬁb\ffﬁ%é%%@ k3
VAXRT 4 T ABIO N vag A7 AOBRIZE BT el i3 A+
CH DN, ALEREEE B U - AL T OB w#ﬁ%%;wt%fﬁgow
TNDZLIZHONT, RINL TW L EREGRIVE R 2 L — ikt L7 BRI E LS
L= OfEHE, BEWHO, 199)WFEIZ/2 > TRy, £z, o7 LT e R
IZX o THBEESNTERAREOT — 20, 77 u b A v OEBEEBOEIEL N
BRI DR S I L THIINT 5 LW o Fafinen 2 & & —E LT, TC Ol &
LC, BEHERBRAEHT S Z LIC OV TRMBEREZEBMNT 5 2 L 132 L1135
Z B, WAL COBRBEIC LS TC OEIE, 28 BB A et
ZETNTBIEE & b 2 DT, W ARREE TOEEN 2 FE 03 AR 0 2 & 7
EDOT —H =2 ORFUTEL Y AT B O B ERITE N TR, ﬁ@%ﬁ
HEEEAE . 3 L O in vitro TEIZL S 72 DNA-# X 7 B EEE 72 & O
FREMEICOWTOH 2 5 BN EE N D, RO L D EMEEME aﬁ%ﬁ#ﬂﬁﬁﬂﬁb
ThbH, IHIC, BEEARINEZRBR CAEZENIRSNERE L VIRV
T, INETFF L EOWRDET >y NOMORIZBE LTI W) FEENLRD &
ZOTCIE, #Ex2oH7aME L Fbi s (McNulty et al., 1984; Cassee et al., 1996),

Z ORERINOAEL O 0 12 LOAEL %1{# 9 72918 M%% 10 ZH D IAA TV 5H)D

LOAEL # Rf#IC L TR S 72 TC X, D TF2EH(0.1 pg/m3) Th 5 & b,

Z® TC 1%, Lyon 5(1970)iZ X v #E MWL A GRER Cllife 2288 S 72 A X Ol 0 FERE IS

JRAEHSIE, 5 o, KATHZZ AR %7 % LOAELO0.50 mg/m3(0.22 ppm)IZ D &
i CH D L EZ BND, FHEFERIE 1000 ZEIC L 51X 55X (2 10, FANDIELHX

e

10, NOEL Tix7: < LOAEL Z{# 9 Z & T 10) Z M T 7-1E(0.5 pg/m3)ix. 0.1 B3 L0 0.4

pg/m3 | ZIEEIL TV D,

7

BMCLos (Z3-5< TC 1% 0.2 pg/m3,
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t FTORBRTRONET —ZIZESWT, ETHH S TCO.1~0.5 pg/md)ix, %
NZH, B (70 ng/m3)(Sinkuvene, 1970) & J&FH1% (130 pg/m3)(Darley et al., 1960)
TNENCKHT HEE LY 2, 34— —K\, & N TOM(vs &R BI T 5 &Y

T, BRBEUSBERICEAT A mA S EETICEA S TH D,

11.1.2.2 #EOFER

ﬁk7k%§éﬂf:§b%7§§§iﬁéﬁﬁ%?ﬁﬂ%ﬁ%‘?@fz%(?kqu‘@T7 7 LA O LR
HIC L D), FIHOREBRIT, ROBEREZOT 7 a LA v OHEKISERZ#HET H1E#®
N iiﬁ < (Newell, 1958; Lijinsky & Reuber, 1987), iR, RIKHED 5 WIZRE T
B SN OMEICEAL T, BEOLLIEFITRIRE CTH o172 d, f RIS — BN
RN, AFNNBAR—RENLET 7 u b el bR E LT v PR T %
TOWRRMFMRBRICISW T, B CTORERIE OWA T JOBE, KiE, IRE LaiHE T
DI LT 7w LA > 1.25 mglkg RH/H TBIE S (&R GREIX, 7 v FTO0.25
mg/mL, ~ 7 AT 0.125 mg/mL) (NTP, 1998), ~ 7 AIZHK Z @i < 14 H 3R 0
BeH L7-iBr <, ®HNR LN KRR A > Moo < &L 81T 5.8 mg/kg RE/H LL
ORI D R BB IREIZ R 5 T 7 (BB EE 0.58 mg/mL) (BSC, 1983), Ktz
K T 2.5 mg/kg A E/H (B5IEE 0.25 mg/mL)% 7~ M2, 4.5 mg/kg KE/H (RGEE
0.45 mg/mL) &~ 7 ATl # 5 L2 @R clk, Bl sh g8, EEEo L
HOBPBEI NN, ZOFKIIHA S TliEZ2 W (Parent et al., 1991, 1992a), L7>L
72 G [ARERE S (Parent et al., 199202 X% 7 v F TOANERBRIZB W T, IREOOW
DAL ETE OB/ BAIEN H - & IRV EB.0 mg/kg (KE/H ., B5EE 0.6 mg/mL)
TSN, T7abA Vv EGARERTF U TNV ERARE LA X ToRMEENE
R, MIEETHI T A — 2 — DAL & TIEORRRE (i) 23, 2.0 mg/kg K/
HINOAEL B 2 5 %) CHIZ Iz, 2O OFEROIT 5D X OB HIIHIR TIX 7203,
BARS 2 VI RHEBROMICH TELMAMEDOTDTHL Z ENRBINTND, Ll
RIS G, BRI VT 90 A THHBEZR LT v FOBITIRENBIE SR -o
7z (Parent et al., 1992a) & \\ 9 7 — X [, O & IE—E LRV, WEDHERERIZOWNT
DRRIE ST R LT, ZNETOT —F 0 biffmad OELET OIIAREEI TH 2,

INETOTFT—=ZITHESE, Trr A rBAakh5%k, B TOREIIR LT
WHTHAI, SHIZ, 7Y FEVTRATOL - & BIEEORWRBRNNTP, 1998)i%, Z D
MTCHE - BEMCEBRZHET T AERE L TH-o & bMEAH 5, 0.25 mg/mL(T > 1)
B L00.125 mg/mLfE~ 7 A 1/10) TG S = 28T I TV 528, 0.15 mg/mL
BEINT=T v MOEBIX - 7=(NTP, 1998), Z Offiix. 0.75 mg/kg A E/H (ZAHY4 4
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%o HEMENL COREIT, BERELVEEGREICLVEET 0T, LHEREICESS TC
PRI S, BREICESSHERREBEOZORSTND,

B TCIZ. BE COIEMEBHERZ KT 5 NOEL IZHSW T Fo L oz, Hil

iz,

TC = 0.15 me/ml
100

= 0.0015 mg/ml

= 1.5 ng/ml (corresponding to 7.5 ugkg body
weight per dav)

0.15 mg/mL %, 5% 7 7 v LA v EZFEATEATF VBT — Rk % 13 HEFRE]RE
A5 L7277 v hCOBBE~OREGIE OMWAER, B, RIE, WE LATHE T
OHIMIIZx4 % NOEL ToH A (NTP, 1998). miH 2372 /=1 X (Parent et al.
1992b)E MZb o LTl LIZET L THA I EEX LIV, HDHWIE TC OEN,
B OBEMINL TO/E O ST 59 5 HBOMKEZ BB LT, 7y ho
JRE CTAHALNTE I DICEWEEL LSS ZELTELR, ZZTHVWLR
To L DPEZ DI B L ~OL)EIR S T,

100 X, RHEFESEBTHLFEEIC LD IEL-XI210, BENOIXHSE|Z10), H

WEOREENBREOHME EBITWMRTLENIRLBRNENS Z a3
BT 7ulb A CEPRBERT Y FHIVIE~ T ADORE B L ORTHICELERS
Ni=d HRDIBITPEZLIBSC, 1983; Parent et al., 1992¢liX, [FIFE, [FJE [NTP,
1998 CAT N RM]INA AT v A THE ST Eb L, Bipo TIW R -
72)L T, TC OXFFICHERMEMRBRA H\ 5 2 L IOV TR SRS A BN
D2 EFT#ET IRV EEB b,

8 Z ofEiE 13 [ NTP #BR(1998) D T BB Dt Bl S < b O THEM R b D &5
2 bbb, v AD LOEL @ 0.125 mg/mLHE 10 PTH 1 PCIZ351F 2 B By E O FENEEME
N X A E TC DEHIZT v Fd NOEL @ 0.15 mg/mL 2S5 E 678 E TC &
FfkEZ 265,
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ZDX O TC X, HERERENT Z7al A v 5% &Gt AF L/l o— R Tl n
BEINEZRBRICESHNTND LW I FEENS, EXDRETHLEEZOND,

11.1.8 VU X2 DFEHEH

A CICAD OJUEBHERE (T F2) TORKH ORI 5 A fi /e 7 — Z 12 FE
S e ERIBEARAIC, TCWLA)0.1~0.5 png/m3 LV EWKEKTT 7 1 LA IR
BEINTWDHERBND, FE, BT FD 24 BRI LR 540 O FLHE, |
R, BRI X=X AL, ZOMEZEBLTNDEB 10FLLNTH D,

S 52, oE~ THIE S LB OREOFFHGHE L EO BRI S S D DY)
R ORI 2B E TC OFPFANTH 5 (1 pglg vs. 1.5 pg/mL, EE 1 g/mL & E),

11.1.4 E F DRV X 2 F5FMHICI I B T HEEHE

CICAD OREEBHTEEITY 27 OREHEDOREL LTHRENTWAD T, 20k 7
a2 COEREERAEEOGRA)HIE & 225 OB O AT I BE U 72 R Iz B0
7=,

BRI Tl & 2 EEREOHEM T HENE WV, AR IR OZERICHT2S TC
BHOTOOHERMEE U TERSLOBMEICHET 27— X— 20 HOEEEIL, FRETH 5,
RSB 2 ARMHREICES LTRESND b N TORERERI DT 0 H 553,
T LA RGO FRIE T OB L A B T ORBRRE R & i LTl T
AREBRITRV, BETE L7 =N, KERBRIZL>TT 7 LA U ~OMtER A
CHMREMEDR & D L9 B2 DEHEITEY, & & IROBETRIE OB Z 130 pg /m3 &\
IMEIRECHIE Lzt N TORLNTZT —HZITH, WAICK L TR &N TC XIS
IZHEZDRETH D, tMOT AT e ROT—XIZHSL L BEARAL TORPERIER I3
DB T DRI FE RS AR L TH AR TH D70 b LIVRW LW ) AIREMD Y H D
B, MASNTET 70 LA ORPBAMECONTHRICHEINTE LT, S5 5%
W=,

13 ¥ NTP #BR(1998) D H/pfkE A & DIZFEMICHER T 5 Z LI L » T, BERR R
OB TC OEEEIX. MKRKTLHTHA S,

11.2 RE~ORETAM
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11.2.1 FHlr=> FA1 > P

WHEAL M EICESL &, 77 uabA ARG SRR, K& HIEND
BEARA~DELESND Z L3t Ex b5, K, EER LR CREEUA O AT
MRINTELT, 77 LA X bOERF TSNS, 2 b OEE~DB L
MERIMLTWD DL, B FETORKE=XV U IT =4, BLOK, KE, HHENOT
b A UL > T, VFESNTWD, T 7 a b A ik, AmRicAEmEREI N
R, LIedo T, 77 m bAoA O, # s KU iR S L7 BRI A
EHbELTHA D,

BEAEMxt U CRIR SRl > RARA > M, 727 a LA 2B L D e
W DORR ., A28 2 WITAERR EOWIRTH D, a7 XX IH 5 WITREED X 57
INEVIE. LD DR WIEREL E SO0, Lo L EIBEORBICSLIND &
Exobhb,

PEAN DT 7 v LA U ~OERFREIC L D EOFMTHL - & bEEZ N E T
RARA L MI, TAT 70T 7 DEFRTEH D, I T HEEFEEOT — 2320
W, HEBIOEMEZEOS T U AT EBIZZOT Y RARA v MIESNTWS, [RAES)
MDT 7 a b A o ~OEHERIC L DEOTM TS - & bEZEREWNT S FARA |k
X, HEIBLXOEMERZE STV FIHESL, 7y b~DEYBRAZRZTH D,

11.2.2 REFJ X2 DREEHED]

FNENOT L RARA 2 Mot LT, HEERBEEEEV) RN RIRI L, HEELEE
(ENEWV)IZ, critical toxicity value(CTV, f/NgMEfl) Z B4R TR L CRES N D,
FHTOERERZR~D Y 27 OFHEEWNRSH 500 E 5 NERET 520N EN 0=
RARA v b2 T, FER(EEV/ENEV) GRS LTV 4 (Table 7 IZE LD H TV D),

AFHETIE, 7r7abA VTEHRB LI OABRIFRAER? S S5, FERIERD D F
ELEET a4 U0E, £ LTRRUSH S D, RROFBERIL, 714 —EBLBIY
AV ENSOPEFREBDND, 778 LA U IREFICEGFT DL Z LRV T, B
BAORBIIZBEN L Fifit L O ATk Ch o L b REWVWEEZ 2 B D, T,
NFEORKFOT 7ab A REEE=F— LT —ZICL->T, BEfIF5hTN5D,
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Table T: Summary of the environmental risk analysis.

EEV CTvV Application ENEV
Exposure scenario () [T ] factor {ppim®) Gluotient
Single ! Plant 247 233 10 23 0.1
Single ! Animals 247 570 10 57 0.04
Long-term / Plant 1.58 233 100 233 0.68
Long-term [ Animals 1.58 L] 10 57 0.03

11.2.2.1 [FEEBIEY~D #5255

1989~1996 £ HF XD 7T WH THEINT=T 7 o b A O RET xmEEE I
2.47 ng/m3 Th 5, L, BAEFEY ~OHEBEIRED LT U A TOHHFIZE TS EEV
LEZ N5,

11.2.2.1.1 AR

TNT 7T FACBERARICESE 2 2 9 IFFR RIS L RAT T 7o
NZREAEREY) & B & FE L7-5A O CTV 11, 233 pg/m3 T 5 (Haagen-Smit et al., 1952),
ZOfEIE, HEERY) &R ERY 2K T 2 THOEYM TR 2 b 3F0 2 AR
DI aEEERRNORD T — 2y F BRI,

FEAEAEIZ 6t 2 ENEV X, CTV Z i85 10 TR L TEN LD, Z ORI, &I
AR (LOEC) O R WM BB ~ D28 FEBRE DO AR E A~ DG, B MEICE
FAHFEABLOENOIEL DX b D RHEEMEZHEST 5, HHEh ENEV X
23 ug/m3 Th 5,

= 247 pg/nr
23 pg'm’

#7011

FEEIE, 1 RMZ2 DT, 77 v LA VHIRERHMERE (I 7 2) ORI Btk O f

44



ERBLGIZRITZEEIRVWEEZLND,

11.2.2.1.2 [E4E#EY

BEEEhnze R T 7 v LA CHRIEEE SN D CTV i, 6 K/ H ., 3 AW AZE S
727 v b LOAEL IZ#£5< &, 570 pg/m3 Th 5, ZORFEIT, RBIENGE LRIZHE
HGEFs K OSHRRR B PR b A i 2 Lz, FEBREMW) O XGE ~OFENEGMEEAN T EE A L
BALNDTED, ZORBRIIINETHESNIZ L - &L bEZMEOROBARRTSH S
(11.1.2.1 Z2/), Zo CTV i, KBRWILIH 6 & 508 1 MICHfT S7u7z 10 fR2 2 o3
BN dRE T — 2y b b RIREHEERE L L CGRIRS R,

ENEV 13 CTV % ##65 10 TH L TEviviz, 2 0%, LOAEL % 3L i~
o, FBRED D A RROKIHCINE, B O L NI BT 5B & OFREE
MEZFEET B, SIS N7z ENEV L, 57 ng/m? Th 5,

_ 247 po'm’
57 pg/m?

ZOFEEIT 1RO T, JEHT 7 LA ik, BT X ORAESMICEVED A ER L
Gl oz vt E2 o5,

11.2.2.2 [ELBIH)~DRHRE

1989~1996 2 4 15 » P CiifgE 3 » A, mEHE SN R]F T 7e b A 0
EREX, 1.58 pg/m3 ThdH, ZOEIEL, #iH T 57 (Environment Canada,
1996b), Z DAL, FERATEMIZIZWT 5 EMBRED VT U AO5HT ORI EEV & LT
Anbnd, 3 5 HFEHMEIE. RBREHO—EICL > CIEMBOZRFEIHYT 50T,
Zh a8 EEV & L CRIR LT,
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11.2.2.2.1 AR

KEFDOT 7 v LA A QREBBRBELIZT VT 707 7 ICHEROF RN E LS 2
AT EES W2 AR O B 252 12k 5 CTV 14,233 pg/m3 T¥ 5 (Haagen-Smit et al.,
1952), Z OffEIE, HAEEL WM EZRET 2EMO 5 b TR Z 2bivl 34+ 2
IO 2 BRI O R 5T — 2y Mrb@BIRS 7,

ENEV (. CTV % #i#£2 480100 TERT 2 Z L2 L > THEIN D, 2 OFRHIE, S LOEC
D RIER B~ DLW, FEERED D HRRORMEA~DIME, B MO 72 XU
NZEDIT S ETND 2N HEFEIEZIES 5, Hilan/ ENEV (I, 2.33 ug/m3 Th
50

fa#l

BEII1IRMCTHDLOT, 77 ulbA U HelE, DX OEAMDFHIA EXER 5| X
BTz lidhnwetEZSND,

11.2.2.2.2 [

REHFOT 7 a b A NZpRAdshiy a2 RWIH##E Lz, Cassee H(1996) DR F 72,
ENEV OO0 L 725, ZOFEI T, Cassee H(1996)DFBRIT R I L 91T,
WIBOKREAFT 7 v LA U~ ~DRFETITREN., bo & bEZHERE WM ThHD L&
2B TWNWD, L7Iedi-> T, CTV L 6 FFfi/H . 3 MW A L7288 7 »~ MMxtd %5 LOAEL
\ZHESNWT 570 pg/m3 TH 5, 2O CTV EIL, EBREMW 6 I TN 10 F &2 2 55
BRINO D RERT =2ty M LBRBIRSNTZHDOTH D,

ENEV (%, #8425 10 TCTV 245 Z LIk »T#EMmN 5, ZOFEIE. LOAEL
DEEEBAE~DIME, EERELMEDN D BRRDOKME~DIME, O3 KON
ZIZBT DXL XTI b D REEEZTFE L TN D, B TOT 7 a LA RE
I, RMIBBEROLBIEIND LEONBEAE TR, BERMEMRETHS, LI
BNo T, RHIRFEICHT S ENEV ORHO 79I, HOWRBICRE O BINFHRAEIT IR Y
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IAFENTW W, SR OBRIE, EBH LNV ORENSHEI L T AMOERERY 27
& —F LT B, SN ENEV X 57 pg/m? Th 5,

g - EEV

ZOEEIE. 1 RM2DOT, 77 v bA CPeHIE T F OREAEBERIA E L
RIS RNTHA 9,

11.2.3 RE YV X2 FHHIC BT S FHEFEME

BEMTERIT. Y R ORESHEDOOE SDOH L LTA CICAD 22t SN T\ A DT,
ZDR®T v a o TIIERAEMEDHEII ) D ARHEEMEICESZH TDH,

FRAEAM~DT 7 LA OFBEIZONT, AFARERT —Z 1bAERBRROEE I F
T OITIIAMEEMEN D E E L O O by, #MIZET 25T — %y MIET
EREA) & AR 2 5 TV D D, RRIGRIT & AR PEDS @ W EHER O 7T — 2 23
ATV, FTo, TIVT 707 7 OEREEIEN RIS DIz > TERBRICA A=V %
B2 DRE S Do TRy, B TiE, BRI L AREYOEERROT -2 v
DT> TS, LLRns, NSRBI VEEZEREWLEZZ 5N TV DIREED
XN ERBFEIZHOWT DT —H L7\ (L. Brownlee, personal communication, 1997),
7 v OB SN AR ED . R CIREOREARBRICAA—VE2 5252 &
IR DOMBREHTH D, Z DX D RAMEMRIIKHGET 572912, ENEVEZ R T 5
T2 O DEREL Y A 7 AT G 22 AR B v b Tz,

12. EEBEREIC X3 2 E TOE
TIARC (1979, 1985, 1995)i%, 77 u b A v %t Fh CTEMNAMZRTHO L FHETE A
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W L fE#R L7-(Group 3) ZAUE. T B LA L ORNANEICKTT DB ML OERRE)
WIZEBIT AL AR+ THD Z L2 DTN 5,
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APPENDIX 1 — SOURCE DOCUMENT
Environment Canada & Health Canada (2000)

Copies of the Canadian Environmental Protection Act Priority Substances List
assessment report (Environment Canada & Health Canada, 2000) and unpublished

supporting documentation for acrolein may be obtained from:
Commercial Chemicals Evaluation Branch
Environment Canada

14th Floor, Place Vincent Massey

351 St. Joseph Blvd.

Hull, Quebec

Canada K1A OH3

or

Environmental Health Centre

Health Canada

Address Locator: 0801A

Tunney’s Pasture

Ottawa, Ontario

Canada K1A OL2

Initial drafts of the supporting documentation and assessment report for acrolein were
prepared by staff of Health Canada and Environment Canada. H. Hirtle, Health
Canada, assisted in the preparation of the draft CICAD through inclusion of additional

relevant information.
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Environmental sections of the assessment report and the supporting documentation
(Environment Canada, 1998) were reviewed externally by C. Jacobs (Degussa AG,
Germany), R. Parent (Consultox Ltd.), G. Rawn (Fisheries and Oceans Canada), S.
Semeniuk (E.B. Eddy Forest Products Ltd.), N. Tolson (Pest Management Regulatory
Agency), and J. van Koten (The Netherlands’ National Institute of Public Health and

the Environment).

Sections of the assessment report and supporting documentation on genotoxicity were
reviewed by D. Blakey of the Environmental and Occupational Toxicology Division of
Health Canada. Sections of the supporting documentation pertaining to human health
were reviewed externally by R. Parent (Consultox Ltd.) and W.F. Mayr and S. Jacobi
(both from Degussa AG), primarily to address adequacy of coverage. Accuracy of
reporting, adequacy of coverage, and defensibility of conclusions with respect to hazard
characterization and dose-response analyses 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 16 November 1998 in Cincinnati, Ohio:

M. Aardema, Procter & Gamble

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

M. Friedman, private consultant

M. Gargas, ChemRisk Division of McLaren/Hart

H. Heck, The Chemical Industry Institute of Toxicology (written comments)
G. Leikauf, University of Cincinnati

M. Moore, US Environmental Protection Agency

R. Tardiff, The Sapphire Group, Inc.

V. Vu, US Environmental Protection Agency

V. Walker, New York State Department of Health
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APPENDIX 2 — CICAD PEER REVIEW

The draft CICAD on acrolein was sent for review to institutions and organizations
identified by IPCS after contact with IPCS national Contact Points and Participating

Institutions, as well as to identified experts. Comments were received from:

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

et en Sécurité du Travail du Québec, Montreal, Quebec, Canada

R. Benson, Drinking Water Program, US Environmental Protection Agency, Denver,
CO, USA

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

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

dJ. Curless, National Institute for Occupational Safety and Health, Cincinnati, OH,
USA

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

Protection Agency, Washington, DC, USA

M. Greenberg, National Center for Environmental Assessment, US Environmental

Protection Agency, Research Triangle Park, NC, USA

R.F. Hertel, Federal Institute for Health Protection of Consumers and Veterinary
Medicine (BgVV), Berlin, Germany

C. Hiremath, National Center for Environmental Assessment, US Environmental

Protection Agency, Research Triangle Park, NC, USA
H. Nagy, National Institute for Occupational Safety and Health, Cincinnati, OH, USA

K. Ziegler-Skylakakis, European Commission, Luxembourg
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APPENDIX 3 — CICAD FINAL REVIEW BOARD

Ottawa, Canada,

29 October — 1 November 2001

Members

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

Dr T. Chakrabarti, National Environmental Engineering Research Institute, Nehru

Marg, India

Dr R. Chhabra, National Institute of Environmental Health Sciences, National

Institutes of Health, Research Triangle Park, NC, USA (teleconference participan?)

Dr B.-H. Chen, School of Public Health, Fudan University (formerly Shanghai Medical
University), Shanghai, China

Dr C. De Rosa, Agency for Toxic Substances and Disease Registry, Department of
Health and Human Services, Atlanta, GA, USA (Chairman)

Dr S. Dobson, Centre for Ecology and Hydrology, Huntingdon, Cambridgeshire, United
Kingdom (Vice-Chairman)

Dr O. Faroon, Agency for Toxic Substances and Disease Registry, Department of

Health and Human Services, Atlanta, GA, USA

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

Protection Agency, Washington, DC, USA

Ms R. Gomes, Healthy Environments and Consumer Safety Branch, Health Canada,

Ottawa, Ontario, Canada

Dr M. Gulumian, National Centre for Occupational Health, Johannesburg, South
Africa

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

Medicine, Berlin, Germany
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Dr A. Hirose, National Institute of Health Sciences, Tokyo, Japan

Mzr P. Howe, Centre for Ecology and Hydrology, Huntingdon, Cambridgeshire, United
Kingdom (Co-Rapporteur)

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

Germany (Co-Rapporteur)
Dr S.-H. Lee, College of Medicine, The Catholic University of Korea, Seoul, Korea

Ms B. Meek, Healthy Environments and Consumer Safety Branch, Health Canada,

Ottawa, Ontario, Canada

Dr J.A. Menezes Filho, Faculty of Pharmacy, Federal University of Bahia, Salvador,
Bahia, Brazil

Dr R. Rolecki, Nofer Institute of Occupational Medicine, Lodz, Poland

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

Sciences, Tokyo, Japan
Dr S.A. Soliman, Faculty of Agriculture, Alexandria University, Alexandria, Egypt

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

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

Dr J. Temmink, Department of Agrotechnology & Food Sciences, Wageningen
University, Wageningen, The Netherlands

Ms D. Willcocks, National Industrial Chemicals Notification and Assessment Scheme
(NICNAS), Sydney, Australia

Representative of the European Union

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

Luxembourg
Observers

Dr R.M. David, Eastman Kodak Company, Rochester, NY, USA
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Dr R.J. Golden, ToxLogic LC, Potomac, MD, USA

Mr J.W. Gorsuch, Eastman Kodak Company, Rochester, NY, USA

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

Mr S.B. Hamilton, General Electric Company, Fairfield, CN, USA

Dr J.B. Silkworth, GE Corporate Research and Development, Schenectady, NY, USA

Dr W.M. Snellings, Union Carbide Corporation, Danbury, CN, USA

Dr E. Watson, American Chemistry Council, Arlington, VA, USA

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

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

Organization, Geneva, Switzerland
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