IPCS
UNEP/ILO//WHO
B A4 B R A S

Concise International Chemical Assessment Document

No.46 Carbon Disulfide(2002)

(e S

I

ARG [EBC P E 2 VRt il

0
0

=
<

I B i B i e A A

2008

CEC§il

R
[

At

S



Foa

T
9. WTLOFES L OWIERHY - JLFEOMETL  -oereerosrerosrerosresno s
B. BYBTHE  coe weereeres e
T e oT

4.1 HARHKTORER
4.2 NA&RFAER
4.3 APEL HE

5. BRIEFOBE) « 594 « ZEHL  -mommmmmmer
51 K &

5.2 K &
53 JEEBIOTHE

5.4 ¥
55 BREETFTY S
6. IRETOREL PORRFER oo

6.1 BREEFOIRE
6.1.1 K &

6.1.2 =|HNZEX

6.1.3 H1FR/AKI L UMLK
6.1.4 #UEIK

6.1.5 TR IOEE
6.1.6 &

6.1.7 THEHRLL

6.1.8 b MiRkI L OMAHE
6.2 t MOREEE  BREEME
6.3 b MOREFEE : WENE

7. EBREIYELOE b TORNENRE - ORI e
8. FEBRILER LW in vitro W BRR A~ DB -

8.1 H[EI%R&EE

8.2 iy il KRR

8.2.1 W Az

8.2.2 M AkiE

8.3 FEMAM

8.4 HEIEEMBIUEET RAA Vb



8.5 AEEME
8.6 HEEDIRHINET

9. B FADEHE e

9.1 %ﬁ%@

9.2.3 LIMEREHED Y X TR+
9.2.4 [R~DE

9.2.5 FEMAAE

9.2.6 EJHI L OFEE~D
9.2.7 T DD E

10. EBREBLOCHRROEY ~OEM  eeeeeeeen

10.1 [EAAD
10.2 KAEAW

I

11.1  fEEE~D =LA
11.1.1  falRAEEDORE

11.1.2  BFBPULIHTIS L OM A HR /i B O AL e

11.1.3  —fR(ER~D U 27 O EHE R
11.1.4  RHEFEMER X OMEEE

11.2  BREE A~ LA

11.2.1 FEAEAY

11.2.2 KAEADY

11.2.3 RHEFEMEOZ L

12. EFHEEEIC LD ZRECTOFME  ooeeeeeeeeeeees

APPENDIX 1 SOURCE DOCUMENT  -------------
APPENDIX 2 CICAD PEER REVIEW = -------------

APPENDIX 3 CICAD FINAL REVIEW BOARD

APPENDIX4 CALCULATION OF THE BMC

E b a e = — R bR FEICSC0022)



E B 6 R M 3 Z(Concise International Chemical Assessment Document)
No.46 Carbon Disulfide

(CHiALERSR)

52
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1. E &

T b RFEICE T 2 ARCICADIZ, T FEAEBRERMEE I L O - ¥ REREET
R 23, 1 A BREEfi#15(Canadian Environmental Protection Act : CEPA)®
B E R E O —BR & U CRIRHC/ER S EBHZ D <, CEPAIZE D < BSEWE R
filio HAYIE, —MRERBETF COMEER R 2TRIZ L2 b OB L OBRE~DEE D nREM:
FIMIiT A2 LI D, INHDOLE 2 —TIE1999 5 AKE TICHMRINTT — ¥ HK
HMENTWVEL, ZNHDFEROE T L E 2— & AFRHIEICET 515 % Appendix 1 27K
T, BREE - BREEEICE T 2 2 ot BRI SCEITIE, TPCS(1979), Nofer WF5ET(Rolecki &
Tarkowski, 2000). $ L U'FEEEEE4 (Crookes et al., 199312 X » TIERR SN ENH 5,
EHICHHE L2 oo L B 2 —I21XBUA(1993) £ ATSDR(1996) 738% %, ACICAD®D
7 L E a2 —IZBT 51 A Appendix 212777, ARCICAD [1%20014FD10H29H~11 H1H
(AT ZF DA 2 U TR S iRt Z B CEREGRHE & U TRR SN, KEBEE
B2& 05N % Appendix 312787, IPCS 23MERK L7z —Hitfb ik I3 5 B LS

G224 7 — RICSC 0022)(IPCS, 2000) $ ACICADIZ#5# 3 5,

THiALIRFE(CAS F 5 T5-15-0)D MR OAEPERENITRB L2100 T b THDH, Kby
FERAa—2ffHELtr Ty 7 4 L AORETHEH SN TN D, Al - KR A DMLER
TRICBITDEIEDE LThtENS, TDIENOTENSOKHIE, LFETETOM
HAeZ A viEICERT 5, ZEAEETOANENBIPAAR~OKHIZIRAT TH D,
7o, THACRFIL T - [KEOMAEY . FR - AR - BEO KK BRIOKILIIZE T

L Z OFHl O FE e fE BT 5 A R L, BFDO b DIZT D712 OESENER %
BRT DO, FTLWEBERERZFEL RN, 2K > TERNAOEBERO L E

2—BIOZNHS EEROR L2 — %8B L CREABICHRBINTZT — X=X L L
TR B EZNRIE SN, fGRAFEMEOHED 5 WITRBE LSO EIIFE EEE TR
WERIEDEH S, VE 2 =7 —IC Lo THWMBRED =DM A 5 & L Snc b DTz
77



BRI S5, MR T, EEDD < EH40%F L TEBZEH<80%IFENH
SROIEEN B D WITAEMEEF O ETH 5,

TRHALRBIIBREBE R CELFNCAAME L. KR, Kk, JEE, BLOTEFchiishT
W5, LL, EELTRRFPIZHFEL TV D, RCICADDEEHERE(F F &) D K& H
ThifbIRFE O R Em L, THREROUE <, & ATRRT AL TH 3 X O A K
KR ADRPFHET DL THES L TWD, ZhfbRFEE, Fick FaxvrIohre
DI LY, 1~2 BEEOEH ClREIN D, ZORKFTOEEHICL > T, Zhifk
RFBITRBHEBEOGM L 7220, HONICHRDO RNy 7 7T 70 RLLETHIRE L
%o HALRFBITHCONEMIT L o TR S, EWERITE Z 5700,

bt b O TRABRFRITS T o BB EHEE T HAFARERT —ZITE DO TRENLTWD,
Lol —fREMDO A2 2% L TIEIRANBREO EEREB THL LHEZXOND, THOR
TR D~ D KRG ERTE (T EHEE S LD,

CRALRRIIRAIL & > TRIEBHNRILS DR, BEEN L CHRIRSh5, it
RFBITEFONRHDIAH I, 2D HO—2D2-FAFT VU V-4 T VR UERIEE
EBICBT D RBOEWFNE=2 Y T DEETH S,

THACIR N K DR E T XEAEO FTREME A R T AR & L CENL O AT R BER T —
LR ENTND, IR &I UWRRIER H 5 2 L3, DENATONTRARH 5 &
BEZONLHBROMBR R OF THEINTVWDEN, TNOLDOT —F ZENDH 2 &
X TERY, BRI —R L —3 2 TIHICBIT 2 W AIIER AR % 5 e RIS ME D & %
M, T OERNTHRE S D BEORMEAKSE & HiEE~D RIRFFZE OEENL 02> TWHRY,

TR IR LI AEEBICE T DA RS L OEIC oW T T h LI BRI K D
MR T — Z T HES< L MR bR B FH R EMECRIE AR OB AR T & RS E)
PERBR COMRBIR T & L THBEIZHBT D) OEEENOL S Th D, “hifb/RFBICREL
7ot b OFEMLOBELNBNIR Y & % % DM O, DIEREBEO U R 7 BERIZERT
5 MIEREE & MEDZE N, BR~OFE L @O MEREZ 502 EOIRBIEE, B
FOERERBIZL > OUBIRBIC LD EED EARD D,

[R5 A7 P I 28 TIERE DS APEDFERLIFE D H LT ey, SEEREIMMIZ K D30 AME
OEMFRBRIIRE STV, In vivod B\ MXin vitro T, iR EFHREOTH WD 5
WIEARE T WE T ORHLIEH 503, Binme Mt O M 72 EL T 720,



EREE O AL IR BT LR SN2 BHEOMEAREC A VAR T v A2 T O
DINOWENRDH L, FOMOE N OAFEIZKIETHFELZBIZOWTOR L LA I
SN FE R A, FEBREIY TIX. A LR F TR R E TR IR EME R X OWREES
HY . PEICEEE RITTRERE CERREF 25 &K T,

U R 7 OREHIER TIZ, —XEHP L O SIRITEE DL O ZFifl R FE 259 2 HEE
IR R BTRT W@%W@Nm@ﬂﬁ@%ﬂﬁ@ﬁwo:@Wﬁ%ﬁ@ B UL SO

EH —T bbb, A3 —Xb—3 NEEROEEBMIREEEZMCV)2— (2o T,
fiakidE (24 WEfL A, 7 B EICHHEE L, ATEIEREG0 M L, BSOS D5%EiE
U 27 (EERBROIERBIEEB O R—F o I A WIS WTESRITK L THEE S L
I REICHESTIHRE SN,

FEAETRTORYLRFIIRKPICHE SN D720, BREZEICEAL T, HRKRKOMK
BIZE 5 STV D DI LY ORAPELE DALY ThH 5, PEHHAE< OKEED S
WBEZTHARERD D, LoLaens, VAT ORGHEFICESLS, #HERBEED
IEAEE & OEER IR X > T, ZHbRFEDEEA 1213 KEOAEWITK L CHERE
EHIEEITZEEF RN ERGND,

2. MEORKER LOWHEN - {LEOME

~ #it Ak k% 35 (carbon disulphide. carbon bisulfide. carbon sulfide[#i1l % 3],

dithiocarbonic anhydride| > F A4 REEHKY] & H 9L, =|IE T, EIAREESH 5 WX

I INTEEDN Do TREEOWIE TH %, 78I 76.14, CAS F 513 75-15-0, b5
WE # SR (RTECS) % =13 FF6650000 TH 5, SIAMER LOEREN X LD THEL .,
RZEIT 48.210 kPa(25°C), K~DOFEMEEIT 2100 mg/L(20C) TH D, log A7 ¥/ —)v
/Ky ELfR B (log Kow)1E 2.14, ~> U —E#1EL 1748 Pa- m3/mol(25°C) TH %
(Environment Canada & Health Canada, 2000), & 572 2¥H - LA DWW T DI
WIIASCE R L7 EB b L2 — RACSOIWCH b, —hifbir 3 DA Hta%ks
%, 1ppm =3.125 mg/m3(20°C, 101.3 kPa)Th %,

2 [@A#FFED NOEL (23S < THAEE 13 mg/m3 IO TIVMEE S 25 THH I,

3 [EBR(SDHEAL THIEE &2 F7~d4 % WHO O FEHIREV, CICAD & U — X TIEREH D
LBALBY OPLFE 24T ST AL TERT 5, JFECHFE RS ST AL THRoR L2
ZOFEFESIHT D, FESHERNBEEN TR LIEREIX, ERRoZ#iR5(20°C,
101.3 kPa) & W TEMZ T O, A FII2HTETET 5,
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“hifbiRFEOSF S=C=8

8. ik

WE L KRR O ZGifbiRFIL, WoEE Tk L. BUREED 2 VI iis ok, 4
Ay m= NI 7 0 —(EESHT, BEFE. oAb, &D5WVITRNER ) Z H
WO %, BHERAIE 0.6 ng/m3~10 pg/m3 T&H % (ATSDR, 1996), Kb 5\ x5
FORALIREFEOSHTIZIE, X—=V T v T D%, A7~ 777 4 —(GO) L E&EY
FrasMS) & W 235672, BHRAIE, KL~ LD pg/l(d 2 WL kg), & DHUNE
mg/L(& %3 kg) T % (ATSDR, 1996), B it H o hifbkR1E, @57 & b o Thilfi L,
GC(E iR & 5\ X Sievers (L FFR MM MERD) THMTT 5, MHBRRT 1V T b
Y ng O#FPHTH % (ATSDR, 1996), AEWEDOLEEIL, Fix D=V T v 7 HDHWT
W o, @Rk v~ 8777 40— HLHWIE GC/MS THMT 25, BHBRA
I% ng/L. OFiPHCTH 5 (ATSDR, 1996),

-~

THALRFBOEYTFHIE =2 ) 7, & LTREIZBWT, RPOREmTH S 2-
FAF T U P -4-F VR U TE(2-thiothiazolidine-4-carboxylic acid, TTCA) % Z3#79 5%
FEBIR LI TWD, bo& BB HikL, mEkEkrsn~ o777 40—
IZEDHDO T HRHEAIEL<0.1 mg/L TH Y | 0.3 mg/m3 A GRIF : 31 mg/m3=0.03 mg/L
DOFEFE L B b 2) D 8 KRN EEE(TWA) OFFAR 2 3# L TV % (Lowry, 1996),

4. b FBEIVREORRERE

RAPFRLHHY OT — 213, ATEERR Y AR R AT Lz, 206 OfF AR
TERDoTYE1E, A CICAD ME@RIRE L7c T F D7 v A A ME#zaf] & LT
Sy e

4.1 BHARRTOREAR

AR R B R O IRFH O AP D ERE IR S D, T ML, 5 R
X, EMTEENC L Db o L b RERBARTH D, HECHEMH RO i b RE L, M
RAEY) D AR ORFHEENZ L > THRITER SN D, TR, <R, A OE A&,
Hp oI, TS OARE A ER: EA X % (Staubes et al., 1987), ZiIHDH
SRR & DAH T, 34 35000 kNI DIED ZHABIREN T T H OBREFITMD 5 Z L1127k



% (Environment Canada, 1980), tHFRAIICH D & FEiTkE 2280 k> D _Hifl/RIFEN,
AL B DJEAIZ X - T, BRERICHE SN D EHEE STV 5 (Stedman et al., 1984), &
DICHRMRCER DK, KINZ L > THAEKIND,

TR B O EO MR LHEEITIX, Z< OREIMEDNH 573, BiEDOD 7 &
B 40%., HDHNIEL 80% ETHN, BRODEHR, HOLWIEMFENIZL->ThbEhd
(Environment Canada & Health Canada, 2000),

4.2 ANAWRAEIR

ThLRFIEZ, BHICEAa—AL—3 () 66%) B LU R T 7 (K 10~12%) i
ETIHRANH A SN TWAHMBUA, 1993; ATSDR, 1996), B A a—Afff#s L en 7 7
V7 AV AORTETIE, THALRFITIREEBICHES LW, 207, WU ALE
LW E IO TERTHEA S ZHILREO KT B RKFIC S TLE S,
TSR DA PEEH 1000000 b > DIFIE T5% 2 26D 2 WEORE b D &3 HIiE(§
4.3 ZMR), HEITIZIFE 700000 kg EnD Z Licir b,

1999 DA E LW EHEH B $k(Toxic Release Inventory)iZ X i, KETIE 1999 4
(2 bR 23 B - IRk 2> HERBE IS 16000 kU HEH Sz, FFEEZDOFTRT
AR IS S 7 72(TRI, 1999), HEICHEIT 2 B A a— Ak Ltk n 777 1L
LHEIC LD THMbIRFEHEEPEH &I1X. A% 15000~21000 F > T % (Crookes et al.,
1993),

T ZDOEXENBIE, 1996 F1Z 2120~2465 k> D "HALRFENPEH Sz, ZORY-
N APEFEAD S O RGZHP~OPH TH 5, ZOMOPGHEAFE, Jim, HHE2ETT <
TOEENOHEINTWVD “HLIRFZEORH &I 100 F > LU FT&H % (Environment
Canada, 1997b),

ThbRFIL, RGBEYOEZEAE L THERHINTE 2R, ZOfH B TORGKITZ
< DOETHIEESNTUWA(C. Warfield, personal communication, 1996), —fiifb x5 13HE
BEZNTOENG LEREASK SN,

4.3 AEL R

TR FEO MR A FERIT, 1984 4£T 1025000 k. 1990 4E T 900000 kv & HEE S
T 5 (Rolecki & Tarkowski, 2000), 1985 A2 1%, KED A TIFIE 143000 A E &S



TV 5 (ATSDR, 1996), 1992 4 LLaT O S [EIZ 351 5 AP B 134 25000~35000 k> & H
TE 3TV 5 (Crookes et al., 1993),

THALRFE DI BT 5B b AR HRIT, B A 2 —2(L— 3 L)i#HE65%) B L 0w 7
7 ¥ 7 4 L 5(10~15%) DHE T B 5 (Rolecki & Tarkowski, 2000), & DIE20 ki,
DU SR 5 (carbon tetrachloride) EAEIZIHE H < Z< A &), #HifiiET b U ¥ A(sodium
sulfite). $EWTRER, V> N UEREE, AV & F AR FE(thiourea) 7 & o #liE
Thbd, IHIT, WiE. &, B, 24, —HE(LAF (sulfur monochloride). Y v ®
AL Ul &5 (Crookes et al., 1993),

B F AT, TRAERFEIT 1996 42 3100 k23 REEE H P TAPE S 7z (Environment
Canada, 1997b), Camford Information Services(1995)i%. 7+ ¥ DEWNEREEIT 1976
HIZIE 25000 2 Tho7nd, 1993 4EI21E 10900 b A Lz L@ LTnd, &l
DIRWAFERIT, ZH{LRFOBHRHETH 72 L—3 B LU/ — e PE)
5 OREEZ KB L TW 5D,

AT HTIE, 1996 4FIZ 1700 b U< O ZHALIREN TV k7 U RGBT
HIERE . T 72 b LI O] & L CTEdi 72 (Environment Canada, 1997b), &+
TR ZAFE DR FEI I OWT L7200 v 7 R VERT 2 72 OYe/RIHIEINAL,
HEHO % A PRLEIZH W D 2 2 Om{LEER] 72 812 b i 5 (Camford Information
Services, 1995),

5. WETOBE - o1 - B

51 K =

KEHF T, ZhbRFBIR, BHICe X IV EDORINMI L > T, EHITIE=
BEIERESE OCP)R b5 E _ORKICE > T, EMibshnfisnsg, e ke oo
FV DHEEPREE 5X 105/em3 (ZHD & | HEEEH 1.1 X10-12~2.9X 10-12 cm3/ 73 F/F0 0 B -
B 5.5~15 A3 B H X5 (BUA, 1993), Wine 5 (1981D)i%, FERIZxHEEIZE T 5 g
LIz &k B KRAA EE A2 7~14 B EHEE U7, BOSERMIZIL, ffifk B V7R =L (carbonyl
sulfide) ¥ L O 2 {bAii 36 (sulfur dioxide) 3 & £ 5, Hifb LA =L DK F FHm(2 )
X THEIRFE LD 720 R,

At R SR DX T ORI, R 290 nm X D BUHRIC K > TAET D, KK



A IX. HPREER 12 B & HEE L C. 11 HCERE 7.7 B) & HH S 3u7=(Peyton et al.,
1976), Wood & Heichlen(!1971)1%, 313 nm TOEBIEMRIL, SRS & [FIEE D 6
L —3 b b —BLIRE, Bb VR =v, "B bhiE. BXOKREROES YE
BAERT D, ZHULKRFEITK E OMAIERRTTWZD, KK D OWMILEIL, RE7m
AL LTEZELEETIEAR (Lovejoy, 1989),

THRABIRFE DO KK DO FJSTEIC S W T AR X, ChemCAN 4 5EGIRAE 7 4
TAETV U ZICE>TURIT 1T EM EHEE STV AH(§5.5) (DMER & AEL, 1996),

THAGIRERDS, RREBREE SR JET R 2wt EZ2 6D, ~erfbEn
TWRWeD, A BRI E o 7o <7 < RIERA Y v OREICITE S Ly, ki
bR 3RS HIERIRRZ (LI B 2 ATREtEIX, STHEAH TH D CFC-11 D 1% A7 & HEE S
TEY, ZOORBEEICEET 5 2 LidhnEEZEx s (CHRILRFZEIZ. BbRKR
HEBME Th DL VR =T K- T, KUREENC MR E L KT T REMEN H
DM, FOEBEINENEEZ LN TWD), BARAIRISEWGE RN T, hitfkRE
DO REFRE L, RO A Y U RAREA L, MRimA Y VERICE - &
b FEHT BRI A ORI L TRY, Led-> T, ZhitfbiRBEA R A
VAR R T T ERFENITEE T2V & B 2 515 (Environment Canada & Health
Canada, 2000),

52 XK H

THbRFEIL, ~2 U —E$K 1748 Parm3/mol(25°C), B L UKRAUE 48.2 kPa(25C)IiC
Ko&, KPS g & KRR EIFIER) I 11 59 ~F 7 /) 1 C O3 2.6
WCT&Abd 5 & TH &N 5 (Peyton et al., 1976; Howard, 1989), ZEHZA) pH L~ULN(4
~10)DKF TIEIAKD RS T, pH 9 TOIK IR 1.1 4 & HEE S5 (Peyton
et al., 1976), K CTO TR AED S RIERE L, HIZFRAKD D OKALHEIZ LU R TX 5
2 Cd H(ATSDR, 1996)., DMER & AEL(1996)D 7 /i 7 4 €7 U v 7 DI=DIE
U 72 58 3 i1 ( § 5.5)5500 HEfE(7.4 7 AL, Abrams & (1975)1C K 2 A=W 55 fif -1k
HOHEEIZFESN TN D,

53 EEBIUOtE
WAL R FEIL. AEALE Y DS B NME T2 D (IR 3E K 4y Bid A% %% log
Kocd=1.79). [EE~D5HELH HWVIIERITZDOD TRWEEZ NS, HHETIE, +

B IKEOMAEMT A3 T A« F AV A(Thiobacillus thioparus) FXBVEE. HEX

10



AORSEIE AL R 3 2 A LERIE D VR =138 KO bk & & £ L 72 (Smith & Kelly,
1988), Z D X HIZEMmREYL & HFREA U S, Abrams 5 (197512 K 2 =W 53 i -8 o
HEICHKSE, ZHT 4TT VI OFDITHE L2 B RO H(§ 5.5)1%, 5500
Ke(7.4 5 H)TH 5,

SCHR T, b AR 3 0O HEE P A0 O HEE M I TR S LTV 2RV, RBIRSRIET A
NU T A FHIOVARRIZ L o THRZ STV D, Z ORRIZINAKSiEC ZhiAb ik
FEHAL A VR = E LTORHE KR ICHER B L L, X TORBILZZ@LRFE L LT
et & A, Ak IR b U Chitigi 4 4 pk 7 % (Smith & Kelly, 1988), DMER & AEL
(1996)1X. Abrams »197H)IC K 2 EM I OHEEICIESNT, 7T 4ET Y
VT DT O LR O EEEI(8 5.5) % 5500 RE & HEE Lz, BT,
mmﬁii%$@@@¢ﬂm<®gmﬁﬂﬂ@\%Luﬂmb%¢Wk@\%%T“%i
W AE T 213 E R BRI L 8 F D ATREME TR,

5.4 AW¥aE

ThALRFRIE, £ OHEAYEY log Kow fE(2.14), B I NI L A E DB TORE
R L - T, AW CTEYEREBEMNAE LD REEIMEW N E T2 RN EB 2B
% (Beauchamp et al., 1983),

5.5 BEETV

THT 4T ML, ZHMLRFBEOEE RIS, 23— M Ay MER, B XOE(H
LHRMHEEN DB E) DRI, 72 b NEREP OSMIZ OV TOLEEZ 77 (DMER &
AEL, 1996), &% IRREIE M EQC €T /(7 A>T 4T /L L-ULIDIL, Mackay(1991)
72 5 TN Mackay & Paterson(199DIZ L 2 FiETE SN, T U ZICHW LY
A AR B OBEIL § 212 FE 2 OFAF OREEIE, §5.1~5.3 IZRHM I TN D
%Tj/aimWOMﬁmm%ﬁﬁWTaoM%aauwmmmmﬁmmmwmkg
R DARET 7 40 MEHEIZHEE SV 2, RADOEEIL 1000 m ThH D, EKEBLOEED
AWRFEZAEITIENEN 4% B LV 2% T, EEIT1em BEL P 10em THH, ZOET
IV TP ST HEE AR AR E SR B K D BITZ T 720,

ET UL IUR, THBRFIL, B SN TERICEE L TR D A T 5, T2& %
X, RRFICHHEND &, 2D 99.8%ITRAHFITHIEL, T S D & KRR~
DEIEIL T3%ITHAD L, R OKREFFHERICE E 5, KTl Ehs &, BHITK
FB5%ICHEE Y. KAT~OFEEIXL V7L 72 5(15%) (DMER & AEL, 1996), = O

11



£ 212, THABREBEN KK FICHE S5 LR oBENI Vs E PRI D 2, 1
%io*(&fﬁ&ii DRV ~DFH TlE, KA~ OENBEIT 2 [ REMENH 5 (8§
5.1~5.3 ),

6. REFTOERELE NOREE

A CICAD 2SEESW T [E NG O BB ERKIE (I 7~ ) DBREE TR ET — 2 2 U 27 O
WEHER & L TIRIRT %, MR SN B IIMOE DT — % biRT 5,

6.1 WEFTORE

611 kX X

PRt 7 A BB Ji e (AL o S8 LR ME T A DALERRFE CHEH S D WA D—E) D UT s 2
AT LOERKIERIC KT 5, KA ZHifbiRFED 2 FERlIChl- 2kt =%V 7T X
5 & RA-GEIFHOFELD 85~90%) DFEL TAMM TH v | BaMET A PEH A Tl <
BB SN, EROT A7 a~ NI 7 4 —IZX5%8&0T—%, BLO8 4y
M OFREHR B BN RE O LW E 7 +—H 2 > 7 (eryofucusing) 12 L » TH D S 72 R
bNTeT =2 0T 2 & R bRE DT L O RE L, BN A faakr 5 (R
TENEH 0.61 BLO88 pg/ms, B FT 1.40 LU 156 pg/ms ) CiEl@i(0.51 B LW
12.5 pg/m3) X v @& - 7= (Legge et al., 1990a, 1990b),

B D& B A AR O R T O KT EEL, ISC 3 view(Industrial Source Complex,
version 3) /L — AYLHELE T /L (plume dispersion modeDiZ X > TFH STV 5(1995
FEORK[HHLHNIT 1287 b o LG, £ OFEICHE Szl % Ofc KK, NPRI, 1996),
1km A FOREE S - KK im0 RERFEPEE)IE 114 pg/m3 Th o7, 10km J& T
DI 24 FEIEE B RKEEEE 1 14.3 pg/m3 TdH - 72 (The, 1998),

EDDOMFRDOET Y U ITHRERICE D & BT AT O TR, K0 /hEWHoEEo
F9 MR Ch D Z L NR ST, TAN—Z NI OFEYE T AR D 7 LT H AT
HE U7z “RAbRBRIRE . B KOV — AYEHCE 7 MIZEE DWW T, Strosher(1996) 135 K
EHPRED 1 A% 2.02 pg/ms, A F5)E% 0.16 ng/m3 & Tl L7,

73— )l Fort Saskatchewan ™ Prospec Chemicals f:D 8N D —fififb iR E I E
HE o Tz, FfEER T, 3> M UEREOMARIEENE LT bR FEEMEH LTV 5,

12



1997 # 5., i OFFBRGERETT U > 7 TP S - 8N R SRR OFMIlo KA
F=Z U T ORI 3~6 ng/m3, 1 FEES 720 O IL 56~100 pg/m3 TH

- 72 (L. Fu, personal communication, 1997; E. Weiss, personal communication, 1998),

o /BB RA CTlE, KE=2—3 — 7 TORINER 6 2 7L O -1E) ik iR
F£1% 0.30 pg/m3 T - 7= (Phillips, 1992), K[EI L ORINTIL, ke 1.1 B LW
1.2 pg/m3 O KEFENHE I TS (Sandalls & Penkett, 1977, Maroulis & Bandy,
1980; Crookes et al., 1993; ATSDR, 1996),

6.12 FEHNIES

B /IBBERRE T, KE=2—a =27 HOHHHBEDENZER 9 73T
b TR R FE DR STz, SEHIEEEE LT 0.63 pg/m3 T RBAMEL D 6 ¥ 7 1(0.30 pg/m3)
E g LT L L &< X7 h> - 72 (Phillips, 1992),

KEOED A7 4 AENVHNOZELGE T, HbRFIE M HRA %2 Tl - T
72 (Fuortes, 1990; Oldaker et al., 1995),

6.1.3 HFKF L Tk

HIRAKF O ZHALKFEOREIZOWTIL, BT ¥, A&V AMEHBOT —ZIZRHH
Do A2 Y AMOWERHIRD . I b ITAEMGENT K> THRAE L ZFIbLREDO Ny 7
777 RL~ULE 0.006~0.4 pg/L T %5 (Caron & Kramer, 1994), # % U AT
1981 FIZHIE 2R E O FIEIE 0.4 pg/L, i 3.9 ug/L TH - 7= (Kaiser et al.,
1983), FH HiE. BHHGHOIR N 5 OEITAMIEENC K 5 ATRetEni @ <. @V EIZEs S
WZIE S OFBTH « THEHMBEOREBIILDIbDEEZ NS E LTV AHB. Scott, personal
communication, 1998), H1F /K D &R ERE ., 25.0 ng/L 1XF A 7 4 7 #ilk® Thompson
Creek DL TR L T ey, £ Dtk THIEPHEE S 7z (Kaiser & Comba, 1983),

HEKIZ OV T I, Lovelock(1974) 73 7 A /v 7 RN O K PEFESMET 0.52 38 L 10 0.78
ng/., 7A V7 > ROEATEEDKT 5.4 ng/ll DEEZHKEL TV 5DH, Leck &
Rodhe(199D)i%, /S F - 7 s L OHEHED AW O ik R FE I E E % 0.83~1.18 ng/L
EHIELTWA, Kim & Andreae(1987) i, AL KFEHEDOREKDIREZ 0.01~4.6 ng/L
EHEL TS,

R AKRDOIRE DT — 2 ITHEB TE Do T,
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6.1.4 BLFK

KEKIZEEN D ZHULKBRREICOWTHER TE 27 — 2 13EF DR, A2
D 10 O BIRIED 1982~1983 £ D ARMBK I L OBKBIOFE TIX, &, &,
ZDAREN AR E O ZHifbKFE LIX LTl Sz, 3 =X DREIL, 1ZE A
EOHFH TAMH(<0.1 ng/L)~EW#, Cornwall TiEA#HH~0.2 pg/L, Hamilton TiX
A H~0.3 ug/L T&H - 72(Otson, 1987; R. Otson, personal communication, 1996),

6.1.5 1TEEBLUVEHE

TR O ZHALIRRIREICOWTIE, RonieT —Z LRI ol, A5
A b v b OBEERO AR R % JE I T 1985~1986 AT NNy I T T v
NI4Tl Port Credit @ 5 # T+ 1 » 7T 0.00011 pg/g #7223, 6 » %
F~<7= Oakvill/Burlington CTlidF - 7= < M &i72 0> - 72(Golder Associates, 1987), [A]
CHIRERD Ny 7 7T v 2 IO R HROAGEIEEWITONT 1987 AT - 7oii#
TlE, Port Credit, Oakville, Burlingrton O#BHI{I:5E kI L OVAR#IE 30 » A 3
J BT C AR FE DN ZF 241 0.10,0.10, 0.14 pg/g K 4172 (Golder Associates, 1987),
LU, i SR ETE HIEOM M TRRIE(0.10 png/lii<, AV vy R7J 7T
B SINTBRIC L D EEZ S T RnoT,

1988 “E (21X, A > # U A Burlington i#Tf5 CTA L # U AN G, BILOA U Z U AN
Huntsville #1% C Harp #2> HEH L 72 JEREIREIE D> © b RF D JE S 7z, Caron
& Kramer(1994)(3, MR RAT A7 v~ b 777 4 —1EEANT, A2V AR
BrohifbRE 5.9ng /L %, Harp IOJEE D 9.7ng/lL %, TN ZENitT25Z L3 T
7,

6.16 & 4

fn B D TR BB OHEE 2T DRI E R H BT NET — X IR I N o
Teo ZHALIRFIIRAFBD OREZAFA E L THEH SN TE LR, Z<DETIOHMNDOTD
DEFIZ DN T OBEED I Y 14 7= (C. Warfield, personal communication, 1996), —
fifbRFEIL, HHFEORBA], =L 21X TFA B —_~— N ROMM B 5 T EHEF O
Lo TAERSND, £, ZhfbRFIL, RRITFET DE LEW bW L -
THABRINLHYTHHD(§4.1),
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KEDOEBOREMEIZ L > THRSINZRLF O ZHLRBIEENARINTND
(Heikes & Hopper, 1986; Daft, 1987, 1988, 1989; Heikes, 1987), L2>L. ZiL5H D
M. AR FE D BEAA L L COMPRIY B SN HURNZATbN I B oD 2 &
R ITEDIREE N RN L2 8| ZORROZYMEITRONIZbDEERZ L
s,

6.1.7 HEEZRLSG

MR K OERI A X Na T, BEBIO~ U 77 F 2 3a% 1 o ERED
Frickos< &, Zho oo, ZnEhF \a 3R 1 Kb AR I 5 “hifbikE
1% 2 ng TH - 7-(Horton & Guerin, 1974),

6.1.8 E F DRSS R

WL ONOFRHET, BERBEDRWE SNDITE A EOHEBRE O, MK, KR, f3L
M5 hiifbikFE(me/L & 5\ % mg/m3 L-b)E L OZFOR#E TH 5 TTCA 23 it & h
T 5 (Pellizzari et al., 1982; Phillips, 1992; Brugnone et al., 1994), —fifbx3<° TTCA
X, YAV T ¢ F A(disulfiram), & ¥ 7 # »(captan), D5 WL F AN —v— K RD
it el S Wo MBI E LTHONTWATD, Dl &b —MId#E L
tOIEAEWZHEKT D EBZ B, £ TTCAIXT 7 7 TR OB RRIGFET D129,
FEELITIZIRIC 10 umol/L % #8 % DI T S5 rREME A & % (Simon et al., 1994,

and references therein; Kivisto, 2000),

6.2 b FDOREER : REH

(ER D R IR 5 5T OHEEBIERR O IEAR & 72 DBREIA T IRE DT — 21X, BT 4B
FOKREODEDOMB TOROLNTZRKOFE, BROTHLKRRITIZE A RS2
Mol X DOIEIKE TEDORONT-T —Z LRy, LEER-> T, BROH 5 iR
HFIFHBIE AR ATRE Ch D, 2Dk 7 v a Tk, WX O—REROKE, K, BLOTE
73 B OB TR IR SR BOA R OB E MM 72 FRHEEM A B Lz, e T, b TR
LT T —ZIZHESE | WX ORPEEFHERORKEE O EM A ELE LT,

712 OERZFEERNC 6 BEZ 2T ZhfbRFEO 1 BREREOHEEE L B I 4
DOPAR DO 5 5% fRIA 3 5 72 DI B L 7=(Table 1), #EEME S, BREEH TOREIC
£ 2 THALIRFOBCAFITFE LT R TRAICL D Z RSNz, REDBBEDOED
BIETH D Z LiE, REAPIFFITBIT DEEMYEH O RN KRKA~DH Thd D)
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H SN ZHALIRBOFE LT RTRa = A M ED LWV EQC 7T
AET Y T ORRNPOEBESITNRH/OND, RO OBUAZRITHAL & BBIKOE
BB LOTENGOFFITEAL T LW EBZX6ND, BIih~O ZHULRSEDBER S 1
TR RN L BROT ANR=ZWNEIBIZONWTDT T LT 4 FT Y T ORER, T
B AEMMITIImMD TERW L L TLUNER LRV 1IX10 6 pglg) & W\ 9 T
(Environment Canada & Health Canada, 2000)7>5, &h72 5 O ZFZ X AR T X 2L
Th o R ST, BEE T, X N3 L > TR BEDOTUAR D EEIZ 72 D
LHEESNTWD

T FZ DN DD FIFEEE T, RET O ZFALRFREDN EH L TWD Z L5
NTWB(85.1), T X ORI ABE %15 (1.40 ng/m3; Legge et al., 1990b), ¥k
WY b7 R L i % T 5 (3~6 pg/ms3; L. Fu, personal communication, 1997; E.
Weiss, personal communication, 1998) DR |Z IS &0 9 W o T2fitigk DITE T
DN LD P BFREIT, —RERD 2~10 5272 5 AREMDR H 5.

6.3 b FOREER : BEK

L— 3 UHERLEIC 31T D T BIKFE~OBERBEOT —F X=X THREL TV D, A
TFRREZRSE M50 (Price et al., 1992 L - T, ZOFEERITE T 2 ZHifbIRFE OPREEITEK
FEBTHR VKT LIZZ &R0 h o 7= (Price et al., 1997), FitO#flix, Rp5E % D
Lz i it (1990 AR D A1) DR 52351 72,

7 4Ty ROZEKH iR ONERE(8 K] TWA) X, B A 22— X L— 3 Ui
T C 9.4 mg/m3 (4.7~25 mg/m3), B R =2 — A — MiE T8 ClE 13 mg/ms3 (0.6~
28 mg/m?) T - 7= (Rithimaki et al., 1992), =—F X J7 7 O A a2 — X T T, &
NB o 7V CHRIE U Tz il iR R R R IR E (TWAN X, #R/ 3T 63 mg/m3, A 21—
A BLEEFYC 19 mg/m3 TdHh - 7= (Krstev et al., 1993), BEOERAa—A L —3  TIHD
ZER P DOENLE "L IR L, HWTHF T 470~940 mg/m3, #5-K M T 47~310
mg/m3 T - 7=, fRHERWT IR OHEE 8 ] TWA IR 1 125~210 mg/m3 Td - 72(Chu
et al., 1995), AN—7 > FOGHHIHE L5 O bR FEREL, 9.4~23 mg/m3 Th-7e
(Kuligowski, 1996), > v HR—/L D L— I > T D _Fiifb iR EE O L 8.4~63
mg/m3 Td - 7=(Yang et al., 1996a), HIBEOE A a—xMik o7 7 VIIT - #Ak, #
Ry TR EOEERNRTT D THLIREBEREIL, 2k Tho & 1 E < (170 mg/md), itk
TlE 61 mg/m3 TH->7=(Kuo et al., 1997), FAYVDERAa—AL—3 2 LTIL, BE
IIARZE T, <0.6~210 mg/m3 DEEMNH - 7-(Reinhardt et al., 1997b), ~/LF—D L
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— 3 U T OFBEREIX. 3.1 mg/m3Ga LR+~ L — % —)~150 mg/m3 (§54) Th -
72(Vanhoorne et al., 1991), 7L AV 7T OERa—A L —3 VEEEER TOREREIL, 9.4
~63 mg/m3 T - 7= (Kotseva & De Bacquer, 2000), 717 & Db T TiE, bk
DY —7 &FEIL, 1F1T 310~630 mg/m3 FLE TH - 7= (Guidotti & Hoffman, 1999), H[H
DS D " TitAb R 3R O FE T Bl OFA-F T 12X 10 mg/m3 £ T L7z(Yang et
al., 1996b; Sun et al., 1998; Lu & Wang, 1999; Q. Wang et al., 1999; Wang & Shiu,
2000),

TERIC Ko T, BERBEDOD RV OESZRERINN ED D LB LNDHN, ERENT
—HIIER IR 0T, RAYDOERa—RA L —3 AEEE OFA T, Drexler ©(1995)
X, EABIZE D R R FE RS L R TTCA OEYRSHT O AR, $i/1EEEMEDD
TEEB XV ABICKRE L EIEREADPEFREBSR G A A L TV D5 I T,
EHEOIL, AHNEAB I OMEEIC LD RERBORRENRE WD E LTS,

SOICHEBREONTER S, “hLRFEZ TR L LTI % 2 L 32V 252
LTWDEEZDLNDN, ERBNT —Z IR S o7,

7. EZEREWBIUE FTORRNEIRE - REOHE

TR R, BB ISR TRINE D0, ED D BRI S D, BRBEOHIDITIE,
IfZ 80%WFRE 223, A IZIRA L, 2 ReLINIZIEIE 40% OIFHRRREIZ 2 2, JRILZR
B ERIUTIEA, S HITIERMBRO ZLRBELOA T D0, +07RT —ZiERn,
Dutkiewicz & Baranowska (1967)1%, #8& OF% 1 KefiR L7z R R B ER DO 50T
B WIGHEE 2 0.232~0.789 mg/m2/iRf & iy LT\ 5, FERTFMHITMHICHE ST
WHETTHY, ZRHDORERICEE LTS LR WERE RIS D), 72 & 21X
AR EEBRELIZNE I DAL TIERY, BEENDOWRIITIEREY, B3Ot b
DIEFIH L THIEL XN TV 5 (Environment Canada & Health Canada, 2000),

TRABR BRI RBRICRE# S, BRI, 22 AN DT b= 2-F TV ) b
(2-mercapto-2-thiazolinone-5), 4 % —/\3 K(thiocarbamide), TTCA T#» 5, TTCA
T PRI T D THRLRFBED 2~6% % O, A A E=F Y U ZIZHOW LTV D,
THALRFBORFNZ O TOFHRITNE I DRI TND, b FOEKRNERIZOWNTO
T2V L LM AFTET, TXTORERAMOENTWDH DT TIERWY, AFTED
T blE, ZHLRFORGHILE B TEBLRBEIL TWD I ERRBEIND
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D WL OPOBYOFPAERER L ILAIC, b b TIEERATERE ~OBHE R I E Ul
&F %2 b1 % (ATSDR, 1996), BIOFHE TiE, “HifbiRFE~D KK TR 8 Fifi] TWA &R
1 TTCA IR IEHE A BIBIR R S LT 5, 8 IR TWA 23 31mg/m3 T 5 k57l D
W0 OIEFET T MEDRY 70D TTCA I, £ 4 mmol/mol 7 LT F =Tk -
7= (Lowry, 1996; Rolecki & Tarkowski, 2000),

THALIRFEIL, FFTT N v A P-450 ) A XU — BRI S NARE R fEE T
BRICZR2 Y . ZHBBREIR A, b R=/L, “EMbRFEE BRERT 50, HHWVIE
KR U TSR 138 X OVE / -F 4 [k E&(mono-thiocarbonate) & ZEf%k L . FFRUZHRAL A
NR=NBLOIMbRFEL, RPICERR DS L ORI S E 63, 20
FENTIE, B FBROEWTY X VBEDORISTYF AN — v — MRS, Zhifk
[R5 D UNIRAL VAR =V ENRPE TV EZ T A DIEIZ L > T TTCA H 50T 2-4
XUTF TN DA TINVIR BB ER S AL, TR BRI S 45 (ATSDR, 1996),

8. EERRMILIER XL O in vitro REBRR~DH

b h COMEE « DIMER~OEEZBICET 5T — X _X— A [J L2, BT
— 2. WL R, BLXOE FTORENESN TS, HAWVITIAF
TE7pWnWZEoMMO=Y RARA » FORMIZEFGT 20 E I MICESREY Y TTLE=2— LT,

8.1 H[EIRE

“hifbRFEE 60 W AR L~ 7 A D LCso 134 690 mg/m3(Gibson & Roberts,
1972) Toh o7 A, —F7 2470 mg/m3 12 15 K] Z#E L7127 v M, MR~ EITEIEE S
N NBEEWNL 72 hy - 7-(HSE, 1981), ~ 7 A~ 24 B2 7 5 10 55 T LCso 1%
3020 mg/kg KB Tdh o 7=, ¥ A~D 1260 mg/kg AT £ TOHRKR ARG TlX, BIFEL

AT 23 A U, B TOTNRIRENLLNIZET Th - 7-(HSE, 1981; ATSDR,
1996).

TEIORE SN ER D B2 A T, R FBIZIEB L ORE~ORENH 5 &
L XN TWD(CEC, 19883)78, 2O DT —H ORGFEIL TE eho 7z,

8.2 &Hl. TH., RHRAE

821 RARE
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AR R D A FREE D BMEIZ OV T, B IR~ DD PRI HFZE S 71T
Wb, 7 v b~ HifbiRFE & 77 (800~2500 mg/m?) L7=#% < O - BRHIEERC, K
R D VITFERE O RAEHE O T & OB E A D 54TV 5 (Environment
Canada & Health Canada, 2000), Z L5 OFERTl, Z ORENZITHRFERFREERS X
OERARDOEMICE TR, BEPIZEOBONREE LA LT H 5, —hifk
RFBEFETNIHALKRFEOEL LN, HDOWVEIW A EZ T v MIREBE LT E A, KIS
WO T I CRE R R R BRI OABE SR, LAWIOMIIER L2
(Gagnaire et al., 1986), MfRfREHE O T, 2500 mg/m3 (2 11~15 K H&FE L7 7
v NORFITE - R - MRS R EALO KOS DO IRFIER 36 X ORIERR TREN5 L9
(2, R RO RS T LB SN TV 5 (Rebert & Becker, 1986; Hirata et al.,
1992), Hirata 5 OERTIiE. 630 mg/m? T b MERTEREFH R BN O — 5B —BIED G D
IRFER 23 7 H a7z (Hirata et al., 1992), Bokina (1976, 19791, 0.2 &5\ % 2
mg/m3|Z 6 A R&EE L7 U P FOMRRFREMOTNEBIE LD, 2D O RITHRE
DR SN T TRV OREIZFHI T E /20y, Lo L Z Ol H L, Rebert & Becker
(1986)I2 L% 7 v FORBRE N E W) TR L 0 o L ERE(2500 mg/m?) TOD
WENENT-Z LICEATRETH D,

A TR RIS S DR EE DR T I3, sk DR 2 R BB 5 & o
TWb, £< OFEBRT, “Hifkp#E 800~2500 mg/m3 % 3~15 » HMRE L7=7 v ML,
KA BEI il 8 221 %2 % 7= L 72 (Environment Canada & Health Canada, 2000),
R OREDOHEIR RGN H - & W) O N RN EEZZ T 5, T
Vo TR DO =2 — 1 7 4 T A PN B R D RE RERIERIZ & - THEIEZ
B HER & BRI E OSSR ZE MBS LY + 7 —RREMDNAE LD, b
X, ~F L oMmREREAETAHR#W TH D 2,5-~F o Ud Lo b EmIC
HRINDHE R =a—a 7 4T A MREMEIZREY TH 5 (Graham et al., 1995),

PRATEN PR ENL, Z2< DT v FOFERTHBEINTND, MRFH~OFE, LI
BN DDFRE O T L OB TOE, 1% 2~4 B D 1600 I X O 2500 mg/m3 &7 %
Bl s, 13 B2 5 160 mg/md BTk CIIAITICE LWEEN S o722, R
BR OB 38 % 1E 5 #iPHIN T - 72 (Moser et al., 1998), 610 mg/m3~(%/¥ 800 mg/m3 LAk
DOFFETIX, BRI I\ CREEE TE) 2 1] L (Goldberg et al., 1964a, 1964b), KHiFk
BRClL B I3SEB OWEMEIZE L 7= (Frantik, 1970; Opacka et al., 1984), [F118 HifH 25% (1)
TeRBRTIE, 2O OMBATEN PR BT it Th o 7o,

TRABER RIS Lo TR W TR T 2 i d MEAE 3, KIEBR BE i AR B 22 JE BT (US
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National Institute for Environmental Health Sciences)®3t:[RIAFFEIC K > THAITHH 59>
&7, ZTORZETIE, 7 > MZ 160, 1600, & 5\\ME 2500 mg/m3 % 6 KEfE/H, 5 H
A, 13 HEECHRBELIZLE A, BLb 2~4 WEHE, 2RFEL L THEOMRT 4 7
Ay NDH Ry RGN EIEE S vz (Valentine et al., 1997, 1998), 2 DI AN HIHNICHL
= DU, A E R DA AR R 52 518 mRNA QRO RKETR - = U g o B
DELDIFEE) (Toews et al., 1998), ¥ X U7 B (Moser et al., 1998) TH 5, 4 ¥ K
H % Tlo, MRIESNEEIIET Laig FROIE )03 EEE L 7= (Moser et al., 1998), A
BeE MO RIERE L O (Sills et al., 1998), B L OVESAHEHZM (Herr et al.,
1998)ILRRBR D% TD A, Z LT 2 DOEIRE L~V TOHRAE LT,

AR R DR E R~ DRI O N TWD, 7 v M2 6~15 » HRIZH7
©7C 230~1700 mg/m3 % L= /0B Cix, T ar 27— E(LiELizy v
FEBLORNIZU 2 RHOPEEICEA L, 7y FBIOYHXFOKRBROMB = LA
TR=ABLRAL AT E—/LT A7 /LE, 1000 mg/m? O T L ORI &E CHEIC
L7z, 1000 mg/m3. DI, M - Lo - efEREE R OREE L~ L ~Dsfs RS A
BRI O % HilE X7~ (Environment Canada & Health Canada, 2000),

THALR BN KD EDIEND BN OV TIER SRR L2, KEBREEH A
BLERFZERT O FIAFZE TlX, 160~2500 mg/m3 O FHIZEFETIL, S EIERWE0H, O
figt, REIR, il DA Gl BV AERIR B RO G 1T AE U2 o 73 BIAMI R R
BIOEHTH--(Sillset al.,, 1998), L7 LARNRS, 1m3H7- 04 E meg LI ok
BE T, VLB LT v b OEREER L OWER S, ~vAB L0
X OFMMOWERL, 7> B X O~ 7 2O BN EL KIFT LW O BEEOMENH
% (BUA, 1993; ATSDR, 1996),

822 BBORE

TR FE DL ME R~ DT, BREE(CE ORI X D TREY b D & LIZ LIEHE
HENTVD, 7 v MR 2EAEOWFER RO DIEA~DOERZR R L 5 Z L2
IR STz, N LIRREE L 727 > b~ 126~253 mglkg R E/ A QMR T, /DI
MR, MED LFH, m€x7 V2 H2H0E/ AT Ex7 ) U EZICUDIHELZ R
24 2 LEXOZE R E & Vo IeBRAERTERIE L OIRAY /ST A — & — 28U 5D
il 1 H 28 2 5 11U 72 (Hoffmann & Klapperstiick, 1990; Hoffmann & Miiller, 1990;
Klapperstiick et al., 1991), LU, Ei#k23d 0 M O EFIMTEDO T » hTiE, KEIX
BEIZHEA L, FHHIRES XL EICEL D 22D o 7= (Hoffmann &
Klapperstiick, 1990),
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“Hifb ik 300 mglkg RE/H A~ U A ERIRE LI 2 A, FEEIEARLNR -
= PR m Y —AF b7 ulkP-450 G EOBA, BIOMETLE A7) —E8
FFREDOIEMAR T 234 U 7= (Masuda et al., 1986),

< 7 A~D 138~1102 mg/kg RE/H OBHIE G L > THRIREEN AL L7z, Hill
ERoym, WRER, 7T =27 0% 7 —MlaisE TR EN D L 9 e B m XA b e o
7-(Keil et al., 1996),

8.3 ZHEMBAM

TG FE DI AL TN T HIZIL, AFARER T — X TR+ Th 5, MRS
o7 =213, AR~V A XD MEEFBICET L2227 ) —= 73R 1 hoA ThH o7
(Adkins et al., 1986),

8.4 BLEFEHBIUVEE=. FRA

T bR F O BB DWW T In vitro B O IXWRERFEITE S L0
(Environment Canada & Health Canada, 2000), flFE I Xk 28 F0ERCTIX. ZHifbiR
FiL, REHEH L OFIZ)H )b BT 31 X F 7 AR (Salmonella typhimurium) & % M &
RIGE (Escherichia col) T, RIERERAZTFHH Lish o Tz, WFIEOMILZ RHNEM:R
DAL T C&EE LB TIX, v MU U EROGLEMRRIBR, & N RPEATRERR Rk o %
& WI-38 Mt O A EW DNA Gk, & b U N EROIRGL A3 R AZHUZ B IT 50T 0, H
DNNTE - E D LBRWHRBR 60T, & 2B (Le & Fu, 1996) Tid, b MEF% Zhitft
PRI In vitro THERE LT2 & 2 A, Yetu KB OB I K O A RO o SR 25 A7 2 I 1Y
KL,

TRALIR T OBAREMEIZOWT, AFTED in vivo 7 — X IR LTV D, ZHifbK
F% 63 HDHVE 125 mg/msd, THREF/H, 1 HHDH WL 5 HRA LD Z » b Tix,
BREH O YRR HE OF B 72 EHI1372 0 > 7= (Belisles et al., 1980), — % Vasil'eva
(1982)1L#% N Z & L7t 7 » hoE#iMia, 3 X OUER 10~13 HICERELZT v MNED
Yetb (R FLR B KOS EoMIR 2 S Uic, A A (L IE LIFREHAE B R ST
220 AEHEIZ DOV T LDso @ 1/10 & & Ll STV RNz, b DT ROAFR)
P& TGS 2 OITEEL W,

HEZ ~ M2 63~125 mg/m3, 7 HFE/H. 5 HEZE L722S, BRI E RO E L
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HhnxZe<, AL7e ha v TRELLET vy hBLU~ T A2, ARKGFEORK 2O
BINX 725> - 7= (Belisles et al., 1980), L2>L. BBIEXIRT » MK+ 55 ~D 2N I
LN T2 I N EDOBEOEEM IV G ERbhlTn5,

8.5 AFEFEM

LI ORERT, HET > M2 1875 mg/m3 (1090 mg/m3 [ IFA )% 5 BFE/H,. 5 H/E
THOAMBHZ LT L 2 A, RETHICEERA LN, v 72 B IO O EAD L
7o KETER. AR R VR IR, B D WIS EARRE~ D D 2 e 52 1T /2 > o 7= (Tepe
& Zenick, 1984; Zenick et al., 1984),

oD ORRTIE, 10 mg/m3 LA Lz 4 » AHEE LZT v b ORI OER ) H
£ & 72 (Acadzhanova, 1978), L 2 Lt D iER(WIL Research Laboratories, Inc.,
1992)Tid, 1560 mg/m? £ TOWREE 6 KFfHl/H, ZZRAT, RN T L OUEg=EI M 1
BT LTy hORERH., ZREE, HDLWVIIZHRBIZEEN o7, ZOHERF,
7w FOKEBIOEEEMNCAFEZELZB T L, HAEFORTE ES, HAEFOAELF
REMET, BEO1EOAEFFROBADZ S0 Lien, HAEFORBITITREL )5
72 780 mg/m3 TiX. IR A LAER (1560 mg/m3 TH) L7225, BEAFx AL O &N
Thoi,

FEARTIZ 2000 mg/m? % 2 Wi/ H &FE L72T v B L O~ U ADELFRRI D b 5 IR
BUIAEICRD Lic, ZORBEREICL DB ORNIRTHNSE LW a2 ms
S Twew(Yaroslavskii, 1969), #IHIOEO —HD 7 v M X 2B TIL, HEFP O
100 & %\ M3 200 mg/m3, EREfE/ H OWAZEE T, MfFEitl KOFRORAER T Sh
TEY. bo & HHEEICAE U FRITNREF L UVKEESE T o - 7-(Tabacova et al., 1978,
1983), —J5. 10 mg/m3 TIZERDEFLOBAD, LR OF BB T 2 5E OB, EH)
WA OFEE 7 234 U 7= (Tabacova et al., 1981),

HAFOITENOZEIT, =77 = FERBRICBIT 2BFITHOE TICh - & b &
<HENDMN, ZHUHIERE 0.03~200 mg/m3 THA TV 5 (Hinkova & Tabacova, 1978;
Tabacova et al., 1978, 1981, 1983), —H#tfRiZi7= 2 Z5& TI3. “HiLERFE ORERTEIEC
KD REEZMERRO TE <2, H—HAT 100 mg/m3 TH U7 N, H R TIE
0.03 mg/m? &\ 9 KR E T4 U7-(Tabacova et al., 1983), —#%#JiZi%. 100 mg/m3 LA F
DREFETIE, FLORHEFRETHRE SN TRy, Ll 2085 Rt Rof sk % 5T
g2 DOIxEE LV, Fie ORBIE, fHEICLABESNTE LT, EERERE 7 — AT
B ARHERESE R )RR SN TV RN ERZW, I TFERS L LG L H 5,
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72 & 2%, Tabacova H(1981)1%. 0.03 3L 10 mg/m3 D in utero T, A—7>7
4 —/b RRBRIZH T 5 EINEE R L & & T 57, [ LEHR L ORI OB ORER
TIHFRAR CEIEENELR DN LTS, 20k, %Ik < RBRIX, KENTEE
WIZHiEZ LT 528, L T Tabacova b DA LT BEAFEMEE MR TE Tz, L
DL, 2D OBFEE HIC X 23R, BUBREHE 2V T 872 2 (TR 2 %iER L)
HOLHDHZ EITRHETHVNERDH D, 1250 H DT 2500 mg/m3 % in utero THefz L
727> TR, WREBEDORAERITENZE LA Lo lond, AR KOG R, B
72E B DMVE U= (Saillenfait et al., 1989) (625 mg/m3. TIXEEN 2o 72), OFRER
(Belisles et al., 1980; Hardin et al., 1981) CiX. 63 H 25\ E 125 mg/m3.#BFEL7-7
MTHE « JRAFaEtEd 2 VI AT IEDOREILI 2 S /e dr o7z, L L7eA 6 10~2000
mg/m3 % in utero ##E L1727 v b OSBRSS OIS, H#&BUSBERITRWE DO Df
FACIER L7z & 4% Lehotzky ©5(1985)D/NMIERERIC K- T, #IHOMER THE Sz
ITEA~DEBEIN AR B LEMTEND,

THFXTIE, FEKRFTD 1875 H 5 3750 mg/m3 DR ARFRIZ L > T, BEEN
B L, BRGEORRNEIM L7z, & 610, BHAREENE L 2 @& LTl &
OVEA& DATE AN L 72 (PAL 1991), BIOFER T, MEARATIS K OUEIR P O1E 2 2N AR i
F£(63 & 5L 125 mg/m3) ~DFFE TIX, VI - JpfraEtkd 5 WA I E ORI
IXA B A7 > 72 (Belisles et al., 1980; Hardin et al., 1981), L2>L72n 6. ZHifbiRFHE
FFE E O NTIEBR DR RIC L > TEHEOR XL LoD, ZibOfEROZ
WMHEZ TG 5 DIXKREETH 5,

7 v MCRHARMEZ KT IR E(100~600 mg/kg RH/ ) itk iR & S BRI
A 2REE L7220y, ZHEIRFRICEIE T 5 a0 <, MdH 2 WIEBFEEOB &
IRAEHLIE 72 v o 72, 200 mg/kg KH/A U LD RBETIIMHREEOR TAA LA
(Jones-Price et al., 1984a), *xIFRAYIZ, ¥ FIZ 25, 75, 150 mg/kg (AHE/H % HE G-
L&A, TRTOHELLVTHI - JBFEEERINED L5 3 JOIREFIR, JEE
{FIn 2B 70 & DB & H MO D3GR H AV, w2 B CIERHEREE A2 - T
Wiz, A HE TR RO N A EIC LA L7-(Jones-Price et al., 1984b),

8.6 HEZEOREIIMF

Graham 5(1995) D L B = —|Z X iuX, ZHifbiRFEIZ & o TA L 5 - KA e e o
Lk b 7 ZEARAEMIL, CWERFBBLEFAL D AR =D E XTI OISO
Ry BN T AT — "~ — NFER) 2 AR T D EARGE ST, midsfE L

TREFHNICHALRFE A VT AT F— b, b VR = UEA VT F— IR0,
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EHIC=a—mT 4 TANOZ NI EREANEFIG L TH NI HET (2D XD
7RBERENE In vitro, B IO THMLIRFEEZBRBZE LT v NORMEKDO AR MY v b =a—
0747 A FTHEIEIN TV S ([Valentine et al., 1993, 1995, 1997]), ==—1 7 1 T A
¥ N OLEITEN RIS TICHET L, AR ANICEE SN =a—a 7 0 7 A2 MRS,
T ¢ TR CHASRERE A PAZE L, REMICEIRERB L OEEE b b T EE 2O
5o

W1 D 1560~3125 mg/m3 O fili 2 F5#% O T E# (BT 5 EE O ML TiX, —#HOEMEE
WA SN TS —J7, 11X 15625 mg/m3 O 8FE Tl FARARRR OMH], SHE, FRIFF
FHL FETEDVE U TV D, B SEFIHE T, K 18 g DEEUCHRFRIEE, 77 /7 —E,
RAYMAE R, AR e E3 4 UL foe < HARARRESR I3 X ORI BRBILC X o CHRER LA
MIZSEICE - 72(HSE, 1981),

9.2 REIZREOE

ATFARERE B TRO RN, BAa—A L —a VEETREOEEEO L O T, ER%
D R LRFE~DFETFE ., BLOTERFOW DOBREIZEHIT 2 L W KRE O EAKE~
DREFETH DL, ZORETHEICKIT 2 HLRFREIX. AFTE HEFMA CHEEL
BRI VIR T L7722 E3E 5 TR Y (Price et al., 1997), A O#EF S —hifk
RFITH i Z SN ECRIHMRAZEHE O(X T e ENTTZRITITEE L2 0 b
HDHZENRRINTND, SHIT, BEDPMMO—RIEHEE LV BRSL> Ta MEEGH R
WMOBNEZR )R DH Z LB BN Tz, LIzBdo> T, LLFO® Y > a T, AEER
Gtld, BBESLENREZDOLRPSTHEOME S, EANOE=421 77— )3
HEOOLNTLDICESEZBEN,

VI OBERRE X, T80 RAa—AL—3 v TEITBIT 2 “HLREZE~DOERE
JETH 20O, HIED 5\ TR BRI R OB 0 DB I X O R RS

4 IO OEEBY T, —RENTHILAKBERGFIET D23, ZhifbiRFE L 013D IR
ETHY ., TORBORMEIL HLIRE & I3 6072 5> TS (ATSDR, 1999), & 5
WZoEZ7 v a1 L1 TEET AN AT TEAHERTIE, EEEIIRLKETIER L,
ZHALIRBIZ L - THEL D Z Enbd,
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KBET2H008%L HD, 2V oK T TORMORFEICL > T, KW, THEOZ

EMEARRRRE R HIBREE. BRI A3 — MPRRESRIEERE, TIARRR. 77 v — Ak
TN .55 B35 e & & R E 3 D8RR 72 i bR B ENRHR I N D Z L & 7257 (IPCS,
1979; O'Donoghue, 1985), W2 d1T 2 &FEIL, 29 Vo BET 2 H A T2l
B Sz, LTOBLEIIIN O ORI N &FE LU K AN~
BT OPFEICERE Y TTND,

9.2.1 FEEFA~DEEE

RAG RIS K OHARAPRE R~ O MR AE TR 72 b ONTATEN S L OMRR B2 B2
Y, A3 —RALb—3 U TETRLRFICEZ L TWAIEERIZONTOZ S O
FIRFE CHE ST b, bo & BB STV D ORISR ~OREIZE L
TTHYH., bo b bEZVONEEMRE, HEIC K > TR, BT S HITET
O 72 E)DIREIEEE OIK TN &2 R e 5,

VI D & DA AEHRIZE T, 74T ROEZRa—AL—3 VT T, 31~94
mg/m3(E— 7 R LM EOREIL X U @)D TR FER L O KRIC R T #E
LTWEEER L, B2V CLEOFEXEB 2 RROFE MR T L -
(Seppélidinen & Tolonen, 1974), ZBEIEEEITIX, SEMICHEIBHEE - RIS - REHR
DIEFFFFRAEHEE(MCV), 36 X OEEMEE - RE OB EERBHES B R E O F E 2R
BERALNT, ZHbORERIT, BEDHEOTODIERRT K OFR 2 &E L TH2
WEZEBIZ B RIERIZA BT,

KA R DR H DS “HALKFB~ORIREZEPESG L T05H 2 L2, KED
ERa—AL—3 LT &b VEGHB T 12.2 F)E) 72 B9 A B M 156 A O
FIWESE CTiohr- 72 (Johnson et al., 1983), 10 DR EEVEAE 4 U 5 288 IREEHEIRIFE . 18
FEOT v a— AR, &5 WIE@EmW L PR E) O RTREMEN b HER B 2R L, Filin 2
LTt OFFBEEB T, RO 2 SOG pikiE T8 o) < Mt /R FIERFE D 233 A
LB U, WEFERREAME O MCV 3 X OVIEENEA ORIRE A EIIR T L, PEIEARE
D MCV 2MEF, AREIEEVEL O NEFRIEN A L T\ e, 2 b OFEX, 28RS
8 W[ FYIE A BN ZE PR E A 24 mg/m3 EWVW ) b o HEWVWERFE CTCHoT-EEE T
F o LTSN, MR OSEEE L, BEED PR (R 13 mg/m?)ds L OMRE
(F B 3 mg/m3)DIEHEB TIL LT IR o T2 (HEEFROFE MCV 1L, & « - K
BT, TNT 437, 43.4, 41.8 m/Bb, FEFEE TIE 45.3 m/B), BEARBIZER Y > 7Lk
B, IR OMEFE~O R & FRFIC I Thi e, RBIEERD 81.8%7, A LGEHH
g o LBIEOBBEICHW TR Y BUBHIES < & BB L -VIIHZERE To 20 £
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AETH T, OO & XTI, RE MR OMERA LAY 2 I iR 3 5
#% & ORRMHELS A ORI o T, BEBEEEBPMHRATEN PR Z R 2 2 HENA RIS
BWICH b 5T, ZOEFOITERER T, LB RhES), RE-5, SRR LI
L ITH NPT RIZ 72 9> - 72 (Putz-Anderson et al., 1983),

FBEDORHEDR T OIS T DRIOFETIX, T bRBICHRE L T DIEER
(EABNZE R IAE 13 mg/m3) T, D ATRENMEN & 2 K (i, (AE, B R, MmiHEae.
WA BOR) O . BEE RO MCV A EICIRT LT e, 610, EREBREERIC
P TR 2 5 CIIHERE iR O SR ARRRAREE FE (SCV) DK T 23 A 53172 (Reinhardt et al.,
1997a), FHH HIX, L& L THOMRAEBERNT X —F =N RN L BLUE
BIEEBICABRHAEKISEGERAL NN D, IO O REOEEMZ LML
72 L7 L. Reinhardt 5(1997a)381%2 L= bix, ZHALRFBICEBLIZEELSZ XS
nTW5b,

L OFAE OFFTERE R, FHPE 15~<30 mg/m3 O _HifbRFB B RKMHRE, &<
W LIZ LIX T O##ED MCV 38 LT SCV DIRTIZEE LT\ D Z & g L TV 5748,
ZID DO R TIE, FBEORHEN T 62 STV 72y (Vasilescu & Florescu,
1980; Sandrini et al., 1983; Hirata et al., 1996; Takebayashi et al., 1998),

—J7. 2L bFNITEROERE RS 10 mg/m3 Kl O HfLRFBICRFE L TWDHA
YT DERA=AL—I AEERO/NIBRIIE TR, RIFMHERA~OZBITIT L AL
BT\ ho 72(Cirla & Graziano, 1981), Z O TIE, L< < v F S E xR <
O N TREFEBOHFEMHEDO MCV ITAE TIERWRE)N -7, $HHEXKBA R L O
RIS & BRBEEER 50 AH 5 NTRMMHREEN A DL, xR CIX
50 AH 2 N CTho 7o, 1EEROPIEITAT - 72 AsE. BE A 17E), FRBEIZ DUV T ORI LB
FHIRA DR RICHEZE TR0 o T,

2

;

D72 V) EIREE O F R OO T, JAFPEIC D 2R S E O T)D MCV
BLO SCV K TRZEDIENDORIEMHRBATFHE( R ETREND L DIT, RIEMER
~OFEEMNH N - T2 (Gilioli et al., 1978; Ruijten et al., 1993; Chu et al., 1995;
Vanhoorne et al., 1995), ZiL5DHFEDO—EHThH D7 7 —T 08 Cld, ZFERGE
RO b, BBEEEBEOEE MCV O T I, &R & BEE L T2 5 (Gilioli et al.,
1978; Vanhoorne et al., 1995), &» AW ME i bRFICH - & b EEICHERTET D Al HeEMEN
O RFE O ME2 BT H 32 - TV /2 (Chu et al., 1995),

Chu 5(1996)i%. TWA 2 125~209 mg/m3 2% L TWbH B R a—x L—3 ik
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DFMEEEEIC, RRYARRREE DO ERIRAF L O AR T2 5 2 F 5 R R 2 A AT A,
BEHE LTS, BEEMRAERORER., THLRBICEE L8 R R R D2
fb(=a2—u 7 47 A2 FOFELINEFE D BRZANE) & RO BREEZ L3]I 72 - 72(§
8.2.1).

#) 30~90 mg/m3 O _fifbrFGEITITENL EORE D LIZLIETH - 1) RHIH
0% L CWEAEZERICOWT O 4 DR Tl FERRBEOIERER Ll LT, fix DRt
ITE IR, & <UTEMMEBIMRA IS 2B & 5 WIS THRIZES > T
(Hanninen, 1971; Cassitto et al., 1978; Hanninen et al., 1978; De Fruyt et al., 1998),
IRIRERFEICL D 2D OB OV TORHMUIIIF BN H D0, FEED H 5\ dbh
(SR D "R LR FRICZTE L TO D EERIC OV TOEFOFEMICFiiR S L2 iisE T
(%, IRFEPH 2R ARG TEN SRR A OFE R B L OFHE X 72 )2 - 72 (Cirla & Graziano, 1981;
Putz-Anderson et al., 1983; Reinhardt et al., 1997b; Takebayashi et al., 1998), L/ L.
ZIBDHFED N DT, FARMRERDIEROHEENFRICEA LW MELH
% (Cirla & Graziano, 1981; Putz-Anderson et al., 1983; Takebayashi et al., 1998),

T AL IR TR OEEBICK T DI A CIE MR R EOEILISE SN o T
(Environment Canada & Health Canada, 2000)73, Z ®FHMHEEH (DWW ik, £7208E
DT E RV TWARY,

ZHRALER 3R DR A~ DRI DN T & AT TEB O A58 Tl FE 156~30
mg/m3 DY TIL, BIEDLEM, MO FHIEEN OB DL, BIOF—33 1E
BRSO ED b o> T, Linl, 2L T RTOWFED 7 V—7 D55 N
IR D7pd (BB LY SREOREN D 55501340 > 72 (Environment Canada &
Health Canada, 2000),

9.2.2 Lili BREE

Hernberg & (Z#1HDOMFZE(1970, 1971, 1973; Tolonen et al., 1975) T, 7 4> 7 KD
ERXAa—Z L —3 LT oRbRFICHEE L TODHIEER 8343 AT, K< vy F S8
BT TE) < SERREZE RIS U T fefl D b R[] CRERBIRM DR B C O A B 2 R
ERooTeZ & aME L TWHOEL @ 5 14 A, FEREFE 3 A, %Y X7 [RR]4.8, P<
0.007), & B2, OME R OMEEFRGESAMALIHFEZE, Fif). 3 L OGEIRBIRM: LR B O
U 27 KFUIE EF)OFENGEICHERK LT e, BFERNAE > 7240, fEEEIR, %2
SR 31~94 mg/m3 D Rt RFICFETE L TV e, I RES L UMM EDORE OR
XIS BICED oo, 2D OFRERBHE SN 7o%, HEIL 31 mg/md KHIZMZ S,
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FEEBORPFIBRBERTOND L 2ot ZO%OEBHHA(S 4/ (Tolonen et
al., 1979; Hernberg & Tolonen, 1981; Nurminen et al., 1982) Ci&. FLARENIRME RIS
K DEERBEIFESAEKIRE UTHFEE L2, ZHUXIFE 5 OB A - D 5 4
FICEKRT DD TH T,

FEOE R 22 L—3 T TEH < BHIEER 2939 ADHA, bo b bkl RS
OVEEE CTLDIME RIC L D ERNAREITE D> T-(Sweetnam et al., 1987), J&EHHIRI A
Dlpd L b 10 BT, EHHMNICH - E bR BHE L LEBZONDHRIEERTIT, — MK
FERE AT, TXTCOFRRNICED2BREIEA A LN, BIEEEBGET 73 A, EHE(L
T H[SMRI172, P<0.001), 8 X OMLOFE 4~ OFFER#REAGEL 33 A, SMR 165, P
00D ETH D, SHIEETRRIZO DLW EEHY B CTH ., itk EEBIZ X S

BEBRIENH-7-GET 9 A, SMR 290, P<0.01)., EHIFE#Y O &ERIEEEDE
M REIZE D RE, BERREA T HDWIIEKE 2HEMORBEA 2T LOMICH
BRMEmMAZ LN, BERLTZ, HDVITEREN 10 FRmMOEER TIEZ OMmIZiT-
XY Lighotz, PIHIOBHFHEOREICL S &, R KROREEX, LiZLIE 63 mg/m?
iz T iz(Tiller et al., 1968), LTl [FFFIHALKFE~DRBE L H -T2, BiE
FED —HALIRFEDHDREBE T, HifbkFEL O 2WERKBERETH, Bl REICL S
WEFEITFEEA LR THo T,

KEOEAa—AL—a 0 4 THE(OVED)T, ety 1 L EBH LT
10418 NDOBMEMEEE NS 25 K 2R — F THRBEOFT 2 A 5172 (MacMahon &
Monson, 1988), > & b EiEERTF (G L L THiRB X OEWi 2 PRREIC D & O DEE
BT, —MRERICHAT, BIREECEBICE DA ERMEIEN S HNT-GEL 242
A, SMR 124, P <0.01), ZAUIBHIT 15 FLL gy L CWEERThH -7, —hifk
R D WTEDMOAEFIE~DRFEDT — X b LIREBOBEFD Y X7 K122 T
DT —HZ biE STV,

FT7FDEAT—A L —3 IO RMERER 3322 NORERRY =R — MIFFETIL,
THALIRFRICEEE LTV D 1434 N TIEER RRBIC L DTN — R RIS THEICH
ML T 7=(Swaen et al., 1994), HHAIZ AL R FEICERTE L TV DHEAB L ORI
bAHEXE T, DMEREBICK DFETHAEICEETOEL 103 A, SMR 126, 95%
fEEXM[CI] 108~154), ML LEEIZ L 2 TIFAE TIERWARE TH > 7-(GE L 65
A. SMR 125, CI 96~162), ZiLHOIEHEE TIE, (LML R AT J O ML OIS
LB TIR, BRERE L VHBOBRE R L), BEEEEIT. HELMO% A
BIZEK S TNV DHEE SN2 H O T, IEORRITIZN LY SRETH - - /REEN &
W DIMEREBO Y 271X, BYDORFEE 20~30 FTHo L bBHEThHoTo LA S

29



N<CTW5, o#fFsE(Hernberg & Tolonen, 1981; Sweetnam et al., 1987) & 13 FRAYIZ
DERDOIETE DY A7 ITRBVBET LTHIRJR L2 o7, DEEBEA~OMD Y X7 K+
IZOWTORERITRNE, T4 7AZAVEFAKTH D L BEZXONDIFERBEOEERITI
DME SRR B ORI 2 o T2,

Mancuso(1981)1%. KEDE R a3 — 2 L—3 » TIOIEEE B4 9000 ALL o FELf
akR— MIFRZITo 72, 26 FEFOBBFRAE T, BHEICREINRE DR BRI X 5 A8 e in R
RN o 7-(BELC 453 A, SMR 111, CI101~122), E&EMFETET — X 1T A, wElfk
PO SMR X, #BEHH ORI E & BITHWR L, ®IRERE LB 2 L BMEE,%,
PR IRSTL B T 10 AEDL B < BHEEEBR TITARICH AL Tz, ZMETIE B
ERBETH 7oy, BE TR, —RICHERA BT o7,

R—F7 FOEAa—AL—3a vV LEORERFar— BT CRFEPE SRS
iz 2291 AClE, it OB SMR 137, CI114~164), 35 KON % A (SMR 188,
CI 143-242) % & Lefi B R ABIC L A A E 2B RIZE(SMR 139, CI 125~154) M4 H i,
PEMEZE BICIIBIAREE(LIC £ 5 A E Tid e VWi EIZESMR 120, CI 94~151)3 4 b iz
(Peplonska et al., 1996), ZMAE(B CTHIRBRORER TH o7y, FEFID D722 HEFHY

BB CHRWEENSE o T, ZHlLIRBA~DEBIZOWVWTIL., BEETHDL Z LM
ThoTleh, TOFEMIETFITH LIS TR,

BEWTROMFZE Tld, DL R~ OBIER IR B DOFEILA . & < ITHROE & 2 W IFERR Y
RS, DEMORE R EOHED ERH L TUXLITRESR TS, Ll £
DERBFAETRNZ ENEL, EM D7 < SF5EIcdtim L7 A2 1 &BOSBIRIE
NS OIFFEDO R TIEHERBE O RO WS A +4rTh %) (Environment Canada
& Health Canada, 2000),

Drexler 5(1995)73 &% L7k 912, B A 2 — RS T REBHNTIL, D
ERERO—HD Y 27 KFHEE L TWDHEMNH D728, HEFRIHE O AR 1127
LA D D, L L, RREBENEEIZAN LI TN D ZivH OWF%E T3 (Vanhoorne
et al., 1992; Drexler et al., 1995). DL & [FIEEDRE F03ts 5TV % (Environment
Canada & Health Canada, 2000),

928 DlEFREBD VX2 RKF

Egeland 5(1992) D #EIC LA, ARGkHE 3 T35 OIERBEIEEB Lk LT, KkEHD
B A 32— 2145 T 3~24 mg/m3 O " fifbRFEITHRE L T D BMHEEEER Tl 2B IKF o
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AREME ARG, KRB Y R a7 A a3 L 2T 1 — W(LDL-C) D I i FE B L ULk
HILED b5 & R ERFE~D 5 FE DY A Z R BRSO b v, i & mtbE Y R
TurArabA7ue—/LHDL-C), M ZVtYU R MUBEE, SO0 R R 722
molz, LDL-C, # = L AT m—/b JRiRBImEOMEIL, ERRBHICIE L T, s&ET
A EICE N1, MFEREOY 7 o ZORRNG . JHED 20 L1 ERTH O ZER
FEIX—EThoTeZ b5,

R—T v FOE R 2 —A#ERLE T, ZHLIRFEICFFEE O (16~22 mg/m3) % L T
W5 237 NDOLMEDRFFE(Stanosz et al., 1994) Tik, xR [RI4E R O e T35 0 otk bt
e LC, il L thida L 27 a—L, LDL-C A A EIC LA L, HDL-C 134 &K
TLTWe, ZROOMPFFE~DOEEL, 40~555% & 10 FLL EORBEROH H DI
FR STV, 2R LU L B EFEO AT I T T2,

FROFTRIZ. CHALRFE~DOEBIREN 31 mgm3 AR Aa—AL—3a U EE
BT, MiE=a2 A7 m— B L LDL-C AFEIC EA L, HDL-C METFT 2 &9 2
D #FZ7E(Wronksa-Nofer & Laurman, 1987; Vanhoorne et al., 1992) TEAF i} HLTu
%o BEDHITETIE, AEOARENEDR DDV DO RF 2 Lz, M+t LFORE
biEf STV 5,

ERROFEIIIE & TR, KEOIEEE % Egeland 5 (1992) 3FHA L7 BF L ~L X
0 HOTDITRVIEE TO 2 FORE CIXBEEOFTR THh 72, KA YO, F1JfE 13 mg/m?
OENBNZEKIRE R LI Bk e R a2 — X b— 3 AEEB Ot (Drexler et al., 1995)
TlE, BEBEOHE 2 DIEFERBEI T T —, FEAZEKORED DR TTCA IRE) &
I ® 5V ixf =2 A7 72—/ UE, LDL-C, HDL-C, Y Z UtV R, 7HRYKZ 3
g, EE., 7 a—AZBRPREO 6o, HDL-C BL T RYRZ 37
BHOVVIIBEBEDR DLW TORMBF LR L TV DA, 2 HITRRIETHE]
LKINTBY, FHELIIRMEOZREHENRRTHA D LR L TWD, [FERIZ, Cirla
& Graziano (1981)1%, V¥ /LR FBILE 5.0~20 mg/m3 (25 L CWHIEER & 4
T A T AZANDO—HORN T % L~y F SExtBREE Tk, E, miEhEERE
RV KRE R IZHERFENRNEHE L TN D,

TR FE R B OBEIELE T, THEROE TR X OWERFOAREN EAT L L0 D
PIHAD GRS N DTEET 5 (reviewed in Candura et al., 1979; HSE, 1981), 8%k
DOREWTHIIFFE T, IREARHO L RFIC R LI B A a— X L—3 AMEER THEIRAE
DARTEPAEIZ E5(Goto & Hotta, 1967). & 2 MAMHEREDME T (Goto et al., 1971;
Candura et al., 1979) L7=, L2>L7220 5, BEORHENFEMIZ O > TWHDEEBIOWL
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DIMDOFFETIX, EEH DT RAE 3~90 mg/m3 OISR LIZEEER T, @A
LIFLIE R BWREOBRELZZIT 725G TS, bR FE 2R & MHEREIZ Bk 20 »
72 (Hernberg et al., 1971; Cirla & Graziano, 1981; Franco et al., 1981, 1982; Egeland et
al., 1992; Chrostek Maj & Czeczotko, 1995; Drexler et al., 1995; Takebayashi et al.,
1998),

9.24 R~DEE

BEDOBEWIAIIZEIZ L5 & 31 mg/m3 ZH 2 5 ZhifbiRFBE~DZEEIL, IROBGHIE) IR
Yk KL O I 7 EHEIE R E ~DEFEIC b o TS, L, ZORSMEITHRAR
EKIZES>THRVDBENRDHD LI THY ., 72 “FALRFAOREDRNGE, RERE &
DS TWDHAZRGEHLIIZRV, 612, ZhOOREDORKIERbIZ-ZH LT
72\ M(Environment Canada & Health Canada, 2000),

THALIRBE SO RN IRIZKIZ T Z OMOLEIZ SN TE A S h THh 72w, 31
mg/m3 x5 “HALRBICBIED HWVITWMERE LT Aa—A L —3 MEERDHE
TADRHEN 2 Ml STV A (Raitta et al., 1981; Vanhoorne et al., 1996)7%, X 0 1%
TR 2T OEE R Tl RIS EIL /2 ) 72 (Albright et al., 1984; Ruijten et al., 1990),
IO OEMTIR, $i), HEF, IREKGES), BATEME, BELRSR & OBRITRIEM~D

WAL T,
925 FIAM

OLE RN 2 JRIK & T DTN DN TOREFIIFIE TIL, T XTONRA, ETITFE
DEFALOB A DB T—EH LTZmREFITRO bie o7z, LML, L2 I b T
TOMFEIZIEBNTIL, WHRLENMTH->TH, DAL KDFETEIT R0, HDHWIE
HAZL7=727»- 7= (Environment Canada & Health Canada, 2000),
9.2.6 H4HHES PFBE~DEE

THALRFIZ(B B I EIRERE L TV D BMEE R a— 2 b— 3 AEHEE OMERBURS
A VRT v ADWEHM(Cirla et al., 1978; Cirla & Graziano, 1981; Wigar et al., 1981;
Vanhoorne et al., 1994)Z R\ T, & N OAFHE L OFAE~O B IR 72 5L T A 8 7-
BV,

AT LIoFER TR LoD LTV AIFZE TR, Bt A a—x L —=3 UEEB D
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R SE . ZHEHE. AEEREE RIL. TR RFE ~ D RBEITERD 720 72 (Meyer, 1981;
Selevan et al., 1983; Vanhoorne et al., 1994), —Hifb/x 55 D D EJE~D I ST
oSN TE LT, FEOLZMEE R 3 —2 L —3 AEEEHEM OB O 5 H
AP H ML OBEEIZOW I T 2 #5213 ® 5(Cai & Bao, 19815 Zhou et al.,
1988; He et al., 1996; Q. Wang et al., 1999; Zhang et al., 1999), 7 1 > 7 > K THIHIC
1ITONT=EET D 2 O T/ N 7E(Hemminki et al., 1980; Hemminki & Niemi,
1982) T, OB A3 —A L —3 T TOHT & BRTEEDFE O RPERH 5 & T
HPETRIERECT A v SNTAE % & O 122 D% O OMFFE CHERR SR> 723,
TRTCOPFBIIBNC, THE HIELNILZDETH > 7-(Cai & Bao, 1981; Selevan et al.,
1983; Zhou et al., 1988; Bao et al., 1991; Lindbohm et al., 1991; He et al., 1996; Q.
Wang et al., 1999; Zhang et al., 1999).5

PEOERa =X T TR e 6 5 AL RS L7cMEEBICOW TERIDR R
HINTWDIFRE T, T X CTOMERE OFRELEN EFRR2.0,C11.1~36) L TEH |
ZEHE D FTREMED & DI DK 7 D FHE S b 21Tk - 7oy, BRBEHEEM & OBRIT R0 o7
(>10 %f<10.mg/m3) (Bao et al., 1991), [RFRICHE N AR+-3 72 FHED 3 0/ NI
TH, EREFOREIBLEI N T 72V (He et al., 1996; Q. Wang et al., 1999; Zhang et
al., 1999),

9.2.7 € DM DEEE

CHALIRSBE DR LMD S F I FERPE L OBRIZOWNTE < OFFIFRENMThi
TWBHR, FRIREA LT MRS LVE S 55 VIR AL E Ol L
VDA, BROBERFAREOHERKLMBEREDIE TICHAT 26008 b 2L H% W0
(Environment Canada & Health Canada, 2000), L7>L. Z#L5HDOEEIZOWTDO AT
ARERAFZE DT RIZ—H L TR LT, BRI E 72K EEXXTH Y, WTET YA v h gk
THEDFFEMTH LRI L > THRHER I TR,

10. EREBLIUCBERRAOEY~DE

TR ORI AR IR & o TR 5 BEY TR I LA B O 3@ F O

5 hET HLIRFEICETE LTV 5 M0 — @ OFZE (KIS EX#FE : 21 mg/m3 [Li et al.,
1999]. 9 mg/m? [Wang et al., 1997]. 24 mg/m3 [Z. Wang et al., 1999]) Ti%, #FZEF V1
URFEMIE, & ATRERER LOBRHEIHMATE S LTV ARV, BRIETIRESS 2 < B o
WPE (B MR AMERRRRE A VT v OBEEE ORI L D) Bl EhTnd,
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BT RBILSIGSE T D, L0 EECAEMFRETIX. “HbRZBITIEEEZTL—
THYT AT —"~v— &, bDWITIIEA TORIAINEI R E LR 2T 5 2 &
23& % (Beauchamp et al., 1983), Sz E & L THRREBEHEERICE STV D,

10.1 FEAAY)

WFLEEIZ X, CHABRFE~O A S 5 W EH O 255 123 L CTH @ W EMER B 5
L&z 515 (Crookes et al., 1993), BFAERFLIE~OHEIZ OV TORER ST/,
FEERIHHIA~ DO EEIZ OV TIIA WFFE STV D, Gibson & Roberts(1972)12 X 5.~ ¥
A Z AW T2 AR AGGRBR ©, RK B O 1 FEHE LCso 1349 690 mg/m3 L HEE S, =
DOFEAETSTIRD O SN - AR BEFEMEE TH 5 (§ 8.1 ),

Taylor & Selvidge(1984)1%., Y /VF A v 47 v~ A(Phaseolus vulgaris)~® _fifb.jx
FARK DB 2 B TREE0.42X106~5.6 X106 pg/m3 % 6 FE) 4 3 [BlHE Y & LT
AL, EORETH AR LOSLARIC RN 22 < 7o Hrakl U 7=Me— O RER Q.0
X107 ug/m3) THRIC A Z AEENRN-T-Z L2 HE LTS, IZNOFZE T, Y 3
(Y v v A v/ v~ A [Phaseolus vulgarisl. % 4 X [Glycine maxl. b+~ b
[Lycopersicon esculentuml)% F1\v T ICHEEE T AN DWW TP T, Rtk RE D HE
DI HNEA~DOWENHE N S - & H 8 h - 7= (Taylor et al., 1983), {LEMNEEICEE
Z KETERIL, BEONBA~DIREIN S > & bEBERIREER TH LD, Tk, ftho
B2 1 AN U C R 3R DM R DR S 2 H 50 ERTH D EEZ b D,

TP BIT D IFEIIENITIT D L L RS 725700, L L, 2 ADORFFEE DNERF &
L CHEH L/f_gﬁ;w{b—f@@?’\@%’i&%@47 {ZH~ T 5 (Kamel et al., 1975; Verma,
1991), bo & HLEZMERE VDX, Giza 135 LW ) I AXDORE - TH 72, GKE 15%
D3 LF & Rt iRSE 5.05 X 108 pg/m3 IZ T D & R 55% 8 L7 (Kamel et al.,
1975), —MRIZAKEEDE W 1E EEZ IR RN o T, ATV, ik 2.53x%
108 ug/m3 % 24 FFH#E L TH, I AX OO EKED 15% & # 2 72 T UL R L/
WEEZ TR,

THAGIRFBEOEARIL, EHEHEBYOT X TOTA TAT—VICREIXSESETHLN

TR 5 2 % (Crookes et al., 1993), b - & HEZMENBWETH D LRI
= Lepidoglyphus destructor ® 7 H[E] LCso % 1.1x108 pg/m?3 T& - 7= (Barker, 1982),

T C R RFBDEEAS I T REIC O W TEMR SR Z W 5 HIROFEREZIT -
72 Bremner & Bundy(1974) (%, 4 BIEE 0.5 pglg &\ 9 IRWEE CIEIFE 100% 40010 S
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ZEEHELTND, LrLans, MBREETOREITHNES N TE ST, HBREIH
7 14 ARNCEEET LMBERIZIZE A R <R D T2, ZOREDAREF AR RITAMH
NWTHD,

10.2 KkAE4AY

van Leeuwen ©(1985)1%. RitfbfRFE DEEE ISV~ ¥'— Poecilia reticulata 73 &
BREOKAEAEY THAE LTz, RBICLL2BEERE T 5700, HBARGT CEBL LD,
Ho & BESHENRE DS T-DXA A IV 2 (Daphnia magna) T, 48 Wiff] LCso 1% 2.1
mg/L Th o7, 3mg/L LA EDOEIRE T, B OB LORE~DEET, LJUTH
ROERI: Ene AT~ Hx )W (Microhyla ornate) CHl%2 X 7-(Ghate, 1985), & L7=
T Lo & BEZHERE VO Y v E—T 96 Kl LCso IX 4 mg/L TH > 7=(van
Leeuwen et al., 1985), #k#e¥8 Chlorella pyrenoidosa O FES 7= 96 il ECso
IZ 21 mg/L T& - 7=(van Leeuwen et al., 1985),

11. ZEFLh

11.1  EE~DOEEFL(

11.1.1 BBREEMHDFEFE

ERAEEOREZ RTT =2 L LTho & bldlRoix, 5T MbRFBICRERE L
TWHEMOBELNIN DT -4 Th b, K7y ar Tk, BEELEEZLNDIZINLD
HEGRABLOLLER~ORENCHE L TAFTE 57 —F &, EFRMIIEICBIT 5
PEFDIRFBICR O ILHEIZHR S U CRHMIi T 5, (AR LR T 55 & B e O5E & o
H[§9.2.4lCBAT 2 FHIT — 2%, RRBROEELZ - LT\ D2, ZOREIT
RBERA WA RN TH L EEZ LN TND, NN, BiadEE, AW - BAERB X
UMD EH B8 D VITNEE R ~DER L, §8 B L9 TELRLIZZOMONT Y —
DB T DAMO BRI+ THDHEEZLND, )

ER 2= L —3 HEERIZOWT DL  ORIBHINITE) O M BB ATEN AR,
TP B o B MR R~ DRENRE SN TN D(§9.2.1), bo &b — kA —HEME
DHLHFTRIT, EB L OEEHREOREHREDOK T THY | —RITHBROEM S (T
72 ) Th o & bFE LV, ARED “HfLKEICREE L TWOIERR TR, OB
e, & ITIEBhEHEL AL S 2 SRS MEBI R A TRREIR T b A RERE ShTn D,
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MREHADOY 7 T N—TWR 2 I SNTZIEE A EDTr — AT, kEEE~ZRELE
EER., REREORRELZMED L SNOAWMHEOEER, HIWVIFEEEZENRANTH-T-
E¥B T, MREEHEOIK TR S o & BEEL-o TV, b o & bIEJENBIT DO
eIl L C, iR OFRRE Tl B A S0 IAH I OMROMRERHEOIR T, HEEND
REFECTIETIROADBEEHREDIKT, & o & bRERBHD 2 WER CIIEEREIZH LD
RN E WD KO, KISICHAZRARR AL, S I, FREHRARERE ~D
AT, AN, &5 VIEIHERI T, —RICE DI ORE, L ITRMET~D
B OIGRE CBEZEINT, W OO T, BEMEE L7220 > o EEBOMRIR
BHEDKTIL, BELHRBE L TWAEEB LV b HN R o TV, 5T
I TFED 22> T2,

W SN R ~DOFEL, T L ORI AZE L8 EROEREND b
ESFTHNTWD, 2D ORBRClE, iR A K Z T OA (o~ o Ok
EEULHDRBYTHD 2,5-~FH L DA 7 E)BNERET 5O & RO MR LA A
B L OVELZEMENE 2 £ 5 RS 2 WDIIFHOMREEREDO B LK TAA LN
72(§8.2.1), 7 v MZXDEIFOMFETIZ, ZHLRFE~DRERITIHRITE AT A D
RARICEE L, HDWVIINCRIB O T a— L7 2 v EICELE b2 H L2(§8.2.1),

IR A~DEBNBR SN A a— A L—3 L EREOEMNIT. “HbHE & itk
FAAIRFIZZRER L O ey, AFATREZCGEIL Tl RAH RS E I K N IX Zhi bR
DHNRETH D Z EDRINTND, DO TIE, fifbkFEOREITHE L T 6
{ELIRFIRE L 0 13D 0028, HDHZETIE, 7 v b ORERHRE O BB A8 1T,
TR FBRIEIC L o TIRT L7223, Bk SBHEM IR 2, HEREBIZB VT
WALAKFE D “HALIRFEOREEE LA T D 2 Lo Tz, il K 114 mg/m3(AE 2 b S &
D) D " bR FE T R S 72 Spraque-Dawley T v MMIARRFEAEAIE LI AR
7> 72(CIIT, 1983),

THAERBICREBLIEE A a— 2L —3 UEEE DWW O OEF TREKEINRME O B
IZ R DMRBFENBLE SN TN D, DIREASDOEENA LN TN DR (BEZR E)~DEE
ISR REBIZE A ETHDIN, LVRNRFFEOT ST T—E L TREBELZD S
NTWD, BIEMEDREIPEHEN S ®E T, 5 Y 227 RRIX 1.1~4.8 Th 5, HEK
JEBR A TR TZAFZE T, 1ZE A ETEOFHLAE DN, —RICERBOT IS DV
JIZ L > TREBEIZZ I EE N2 < g5 Tz,

SEHE D ATREMED 8 2 R F- % B REAZ AT < O DRI ZE T, hid bR SE ~ DI
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BT, ME RS miER=a L AT e =B X LDL-C © k& fiiE HDL-C D& T %
GLOEROY X7 & ER IS HBRIZILE OB#EMENTEO bivlz, ZH O TH
LR 72 SN b O T, D DOFET, BREOREIZEMRL TV, ZoRIZD
WTHFRERI CW OO FJER B> Te, AFLIZHRICIE, ZhbIRFZRBEOEERICE
T D PROMER L OB O BE 7 EEB O SR BEOHKOWE NS o 70, i
DRREEIZOWTDOIEFERERP 2N L% HRICABEER RV, & 2D WIEFIA
PETH T,

TR R AR L DR BRICE T 2RI L d D WA E AR R o B O LR %
LML, 7y PAORKIIHALRE~OERERYZES —E L UREH 22 b8,
M= L AT v— LB I OMoOmPIEE 2 L& S8, SIEERIC X 2IERA R 2 Bk
XD EVIEWEROBRICL > TESIFINTWD, LEn- T, EFEHETRES
AT BEME T, bR FERE & DIER~DOFE L O EMEIZ OV TIIA R b dH D
FREERESR O K REMR O LR - STV 5,

R BE D TRALIR IR R TR LT D BIEOHERIBORCA 2R T AT TN D
POWERDHN, € FOEFE~DHEREIZ OV TORLNHIETIE— EED b 5T
v, EBREMW) TIX, CHUERF XML T - Ittt d v . i IcEmt e &
FTREORE TIIaRrEL 5,

11.1.2 REBRIE D L N EHERE - REDREEE

FRIRARELH D F & T & D HERE L DFLEE & 0 E B BIR 2 TEFR 5 DITHED
EIARFRETH D, LU D, MR L, ZHULIRSE O~ DB D IEIE
ELTE, HRPRM TH D Z L ICHETRETh D, s, BBEFARE £
ICHEEREL RETAEY L 13820 | (CHALRE TIROERE N EBRICE U5 £ T
BEIIEEI NN L TH D, ISR, ZHULRFE TR, KRR o m ALk
EMAEA T ESE D0, FHENRHRER CTHESINZHEGTH, PR O R Wl

WEEZZ T COLARENRDD Z L Th D, 20 b RKMHRERDOFAEDATREMITK < |
HFARARER TIXE BITEVW DO TH 5, BT 510, MRAEEE DK FONT L7z EERF5E
TIEEEEEME) B RIX, AFREEA~OERZ L0 LT s L, 132208
ODNIHEFERZEERET D, HDHWVIIENORISILTH > T, RO AN L2720
MG, PRHRT T e —FRNMETH D, LN T, BEKGEROREEZHET D
T2 OEEEET, T LR FERBICER U R AR O ORI A B RK T
LEZRIND,
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G LTo b N ORMHRAREEE ORI BT 2 R AR X, E MR B/
TEMNRFIZDE>T—ETHDL EHESN, BARE=4Y 7T —2RNREI LT
% O)THRD THEEILTHY, 13~<31 mg/m3 Th b, EERMIETIE, AELBEMN
RVVREIZOWTHELLTEY, <10~13 mg/m3 Tho7z, M, MiICHE TR
LWV T XD RRIRE T B PEE RSO BEIE IR O IR TR BT,

AFTE DEFTET . ZhLRFE DR & RIS ER T ORI RS
WFFET, ME—HFFE REM D BETE ORHEN R S, ERAIRFESUSEGR D385 v e
T 5 D% Johnson H(1983) DWFFLHETH 5, = HIZ, Johnson ©H(1983)DWFFET A
VIIAFTELMET - LMD TH D, T7HOH ZOMETIE, JIREMDDR D K
<, BRBREIIBEANY TV 7 HOTHSHALNTENTWD 9 2 20 FLL E%E
ELTEY, BRIMNEESHITITIIZO RN & 52 ORI F A BRI AN EEZ 5
iy S BICRMHRSRIERSCHRATEN AT A N 72 EM OISR ~O R ORE S S
ATND,

Johnson & (1983) DWFFEME (T HADNW T, i KR Z T & RIS E~DRE L D
BIRRICHR 3 2N F = — 27 RIEBMOC) 28 BSOS BR O EE & L TR S 717 (Appendix
4)

BT RARA V FEBEROH DN F~v—7 R—ANEH T X 5 &1 (quantal)
T RARA » MCHAET 21213, “BER” SOERMIPLETH L, ZOHAEDR
WIRRRIE, BB L CWRWEMO 5 X=X AL EERIND(FTrbE, 2Ll Fi
WX RE LB o), FERE L TRV Fv—JEIL. BERIGOBE D 227 2 5%
ERDBELERIND, ZHUTHES W2 BMCL0s(BMCos @ 95%CL FIRE) X, HEE
MCV < 20 mg/m3(6.3 ppm). BEE SCV T 31 mg/m3(9.9 ppm) T % (Table A-1, FHEOD
AL Appendix 4 ZR)6, 1 LDL-C fii & —fifbik F 28 & AEICER L TV D2, DO
MAEFZA~DEBOFHLDEL, MRR~DHBEOLAIZ LM R, 2O RRA
MZxt LR S 7z BMC 13BEFE MCV @ BMC X0 @7z, MAEE 100 pg/ms i,
Ho & BREZMEN B OIS EE — EE MCV7—® 20 mg/m3(6.3 ppm) D 5 /3—& % A )L
TRER SV Rk LHEE &4v7c BMCLos (2355 & | mifiiz (24 WfEl/H, 7 HAE)T

6 FEERBEXRBED 1 "= FANVERELLTIy b4 T L L7 BMC HEH %
Appendix 4 @ Table-A-1 |Z/R L7z,

7 [RHFFED NOEL (23S < AR 13 mg/m3 (2 GIVMEE S XD THA I,
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PR L MO IEARE 50BN [E (AR I A TS X 10, AR EEH ON— 2 IR 55
THHN, RONTETFT =Xk D, FEDOHAFIT T HALRE ORI RS P
BV E WD TRIBIZ K o TOMATEN PR E A~ OB O RTREME X 5) A L CTE M S vz,
ARPERTE LV EWZ LITxT 5 S 57 D NEFIAREIT, TRREDR—R Lo EHD
BENEIFICEY) 122 F)Th 5 Z &, BURSHTIC L 2 LS MCV & &R O BRM
BN & SDICHREZHEY 2 =2 —a T 4 T AL DT AT AR 3~8 5 A)BRS
NTND T ENBMERLE SN, TDOIEPDOEEBECEIER E)DTFT —Z N R+5ThbH
2O OARREFARET, BEEEENRBOLNTODAEENE NI ERATLET —Z bR
BINTWNWDIZOBEINhoTz,

AFHRERT — 2 DRI D | b8 Ok A BT OFFAENE T T S RnoTz,
L2 L, Jones-Price ©(1984b)D 7 %% W -if7E T, f/ M EIEHAZLOAEL) ) &
U7 s i M ok 3 2 5P B HE 25 meg/kg (KE/HIX, B ¥ O S F I ERFmEOHF
RORGDBAEL I OMEELZZEIZANT, FEROMBREEH I LA EIE &
FEALRILEEZ LN D,

11.1.8 —MRHEEA~D J X2 DR EHEH]

THLRFEASADOE NORBEEAWET HN—R LT —FITRLNLTND, LrL,
KENDE S 72 2B IR Th 5 aREMEA &\ (Table 1), Bk K OHEEEX, K&~ nuiE
WA T ORETHL, BRHERETH LI FX T, Bt ~O bR FE DR S L7l
D722 & B XOEMHA~D ZFifbRFEERE DD TERIRE(<1 x 1076 ng/g) ThH %
ETHULET NN —=ZMHEEIZONT DT BT 4T U v 7 OfEF (Environment
Canada & Health Canada, 2000)7>5, &z i# L CORRITEHA L TL W E RSz,
W IOV TIE, FEEOBYERCE X ¥ 33 20 A/H) T fifbRE O IAF T
ZEFT D,

THAGIRFE O SRR ORIERE L HE 0 B 5V ERNZEKIEE 0.63 pg/ms
BLOKRKHIEE 0.30 pg/m3(Phillips, 19921253\ TR {ER DO BB HEE S iz,

8 ZONMEMBOEFLELTOT 74N MixT =0 EESNDHEICELEZD
(I AFAIRERE & T — # BAR+4rTh 2 (IPCS, 1994 Z /), 7= & 213, BUbLEWIB &
O D BEEE~DZNENDOHFE IOV TOHFBENP A3 THLH(§7, I HIT,
THALIRFOREH, &< MTEL TR, BRICHEPA SN TE ST, B0 T
T, MO HAR (Rl DN IC K 2 RS E DIR T D72 R 720,
BEPRI B [ HMERRRR R 1072 0 0T W22 E)RA S TOZRWAREMER H D,
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N3 1 HPEIBAT 21 I, B4 T 3 IR 297 (EHD, 1998) L ET 5 &, TWA it
H£0.58 pg/ims ICREBE LTV DH I Lichd, ZOREIL, FROFRRED 1172 Th o,
HF 5 O EFEEWUEE O R PEEIRE T, RS IAFFERER TiE 1.4~6 ng/m3, TH Y |
— 5 HFHEDBERNABHIFETREOIEE T L TP SN S 24 RESEHEE T 14
ng/m3 T -7z, ZAUTFFRRED 1/T~1/T1 DIRETH 5,

11.1.4 FHEEHLEBL MEEE

BT —HICE TR H Z L 2R L7223, A& CICAD T, [EBERHI LRI OBLA
Mob oL bERNHDIERTH D BEORBIONTOT —F ORHEEMITIER Z A1)
7z, CICAD DZFTHEEMF L DORERD U A7 O G HIEIHNTH E 720,

Johnson 5 (1983)DWFFEIL, INFIPHO = KA A > N & (CHifb R E 25 & k0 6 Bk
Wb INTEHEALEDTC) REREFATHE L KEERED - ThY | REHHA
RZHKEDAREMED & HINF-A2 72 VEIC L TEY ., ZORERICIIRE REEIBIT 5,
5T, Z O CHER SN EEREG o b bR EMREEEE DK T, iz
TR E MRV (Johnson 5 [1983] DFFE & [RIARIO ML O i IE 722 PRI FEOFE R, I8 LY
HERBOMELE - & b %Y EEX DNDIENET 2T B ERORRIZ L - THE
FFenTWD, Ll ZOHEERMIFEOZREREL, JEHBIR T REBS AT L
ho ETR— DRSO TWZERHADE AR =2 U U TSN T D2, EARE=4
U > ZIIERE D o T 0 H [, AR RE DIZAO—HIZ O T TNz D Th 5,
E 512, Johnson b DGR L(1983) 35 L OASCE D F#E KU T Tl il 2 OIEERITIE,
Z OWFEOE R DO ZE KR DFEEPRENEID B THNTWD A, TRFRIZ X - TIHE Sz i
EO®MIZ 2HLL EDENRH D Z L3y ir> TS (Egeland et al., 1992),

S B0 D RHEEMT, HEERBCRAE AR OEHE K T) I3 h 3R 45 5 (T < #i R~ D
HEDNW DPKRMEELRIEETH L TH D, LD L, PHARRERORVEIZR T [FAE
DREPE LT TWD AN H 5 (= LT, Hirata 5[199211%, AREEHRAREHR L5
Brh 22X 00 URWREICERSET v M T BREMESRFHREELO O [SOSTHE
RO ZBIE L TV D), L L ZHIERIEFRRIZ EFEMITITMIFE S Ty,

BRI, AFTEDLT —F_X—ZXD[RANG, & AZTHMbIRFE ORI TEN FrY 7S
SNOEEIZONWT, N OFREEENE L TND, B~ _HifbRFEIZ L DO
BATENV ) R A > ME, FEF OB A+ (Hinkova & Tabacova, 1978; Tabacova et
al., 1981, 1983; Lehotzky et al., 1985) Tl kEk(Goldberg et al., 1964a, 1964b; Frantik,
1970; Opacka et al., 1984; Moser et al., 1998)ZLE_T—H L CTIREE TH7Z2 D OEN
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HHNDN, THUTDONTIX, Hx e RRA > hOfkx 7R COA., At 7 A
BEEORE, FERFETOREOARHLEL Vol =X ORANL, HEKIGREE
EHaBONIT A EIXTE RN o7, ZHMLIRBRBEIZ XL DA ~DOREICET 5T
— 2 b RT3 TEDH D, ERA~OEEL, MR TR BRI L TEWRE LA
NN L TWARREEIERH Y | 2D O RIZIRAR S 5 L 1XE 2 b, kiR
ROBIREMEOY] O RFEUTR WA, 2 ORI+ e S TR L BERE R H
FHHIND DI LIZN S DD DH T D, FED AT DN T OwE Y] 22 F 7813 7 Y
T B7ew,

11.2 REE~D B

CRAEHEIRE Y A YT S CERRTIC I SB, LIEA-T, TR AT
BT BHAEADN, bo L bRBEOAEMAHE, ok bEBERTHLERA LS,
PEHIRICIIV KA b A 2T D TREME DS 5 5.

11.2.1 BEL£4£Y

b/, MEREHEEMY . TRHEBIIC BT 2 IR ASHER S, B OBIETY 5
L BBEZHRE A L LTRO BRI Y A TH S,

/B A9 O critical toxicity value(CTV, f/NEMEENL, ~ 7 2D Zfifb iR E W A Z#R

\Z& D 18R] LCso ™ 6.9 x 105 ug/m3 T 5, Z D CTV % FH1E% 100(LCso D5 B4 5
R~ FERED OB RAEA~DIER, TR PEOFER - FEN A ) CHF > 7o e
A E(ENEV) 1% 6.9 x 103 pg/m3 Th 5,
Rk AW O HEE R EEEV)IX 156 ug/m3, H A THOR T T 8 4 fIHlE L7z KA
HERE Ch 5, MHICEME)2E & Z BB M) EOHEE CFl > 7= EEV/ENEV (X
156/(6.9 x 10%) = 0.023 TH 5, ZOPIT 1 KW TH DD, ZhifbiREIL T T ¥ DRtk
EMERICEEREREHE 252 L3 nEEZbNS,

11.2.2 K%£E4£Y

B, IV KEMAR, BEOMBICET OMRPHRE I, 26O
T, bo & BEEERE W E SN AT RN O A4 4 X VY 2 (Daphnia magna) T
b5, KEBFHEY KT REYEOBERBERE TH Y | £ o BHFHEEY)OF HEE)
PRI T 5,
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CTV I% 2.1x103 pg/L, & o & b MEN @OV KA Daphnia magna @ 48 Ik
il LCso Tl %, CTV Z4%% 100(LCso O KW MESZ AR G ~ DML FEBREE ) B BPAN A~ D
S, ORI E T — % 7~ b) (Environment Canada, 1997a) CT&|->7- ENEV X
21 ng/l. T %,

KRAEEDFO EEV 1X 3.9 ng/L(A > & U AT 1981 FFICHIE S Aviz Zhifb k5 O i
BE)THD, “HiAbRFEOBEEE~OPEHIE 1980 ERAFIEN S 2 VD LTEBY, 20
EIXEEREE & X b D, EEVIENEV (X 3.9/21 T0.19 Th D, ZDOFEOMEIL I AT
oY | ZHACRFED T T F ORAEAEYEFICEEERNZ RIZTAREE RN EEZZ b D,

11.2.83 FHEEMDELE

TR DBEA R L OUKAEEM ~ OB L T AFRERRMEFEOT =206,
AERFA~OEIEM 2 PR 2 IMBIII MR FET D, BARM, & <IT/PMRORTL
FUIZHoOWTIE, ERBHYWOWARED, BAOEEOZREORIE L THW LI, KA

BT — &ty MIT LT D7 5 AR HNL S 0 B8R D AL OWFZEAE £ TV D28,
BHFHEE & 5\ VIR ORI 2~ T,

12. ERASERIC L5 2 F TOHME

i SRR RS WHO o —HifbRFEDOKZME T A KT A 0% 24 BTV 100 pg/ms3
Th5(WHO, 2001), T, BERRICEWTHFZENBLEINS1FE 10 mg/m3 &
BZONDHEKEEL, —BREROEZMHEICIEIODENTEIND Z L 2B[E L EE
23100 Z W TCEH ENTZHIETH D, it iRFEDETEHEEE~DZBIE SN T, 15
BHE & LT 20 ng/m3CEEIRER], 30 /) 3R S v7e,
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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) are available on

the Internet at:
www.hc-sc.ge.ca/ehp/ehd/bch/env_contaminants/psap/psap.htm

Unpublished supporting documentation, which presents additional information, is

available upon request from:

Commercial Chemicals Evaluation Branch
Environment Canada

14th Floor, Place Vincent Massey

351 St. Joseph Blvd.

Hull, Quebec

Canada K1A OH3

or

Room 104, Environmental Health Centre
Health Canada

Tunney's Pasture

Ottawa, Ontario

Canada K1A 0L2

Initial drafts of the supporting documentation and Assessment Report for carbon
disulfide were prepared by staff of Health Canada and Environment Canada. Sections
of the supporting documentation and Assessment Report on genotoxicity were
reviewed by D. Blakey (Environmental and Occupational Toxicology Division, Health
Canada). L. Turner and 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 by E. Moran, Chemical
Manufacturers Association, USA; and C. Williams, CRW Consulting Inc.
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In order to address primarily adequacy of coverage, sections of the supporting

documentation pertaining to human health were reviewed externally by:
H. Drexler, Technical University at Aachen

S. Gabos, Alberta Health

D. Graham, Vanderbilt University Medical Center

R. Henrich, Akzo Nobel Chemicals Inc.

W. Valentine, Vanderbilt University Medical Center

M. Vanhoorne, State University of Ghent

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 by
H. Kappus, Humbolt University, as well as at a panel meeting of the following
members, convened by Toxicology Excellence in Risk Assessment (TERA), on 17 May
1999 in Ottawa, Ontario:

R. Bornschein, University of Cincinnati

dJ. Christopher, California Environmental Protection Agency

H. Clewell III, ICF Kaiser International

M. Dourson, TERA

M. Prince, National Institute of Occupational Safety and Health
W. Valentine, Vanderbilt University Medical Center

A draft of the Assessment Report was also made available for a 60-day public comment
period (23 October to 22 December 1999) A summary of the comments and responses is

available on the Internet at:

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

The draft CICAD on carbon disulfide 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:

American Chemistry Council, USA

M. Baril, International Programme on Chemical Safety/

Institut de Recherche en Santé et en Sécurité du Travail, Canada

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

C.D. Carrington, Food and Drug Administration, USA

R. Cary, Health and Safety Executive, United Kingdom

M Cikrt, National Institute of Public Health, Czech Republic

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

H. Drexler, University of Erlangen, Germany

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

Protection Agency, USA

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

Medicine, Germany

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

M. Vanhoorne, Ghent University, Belgium

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

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

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

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

Dr A. Hirose, National Institute of Health Sciences, Tokyo, Japan
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Mr 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

Dr R.J. Golden, ToxLogic LC, Potomac, MD, USA
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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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APPENDIX 4 — CALCULATION OF THE BMC

Since all variables for critical end-points are of a continuous nature, an abnormal
response was considered to be that outside of normal physiological range. This
effectively reduces the continuous end-point to a quantal end-point. The BMC is then
chosen as the concentration at which the risk of an abnormal response is increased by
a specified quantity (Crump, 1995). The mean observed response may then be
modelled as a function of other confounding factors (such as age, weight, and height).
This method of computing BMCs was applied to the data from the study of workers
exposed to carbon disulfide by Johnson et al. (1983).

The original study data® from the population studied by Johnson et al. (1983) were
used to calculate the BMC. The data file contained measurements on 165 exposed and
245 unexposed workers. The measurements consisted of indicators (i.e., response
variables) relating to ischaemic heart disease and the peripheral nervous system as
well as potential confounding information!9. Exposures were represented as either
current job exposures to carbon disulfide in parts per million (ppm), cumulative
exposure in ppm-months, or average exposure (ppm), defined as a worker's cumulative

exposure divided by the duration of exposure.

Following Johnson et al. (1983) and Price et al. (1996), workers were eliminated from
the nervous system analysis if they were diabetic, had excessive alcohol consumption
(>35 units), or had high blood lead levels (>40 ug/dl). These conditions can cause
peripheral neuropathy and therefore potentially mask an exposure-effect relationship.
Following Egeland et al. (1992), workers were eliminated from the blood pressure
analysis if they used antihypertensive drugs, from the fasting glucose analysis if they
used hypoglycaemic drugs, and from the lipoprotein analysis if they used

corticosteroids or lipid-lowering or thyroid medications.

9 The cooperation of the Chemical Manufacturers Association in the provision of
these data is gratefully acknowledged.

10 For ischaemic heart disease: total serum cholesterol, LDL-C, HDL-C, triglyceride,
fasting glucose, systolic and diastolic blood pressure. For peripheral nerve conduction:
maximal MCV, distal latency, and amplitude ratio of the ulnar and peroneal nerves,
and SCV, distal latency, and discrete amplitude ratio of the sural nerve. For
confounders: age, height, weight, race, body mass index, education, current smoking
status, current alcohol consumption, blood lead level, haemoglobin concentration,
pulse rate, and diabetes.
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Stepwise regression was performed to determine which confounding variables
(including the three exposure measures — current, cumulative, and average) could be
used to explain the response variables. For those responses showing a significant

relationship with exposure, BMCs were calculated using the following procedure.

First, the regression was obtained of exposure and all other significant confounders on

the response:

y=8x+vd (1)

where yis the response, dis exposure, xis a vector of confounding variables, and b and
y are parameters estimated in the regression. For the purpose at hand, the response y

is thought of as the mean response as a function of exposure. That is, y= p(d.

Next, the responses were discretized following the method of Crump (1995), modified
to use excess risk rather than additional risk. In this method, it is assumed that a
proportion, F, of the control group will be abnormal. This proportion is chosen to be
small (e.g., 5% or 1%) so that most unexposed individuals will not be abnormal. This is
equivalent to choosing a cut-off level xo, above which a response in the control group
would be considered abnormal. The probability of a response in the unexposed

population being abnormal is described by

P =P{x=x|x~-Nugl,ai=1-¢{x-ul/al=r, {2y

where ® is the normal cumulative density function (i.e., ®(2) is the probability that a
standard normal variable is less than 2), p is the mean response as a function of
exposure, and o is the standard deviation, assumed to be constant for all exposures. As
a consequence, equation 2 indicates that, knowing xo, /b can be calculated from normal
tables, and vice versa. For this analysis, F is specified as either 1% or 5%. Given Fo

(and hence xo), the probability of a response being abnormal at dose dis given by

Pl =P {x=xp[x~N{p0) a)}=1-%{x-ul)fa} (3]

The BMC is computed by setting the excess risk equal to BMR, the specific benchmark

risk level; that is,
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PIBMC) - P(D)
1-P(0)

By solving equation 2 for xo, substituting into equation 3, and then substituting
equations 2 and 3 into 4, it can be shown that solving equation 4 for BMC is equivalent

to solving
L(EBMC)- w(0) = M-o )

for BMC, with

M=o 1-P)-2"1-P, -(1-P,)-BMR]

and p defined by equation 1. This effectively reduces the continuous end-point to a
quantal end-point; the BMCos is chosen as the concentration at which the excess risk of

an abnormal response is 5%.

Note that this argument assumes that larger responses are adverse. Blood pressure is
an example of a case where a larger response is adverse, since higher blood pressure
levels are associated with an increased risk of heart disease. If smaller responses are
more severe, such as with nerve conduction velocities, where slower velocities are
detrimental, a similar argument would hold and equation 5 would be identical, except
that M would be replaced by - M.

The BMC was calculated by substituting equation 1 into 5, with y= u(d) and solving for
BMC. The b ' x terms cancel, and the BMC is given by

EMG=(M-o) /v (6)

Finally, BMCL, the lower bound on the BMC, was obtained using a standard formula
in linear regression for the lower bound on an inverse prediction (i.e., when the
response is known and the exposure is estimated by equation 6). This formula is

presented, for example, in Neter et al. (1989). BMCs computed on the basis of
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cumulative exposures were converted to a daily exposure in ppm by dividing by 12.2

years, which is the average exposure duration of exposed workers in the cohort.

The stepwise regression indicated that, of the nervous system outcomes, maximum
MCYV for the peroneal nerve and SCV for the sural nerve were significantly related to
all three exposure measures. If given the choice, average exposure for peroneal MCV
and cumulative exposure for sural SCV would be selected by the stepwise model.
Average exposure was chosen to model both outcomes, however, since the model
including cumulative exposure fit the sural SCV data nearly as well (22 of 0.166 versus
72 of 0.158 for average exposure), and since average exposure gives a more accurate
estimate of ambient levels for each worker (i.e., the cumulative exposure was divided
by employment duration for each worker, as opposed to dividing the final BMC by the
average employment duration for the entire exposed cohort). Sural distal latency was
significantly related to current exposure; when one large outlier was removed (a value
of 39.1, whereas the median sural distal latency for the cohort was 4.2), however, the
relationship with exposure was no longer significant. As a result, sural distal latency
was not utilized for BMC calculation. Among the risk factors for heart disease, LDL-C

was significantly related to current exposure.

The variables selected for inclusion in the linear regression models by the stepwise
procedure were age, height, race, and average exposure for the maximum MCV of the
peroneal nerve; age, height, weight, and average exposure for the SCV of the sural
nerve; and age, current exposure, weight, and height for LDL-C. For each of peroneal
MCV, sural SCV, and LDL-C, the corresponding contributing variables were input into
the linear regression in equation 1, and the resulting parameter estimates were

obtained.

BMCoss were calculated by applying equation 6 with M equal to either 0.77 for a 1%
adverse response rate or 0.35 for a 5% adverse response rate, o equal to the standard
error, and y equal to the regression coefficient for exposure. For an abnormal response
based on the 5th percentile of the control population (i.e., a 5% adverse response), the
BMCLoss (the lower 95% confidence limits for the BMCoss) were 20 mg/m3 (6.3 ppm) for
peroneal MCV and 31 mg/m3 (9.9 ppm) for sural SCV. (While serum LDL-C was also
significantly associated with exposure to carbon disulfide, it is noted that the weight of
evidence for cardiovascular effects is not as great as for effects on the nervous system,
and the BMC calculated for this end-point was greater than those for the peroneal

MCYV, in any case.) The BMCos point estimates are quite similar to the lower bounds. If
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nerve conduction velocities below the 1st percentile of the unexposed population are
considered abnormal, the estimated BMCoss and BMCLoss are approximately 2-fold
higher than those for a 5% adverse response (Table A-1).

Table A-1: Final BMCgss and BMCLgss for selected outcome variables?

1st/99th percentile abnormal® 5thf95th percentile abnormal

BMCgs BMCLgs BMCys BMCLgs
Outcome {ppm) {ppm) (ppm) {ppm)
Peroneal motor nerve conduction velocity 16.3 14.9 7.6 6.3
Sural sensory nerve conduction velocity 258 237 121 99
Low-density lipoprotein cholesterel 2049 192 9.5 8.1

3 Note that 1 ppm = 3.125 mg/m®.

® An abnermal response was defined on the basis of a low (or, in the case of low-density lipoprotein cholesterol, high) percentile of the end-
point in gquestion in unexposaed workers. For nerve conduction velocities, the 1st and Sth percentiles were used, while the 99th and 95th
percentiles were used for low-density lipoprotein cholesterol. The benchmark concentration was chosen as the concentration at which the risk
of an abnormal response is estimated to be increased by a specified quantity, in this case 5%.

For illustration, peroneal MCV (adjusted for age, height, and race) is plotted against
average exposure to carbon disulfide in Figure A-1. The regression line is also plotted.
There is considerable scatter among the data points, and, while the regression with
exposure to carbon disulfide is significant, it explains a relatively small proportion of
the variability in the data. Average exposure accounts for 5.0% of the total variation in
the data, which is similar to the association with age (8.5%) and height (6.7%) and
greater than that with race (1.1%).
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See Also:
Toxicological Abbreviations
Carbon disulfide (EHC 10, 1979)
Carbon disulfide (ICSC)
Carbon disulfide (PIM 102)
Carbon disulfide (FAO Meeting Report PL/1965/10/2)
Carbon disulfide (FAO/PL:1967/M/11/1)
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