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= B E 5 R M 3 Z(Concise International Chemical Assessment Document)
No.68 Tetrachloroethene(> F 5 7 r a5 )
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http://www.nihs.go.jp/hse/cicad/full/jogen.html % = R

i

1. K

T hZ77vvxs BT 5 ARCICADLF4 > DJFEEHI D& | Toxicology Advice &
Consulting Ltd (2 X > TEE 7z, Nordic Expert Group for Criteria Documentation
of Health Risks from Chemicals & Dutch Expert Committee on Occupational Standards
DI TIERR S 7z it F(de Raat, 2003), 3 X OEED AMIFEEBETARCOIZE 5T 7
rauxT OB AMEOFM TARC, 1995) % ADHEF~DEEIET 51T L A LDHHA
DOEEEIZH, KEBRBERHE)T (USEPA)(2003) DA fR - ME I B3 2 58 B &2 At sk 12
BT 2B OO L LTHW -, BREBEE O B IZHONES U 2 7 pHiiE (R 50)(EU
Risk Assessment Report (Environment)(EC, 2001)2 O EREZHWTIEKR L=, Zh
b OFEE TR STV ST —Z 1%, 20014E(EC, 2001), 19954E(TARC, 1995), 20024
(USEPA, 2003), ¥ L 120024 (de Raat, 2003)IZ B SNz b D ThH D, FEEHERLIRE
(ZAFR ST B SCER 2 FERR T~ 2 72 01S, BHEDA > T A 27— Z ~— X OFEFER) 72 3CHR
BFEA20044E5 A 1T, JREEIO BT L E 2 —OERBEL L AT HIEICHET 514
% Appendix 22, ACICADDO BT L v = —B3 5 §# % Appendix 312777, AXCICAD
(25637200449 A 27T H ~10 A 1 HIZ M A Do~/ A TR S iz o iait 2 B2 (Final
Review Board) CEFEGHMT & L THRET Sz, REBRHNEBSDORHES NN % Appendix 4
(ZRT, HET Y RAA > MTOWTOT — X OfFRICEE T 5 BAED XS L 72D T, CICAD
DERD, 200544 H 25 H ~27 H |2 52 [E Cambridgeshir/l{ Monkswood ¢ i [E| 4 REER LT 78
FT(United Kingdom Centre for Ecology and Hydrology) CBH2#17-WHOFEME B4 TH#
SNz, WHZERSOSHS N % Appendix 512777, ACICADIE2005410H 31 H ~
11H8HIZA > RONagpur CHf#E S 7 i i&atE B CEBEM E U CTRE I, &
K ZB SO RHESINE % Appendix 617777, EEM LW E 22 MG (IPCS)23MER L
127 b7 muxT BT L EBMEEME LM — RACSC 0076) (IPCS, 2000) & A
CICADI|Z#5H¥ 5,

L R ETHH I N DEETEER L OWMEEEIL, Appendix 1 2RI L720),
2 K CICAD DYERCLARE, Hf&hRAY http://ech.jre.it/existing-chemicals TAFE LT
%o BEROFEIIONTIE, AV A FE2ZEOZ L,
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5+ 7mnu=xs (CAS No. 127-18- DT —F VB E2HT 5 B, HE, HEEEOK
KTH D,

T hZ77vvnx7 o0 BEU BLOKEIZE T 2FEMAEEORFTOBMEIZTZNEN 16.4
TR (1994 F)B LN 16 I (1998 ) Th 5, EU BLOKETOAEFERILZ O 10~
20 FERNTKIIIR L 72, BHICHHERGL O KT 4 7 V—=2 7280V, 52D Wb
ke LTSNS, @ROBRICHEHA IS, HAPICKEA~KE S, KEEHO
KEDIEIRTA 7V —=2 TREOFEBHRIZLD LD TH S,

TR/ T FEEOCHBBADLERE LT, KAF TS, RAF
B Y 7 aaTeF, HbKE, —BERE, BLOZBLRFEZEKRT D, KT
ORI L ZE 3~5 » A TH D, KF T, IEEDW - KN E ST DA,
WREMETCEMYM LT RN 7unxssy, Yy Hikvr=1r, =& B
KT U HBAERT D, KEEMIZBONTSIEEAMERT 52 LT, BAOKRKT
ORI L@ 1~2 pg/m3 2 Tl 5, 47 > X OFEE T, B O RfElE 4 pg/m3
T, RKRMEIZFB LZE 50~200 ug/m3 Tho72, RT7A4 7V —=2TJERNEEROEYNT
FRERDRDENEZEZOND, BEKPOT b7 7T CREITEE 1~10 pg/L
Z FEl> TS, HYEFTT < O IR TEIREICR D /RN H D, Bdh, BCEK,
BLOKRD O OFERUAL T L% 0.5~3 nglkg A#E/H TH 5,

ThI77nnxT A%, WADH D WIREARE LWL L > TES RIS, £
D%F HITIEMEMRC M L. D EXIFIE,. M, B, TR o T\, KERIS
BHZDHZENDDH, B FBIOERBMIIRINLIZT N T 7 vuaxT o ORE & R
WCRZEET, DPEZRPREWE LTHEET 5, ~UATIER, 7y FPE MTHARTX

IR SN D, FEARHII N 7o nFRTHY | MERBYIITT 2 v, ¥
suanfiig, =FLrrrsVa—L, Nrzear7eFAT IR, FAD—T I, bR
RRERD D, I TORILOREHG b7 v s P450 )28, b U 7 v afiEOA RIS
ORNLFERK TH D, SEERBECIIZORKIIEML, Z A Z2FF a1
D82 ORIENEEMEZIET, 7 b TlEE b T ACHARTL Y B Z ORKIT
S5(1,2,2- Y 7 mu =)Ly AT A (8[1,2,2-trichlorovinyl]-L-cysteine) D A 5% (2>
RN ZAENRAN TR L Ciila gl L OB EIE G A U RN B D,
MREEE O SOEHFEARIL Z 37 BB L ORI IE AT 5.

M7 7 r7unxT A%, v FRBEXOU RO L TR AR Lz, ®IKITY
P XOIRZEREICH L, ZAXUTEE S BIREIEERE OIRB L OX0EZ R LT-, 52
BRENY) Tl WMAB L ORI L 58w Ry, B FTIEVRERNES A TH 2RV (B



ZoLIFMRED) T F 77 nnuxT o OMIER LR ML, TAXRCRINE . O F v,
W5, WhiREE R, S, TR ORTEE . BB O 2 7% LIz, £ 70~90 mg/kg (K
BEERHER LIzt F CRRORZENRZ LT,

NRINTVWOIMERBEREDORZEIL, FIA 7 ) —= 7BV Y fr=7 X
FEEIZBWT, F4RBIEEETIC, FLELTT haZanxT i, Lo LILOEH
WCHORERBE L TREEOH D N2 ZRRIZL TV D, lx ORBEL VBT 5 HH
X723, EHFERT T 7 nnx T R EITETE K 100 mg/m3 TH D, ZibOFHA
TliX, AR R S L OB~ OB A2 R RN Dhd 5, iR EMEREBR I,
T ZETHIRSRB IR 7 & FPAX AR SR DR AN LR E & W o T3k Em O T — < BA b T,
MR BEOT R COBMERBREIIIBARD D L 1T 2, bot b EL OEHRBRELN
T FRA IR, 1TENV PRI A O TR L~ 83 mg/m3 TREENTRD STz, Bl ~D
IZOWTE DO THEICR LA TIL, FHEE L~V 100 mg/m3 T, JRAIE I L USRER
RO EENRD b, LD OFAE TIIFHEEOI & RFEHLIT R0 > 72,

FEREY ~DOAERTE T, AT, B, PR EERENSRE TH D, v U R
7y AT, 7 h 77 v OB L UESZER &S T,

MM RBE LN L TT F o7 e U RNENAME CHAZ L RT. RS
NIFEL3 B 5, AR I TODHFFRIT AT, BT L~V LOMMOBERI~DO#FEIC
BT 2EMAERNCWD, RIA 7)== TEIIBTDT T 7 unaxT o OJRERE
MIE 1960 AR E V| RIS AL, WEMEDCSS, T 77 nnxT 0% Kk
ATOBRBERIFICW SARRKRT L B2 605D, RIA4 7Y —= Tk ODIEERORA
WERERFR-LEZA, BEBIOFESEANAICERT I EERD LR NRA LI, B
WA DBRIFEAZ RBRT DR S oo, 3IFOMEN, FERTF Y L EOFEHICA
ECERVERFRAELHE L, M2 TEBEOBANCEE L W e itEz®ds Lo, — K
FERZ RS & UTEFI BIFZE T, fBbKOT F 77T U ~ORBNHLET 54
P8 0 dD 2 WNEE 2 D78 AT KT 204571 8 D REILITAE DAL TUL7R0Y,

T T 7 unxT XEREMW) T 0SB AN AR R Uc, RAEW AGBRIX, 2 {4 Tt
HEF344 7 v MZEMBZ, 1 QD 9 B)ThE F344 7 » MIEVEBBIEE 2355 L=,
W AFRER T, B6C3F1 ¥ L1 BDF1 ~ 7 2 O MEME M ATIgAES 2 . BDF1 i~ w7 A IZR
PEN— 2 — RIS 25 U, KERNEG9 25 &, Ml B6C3F1 ~ v A2 M AP IR IR
B LT,

T hT7 7 aaxT % BEEMEICOW TR Y KIFIZAFZE ST b, in vivo T,



Ty hHLZNEIYT AOERMTRAEKRET 2, ~ 7 XM TIEEFR L ehoTe, BT
DERFILT v hRONLAY —TEFR SN -T2, MECKRWNT T 7eanxT X
v ATHEREHE T OEEZEHDZ, 7 v MUIEEBSERREREZFR L 2o 7z, o
T oA TIE, Ty bOBNEDH D WIE T ADNT DNABEA KL Z Shho o, B~
U AT DNA G HRE SN, T 777 3 A nyravya AT
PEMEL M ESE IR R AR LRy o 7o, invitroi B ClE, M@ Z Wb o—A AT vt
A TIRINER % | LA —Hifd YRR ECUh R Y IR S 2 .~ o A ML T2E9%
ERE HDHNMIE Ty b v U ZHiTRES DNA AE(UDS) # 5| i Z 7205
Too BMEDOT v A TIEBMERERNE T TV DR, GO EAM T OFENSIET T
nnTT CARIIHEER in vivo BEFEEZH L TORNI LR IR, WLEMIC
BII57 b7 7unxTr OREWIE, =—ARAT v BEAICBOTEREREZTFHH LT,

BAED L Z A, 7y MCAMWRZ, B~ 7 ACBMEN— 2 — IS 2 555 3 2 571342
IESTWRW, HET v N TG 2. ~ U X TS 4 k3 2 IE R s 23
OALEE TIERO SN TS, T hF 7 unxT o OEREFICET /597 — 21
[RONTEY, 29 LEROONTERARFICETOHERIST —#1X, 7 7 7nr=x
T AT K DDA O HEROSBIFR & 1T EE L2\, W2 FE T 508 U] 70 AT T RERLAS 72
Weh, TR 7nnx T AL o T o WEICEAET 20T F~OREEZ AT 5
AREMEDN B 5 L ftEm STV D,

T N7 mnxT r OWERBELZ T - LEOEFRERMET, AREEDOY 27 L5
TSN LTV D, HIRROWAD I XK IROTE 722 S oA 72 A FHER R (2 OV THs
i HTIIXE RO Th D, Ty b v U A, UFF RS AGE - FEAERERT,
ThI77anx T URRMEEE LS R THE CHRFEEEZ BT 5 2 L2 RET 5,
HHRT v FB IO X258 LB oRER ¢, HAFICHEEN AT OREILITIRED i
o T, 1RO~ T AR FHAENEH & THE ~ 7 A ZFEA ] O #GRLR 271 & W
LTW5, BRONZFEHL, FT v A EREIFFICRE LCOE 7 v B O~T 2D
PRS2 d K OV AR RS AE IS B 1T Do T e B b 2 RIE L T B,

WERBREZIT-ar— T, —BLTAHALNAEFALITHREECTH-TZ, TDOT
W, BELIMEEBEZXMNR L LIAREEICET 2 b THB I 2B TC HiHIZ
bz, FHEFE L~ (83 mg/m3) LOAEC & L CTHR Iz, T ifisEiic
FHY 92 IR (20 mg/m3)ITHR L, AHEZELRE 10 % 2 S5 L (ERZEIC 10, PR AN
NOAEC Tix72< LOAEC TH 572 ? 10),TC ® 0.2 mg/m3 NHEH S 7z, gD 7=,
ARG T 2RBRIC O EU O HEE WL, Db TEREICR AR T, TRk R
#FZE 100 mg/m3 225 TC 1% 0.24 mg/m3 & FH SN2, & OFEITAFRREMEZ KB L e



TC & +r—H LTV, A7 —ZIZ XU, FEtETHReR OB Ic 8L B LIF
TREELVDEETOARI 5, ARMEICKT 2 TCIXEM N2 o7, LML,
0.2 mg/m3 @ TC (TEREM B E R A E LB ZHRET 2 2TIRE LD 3HTLL RN 20,
ZOMETITE MCEMEEE BB IRV Al ST,

& 1B BT 2 AF AR WML, MORIKIC L 5 TDI HHICiIA+5Tho7z, L
DL, MARERZIZT N7 7 a7 ISR S Fu, FIEGEEAH ORI IE &
A ETW2 TDI OFE I PBPK E7 AWz, ZOET AOTHNC L4E,0.047
mg/kg KE/HDOHE L~V TEHEDKFNOERENTZT FT7 7 eex7 0, BERFT b
77 unrx7 0.2 mg/m3 ~OufE R CEEL L7 i iR E iR TEAEAUC) Z i<, 20
BOEZ AL T, TDI 50 pglkg (KENE ST,

T hZ77anxT %, Ty MBI U RAICEMOESEZFR L TW\WDH, BfED L Z
A T LGN > DO BN THER T 285 CTAEL 5 2 & 2T T 2 RET
2, FNWPZITE F~OEEMEZSET H I LILTE RN, LEB-T, RvFv—7
REBMCONESHWHL, BMC & 2 OEHE FIREBMCL) A& EEEIZ DWW THEE I
7o FEREW TBESNDELZO S B, i~ T ZDOfFMlaBES K ORAOFRY 27753
HodlbEm, FBRD X512 0.2 mg/md &HH 472 TC 1X, BMCio & %6 & L TR
SMEICE L2t EEATEY 27 d 0.4 x 103 12HY T 5,

FI—a v N"BIOKEIZBITARIFYHLWVEERNERFTOT NTF7amxT7 URET,
FEAEDEAETTICB N TE 2 TC L0 1L KW, BAEFTFHICBOL T, #igs
NWIZREILTC % FHl5, 7 ho77nvxr U BNMEHINA2@EMN(ELIZRTIA 7 ) —=
Y 7R TiE, TC #M 60 EEIZRENRIE SN TN D, I —r v S3EEICB T 2806
KPR ITER 10 ug/LUAF T, T FF27muxs 1 AERET 0.3 pg/kg AE/H & 74
Do H7pAIT, TDLIL 50 pg/kg KE TH 5, GYHET COM F/KTIREIL 1 mg/L 2 # %
HT ENRDHD,

BEAAMICH LT, bo & HIEW PNEC (3% 10 pg/kg IERETH D, T 0.06
~39ugkg ® PEC LV @&\, T b7 nuxT AIEAEEMICE LW 27 2 KT
FHREMEI LA W SRR S AT, AKAEAEMICHRT LT, BB IRWV PNEC 1351 pg/ Tho 7z,
PEC 1% 0.002~9.1 pg/LL TH 5720, HAEOT N T 7 unxT o gBENKEEMIKIE
FTURAZIFENEE X bz, FEORRNEEICAERT 2EMTHLELN, JEKE Tldk
HAEW PNEC 1% 277 mg/kg, o> & b @V PECIE 57 nglkg EHEHE SN TS, ot
KV PNEC 28 11.2 mg/L, - & 0 PEC 28 16~23 pg/L TH 25 F/ARMLEE TR 5
MAMIZH L TH, T h77aax7 o BNY A7 LRHARREITRVEB 2 b, KA
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FOTF NZ7r7unzT JZERBELICEY TS, U A ZFHIANBEMMIZ TN, bodb
KV PNEC 1% 8.2 ug/m8 K& CTdh - 72, PEC (Xl H 2 OFE & 0 KW A3, & OME (36 pg/m3)
MW7 N7 r7manxy o OfyE - INTHREE THE S, &5 LeSGiT CIEREH B H»
CREMNCER B 525 ) A7 2 MMA DMENDH D L OfmICE 2T,

2. WEORER L UM LR

7 b7 7 v n 7 (Tetrachloroethene)(CAS % 5 127-18-4) XL/ nmnxF L
(perchloroethylene), 7 k7 7 m 15 L (tetrachloroethylene), ¥ X 11,1,2,2-7 k7
7 mnxs (1,1,2,2-tetrachloroethene) & L CHE S, BHAZPERD 5 W IPERC & W
9o AT CCly, FXIENE EIX165.8TH 5, (bHHEE % Figure 112~

Cl Cl

-

Cl Cl

Figure 1: Chemical structure of tetrachloroethene.

FIRTCZ—TNVREAT D, &V, BADKIKTH D, FELRWHA-(LFHIMEE % Table
UIRET,

fth DM IASCE SR L - EE b E L 27— FACSC 0076)IZFE# ST\ 5,

Table 1: Physical and chemical properties of
tetrachloroethens,

Property Value*
Boiling point ("C} at 101.3 kPa 121.2
Vapour pressure (kPa) at 20 °C 19
Water solubility (mg/l) at 25 °C 150
Density (gfcm®) at 20 *C 1.62
Henry's law constant (F-‘a-mz.fmu:ul} at 20 °C 2114
Log Ko 253

* Data listed in source documents (EC, 2001; de Raat, 2003).

11



KEH(Q20°C, 101.3kPa)DT b T 7 uuxT o OEBZEEBIIROEY THD

1 ppm = 6.89 mg/m’
1 mg/m’ = 0.145 ppm

BlLIZE>TT Fo77mruxr RN R a7 vFArul RROKAT NHRLITSS
R 2 0EEICE, KRBEORZER(T I, TRFV R, 7=/ =) enzs,
EEEOREIZLDEINLOREAIZ, 23 =RF T Ls Yy o ro—T)b
[2,3-epoxypropyl isopropyletherl(3 g/kg), 2,6-EA(1,1- P AFINTZF)L-4-AF )N T = ) —
/W)[2,6-bis(1,1-dimethylethyl)-4-methylphenoll(< 0.1 g/kg), 2,4V -7 F /N7 = /) —)b
[2,4-di- tert-butylphenoll(< 0.05 g/kg), 4- A F/LE /LR VU > [4-methylmorpholine] (< 0.1
glkg), VA Y 7 m N7 I ldiisopropylaminel(<0.5 glkg), ¢+ 7 F /T Y U —T )L
[tertbutyl glycidyl ether|(<5 g/kg). BLO¢t7T IV 7 = / —/L[tert-amylphenol] (<20
mg/kg) T 5 (EC, 2001),

AR i£1,1,1- bV 7 v v = % > [1,1,1-trichloroethane] (< 100 mg/kg). i1k i 3E
[carbon tetrachloride] (<50 mg/kg), 7 v 1 % [dichloromethane](<2 mg/kg), LD
HFERBAI(<50 mg/kg)., kU 7 v r=x7 ltrichloroethene] (<50 mg/kg). 3 & OVK(<50
mg/kg) T 5 (EC, 2001),

3. oW
3.1 BET=F).7

JFERHIIIRRICBIT 2T 77 zuuxT U ORERNEFIEC OO TEN S 220k~
LI TWDHD, MOBREEHAIZI T 2 TEIZERN S5 TWRY, ZOWEILFICRAEIZX
S THIE SN, A SN DWEFTTEER & 5V ETenax TH Y | BIE X hifbRFER E
DAEERZ AW DM L o T, BEIIRIENET A TINEWLE A OFE I X > THAE,
BAET D, BAEMIAT A a~ 777 0 (GOIZE > THEISND, WE DR E IR
B L~ A AT M FEICE b, Ml K OVERITKFERA 4 bk (FID)R
FEOIEMINICESWTE Zhbid, W OO FEEZRICERNT S, BENE - &

3 ERR(SDHAL THIEM 23R4 %5 WHO O F#HIfEV, CICAD 2V — X TIERK T O
LB OIRE %3 XTSI ML THRRT 5, JFHECFE RN ST HAL THRR LR
ZOEEFIHT D, FESCHERNAREEN CHRR LERET, OB #1%55(20°C,
101.3 kPa) & W TEMZIT Y, A FII2HiETET 5D,

12



HEWTIEIINEN £ Y v 82948/2965 15 LT IARCA Y v RK12THh 5,

ISO X > N 9486 (E) —IEMRFHEDO A 7 A 121348 R T = — 7 ICBEMA RO KA %
WIS D & AEARRDPIEMERICRAE T 5, it L7 28K A Ul e Al 2 VTS L.
FID % 72 130 ) 22 i i ge A E GC Tt 7%, ZOMIEH LT, 10 LOZERE Y 7Y
YLt EDOT VT nun T UREARRIEENE X ZF1~1000 mg/mS(f’Jo 2~200
ml/m3)DFEIFIHTE S, GC o7 v 7 7avxs v EE—H 25 WIHIFEFR—O
REFRE 2 H T DA NTHTHZERNH LN, GCH T LB T e s 7 A%ﬁ:@ﬁé

RAEGThIUX, TWEi/MNImz 5 (IS0, 1991),

NEN X2 > N 2947/2964 — & HIZT7 b7 r7nanxs o HAZRET HIEMHY VIR N
KIS NI2ODE Y &3 Y AT 5F 2 —7ICRAE Bl S, I HALHREPI R
EA)THAE L, FIDBRH&GH EGCTUIET 5, HIIHAZIHIIAIL2.5~1600 mg/m3 T, R
FRA1E238 pg/m3 T % (Dutch Normalisation Institute, 1999a, 2000a),

NEN X F2948/2965— 7L % Tenax(200 mg) ~DW 52 X - THifk L. FID#:
st X GC~DFEFRMEDE OB A IZ X > THT 5. A 2hEiPH1%£0.02~400
mg/m3 T, MHEARIX0.1 pg/m3TdH 5 (Dutch Normalisation Institute, 1999b, 2000b),

NEN X > ] 2950 —% > 7V EAMEICHE L, AOZ(bZFHHR-> THthrd 5,
A & 12140 ~ 1150 mg/m3 T, ZE1{%%01%25% T & % (Dutch Normalisation
Institute, 1999¢c),

NIOSH X > N 1003% L 03704 — X > > F 3704 [ IR OT N7 7 mnxTr /|
R THD, YTV TETANR T D WITEBEEAZL ST IR, A4
LR PID)fF & R — % 7 VGCE AWTHIET 5, R (LOD)IEK0.07 mg/m3, 0.7
~1700 mg/m3(Zi# T & 5(NIOSH, 1998), £ Y v F10031% & F &2 a7 1biRibk
FT L TR TE 2, BRIETY VR FBIEDOE RN E T = —7 ¢, FIDRHETEGC
ZHAWTHET S, EEHIPHIZ60~13 000 mg/m3, LODIX14 mg/m3, TERREFLOQIE
49 mg/m3C& % (NIOSH, 2003),

IARC %> F 56—, bl T h I 7 unxT o H A EWAET HIEMEY SR A FRE S
7220087 v arERT AT a— Il KRR x il S, I ZhifbRFEWEEES A) T
iiE L, FIDMMHERTEZGCTHET 5, MEREZ AV, EERE BEHEOTDIZ5HE
42, 73 v FLicx L T136~4060 mg/m3 THZ, B2 132750 mg/m3
T21U v bV Th D, BRHBFIIEBRMEIZ L > TR, @ ITAEDEENICH 5
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(MacKenzie Peers, 1985),

IARC X > F 12—Tenax1~2gHREDO N — F U v VI KR Z@BIES, h—FU v
DEMBTF ¥ SN (T, REET A TR=D L, R EEmE T — Y v P
SWH N T v 7, O TRIEGE & 2 IE—T00ONC R SN mERE(EE)GCH 7 AlCik D,
WIZH T BWEEE LR SN T A LIEH LIRS EMSIZ L » CHIE, ©&ET 5, olHE
ENTEE ., GCRFFFFH B LW~ A AT MRHEZ W T A 77 VBN —F Tl
%, MHBRITIEE A EDEE, 12120.1~1.0 pg/m3fLfE TH 5 (Riggin, 1985),

BIA X > F8690— KAV GERGHL G J7 82 A 58T (Berufsgenossenschaftliches
Institut fiir Arbeitssicherheit : BIA)IL, Drageri&tExE (¥ 4 7 B)E L O FIDF & GC% H
WD HEEAFR LTS, BHBEBRIZAA40 LH1.2 mg/m3TH % (Schutz & Coenen,
1989),

K EBERER#ET(USEPA b KT OTFT hF7uuxs o OERICH MR ITE, TO-1,
TO-3. BLO TO-14A%AF L TWA(USEPA, 1999), K[EJ5#Ze 445 (OSHA) X/
EBRBERRT TORANRTEEEENF L TWAH(OSHA, 1999),

3.2 e =2Y v J

HRET=2 ) 7357012, 7 hT77anxT VREITIMR S D W CRlE
SND, FPRPIREIIRKTIRE L FROGIETHESND, 7 F 77 mnxT 37K
RAELERH IC & - T Mk 2 WITMREN SR HEnD, R¥ET FF7nnxT v
(ITenax THE S 4L, GC/MSH 2 W T E M HAECDIF &GC THthrah b, I
MEET O END 2L bdH D~y FAR=RE), BT 727 ma 7 12GC/MS
BB WIIGC/IECDTHT SN D, FRED L D W< DD TIERH D,

IARC X V> F 24— WRHOF N r7anxr  OWEICHERSNLS, K7L
EWiEEI LY 7 AT L, Tenax GC A— RN v z@iEIEs, WELEZT N7 71
nx7 A MEWLAE L, GC/MS~&EG T 5, ZOHEOHRHIRMIL0.33 pg/m3, 5o
FRIEHIPHIL E & L CEOR A & & MSOEE 2 /A4 &5 (Pellizari et al., 1985b ),

NIOSH X > ] 3704— WRHOT7 NT7r7maxT U EET S, Yo7V 7i3h
ANy T D WVITEBEEAZ L > TEZ 20, A o b t#PID)ff & R —& 7 1LGC
ZRAWTHIET %, BHEFA@LOD)IZA0.07 mg/m3, 0.7~700 mg/m3D#iPHIZ#H T& %
(NIOSH, 1998),
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IARC * > F 26— B L OHMTOT 7 7mmx7 AHEICHE L TWD, MK
OEE ., HR%ET T Ve VAR MIERT D ARTEES A FINBIC X - TEIT 5, f1
DA, K TRIRL, Mk &7 CHETRET 5, 7 F 77 rax7 »idTenax GC
J1— KU UTHIE L, IRICINEWET 5 Z & TR, GC/MSIZ L > THoHrd 5, 10 ml @
Mg > 7V Tl B RIS ng/mlTh 5, 5 gDk Y > 7 /Tl MR ITK6 ng/g
DIEHER)CTH 5, EIREIL FIRED 1007%hi# CTd 5 (Pellizari et al., 1985a ),

IARC X F 27— T ho 7 unxs UPEEOREIEICHNS, n~F 4 TR
L, AMEFOT N7 7o T UVREEZGC/ECDTHIET 5, RIS ng/L
Td 5 (Pekari & Aitio, 1985),

DFG X N1 —H7 v 7nexr  BEZHET DO, 7 unb A~

NU 7 ZZAERRT D, MBNC L > THBEEMEZ~ ) 7 A0BR, v~ V72D~
RAR—=2%GC/ECDTHMTT %, MR 1.2 ug/ L TH % (Angerer & Schaller, 1991),

4. B FBEIVBREDORERE

4.1 HARRTOREAR

FEEHIARC, 1995; EC, 200DIZ LXAUE, 7 F 77 vnux7 U HRA TIE., 1A, A

. BLOERKOEE, EMU/NREE 1 BIckos TAKIN EHREIN TS
(Abrahamsson et al., 1994),

4.2 ANAWRAIR

ThIZ7aaz T U ORKIASOBREIZ R T A 7 ) —=0 TREOEBIERIZEL > TAEL D,
FEnich, 7T b7 anxT olER . RN, 7 vt e —R oMb E ERET
HHE TEICRBWT, B I EREEBEEOHFHOHFICB W TRAFIZHH S D &

%2 55 (ATSDR, 1997), 7=, HESCHMFEK~DFEEL Z 2 515 (TRI, 2004),

FE LTIENLDIREORER., S o7 unxT I ka,. HE, sEKk, Ak, K
BL.OBbK. KAEEY . BLOREAEMICH S o TV 5,

4.3 AEERLRAR
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KENZFBWTIE, 7 77 vrxT COFERAEERIZ, 1981 FI2I3K 35 T R Thd
ERFED LTV A, 1990 D X E T2 16.9 7 b i L7=(TARC, 1995), &
HE(ENEEREY T AR~ A T A E) X, 1996 41X 12.6 7 F | 1999 41X 14.3
7 b TH o= (NTP, 2002), 1998 4 A pERIL 16 77 b (H 6 1.81 I k> i) T, 1.36
TR EERALTHNDDOT, MFEEEIX 15.55 7 b2 Th - 7=(HSIA, 1999), 2003 DT
HIFFEEIT 15.3 17 b Toh > 72(NTP, 2002), 2004 FOMFTFEEITH 16.1 7 o & BiED
S, 9 bl ARITK 1.63 77 T, BIC 1.86 J7 b 2 AMEH ST\ S (HSIA, 2005),
EU IZBWTIE, #AEEITFER 10~20 T F > ThH Y| 1994 FOF/EPERIT 164 J7 b
T o 7= (European Chlorinated Solvent Association, personal communication, 1995,
cited in EC, 2001), Euro Chlor 7 =7 %A FD 77 712Xk 5 & HEEIL 1990 FD#] 23
TNt 2004 420 8 77 b v~ LTy % (Euro Chlor, 2005), 1994 4-121% 5.6 J7 k>
23 X 7= (European Chlorinated Solvent Association, personal communication, 1996,
cited in EC, 2001)7-, 1979 FFOFMHEEAFERIT, HI—r v/ 3T5 H~10 7 b, H
AKCTEL5T o Thole, KAV, 77302, A2 V7T, BENI—1 v/ XTOFEEREE
EThHh, ZNHOHEICHTEH—A N T, JEEKGEE, AA A, XV 7 ZAFEO
AEFERIT L W V7o 7-(TARC, 1995; EC, 2001; de Raat, 2003),

BEIX, 7 7 7vnx7 SEB IS RIELKE S 2 WIREFRILRILKFE O A U FEL,
WREROWHEA KB INIZ E > T b o &b —KIZIT e B L U OEFEIB LN 1,2-0 7
0o n X DA F UIRFEIC L o TARE S35 (Brooke et al., 1993),

ThI77unz T U AIBLICRTIA 7 ) == T OEAIE LTCEALSEF A S LT
S A, 1EDITIEEBIEE TR T 2 ZZKMIRIC b S5, it L3I T 2Tk
T, L, BREBR, BURHIIR L LT, BWERIC, o7 o LIRFERIEIC b
S5 (EC, 20015 de Raat, 2003), 19944, 7 hZ7 77 ORI 7 ) —=7T
OIEMIX EU OAPEERD 38% 4D, 3—a v/ XD RTA 7 ) —=0 7FEFIZ L > T
ST BIRBEDH) 90% % 15 TV 7=(EC, 2001), 1998~2000 45, K[EHTX7 F 7/ np=x
T D 50%05, E& LT CFC MDD —xi) 72 E Td % HFC-134a A pER: D HAHY
7Rk E LM &7, HCFC-128 8 X O HCFC-124 ®1EH HFC-125 DA RKIZ B4l
MEn<Tnd, KETE, K742V —=2 7 TOHERAN 21~25%% S, HEEH=T
=T —F 7 U —F ) B X OEENIE COFHAN S BICENTN10% % DTz,
T N7 7 unxT VI EERNOMERRITRR X OWEIT A EREREAL FIRIAA > 7
BEAEAL BN, KA EOEER L LTHEH I TWVWAHHSIA, 1999; NTP, 2001;
HSDB, 2003),
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1990 4, 7 hZ77vun=7 OWREED 53% X K74 27V —=THE&E KT 2
— =V TEHEDK T5% THER SN AT Th -T2, BLE 23%IFFEL LT7 LA #
EOFEHRERE LT, 183%IEE&BIHIC, 11%23Mo iz o H & 7= (Linak et al.,
1992; IARC, 1995).

5. REMOBE - oK

5.1 RE~DKH

KETEMEAESNSGT FT77unxT 0 80~85% N KA~THEND EEhTnd
(ATSDR, 1997)73, BUE D KE TIXELAir ot & BiiHHIC L > TEDR—8 7 —VIHK
X7RVEITHD, RABMHORKHFIRTA 7 ) —=2 TROFERBERICEDZBDOTH
Do IEMTHEBUEE, TV A 0 — R oMb EEORE, B LETOMEH, BIW
i 2 OEIEBTH O FH OFIZ BV TRRPICi 415 & B 2 5115 (ATSDR, 1997), 7 b
ZrunxT 0k, AP OHBEICEEL, B2 6 < EHOITEENRVEERE T
MR STV, ZORE, KETIIA——7 7 > FEEM 252 7ol co—
A 72159 E L 7e > T D | FI-HIFRKE X O FKOIGYME CoH 5 (NTP, 2001;
Aschengrau et al., 2003), 2002 FX[HIZB T 28&E TN 0T v 7 /7 nnxs Vi E
I35 1300 R EHEE SN TWD, ZHUEEE L CTHE TORIRG25 F)dH D\ itk
(400 F )DOREHHTH Y, M EFEIFEIT 45 b &2 HEH Tz, HFRAK~DOFEIEITR 0.36
ko & HEE S 72 (TRI, 2004),

EU Risk Assessment Report @ FFGHHEH 1T (EAAEFMIIA CICAD 5ERBEAR), 7 N7 7
nux7 ORE, FREE LTOEH, R4 27V —= 7O, &RTEHER oAl
M. OO, BLOBEEN OO TERE~OBICE L TREMICERL T0D, =
OOR DT TV ANREBEZLNTEY, RETHY T U A TIE, KRRIA~D &I P
JERCHE L, IREFHEHBUEG CHEE Lz, Z O RFTEEHEo I ixiliE, ks LT
O, FIA4 7V —=27, @REHENZEZT NS, MR U A4 Tl #llkREIx
KRB 1 ]ETY & PR E LT 2 1B S T L E L T, hhofli/Hic
BiF54 EU HEEEO 10%35 JOMN. THERENFIK & 725 EU O—@tEo#EE K &0
10% & & 12, BN EAS e 8F (EU Technical Guidance Document) (ECB, 2003)IZ 1 -
Too REEEkD U AFRGEBRY, . H#S7 TU D S O — PRI K 555 0 Ok
& & AT, Fix QPR G DBRE~DOT F 7 7 nnxF L ootz Table2 & LT
F Lz, ZOFRITTHEREEEE (Predicted Environmental Concentration, PEC)(§11.2)
OFFEIZANLN TN D,
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Table 2: Summary of environmental releases of tetrachloroethene,”

Environmental releases (kg/day)

Continental Regional Local
Scenario Air Water Air Water Air Water
Production and use as a chemical intermediate® 35 0.66 602 D.67 733 0.81
Dry cleaning 110 948 51 28 244 5.6 15.5 0.003
Metal cleaning 31 068 345 3452 38 42 0.48
Landfill 7 397 822
Total 149 448 398 33120 44

* From EC (2001).
® Regicnal and continental releases adjusted to 365 days per year.

5.2 RETHE

F I v 3R R, WAL o TRETICOMAT S, RESITIRETIC
B - BET 5, BELFICHESX, 2L Pa—FEFTAERENT N7 uas o0
F5ZFIMTHD EFHELTHAHEC, 2001),

ThI77vu T IS ESERAWRELGAH O HEREICRET D 2 & 2R T B
HDHMN, WERITZTLS DTN THY, BEIZ 0 ANRWEEA T TR T i
> % WY HIE B 0.0087%) % & 35 L THE T /KA~BURICIR S 2, 1B Al o 27 4 Tid,
T 77 muxF L TR T RABE T S, RLIRWEICHAE T D DI 0.01% (i
T2 EHERF STV D (Zoeteman et al., 1980; Wilson et al., 1981; Schwarzenbach et al.,
1983), 7 b I 7 mnxT DX DRI EA A ML EMOIE T, HESEEOARKES
AERBIOEERMEORBEICELSNND, BRDHEIA T THT M I /unxT
DOWRAEREIT, EHRCAEHRE 80.1%)2 i C. HREMIRE 18.5%) 1 KIKTH -T2
(Grathwohl, 1990),

WEL, AHE L, B— MER RRRIEMEIRD 4 Z A T ORLREARIZ DU T EFH
WIE ST, WAEITRFZEOHII LD B U, RARIIRE (R SE 1%) Cheml3hE
PRIEME IR IR 3 7T4%) T - 7=(Biswas et al., 1992), HES¥t+~OFT T /7 nnox7
Y OWRBEIZET A REERIIM O R TH o7z, WEF TR TOLARHE T, AHKE
GHBEDOE W TRE Th - 7=(Doust & Huang, 1992),

M HHERICBIT 57 T 7 mr T UOKEIK 4.18~68.2 pg/L O THEFHEIRSE /KK AE
R (KolE, 6.5 (24 WifEDIs L0 7.3 (72 WEf) & w4 & 4TV % (Pignatello, 1990), >
R BRI 30 5121, KRR 1 mg/L 5 22% & W Lz, Z 0% 2l EOIEI
RO LI o Tz, E— ME AT 10 5MICKIEE 1 mg/L 725 40% % W% 7% L 7-(Dilling et
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al., 1975), 20 C IZBT D Kee DWEEIT 1.6~2.7 L1E52&23% 5 (Kenaga, 1980;
Mabey et al., 1982; Giger et al., 1983; Friesel et al., 1984; Seip et al., 1986; Abdul et al.,
1987; Lee et al., 1989; Zytner et al., 1989), EU ® U A V7 FHliicBi 57 hF7 /7 vnxs v
DIREME E LT 2.40 (251 Likg) MR- STV A (EC, 2001), =D Koo 7 HV, LLF D43
£%%2 7% EU Technical Guidance Document (ECB, 2003) X ¥ v R&fEH LFHHE S 7= -

Partition coeflicient solid—water in KPsuze 251 kg
suspended matter

Partition coeflicient solid—water in KDgea 12.6 l'kg
sediment

Partition coefficient solid—water in soil  Kp,y, 5.0 l/kg
Soil-water partitioning coefiicient | S—— 7.91 mim’
Suspended matter—water partitioning  Kopwee  7.18 moUm’
coefficient

Sedimeni-water partitioning K o imier 7.08 mm’
coefficient

MEAR~HEHENTZ N T 7 ra T ATR0RICKREA~EHEE L., TOHEEIIKRDORES
FIZLoTRE D, KRENPOLOBETIRGEORWIE EHE L KO & CmE Eﬁén
o B TORNBLOMMMNEBRICL ST b7 7 anxT U ORFERHIL, WIITK
ﬁkkqoa ﬁ@flwaoH&Ef%é@CMDQ1%%EQ2mDOéi?i&mﬁf
DORFBHRBEEMGEHEL AV, 7 N T 7 oo T o O LRI 5~12 A (8H)., 3 W
M~7 BGI). 3.6~4 AGH) & FH5H S 7-z(Lyman et al.,, 1981), 1 mg/L &K H DT b
?7umi%ymﬁ%%ﬁﬁmebtﬁ%f*#ﬁ%if#%~m@mnmm’ﬁé&24
~28 43, 5T LI 15 BT 5 & 90 43 TH - 7= (Dilling et al., 1975), [ U L% H
wt%@&wﬁ&f ZEREIHN X 20~27 43 & JIE S 7= (Dilling, 1977),

KB DRI LR 0.18 pg/em?2 (Wilson et al., 1981), /K25 OZRFE I I R AE
T 3.2 43(Chiou et al., 1980) E #AEINTW5DH, 1 HIZ 48], 28T S IND A V2
ANETINT T 7 b oROMAEMBENRES 521K 183 m3 2 AN Z 7)) TOT ~F 7
0 a7 ORI OREMIX, A 11 B &R Y 25 B, ZH 14 B TH > 7-(Wakeham
et al., 1983),

WL THEDN O OZEIEIT, AQIENE NI L2 b N HHEAOWEREMRNZ L s,
WEBZBND, WE ) D OZEFITERE 0.103 pg/em? L HE STV 5 (Wilson et al.,

1981),

T h7 7o T UIFMATICRE S, KK ORISR 5 aqEENH 0 . /i
OUTICE o THR SN, T ho7uncTr  ORDRIZ L > TERLE Y 7 o afiE
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Bgix, A L= bKkEE & HICHEICERY IAEND RN SH S, b 7 oo lFifgiTm
KT, FEY T F e OFHETHRE SN TWA(EC, 2001),

& 57 M(FUGMOD [OECD workshopl Mackay Level D& HWCEBREF DT v 7 7 1
0T O EFR LI E A KE(99.69%). 7K(0.28%). +3E(0.07%). JEE (<0.01%).
EMFR(<0.01%) TH - 7=, BloET /LEFUGMOD [OECD workshop] Mackay Level III)
TiE, K&(76.39%), /K(23.32%). 158(0.06%). EZE(0.23%)TdH >7-, Level III TF /b
TORMHEHEET 1000 kg/lFTH o 72, 90%NKEIT, 10% B KICHHESND EE 2 BT
(EC, 2001), FARQHMZHTOT FT 7 aoxs o OiEmit EUSESSTHE L=k 512,
IRT D Z L7 91.2% MW KRE A 6.54% 03K~ 2.2% EIR~A LTZ(EC, 2001),

5.3 AMERE

T FZ7 7 muxT o ORAEBWREICKT S BCF @A EIZlB L Z 40~50 Th D, 3.43
pg/L 12 16°CT 21 HM%FR L= 7 Vv—X W (Lepomis macrochirus)® BCF (% 49 TH -7z
(Barrows et al., 1980), =¥~ A(Oncorhynchus mykiss)i% 40 & #1531 CTu % (Neely et
al., 1974), TNLDOF—Z IS &, ATIET M7 unxT O BRAEMERITR
WTHA 9, BCF ® 312 1 KO0 101 M EEMGMEE Heterosigma akashiwo(JHi=E i) 1
X O Skeletonema costatum(E:#g) TENZNHH STV % (Wang et al., 1996),

T hZrmanxT 0L B ) — =Ko ER S (log Kowld 3 B ¥, BRI
WZ EERL TS, #iZxf9 % BCF % EU Technical Guidance Document method (& #t
kit ECB, 2003)I2 k> T 282 LHHEHENTEY ., ZDOfElE EU risk assessment THHH &
nTu5(EC, 2001),

541 A 3

T hZr7run T AIRKF TIHALFRICAER SN S EIERLFREE ST D, K
RPHOT FT7 7T T ORI OOERERFREREILE FaXx o7 Oh L EORIGR
IZL->TiEEZ %, Atkinson (1985)7 Z DI SOV T DOHER LT —HF i~ IRD IR
SO ER RS L

4 EUSES(EU System for the Evaluation of Substances. L W/ 2 A~ A T L)%
B4R, WFFCEES. (bbb FE O - 578 M B L UBRE~O— X172

U 27 %Gl >N EHI T 5 72 O O P E BRI S HE > A 7 5 CTh D, EUSES (13,
BEBIRHIA1T 5 O TR <, FEMARN Y X7 OFHii 2175 Z & 2 FEHAMET 5,

20



kon = 9.64 x 10712 exp(—=1209/T) cm3/Fb/45y ¥

ZHICk Y T=27TK@°OICHBIT 5 kon 1£1.23 % 107 B ecm3/f/55+ L7425,

ERaXRT TP HNEDRISICE DT b7 unnT o ORKTOEEHITB L% 0.43
FEHETE STV A (WMO, 1991), EU Technical Guidance Document(ECB, 2003)(Z X %
ERETE FrXr I U NREIZ X103 Flem? TH D, ZOREZAND & RKIED
PN 8.2 w HGEf 4.6 » A) LHEES D, ZOHEFRINIHHIEN DT 77
0 r =7 OBEIZIEtTh 5 (ECETOC, 1999; EC, 2001),

KEFTCOWEBIRFLEDORIGHN, T hIr7anTF ORIPDEA I =ALL LT 2
ZHICHETHD EBEZXZ LN TWD, £ OO IR E (Nicovich et al., 1996)1% :

kc1=4.0 X 10711 em3/Fb/ 55+

RRHFDOEHRT N DOEBEOREIIAHTH S, £ 1000 53F/lem3 &F 2 B TND
23, Sidebottom & Franklin (1996) DBk Tl xhifiE mh O EEE O E L@ sE B o izir< .,
KR 500 53 f-/lem3 Th 5, HWEZ U HNVET M7 avaxT O ERIT 6~12 »
H G 9~17 » A) EHEE ST 5 ([C11=1000 & %M 500 43 F-/em3)(ECETOC, 1999;
EC, 2001),

D 2 OOWBBREEFES I ETREMNARFMITN 3 » HEBEZ BN TV D MN(ECETOC,
1999). HEEF L ORISEDOT BT 7 v n x5 LA E~DIEHER BBITIT -~ % ) LA,

Class & Ballschmiter(1987)i%, dbB L O EERICBIT AT T/ unxTs UV EELS . A
BB AERN DN E ZATHIE LTz, FHmidb ek < 0.46 #(5~6 » H), M ¥ET0.18
HFQ2 5 H)ThHoT-, ZNEOHFMIHETEOBHEHEER L OV EMICESWTHEH LT,

WHHRE CORMNEMRIC L AT F S/ nn T o OBREHEMIMSELEHSA TN,
L72M o THEBEL S FIIHRB OMORERA =X XZHFEAEEBETIE LN
(ECETOC, 1999; EC, 2001), 4> v (k<3 x 10720 cm3/#/43 F[Atkinson & Carter, 1984] ;
k<2 x 10723 cm3/f0/5y¥-[Franklin, 1994]), W51 (4(03P)=1.6 x 10714 cm3/f/53F-.
KO1D)<5 x 10710 em3/f/45F[Franklin, 1994]). g7 ¥ (k<1 x 10716 cm3/Fb/4F
[Atkinson et al., 1992] ; £<5.2 x 10717 cm3/f/%y ¥ [Franklin, 1994]), X't ku v
FX T O H (k<1 x 10717 cm3/f/ 4y +[Franklin, 199472 &£, K& o ofb%FE & 7
N7 7vuxT UORIEHREENTNDLD, 6O RM7 vt A X(E S 2 MR HEE
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>5~>1500 FF)EE TR EE 2 5TV 5 (Franklin, 1994),

EU URZFHMETIE, B ReXxvBIOERT OO EDORIGEEIZEFH LT 96 HDY:
WAL 7225, 2396 BO¥EHA2AT I RuFdo IV EDRINEEL L TANE
. EUSES #HEICHW S (EC, 2001),

RRFDOT b7 7 vmuxT o ONAFH S RIZET 5 FEBRETORBRICKE N T, BH 7R
M E LTHRRT L L Y 7 aa 7w T, Hbk#E, “mbRE, B0t
RENBO b, W LRSEZ, HhY7oaT7vF L, BLOZ ook bk Ehoy
EHHE &S TWA(ECETOC, 1999), 7 F 77 nuox7 (30 mg/md) & AE v 7 F v N
NTIREEREGTAOERIC 140 pBET 2L BLE T%DT N7 7 nuxT VARG
L. —f#{bR3#00.31 mg/m3), 4 > (0.27 mg/m3), #{k/K#(0.64 mg/m3), LUK ZAF
>(0.49 mg/m3) N ER Sz, LRV 7 a7 F bR S ni=(Gay et al., 1976), X
BRI 7 BB OERDIT, § 70~85% MR A7 8% NIUELRFE TH -
2o WHALRFEOREEIZT T 70T URHEEED LIES < EF Lkt., U RS
FHEA R 7uae T EFALEEZONDPEMENGERIND Z & 23RS 17 (Singh
et al.,, 1975), & RrX v Z N EDORISHTOESM & 5t LT FEBRb D, 2 KD 3k
B, 7 b7 7nuxT OB LZE 10%OHRNEIG L, B I ERIIR AT L (47~52%)
BIOHAL Y 7 0aT7 v F(39~41%)Th > 7=, BRI AT N)FE F CER
ERETHERAN) 7 aa T BT LOARKRENRE LB LK15%), kY 7na 7
TFMIERIRFNT N7 7unxT VA RBET L2 LI Lo TERESND Z EBRES
M7= (Tuazon et al., 1988),

ThIZmuzT O Rax T UHIVEEEINT Ko TER I D WE OFEM 72
FEZHBNWT, B FrX oI Uh AR s L CREELKSEZ FV o 22 [ (FHRHEE 20%)12 12 FF
M7 +727vnx7 (181 mgmd) e Lz, 7 7700 X 100%5 )6 L. Hik
FU 27 mr 7 2F (46 mg/m3, ULE 23.2%), (bR (9.7 mg/m3, Ui 20%), —kMk
7 5(5.9 mg/m3, L& 18%) . A8 2 4 (7.8 mg/m3, L& 7%). 3 L QUL 32 (126 pg/m3,
& 0.07%) % AR LTz, DRIROFBIZST-SOBERIEE —HF LT\, T72bb, &
AT EART O Rex oI U ARMEE{L N Z a7 T LB AT SRR T
WTHY, ST ¥ o N NOERFEFREEN EATHEEHIIBENLVEZIAOND
Kooz, SHRDERTIEZ, WEMKFIZT I 7nunT b EHETIERL,
WAL R 72ma T BFAORGRIZE > TEBRIND Z LRSS, b ) Z7anT
T F L OINUEALRFE~DEET 24 FERRRS 2SO &L 59 0.1% & HEE S u7-(toh et al.,
1994),
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PHERBE D RERE TORBRICIB N TESIZODOPEENEL 2 Z LIFH LN TH D, BRI
WZBEHEMEOH 5B b RAEMWEIL, AR L) Z7eaT BT, BLOMUE( R
FThdH, FAFIT hTFZ7upnzT o~ Raxv I VURIMNCE > TET 5,
TN 7 mu 7B FAET T/ nua T o~OBERFEFIRIM L > TAET, R
RIFEN NV 7 vaT78FLOISRL5BORMBERSND, WHRIFFBRMOI H 22X
IR 2 IR 9 (EC, 2001 ; based on Sidebottom & Franklin, 1996 and Itoh et al.,
1994) :

Chlorine atom addition:
Cl,C=CCly + Cl- — CCLI:CClL,-
CCLCCly- + 0, — CCLCCLO,-

CCLCCLO,- + NO — CCLCCLO-
CCL,CCLO- (85%) — CCL,COCI + Cl-
CCLCCLO- (15%) — COCL+ CCl;- (— COCL)

CCLCOC] + v — Cl- + CCLCO- — €O + CCly- —
— COCl,
CCLCOCI (0.1%) + hy — CCls + CO

WAL Y Zuu T F T b I un T U OTEERRKSTOMERD TH D L SN
TW5b, b MY 7 a7 vF LV idmkafELChY 7ol a AL, M) 7 ook
Rl K& HIEKT % (Reimann et al., 1996), 7 v v FEfRIX% < OFWIZXT L CHEMER H
D, ZDH LN ONEFRERE L THWLNTWS, EREPRTIL, KREOHELNY 7
nu 7T WERRBENERIND EH LD, BEF TIXZORISITED > TL
LHEBZOND, ERETIE, E XTI VB BBOT N7 7 aaxT o diciRk
Bk CHFBERFBAERINDLOT, HEBERINERITE Fu X7 D00 E R
ATE, HRELTUENRNY 7 aa 7 EF/(E LOW CIUELRFB) DINER E L 72D,
Lor L7236, BREEH TIIIEMEIE SRR 1 2 fli#e T & 2 RALKFHE R S 2 < DL FEREDF
ETHOT, ZORKZN L THILNT ST b7 7 avaxT > OFENEREE T TIEIERIZH
WD, ZOZ EITEFRA E N A - EBRTH LM STV A (EC, 2001),

REENOT NF v aaT L OFEMIENTD. REEICAAKET N 7 aaxnT
VOEEITENCRRHEH ORI 1%), BB TIX., T hI7ueuxs ik Rax 5970
NEDKIRZE > TofREnNs, £7-. oMbz 5 52 5% ECETOC, 1999),

5.42 kBB EYHME

5.4.2.1 LY HE
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T hT7 7 unxT ORGSR X DKFTONMITIEFICELS . PIRHITIFIE RS &
HESNTWAECETOC, 1999), T hI 7 mnxs 37 ) —F P h b 5 WIEE TR
S FEEGEULHACERISIC Lo TRKENBBREEND EEXBND, ZNHDOKIRIE, K
B HR O ST Hr L FRIC IV T DA, ZKFEATRE/R RIEFEIC L - THIR S 2% & 5ie
% AIREMEN EVW(ECETOC, 1999), BB AR MO AMES K42 G TECRKIL, 1HEH D
WITEE OFE T CIXEECTH 5 (ECETOC, 1999), b0 7 1t AZBT %5 LW IEH
XY 5 720 (EC, 2001),

5.4.2.2 FF5IELDHE

A X AL OIR G2 190 BEH A v 3 2 _X—3 3 2BV CT(Fogel et al., 1986), &
HUNET v =T LA Nitrosomonas europaea % 5 U 7=4%34 (Vannelli et al., 1990).
T hI7 v T UOGRIIRD LNEhoT, KBIEE D 7T A3, BN NVAES R
bR, F 72X river dieraway study[FRiE : WIIKIZEB T 29EOENZRET 572D
71 a XLAFRBRNTB O CTHRITER D biviero Tz, EHR FLVilRE L river die-away
study IZFB W CIIEL#I Z 21 B & L7z(Mudder, 1982), —WRAH FKH 6 OHERLR & 5
. 20CC 25 B, BEATCA v Fa_X—FLEEERT T, 7 77 auxT (FIHIR
JE 9~T4 ng/L) D3 fRITFED Lo 7= (Bouwer et al., 1981), 7 77 mno=x7 v 10~
30 pg/L EEeiR A &K E NEEME AN Y T—RAHK Z N7z BT 7 A T LI
L CHEH, 2 FRIFREET 22~23C TS E72 L 2 A, HITR D biLkiroT
(Bouwer & McCarty, 1982), {WJII/KOH FK~DRFEF, 7 7 7 aaxT o OnFEITHE
Do oTe, TR LTEIAGE S OHTF KRS 1 FERIChZ VIR, F
L L CTHRSEMET D H D% )3- 72 (Schwarzenbach et al., 1983),

T hZ 7 mu T ARG T CTEHSECH D0, i RME T T A a2 H VTR
B W THRE D 60~90%J# M 31TV 5 (Phelps et al., 1991; Enzien et al., 1994),
THEBELLS T LNy FHNIZH DMEKHEDOKREIC L2 D TH DA, Btk o B
(RIJRERL L 2272 > TV ZRUWEC, 2001), FIE FKIGIEZ#5E L 72 BOD X—ZXD7 J A=
EERWEH 5HEEERRICL > T, 7 77 er7 U R ROBEREHDIERIZ L
oo THENHM ZZ T D RREENH D Z ENREINTZ, 7 N7 7 aaxT (PR
B 5 mg/L)DTERIT 4 RO L= 7 H Z &2 Eh 45%., 54%. 69%., B LU 87% T
Hotz, &V IXHEFR L7 (Tabak et al., 1981),

5.4.2.8 SIS

7 b7 mu T ARETHERIC X o> TGRS 22T 5, SERWIE Y 71
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nx7y, Yrunxzry, Hkv= =7 BIOR=XTHY, Ho b EER
FEC Lo TRRD EMESNTWVD, REBOERTHO SN LBEMM BN EISL, T
FZ oo T UOSMRIL, BEITEENORBEBOFMEF TRO LN, W DMhD A X
VE%E%TF77mu17/%%ﬁ$?%5:kﬁ%#oko&MLE AR TR )
LAULHIEICEE CTh 5D, HEMERER I A ¥ VB X OWBEE TR T ol %, Bl
RO Z DI2IE, 72 2 ITHERE S 2 WIS BE e E OB LG ERNEICLETH H(EC,
2001),

T hZ7r7uvxT rOBETBERS, OB MEERE B X OB MERLIRIGIR 2 FeH L
7o, BRI MR EE HnEL GRS B R T 7 A TR DTV D, IBICIREEIX S 7 A IChib
F U 7 A0Q0 mg/L)EFAESED Z LI X - CTHEFF S, FLEEHE (1 mmol/L) 23 5 - 51K
ELTHWLN, BFT, 20CI2RB W T, 15 mU/BFOF#HTH 7 A& Lz, wH%. 7 k
FrunxToqfk, BEMIC N e Ty csl2-Y 7 nnxs v HibE =L AR
TT AR S, SHICZT T 24 FFHURICE TSh Ty ek T 77
00T T DR L A~DOEWERIT IR 1.5 mg/L TlE 24 KNI 95~98% TdH ~ 7=,
BT LREAE 10CIE NS5 &, UIMoZBENMET Lz, 10C T 2 @M%Ic, Hi
WHIC= X B X T OB S 472 (De Bruin et al., 1992),

T hI77unxT oOETUHESREN, 115 HRNAL Sz 2 ¥ AR TR b7,
115 H~135 HOM, 2 H Z LR L=V T L »> T, HEKRMLEET v 7
T AL, EbE =3 5D 2L =T (K 34D 1), BIOEMED MY 71
DT BRI nT T A0l D RS, 170 Hi%, A X UARIEHEOK TIZ
B LT (A X CAERETHE), 2 BUNIZT b7 7enxT7 37 2 (80%) 8 LW
WAL E = Q0N fESNT W, 7 77T OFRMOBOHE N LY E< 2o
oA, 4 BRICES T AL E = VIIRAERBED<1% TH D Z ENnhoiz
(DiStefano et al., 1991), A%/ —/- BL O KF-AVIREHAMEREIZBWNCT, T 7
suanxT AIEWSIR L, =7 2 (80%) Lk =1(20%), BELEHED NY 7 an
7, YrZunxs il o 7-(DiStefano et al., 1992),

4 FE O EE®R R H A % v 4 B B (Methanosarcria sp. . ethanosarcria mazer .
Methanosarcria acetivorans . Methanothrix sp) . Desulfovibrio desulfuricans .
Clostridium pasteurianium. Clostridium butyricum, ¥ X OWESER v 7 ALl
(Desulfomonile tiedjei; DCB-1)72 & D < DO MM D8R C©. Methanosarcria sp..
Methanosarcria mazei cultures, DCB-1 137 N7/ nux7 &L, M) /rnuaxs

T2 &R gmole, AXVERENRT b7 7 rnaxT ok BESET SR
WERTHY | RFWD OO A X U OERIKTT 5 & 5124 %2 5 (Fathepure et al., 1987;
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Fathepure & Boyd, 1988),

Fathepure & Tiedje(199)1% ., B KM Desulfomonile tiedjei ¥ % & Te & He B 2 F
ER UG LR AEIESOGE 2 35 CIZHERF L, 7 h I 7 me 7 o oEThiEFE IO
WTRRA T, ERREBICEE®RG v H), T EI77unxT a2l L, 7 hx 3~4
FE LIEE &S 72, 7 7 7 m e =7 U O fEFITIRE 0.26~1.0 mg/L Tid 78%~86%
T, fEEHE L TN Zanr B 7 eanT URRO LT,

Freedman & Gosset (1989)i%. 7 b7 7 n =7  OBFRIMED BRI DT R /KL Jifi 3%
DD DA 2 VT~ Tz, AT AR, 35CTT N7 7 mrxT VKR & HER
INZA ¥ a_X— N UELSE, BNT hT7aans o Nz &, Bl >
NEERMVNOROBRE, HTILWEET N T 7 o0 VICES 2 D HE Tk
HIZHEAE L, 6 U H ORI A2 1572, ILIRIOIRRBIL Fe2t A 4 0 DRI L o THERF L 7=,
BYROMBED T N, EMEO N Voo T Bl Zonns oL b bICHE
SNTWD, BBERIIAZ ) — AP E L THO BN GBICOREZ LT L
Woyhole, BHFEI 7 v a X L~OKFEOBNZL, 200 A EIEFEEAZK) 500 f5(2H
mEtiz,

Holliger ©(1993)I3Ht MR E 35 X OMREIERLIRIGIRHOR OBEFREM B 6 . 7 T 7 mm
TF s b CHE S M A B L7, HIEICIIKEDH D WVIT A E TSR L L TSBE
Thote, T hT77vuxT X2 OMEHKOBIEKMIEFE N 7 AP THM L, BH72
IREMIT X o THY | BEMED cis1,2-Y7unxs > M) rnunxiy k=
v, BIOR=T URRBO LN,

Kastner(199D)(X, 7 F 770070 cisl,2-Y7 0 a T o ~Oi thitE R IR
D> B BERUIRRE A~ DEANIIRF T Z 5 2 L ITRU W e, A S A7 B HUEIR & 7 i R e &<
4 F. Bacillus sp.t Desulfotomaculum sp.D 558 O-RMERBEKN G T,
BINIAFRHITEB DA o F 2 _X—2 g VRRITHERIINC R o Te i T A, 7 778
0T L DRNEEZ ST, BRIARED D AFRN R L CII R E o 7o < B bR Do 72,
T 77 mnux T ORI, RITHET DEBECEW D5 b DR DRI K
LR ITTEM O T2 B Lz,

Liang & Grbi-Gali (1993)1X A # W AREE TOT 7 7 vaa =7 OB fRIZONWT, {5
QL@ B LN KEWE 2 VDT~ T, R & B A 5 I 7 naXsar
35CTA ¥ a~— L7z, BICIRIEIX Fe2t A 4 OFFAEIZ Lo THEFRF LT, S fiREY &
LT, NUZmuxs7 v, transl2-v7unxs, BIXOHLE =R 5T,
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M) ZuavexrorBiWesl,2-¥7rux7r N, T h77v0xT7 2 11.5 mgkg &
AOTHEARE LI 7 w0 a X LT, MBEHEIEICE XA 2 RO WS CofgrE
W& L TR btz (Pavlostathis & Zhuang, 1993), X H72 5838 C, {GRTIENSL D A
BRI OT T 7 na T (1 mg/L)OEThERIL, BEGSKCTEY—r, 20
#% AR CHEIBZ D L) B L OBMEE(PHT THRANICHEINDS Z L RENT-(Zhuang &
Pavlostathis, 1995),

WAKBEERET N7 77 2 3umol/L AV A KN LI I 7 v a X A xR
FICA vy Fax—hLmbtZA, Mooz rBlWasl,2-V7 mrxT o ~DOH5
A S 7 B LANIZ5E T L7=(Ninomiya et al., 1994), £REFIFHE 2 B O E T W
B A 2 U ERE A T BZEBWT, T R T/ BT o O 20.5 mg/L 55 4.4 pg/L ~
SR F L72(99.98% ), N zmrxry, Yrvunxry, BLO(EE LOKIL
B = VIS RIEY & LTS S ALz, I b IRFE~OERGIL F L — P —a BRI L o TR
i L7=(Vogel & McCarty, 1985), A ¥ U ApkIMEEs &Y 2 Mkl L 7= e R b HER R 2 3
WC, 7 h77mrx27 (0.2 mg/L)IiE 8 HWHELNIZ(FEL LTI ZrrT X D)FEAIC
4yfiit L 7= (Bouwer & McCarty, 1983), 2 ARDE i 1 7 LA(EFNIZZ N ZF— IR FK & A
SR I L7 & 2 A, 10 MHEOIMEREFREBIZRBIT 27 FF77nmnxT oo
BrEI1L 86% Th o7z, U 7 LOBEEMIMIIZKTAT, 22~23°CT 19 » A TH - 72(Bouwer &
McCarty, 1983),

Suflita 5(1988)1 A % L ARRERMF T & BREBHEE LA TIZB W CTAEY /iR % bl LTz,
ELH05as, 7 M7 7ruxT VFIERE Z SRS ThESR S, ELLTEH
Yomuxry vrnuxrry BROELE = VRERI N, A X CAEREEHOIZ
IMWIRITIELS L Z D Z 0o 72, Gibson & Sewell(1992)1%, FLELHE CEERAYE 72 & i
OB G EROFETICH A e F AN Z D 2 L &R Lz, M) 7T B8RO
VI mux T UNGREEY & L TCHERR SV,

HTFKRKTOT N7 7 muxT rObtKMEE I CESR I TE L B = L OAERKRIZ DR 5 FTHE
PERH Y, i FARFICRH S = /3T b T 7 uu T VS ROMER TRV
EEZEZLND, LLERL, WL ODORERIZ L - TG SZ R X8R S04 T Clke il
BT, BKEDI=T U BLR=Z o ThDHZ R anNTnW5, Nl Jaaxsr il
WL OO ORI G BB CHAL Y = S S D ATREMES B, L35 T
HTFKTT b7 7ouxcT o nbiEfbE =3 ElENnTh, 207t AN EORER
HENTHILE = VORE~EEL TV ED0ERBILT 20X RTRETHD, ZOTrE
AMBEZNHFDLY AZIZHOWT EU OY A7 TR AL b TIEFHE S TWARW(EC,
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2001, 7 b7/ nuxT ORI X HZHEKTO MY 7 o aFEEAERO FTRENEICEI L T,
WS ONDERENRRIFENTND, ZZTHRE LN BIE, 7 h 77 nunxT7 O
FKAKFPLOBLRBRET o AR THY . HICK L I ZEL TS LD
ThD, BRMERECIE, EObEENS N 7ounxT | b=, K&MIZIZTT
VBRI U ERAERT DN THLAREENR b L bENE S TH D, KFDOT b
Zruauaxrronb MY 7 aaFiEOARICET DRI SR ECiEA oL o T
(EC, 2001),

5.5 YLFHIAY v ARE X ORRE~DEE

SREINZBIT 27T N7 7 unxT CORSHEITIRS . $HRE oA ARk 72 6 ONT B
T5 MFEAETY I FEFNIFEEREE LRSS TS, sHREicB T 57 b
ZrmuxT ONARFRA Y VRO AREMER, FOERICEELZZ LN TWVWDL T
> D100 12k LT 1 EHEE ST (Derwent & Jenkin, 1990),

S S RBBICADIZAODLTNOT b T 7 anxT U (KREBHOK 1 %)ite B
0X T UAMIE o THRINDD, — I EZ T A B DTN D EY &
BT D AEENR S D, EBEOREIL, AV &2V SHD CFC RATF VT mrkiL A
(1,1,1- NV 7 mex 2 )R EMOFWEOREL AT, BHLELL5 THD, T b
77 anxT O E BRI OHEEMIL 0.01 I, B TcoT hT /e
0T U RPEM O — A RRBREICA Y . A UHEICERT A 2 ERNBH S, 2 b0t
A DA EEA~OFTFHEICBE LT, &R STV R W(ECETOC, 1999),

JFUEEHEC, 20012 X 2t Tk, BT b7 7 v o CEEMITH 3~5 » H)
DIEVETIHRE DA CARICKRESBAET 2 2 Lidhne B2 b b, KL L
WE~OBOAIIL, FRENS DT h T 7uuxT o OBREICBWTHE D EETIERWN
LEZLND, HEICB AT T aanTroBEMTEL . RBEICAD BT
WV, RRIEE Y UBHEOIZETIE, T I/ nnx T U 3A Y UIEME Th D L EbiL
TWDA, ZORREVEIIMM DAY EME LV 072 0 RV, HEEToT h 7 7 mrnm
TT O RFEMIIR BB A D FREER H D . 2D O BN FRITBER O A4 ks
WETHDH, 7 NT7 7T LR L CRRERBICA S I LRE O i, HUHFRE A
MTHHILGAIH_RTERHETEX LB 2015, T NT7 7 aaxT U RNEDOGREDZIN
LC. BEH#EMH 5 WVIEREIC A Y VI EICET 5 2 L AR T BT — X TR Y7 57
W, &Y UREEICRE T B B EEE L — 7 (WMO, 199D)1X., T F I nnxT U0
CFC(Zmm7ntnuli—ARy), HCFC(k KuZvn 74 ual—Ry), WMEkFE, B
FOLL,1- NV Zaax X o b0 XS o4 UREEY IR A AT E A
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FBAE LW WEEXxT, T o7 7uouxs U THERBREB{LO K= BRI D L i3E
zZ 67 W(EC, 2001),

6. BEFTOEELE MORBRE

6.1 REFOEE

611 X%

M A U 2 7 JliE(EU Risk Assessment Report) 522 Tld. KEEHOMIEMIL 10
pg/m3 LLF T, EEIZIE 1 ug/m3 (EC, 2001)% FEIS HONRE N Ll STV 5 (EC,
2001), KA Y T1988 HFICHEEINT-T v T/ nu=T VREEZFHME L & 2 A, BARD
TIX 0.5~2 pg/m3, FEHTEETIL 2~15 pg/m3 TH - 72 (BUA, 1993), KIE D FEMEW B R Ip &
FRATSDRIC L A Clx, Nv 7 77 7 v RIREIL— R AR X ORI <
X ppt LUL(1 ppt = 6.89 ng/m3) TH 5, #BTHEE, THEHE, 54 JFITE Cld, & ppt
~f& ppb L /L(1 ppb = 6.89 pg/m?3)DOHEIPANTH % (ATSDR, 1997), KEBRFELRHET
(USEPAIC Xk 2 KEIZET 5 BBEHEROEFOET Y 7% 1996 FOHFHRICE SN TE
D BXRKEAEWE T (National Air Toxics Assessment) D —Ei & L TAR SN TV 5,
ZORERIZE D & CKED 95% ORRE TIXRRFIREEIL 0.29 pg/m3 LA T C M1 1.39
ug/m3 T % (USEPA, 2002), kKE 9 &Mk i) iED KA TIE, BEIX 0.2~52
pg/m3, FEEEIL 2~4 ng/m3 TH 5 (IAPCS, 1984),

1989 A A CHITE Stz Ny 7 7T o 2 RIEREE L, AEYER T 0.09 pg/m3, m-ER T 0.02
pg/m3 & % (Koppmann et al., 1993),

F T X OFE T, BIMNRE O T IE 2 pg/m3 & JIE X7z (Lebret et al., 1986), 1987
10 H~19884F 9 I A Z VT D Y RIS D “Ha DA TIrbhiu 7zl &0k
142U T 1 H 24 KefE, @k 10 B > 7 0 120 2B, JIEEERE4H 31 (8],
2 28 ) TlE, RRIGYENLINTITEM LD @02 L8300 0 | SFH R IREIXA
8.70 pg/m3 & HH 4.75 ng/m3(Gilli et al., 1990a), & 5\ \FLH 13.6 ng/m3 & FH# 4.75
pg/m3(Gilli et al., 1990b) Th -7z, BN,/ BIMNREIZIAINIIES L &m<, REKF
BTN 2,15, BEHIIC 1.838 TH - 7=(Gilli et al., 1990a,b),

1966 FED T A EMIIBITDHE=HX VU 7T, IkdlIZ 1 S5 (774 T 7)hbD 2.9
pg/md T, 7Y o THEATOL o B EV 98 RX—T X A VEIL, H—/VA)L—T
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(Karlsruhe)iZ81F % 1.8 pg/m3 Th - 72(UMEG, 1997), KL k2> kv Mo T
WEZ /) VT4 - Uz A 77— L (Nordrhein—-Westfalen)/l ® 1998 H D 7 — X
TiE, B—27{ElT 2.4 ug/m3, FHMEIT 0.5 png/m3 HKifi T - 72(LUA, 1999), Bruckmann
5(1989)1% 1986 4= 4 H~1987 4 4 ATV T A7 D 12 HS TREAEAREL, 2D DJF
WOREFEFBZH SN Lc, AEICEWVIRED 3 #HR, TR0 FELEHDOT R
V—TH(RTA 27 V—=7), SLTH 7 %U\ BRI TS/ N L T3 5 1
SEHI D JEL T RO o Tz, AR O f @B IE 71 pg/m3, #FHIR T 3.5 ng/m3 T
& - 72 (Bruckmann et al., 1989), KA > ® 14 %‘Bm@kmﬁ}ﬁﬁ WZL D&, EHRET 1T~
6.1 pg/m3 T&H - 7=(IPCS, 1984),

T hI7r7nuaxT UARE IR OIT< T, ZHHRMREFRIC 4 BEICH- > TRA
FREZE=4— 17224 KlalkEl2 28 BMERE) L Z A, 1 B IEWEREOFHHEIL 36
pg/m3 CTdH - 7-(EC, 2001),

RA Y Cld, ALZEGFEH T o RY =T T LATHOR T T, EMEYREDZNE
AU 41 pg/m3 & 69 pg/m3 MR H S 7-(IPCS, 1984),

6.1.2 EBENZES

FIUEDBEE 400 WHETIZ, T I/ unn T UREEOTREIT 4 pg/md Tho 7=
D, HETRE Y 49~205 pg/m3 & 1E 52V Tu7=(Lebret et al., 1986),

RIA 7 V== THi DN o LW T, REXIZL2NIIELS Y 95, T2 1
TRIA V== TPTOATN LY 2 N D 6 FE Xl CERERE (YT
100 LA )2 A, T T 7 anxT URET 50~6100 pg/m3 T, FEIfEIT 358~2408
pg/m3 CTho7c, RIA 27 U —=0 Uik DFEBFLL 1 v & EEXKEN ORI
VKT Lo, f&KIKE LT 10~800 ng/m? T - 7= (Schreiber et al., 2002),

6.1.3 BIHA

RAYOEEIKHP T, 7 7 7nm7 JREX 1.3 pg/l @& S7z(Lahl et al,
1981), [FI[E T XV FHilf OEEIK Y > 7V O#fE X, <0.001 pg/L(H > 7 v d 51%), 0.001
~0.5 pg/L(H > 7 d 40%). >0.5 pg/L(H > 7 vdD 9%) T 5 (Bauer, 1991), 7 4 > T
ROY > 7Tk, & 0.05 pg/L I2F Th AT (Reunanen & Kroneld, 1982; Kroneld,
1986), S:[ETIiL, 29 OAESAEN S D 2682 HDO YW 7V 454 HTT T/ mrxTT
DR S, BIHEIRAE 0.1~1 pg/L T, JEHiRE L 12.2 pg/ Th o 70, Mg &
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EEE O L 1372\ (personal communication to United Kingdom Environment Agency
from United Kingdom Drinking Water Inspectorate, 1995, cited in EC, 2001),

PESEFETEMALIRN . fBIK~DF T 7 ma =T U IHERFEE b D, &2 AN, 1960
FRE NS 1980 FARYBNZNT T, v Fa—k v Yl —7 2y RTIE, 1000 km |2
bleoTEAY MEOE=AEITENGT T 7 mr T U KEFIZEH U (AR
BONBEBEI 2D, A7 —HROE=ATIF2AF v 7 BLIOTFT I 7 naxs w3l
INTo), FEE AT TR OAGE PR EE T, IR # Tl 1.60~7.75 mg/L, T - &t &
i3k Tl 1.5~80 pg/L T& - 7-(Demond, 1982; Aschengrau et al., 2003),

6.1.4 HFEKL

RAY T4 TR FATUHE AZVT TTUR AL A HEEH, KEDHIFKG]
JIDKT, 7 hI7munxT U RNHIESN TV D, BT 0.01~168 ug/L T, @ 1% 5 ng/L
Aii T o 72 (Reunanen & Kroneld, 1982; Ahel et al., 1984; Hellmann, 1984; Staples et
al., 1985; Aggazzotti & Predieri, 1986; Kroneld, 1986; Van de Meent et al., 1986;
Marchand et al., 1988; Van der Graff, 1988; Bohlen et al., 1989; Malle, 1990; RIVM,
1993; EC, 2001),

RAY ®RE, AV =—FT 0, TT7U0A0 XUy, HIMEOIRE < 7 A KD 5347 5>
O, 7 h77uavxT URER 3 ug/l & FESD Z &0 L7 > 7 (Hellmann, 1984;
Fytianos et al., 1985; Marchand et al., 1986, 1988; Van de Meent et al., 1986;
Abrahamsson et al., 1989; Hurford et al., 1989; Dawes & Waldock, 1994; England and
Wales National Rivers Authority, personal communication, 1995, cited in EC, 2001),

de Raat (2003)I35 D%t L v = —(e.g. IPCS, 1984; IARC, 1995)Z ZH) L, #E/KH D
R L O EREIXZNEN 0.012 8L 0026 pg/L THDH EBR_TWD, KEFHENDD
MK F OPEFE 1L, 0.0002~0.0008 pg/LL TH D B2 LT D, HIFE KT O ERET,
TR VT T E KB M) TS BTz 0.47 ug/L TH - 72(de Raat, 2003),

KAV, AT F, AL A EEH, KEICBTFLRAKYC7VE, 7 h77vuvxs
% <0.005~0.15 pg/L & A Tz, I LM 00 THh - 7-(Kawamura &

Kaplan, 1983; Atri, 1985; Van de Meent et al., 1986; Czuczwa et al., 1988; Kubin et al.,
1989; Renner et al., 1990),

6.1.5 HiTk
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EU GRMEA) U A7 i L, iTKFOT v I 7unxs VREICRERIEL &N
b5 LML TWD, HUF KT TIHHIFRAT XV REI—MKRAICE <, ZHUIH# TR TR
7ol 2R 72 EOMBENRE 2 50 D50 TRIENThi 584 K LT 5 (EC,
2001), HtF/KHREE 0@ 13 10 pg/L Kliti T & % (Fielding et al., 1981; Trowborst, 1981;
Fahmi, 1984; Aggazzotti & Predieri, 1986; Goodenkauf & Atkinson, 1986; Sagunski et
al., 1987; Heil et al., 1989; Bauer, 1991; England and Wales National Rivers Authority,
personal communication, 1995, cited in EC, 2001723, & 2 {5457 CiX 1300 pg/L &\ -
7o R E NS STV 5 (Leschber et al., 1990),

JFEROREICLDE, I —m1 vy XOMTIKPTHEESNTZT hT /7 rnxT VRE
1% 0.01~46 pg/L T, 47 X OHIF K OimEREIL 22 pg/L Th - 7-(de Raat, 2003),

6.1.6 EEBLOLE

BBV AARCHESRET FT 2 unxs ik, AV T 1~50 pgke i
(Alberti, 1989), K[ET<5 pg/kg M & & T - 7= (Staples et al., 1985), FEEHL, EEH
THERE 4.8 mg/m3 ##75 L TV % (de Raat, 2003),

RA Y TEEINIE HEELQOY T VE, T I 7unxT % 21~4.5 pg/md3 5 A
T 7= (Frank et al., 1989),

6.1.7 kB TFA

EU VAT EAA ME, RAY, ®E, 770 A AL A, KEOET FARFTD,
ThIsunT UREEZRE LTS, RA Y T, Bf/AKFOREZX 0.01~5.9 pg/L
Td % (Bohlen et al., 1989), H&[E TlL, /K H#EITEE 2 pg/L £ TT, KEEIX 144
pug/Ll ToH - 7=(Brown, 1978), KEDOFHA Tl IEIX 5 ug/L Th - 7=(Staples et al.,
1985), AA ADfEEAKY > 7 MIZ1F 0.08~6.4 ng/LOCEHME 0.16~1.0 pg/L)AE 4T
7z(Fahmi, 1984), A7k Tk B IR AKFIRE L 0 IRV, A A ZDFRAETIX, AKFT
1% 15 pg/L. /K Tid 1 pg/L TH - 7= (Fahmi, 1984), 7 7 > A0 X F X & 72 Ml TR
BEn=V o 7V OREL, AKTIE 1.06~23 pg/L. /K Tl ~8.5 ng/lL ©
HU ., BMHBRIIAF SN TV (Marchand et al., 1988, 1989), FEkEHZ L5 &, B 5
TARMFIEORAKICIZT b T 7 aa T 28 6.2 pg/L &£ TV, Ff/kd Cldtk
FALERRTIZIE 3.9 38 X OMLEL# 1213 4.2 pg/LL T& - 7-(de Raat, 2003),
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AR CHE ST F T 7T U ORI, S F SRR G AR
W, @R, AL PR EEE TR, RimAHE, RMPE, BEHELE 51X 2.8
~10 png/L., B HAHR S ELE T 513 7~29 pg/L AL 1322513 508 pg/L T& - 72(DRIRE
Franche Comté, 1996), 7 4 > 7 RO KTA 7 ) —=2 T ¥ENDLOPKFITIE 2.5~
580 000 pg/CG&(TE 2.5 pg/L, BN EHIME 88 ng/L)3 & £ 41T 7= (Finnish Environment
Agency, personal communication, 1996, cited in EC, 2001),

6.1.8 Rd5

De Raat (2003)1Z. B OF T r7unF U EEICETANRE T — 25— EFRIC L
(Table 3 & L TH#z#k), 31Ed L 2 —(PCS, 1984; IARC, 1995; ATSDR, 1997)7)> 5 D&
B LTINS OEIE, BHAEDOREREZ KM L CWRWATEEENRSH 5,

6.2 t FOREE : REM

—ERNT N7 7 unu2 T VICERETDHL - L L EERREKIL, KA TOWRA LK
BoKkZNTHROBIRTH L EBbID, A7 —XIZLb L, REERBRIIZS DAL
(2 & > TEETIEZ2\  (de Raat, 2003),

t FOREEIZEET S EU OU A7 TR A MNIERERICH D, BITOERITIT, 12
YR 7B L OB ARIZHES W, B o 1 BFEREOHEMATH I TWD, “N
I TSR BRBICHESLTF I I/ au T 0O FORBOAL R, YA
F—ADFE WD L 0.43 pnglkg RE/H, TR HARE 70 kg D AT 30 pg/H & HEE
Shs, BESHMERCRIA 27 ) —=0 50 EOBEOERAER TIX, ST 2 HEEMIT

FuE<, ENEN 19 ng/kg/KE/B & 5% 1.67 mg/kg (KE/H TH 5 (EC, 2004),

KETHE, WMARKICE 27 1 BEREIL, REREZ 2.1~17.3 pg/ms, 1 HZEX%
AE% 20m3 LAHE LA, 41~204 pg EHEE SN D, Kb O 1 HEREL, #
£ 0.3~3 pug/L, 1 HAKEIRE 2L L OE F T, 0.6~6 pg EH#EE S5 (ATSDR, 1997),

AL ABELORA Y TR, BEEHO 1 BREREZZNZN 160 ug B L' 8Tug L&
E & 7=(IPCS, 1984),

FT U TETRICEENL T I 7 nnxT VEBENHALN, 12680 KT A 2
V== 75O EOBEOERTIE 5 mg/ms, JEOROERTIE 1 mg/m3 TH - 7=(IPCS,

1984), FAYTlxT ro77nuxr o BIXOMN) 7 oaligof gL MY 7 oo fiEe
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Table 3: Concentration of tetrachloroethene in food products.2

Country Food samples Concentration (ug/kg)
Switzerland Milk and meat products 3-3490
United Kingdom Dairy products 0.3-13

Meat 0.9-5

Margarine 7

Oils 0.01-7

Instant coffee 3

Tea 3

Fruit and vegetables 0.7-2
United Kingdom Olive oil (81 of 98 samples) <10

Olive oil (17 samples) 1-17
Pennsylvania (USA), samples | Tap water 0.0004
from a food processing plant Chinese-style sauce 0.002

Quince jelly 0.0022

Crab apple jelly 0.0025

Grape jelly 0.0016

Chocolate sauce 0.0036
USA 93 of 231 samples 13 (1-124)

Cereals 22 (1-108)

Corn oil 21

Pork and beans 2

Peas 2

Onion rings 5

Fried potatoes 9

Baked goods 12 (3-48)

Peanut butter 3

Pecan nuts 120

Milk chocolate 20

Meat products 13 (1-124)

Baby foods 2.5 (1-5)

Bananas 2

Grapes 1

Avocados 14
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United Kingdom Fish 0.3-11
Fish liver 1-41
Molluscs (dry weight) 4 (1-15)
USA Clams 3
Oysters 10
Germany, supermarket near | Margarine 110
dry cleaning shop Herb butter 7
Butter 21
Flour 25
Corn starch 36
Cheese spread 36
Germany, in dry cleaning Fruit sherbet 2
shop Chocolate-coated ice cream 1330
Chocolate- and nut-coated ice cream 4 450
Ice cream confection 18 750
Germany, in apartment Butter 58 000
above dry cleaning shop

a As presented in source document (de Raat, 2003).

DRFPREN, RT7A4 27V —=2TEiE< OFER 29 AT 1#EBICHT > THlE S, 1
hr v sunx T URBEREA LD, BEREEMORETHH- T, FI9A4 7 —
= ETHWLND 7 U —= 7 ) TlidZe - 7= (Popp et al., 1992),

AZVTORY T, BEMYEERE 30 At 15 A, B 15 NoImigy > 7 vicE £
NTWET b T 7anxs o OV, L8IC 1.33 pg/L, HEHIC 0.46 pg/l, ThH- 7=
(Gilli et al., 1990a) (§ 6.1.1 Z14),

AZVTOETFHICBTLREN, KIA 7V —=VTHAD 30 FFOEE(RT A7V —
=V TIEN DR ERER B D) DR, KT A 7 U —=2 7N 36 ADIRIREHAEREL O fifi
fasi ., b NCBERBE L Z T TR W R T4 7 U —= 0 TR ADFE 34 NDFEAIER
(W) 7, FhIrvanxs VREZRELTND, ZNHOH TR, —
ER(R T A 7 V) == ZIEANDOEEL S OF—HKIZETE)41 A 7L s
2o RIA V== TMADEBICBITST Mo 7unxT UEET, SBRERL R
THEIZEVWMEZ 7~ L= GET Y 265 vs 2 pg/m3, P<0.001), KT A 27 U —= A,
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FiE. SRRWBRE OGS TOT T 7 na =T VR ICREHNE BN b v (4%
SEIE - i 5140, 225, 3 pg/m3, P<0.001) (Aggazzotti et al., 1994),

6.3 t FOREER : BEK

WEENENZ NS, KBV a3 v OF—F FBEORREIM L2NWZ bbb,

T X OREGEBT D ERIEAI O ZFEIRIEN, Dutch Ministry of Social Affairs and
Employment((EEFBENC L > THIE STz, RTIA 7V —= 7 18, &8 EEMET
DY KOWAEIES), B LA 71y MHIRIPTICE T 20T PRI O 225 i
FEIXF N E T 350 mg/ms3, 270 mg/m3, 110 mg/m3 T - 7=(Doorgeest et al., 1986),

KIE [E N7 S5 22 A A TEFTINIOSENC L2 K74 7 U —=27 44 Jigk ORE01977~
1979 %) T, HWERIES O RFERIL 30~1030 mg/m3 Th o7, HFEEOKM LML,
WEAEE . 7 A 7 TN, KV ERGERT, 72 b NS A U v 2 —JE0 T, ZHE 4 150,
23, 21, 21 mg/m3 Tho7o, HED RTA 7V —=2 T7EOREICL D HEFEEIL. KED
FAEICL D O LI L TV Z(ATSDR, 1997),

RI7A4 27V —=27]5TI%, 8 ReINE FEE(TWANRE D fie s 4000 mg/m3 (2725 Z &2
bbH, EETIE, FIA4 27V —=7)5 131 #2125 8 ReHIHIEE 493 @D 5> 5. 90%
PLEA 680 mg/m3 LL T, 50% L4 EAS 200 mg/m3 LA FOREE CTH-72, RAYDRTA 7Y
—= 7 44 BFOFREIZB VT B AROFE RS 5 472 (IPCS, 1984),

T hTrunT UoRRERIE LCTHW O H D80E T3, 104 o 8 B RHIEE O
95 94%7)% 680 mg/m3 A B %, E— 7T 1290 mg/m3 |2 F T L7=(IPCS, 1984),
7. EBREHB IO b TORNERE RSB0 B
7.1 % X

%< OWFFEIC L D & iR/ ZERm iR (Table b FHISNS Lo, T h77nm
0T UIW AR LT ML o TESICWILE 115 (Stewart et al.,, 1961b, 19703

Fernandez et al., 1976; Hake & Stewart, 1977; Monster et al., 1979, 1983; Benoit et al.,
1985; Opdam & Smolders, 1986, 1987; Pezzagno et al., 1988), 500 & %\ Z 990 mg/m3
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Table 4: Bloodiair, tissuefair, and tissue/blood human
partition coefficients for tetrachloroethene *

Blood/air and tissue/air Tissueblood partition
partition coefficient coefficient
Blood/air 12
Fat/air 1450 Fat'blood 125
Kidney/zir 58 Kidneybiood 5
Muscle/ar 70 Muscleblood g
Liverair 81 Liverblood 5

" From Gearhart et al_ (1883).

~DFEFE T, BKEWIN R T RFERARZ1E 90% 28 2 . i 8 B2 I8 50% IR T
L 7-(Monster et al., 1979), 340~630 mg/m3 |25 L7~ B IR E TlT, WILRIT 78
~93% T& - 7= (Benoit et al., 1985),

340 mg/m3|Z 3 FE%%EE L7=7 v b TWINER 50% 234 X7z (Dallas et al., 1994a),
WA LT v PRI U RICEBIT D BHEEOEINEES, R, 7—0 A%, <0l
MBEZEIIRINEND Z & &2 L T 5 (Pegg et al., 1979; Schumann et al., 1980,
1982), 7 v b % 3320 mg/m? (T 4 FFH L R&EE L7k, MAIcRHEhiT bI7mnx
7 1% 26 mg/L T - 7= (Frantik et al., 1998),

b b TORBRIUCET 57— X IZR O TV 5, AFREEERE 6 ASEIRE(HEAE 27 cm?)
T N7/ vuxT R 8 FERE LT RER, TFEERIGET 1 43I 0.68 mg/em?
Td - 7= (Kezic et al., 2001), FI L OH(BED 1 B ORIEIL. 850 mg/m3 ~0D 8 BEfE Dk
ANBBITHY T 5 LHEIND, 5 NOBBREDBIE 1 A% 7 hT7 7 mrxT 12 40 47
BT ARG IR & PP OYT b T 7 oo BRI, BERKTHE 10 45N
E— 7 2.1 mg/m3 2L, 5 FFH#IZ 1.4 mg/m3 ~E o< Y LUK F L7=(Stewart &
Dodd, 1964), 2 AOWBRENH F2T b T 7 nnxT C 5 43R L= (W ARSIk ) &
A, BHBELOMPPREITIR LB CIHR Z 20> 7Bk 0 IZ2MIcm <, 2 REF RIS
THETHELT 2 Z &< BP0 RIS D 2 L AR Sz (Aitio et
al., 1984), 7EX & ClL, MRERINDEFRINL L D IXHCHEIC /R D, 3 NOHRE
2% 4000 mg/m3 T 3.5 RFER AN DA ZFE S LD & | Fi< 50 FEHIT 48 mg AR HIZHE
Mt X 4172, 4000 mg/m3 ~0 3.5 KEfH DR HIF L ORKIERI QIR G REDOGE . 4.2 g I
AHPICHRtt SN2 Th A D LHEE Sh, MK L - THRE SN D HBRE I L 2 2RI E
DEEE 9% NWARIKIZ L 5 THA S LRk S i (Rithimaki & Pfiffli, 1978),

0.5 mLDO7 77 nuxs 2~ ADOKE 2.9 ecm?2)IZ 15 oA Lz s 2 A,
AN EIL 177 pg 12725 EHEE S, 9 B 173 pg BRI &Nz, 2D Z Lk,
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WU ZR 13 24.4 nmol/em?2/53 T 5 &5 2 B 5 (Tsuruta, 1975), in vitro WU IZ X 2% 22
WeEbh, fittT v NEE~DOFT FF 7 nuxF O T 0.067 nmol/em?2/4y A3 5 H
7= (Tsuruta, 1977),

RAERLZZE N TOWRIICET 2 &7 —Z I3RS, LirL, 77 7nmn
TT U EBROTERLEAOLEFH M 2O NP B LRy OT VT 7anxr &%
DR DI EIL., KWEDR e NOFBBENPOESICRINEINLZ EEZRBLTND
(Koppel et al., 1985; ATSDR, 1997),

BYERICLDE, T I U IROBERICEENSDZEICRININD
(Daniel, 1963; Pegg et al., 1979; Frantz & Watanabe, 1983; Mitoma et al., 1985;
Clement International Corporation, 1990; ATSDR, 1997).

RAEWRANZTE L=t N Tk, BB ik AR m (Table 4) 2 &6 FPRIS LD K
2. T Iz uunT SIENMMICER T 2EM A H 5, BREAIEERZE A 700 mg/m3
\Z1H 7THRMEEZELZHBRT, KT 7 M7 7mn=T7 VREIX S AMAEDIZH> N 1 H
BT EEETRT LV EROEAED LN TEY . ZHud 1 A28 TR X
Vit ShieT F 7 7T URERHICHRt S e b Th o7z, BRI 7
7anuaxT 0% 10 HEOMESHFIZKA L LT 7 mg/md Ll ETHEE S, EEE /R TREHLT
& % (Stewart et al., 1970), FREFEEEILH] OIS CHERD 51T 5(Guberan &
Fernandez, 1974; Fernandez et al., 1976; Monster et al., 1979), FHIEHIZR R AN BFE%Z Db
MEFEDSIHTICI N T, i, B, AT, o7 b7 7 me 7 AL 30~240 mglkg
T - 7= (Lukaszewski, 1979; Levine et al., 1981),

BEHEF# L7=7 F T 7 nunxs 2 1400 mg/m3 127 » b % 1 H 6 K], 4 H B AZ5E
Liz& 2 A, atteixE & UTiRI(E ICBAEBIEIN IR bz, #d S RE,
PR TN, MK, /ML Bl T2 ALE AL 4495, 161, 143, 92, 74, 31 nmol/g
Td - 7-(Savolainen et al., 1977), JEIi~D Z OZREIL., EVMCHER, EREICS 13K
REE, EEWIEE /Mg RG-SR Th D L Bbn b (8§ 7.4 BR), EiT
Fo77mux7 o 70mgmdllTy he~v U A% 6 RMBATRLIZE A, I— AL T2 K
I IR EIUERE D 8% 2 G AT, Lv L, = T ATIHAFZ 37 B L OfEAEN X
HMCE < (Rm 92 (5 £ 0), RENT PR EThHo7=DITxt L, 7 v FOPEtiTEIC
FFRIZE DD ThoTe, Thit, v~V RICBITF2BILREN T 0IEN L 2R L
TV 5 (Schumann et al., 1980), #ERT »~ k% 1500 mg/m3 (2 8 W ABFET 5 &
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Rk, AP, FARTOFEHT S 7 nnxoT U BEITB L% 8, 12, 6 “u/ml” Th
72, 8500 mg/m3 ~DFEFEDLGEITIT, TNENDREITL L% 86, 25, 18 “ul/ml” T
& o712 (Szakmary et al., 1997), ik~ 7 A% UWC-HE#RT F 7 7 v 7 12 10 40/
WAZTE LTcth, RHROERIEN. B, SRl ik, 7o & ONCHTIR. Bk, fiZe ERERA
BAF7elges Cid, mWBIRBEOBUAZ N 4 BTz, FEFMECRZE(LIAR) I K OFEFE T M (G
PRI & BT, IR X ORI, & <ICHFIf & MRz Bl U, BfF T o5 i
SHEEIE, XHET 2 KRR & RTINS | 245 4 % & T sz no iz,
FEHEF MRS RRIL A R T — 27T Le, #BR 11 A B 02 # %, FED OBFIK oMk
R CHOREIRE N R oo, BT v N EATNR 17 B TR L25E . BRI tho
oL VI ST, FAKRFOF NI 7 uu=T o EmE I RHA T EED 6~14% Th o7,
TG (N Y 7 o o EEER) ORI, RHMARMAE, K. BRF T 4 RRIREAICE — 2 2o
7-(Ghantous et al., 1986),

KERBEINTZE NOGMAICET 2R —XITRY 60N, T 7 7urxsr v
IR D 2 WIIFER A~ D R JE Z 5% O o liits i (Table 4)72 5 VIR FOT vF 7 nexs
VIRE ORI Z2EORIL. B CoOMMER % R T 5 (Stewart and Dodd, 1964;
Riihimaéki et al., 1978),

R & iR LT EBREMW) CONAICEET BT — Z L RO o TR0,

RORBELI-E b TOODMIZET 2T —ZIZHO0 > TR0,

1% %\ 500 me/kg (RE/H OE#T 7 7 muxs ol oL@ o7 —7 1
&) LTy b T, HEEOZNEN 3.3 B LV 1.2%08 72 R0 — I AN THiH
ST, AR TN, AFIE. BT 2IREIFEEL L Tuweay, 500 mg/kg KET
DOREMTIREN S - & b Eh o 7= (Pegg et al.,, 1979), Marth (198X O B&FBH DO~ 7 A
WZBITL7 7 7muxT 0 2 DOEFEEEELA LN L, & LIZMRFON A =7 2
7 v N XD IENRRA~OETH D, F 2 TR MERAIER D U VIEE~DOWFE T, Rl
EROMagItEDTUlE & BHIMEEIC S b, T T 7 unx T U EAN LIz 2 b OfifEkT
Fix, g CERB SN, fMRE L TCIDBEHICT N7/ anxr URERTHZ LI b,
Dallas ©(1994b)i%, I Sprague-Dawley 7 » b X OV E— 7 /L RIZ 10 mg/kg (K % 7
W%, SEXERBERTCT NI/ nun T UEEOKRRIKEEERTFT L, 4 XiT
7w MIHEASTHEET B LT ORI ARV, PR adxT 0y 737 A—=2|28
7 2 FEA(Table 5 Zf)IX. 7 v N OMSUT R & REA G EICHSZ &I TRbh D 2 &
IZEkdEEZXDND,
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Table 3: Toxicokinetic parameters in rat and dog after a single oral gavage tetrachloroethene treatment

with 10 mgikg body weight.

Tissue AL {pg-miniml} Half-time {min} Coraa (2igl Traas {mim}
Dog

Liver 1651 244 [i] B0
Fidney 1606 1572 ] &0
Fat 05 B38 484 43 720
Heart 1842 1775 G 60
Lung 1001 2280 2 B0
Muscie 1007 1825 3 &0
Brain 3238 4341 11 &0
Bilood TBZ 365 2 Bl
Rlat

Liver 1672 m 12 10
Fidney 1087 305 3] 10
Fat 40064 385 36 360
Heart BDE 306 a 15
Lung 627 M2 2 B0
Muscie TEE 30 2 &0
Brain 1377 a7 5 15
Bilood 332 34 1 15

G = Migeiimiem concentration; To.. = time at which the maxmum concentration is reached

H BB E COMRIL, WIS 7=T N T 7 v a7 DO RE57(98~99%) 13 B ia ik I
(ZBIMR 72 < PRI R A LR THE S 2 2 & & 77 77 (Stewart et al,, 1961b, 1970;
Stewart & Dodd, 1964; Guberan & Fernandez, 1974; Fernandez et al., 1976; Hake &
Stewart, 1977; Rithimaki & Pfaffli, 1978; Monster, 1979; Monster et al., 1979; Benoit et
al., 1985; Pezzagno et al., 1988), b hifidds X OURFICHE IZHHE S D EERHEDIT R Y
7 v v {EfEg(trichloroacetic acid) T& % (Ikeda et al., 1972; Fernandez et al., 1976; Ikeda,
1977; Monster et al., 1979, 1983; Ziglio et al., 1985; Monster, 1986; Skender et al., 1991;
Popp et al., 1992), L722L., RV Zmnufifgcsxb@&LrEksien, & x1E, F
TA 2V == TIBABLIOWHIN TE DT 7 7 vux7 340 mg/m3 ~D 8 Wr[H &iE
TIE MY 7l U TORTHEIT 2% AR5 TdH Y | 700 mg/m3 ~D MK g Tlddk
WZS ¥ DTN L X 72 (Ohtsuki et al., 1983), 61~260 mg/m3 1Z#FE L1=T » N U —{E¥E
T, RPN Y 7 m o BRI S e o 7oy, (EEZ 305 TT T 7 rr T LR
IE4R(1.4~69 mg/m3) 5 L UMK (0.4~3.1 mg/DH T E4v7- (Lauwerys et al. 1983), K
AYD YD RTA 27 ) —= 7 IEEDORER 29 Nkt 16 A, HPE 13 N, Fii 6~76
B ERRT A7) —= 7JEOE¥XB 12 AC T b7 7 avxT7 URERS LOYRYF b
U7 v alBREN, BbiZ 1 #lilicblzsTlliEsN, RKRFT FF77anxT7 L RE
T AFEBISKT D FA Y OAYFRIEFAIRE(Q mg/L k) 2R 29 Af 2 AT LEE-72
A pIcixEs 1#EMICHEY), MFT N T r7aexT REAZEAT 200, BER
VMORETHY, JED7 ) —= 7 TERroTc, RIA 27U —= 7N 12 AH 5
ANDMFT N T 7 vanaxT AREE RA Y OEWFRIRFRRE 1 mg/L k% EEY | A
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T2 0 OETH - 7-(Popp et al., 1992),

ThI77uun T SIREBEINZE FORFIZIE, P 7 e aFERIINATRY 7 rm
T % / —U(trichloroethano) D 3 HE SN TWHR, 2O MY Zarxd ) —/Lid b
Jrzuuxr o ORFNGELCTZEZEZOND(GT NI /Tl Ny sz T L
FRFICIERB L2 L, HAWNIT F S/ nnasF formE L) Z7ooxs
YT A EonTRNCER L, T T 7 erT o OREN D TIERYY), Tkeda
519721, 7 T/ ru T L 140~480 mg/m3 ([ZH#FE LI-EEBORPIZ N Y 7 o o
el N snuox¥ ) —LaEUETHRE LN, &FE% 1400~2800 mg/m3 ([ZHIN L
TR b 7wmux s ) — /M) 7 uaFEoOls 2:3 ([Zho7, tOWIEE L
(Monster et al., 1983; Monster, 1986){3X7 7 7 nu =7 U ZREEER T, mHIZhY 2
oo FEg, RPN 7eaFigl N ooy ) — xR L, TR rpeS
YIZEEND N s mu T SRENSDERS T, SERIIN) e T o DE )R
Th77vnzT X0 EL0ICEWN(T5% vs 2%)72D, JRFP MY ZuaxX ) — ) LRE
D3 ATEE & 72 5 (Monster, 1979), Meuling & Ebens (1986)72%, 7 R U —{EEB DR
IhVsZmuxZ ) = APEET L8 E, TR RO ELTO Y
/manx T AlHLHELTEDIL, ZORD~DRBENHEEI NS LE N /T
YINHbD MY runxZ ) — )L DOERRICET D LERT — 2 ITESNWTW e, A Z U T O
17 CHEIKB L OERFTORERREREEDO M) Juonxr BT N7 7uvnxT
SRR LA 141 AT, P ZualfREBLO N Juna ) — Lo miE - R
R a7z A, MV Znafig(h) Zeunxr &7 NI 7manxT B
H3E 3 2 R O M PIREIIBEI SR ShREOHBENICH 7223, 7 7 7nr=x
TUoORBHMELTO M) 7 ooz T OGO EAWITOWTIEEER 234 U 7= (Ziglio et
al., 1985), M7 b7 7 nno =7 L DRA 340 mg/m3 % 6 B A L7-9BrE cix, ~VU 72

nnrxT X ) — LI S hy o 72 (Berode et al., 1990)225 Toh 5,

e BT % 52T I et ©F A = —F /L (thicether) DI N KT 2 DI1X, 7 v 7 /7 rne=x
TUMBELDLEZRFY RETNVZTF A OREITERNT D, Lo, T4V VTHRE
5l & Z b A ~D 2T L PR T X 72 (LaFuente & Mallol, 1986), = 77 o
TT7 2 340 mg/m3 \ZISERICRE LI NI A7 U —= 7T 4 AL B 452 2 AL 1
H 8 RfHIAY 2 N)DIRY > Tz @I HOPD Lk 0 ICEE&aiaft&E A7 a~ v 7
77 4 —(GCMS) THHT LIzfER., MU s vuufiig, NJruwexy /) —L NTEFIL
-8(1,2,2- 8 U 7 v v BE=1)-L-v AT A > (N-acetyl-S[1,2,2-trichlorovinyl]-L cysteine)
MR STz, BEAAWOIEEILRT 2 & D 1000 53D 1 LLFTHh-7-(2.2~14.6 pmol/mg
J V7 F = vs13.5~65nmol/mg 7/ LT F =), N snnufifgt h) /ooy /) —
VORI EIC ER L, N7 EFA-8(1,22-h) Z7ua =)Ly AT A D
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RT3 o7, L LA 6 1 HEhds 2y 4 BpfE 2D 8 RERNCHIINT 5 &
LM ER Lz, M) 7ol M) Zunxy ) —LRERBERADOI B 2 ADJR
hCHRHENT, o 2 ATIiE, M7z ) —A0LREEREPREYE L TR
N, B RTO NTEFA-§1,22- ) 7aa b =)L)L-> A7 A LT v k&
5LV ETHD LITVRNT, T NETF A ARAFEDEMIEMESOSA e S TEEIL, 7 F 7
smauTT OB ERBRICBE SN LIBEDOEHEMII DLW EELZRLTWVND
(Birner et al., 1996),

FEBREM LB LT FT77enx X r0ige A2 REKRTHERT 28, AHHHEIX
FEIZ L > TR D, BIERB OIS o RV E~OFEEETREND LOIZ, T T2
nr =X ONREIT~ T A TR MO L 0 ILDMIEE TH 5 (Schumann et al.,
1980), 70 mg/m3 ~® 6 FEOW AZEFE T, 7~ M 10.5 umol/kg IF ¥ > NV B %, ~ 7

A% 89.5 umol/kg Jif # > 37 "B % i L 7-(Stott & Watanabe, 1982), t b & [Alfk, 5Bk
YO ETERFWIEI N 7 e R ChD, v o Uglxalic acid), ¥ 7 1 v fElE
(dichloroacetic acid), =F L > 7 U 22—/ lL(ethylene glycol). ~rUVZvu7tEF LTI K
(trichloroacetyl amide), h VUV 27 mvu 7k F L7 I /X / — ) (trichloroacetyl-
aminoethanol), 4 =—7 /L(thioether), —f&#{k/%E (carbon dioxide)7s &', #EIHY
DB OS> T D, FENIFAEEHIFLH S LTV 5 (de Raat, 2003),

Volkel 5(1998)i%, 7 7/ mr=7 %R ALET Y hBEXOE F T, MU 7o afE
iz, Y/ uulig, N7 EF-S5(1,2,2-hU 7 au =)L) Lo AT A VR HERFIC
PE S5 2 & s Li-, w6 A(25~38 DMt 3 A, 38~T72 DB 3 M\)ix
BRBET ¥ L NNTT h 77 rrx7 2 69, 140, 280 mg/m3 |2 6 R & L7, Wistar
7 v bOHERES 3 PD)1d2&=, F ¥ > /SN Tl 2800 mg/m3 £ TOT 77 unx7 02 6 I
MBI, Ty MIEZ v LV Z< O N 7 aafiiils L O N7 'F1-5(1,2,2- b
UYZuna b =)L AT A a2t L. 2800 mg/m3 TOHREWEOHMEIIET » b2
103.7 nmol, #fZ > k7% 831.5nmol ThHho7=, N-7&FN-5(1,2,2-hV 7 mr =) L-
VAT A, B FOERE =141 DB LT v b CEBEI=T7.5 KEHED) TG I IR R
S, Bl CRIGTHHEZ LR T 2 EBEOMRBERH D N7 F-5(1,2,2- 8 7o

E=) LV AT A CORPPEHICES & Fl—ORFESRMFT T 280 mg/m3 T 3
nmol/kg (AL 7 » M23 nmol/kg (AHE) L W HREIZIKRWEEZAK L, SHIZ, 7y M
REOY 7 aafifiz et Lz, 2hidBZz o< $1,22- ) Z7aa =)L AT
4V®Bﬂ7~€Wf%&ﬁ%’;ém%"ié?%k%ﬁéhé Yo nfiglde

JRECIIMEEN o7z, ZNHDOT—XF, T h 77 vnxT AREHZBW T L
&%ﬁ/@éwimé@%o S§(1,22- V7R b =)Ly AT A DBV T —BK
FFHEDIEHALS, 7 v R TIkE R XV ARICEH W & 2R LTV 5 (Volkel et al., 1998),
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Figure 2: Onddative biotransformation pathway of tetrachloroethene (de Raat, 2003).

2 DOEME BRI EEET D, F B (Figure 213K Tl = 2 BRLAVRREE <, £t
DFEVEMEIIT N7 v A P450I2 X D7 F 7 7 ar-4% 7 (tetrachloro-oxirane) ~@ T
RE¥ALT, FERH#HMELTHNY 7 v aFEEEN LR S5 (Yliner, 1961; Costa &
Ivanetich, 1980, 1984), Z ORI K 2AMERIL, 7 N7 7 mrxT o OEMER LU
MANMEDIENIERE CHAHNIRTEE LTREZ 5, L 0 @mWEZEE T 2 OREKFigure 3)
DI CRRET 223, 208 1 BT N7/ mn7 VO NVETF AU AETHD, T
DT T VB FFH R IEFR I L o Tt S 4, Bofdiic $(1,2,2- Y 7 mr e =1)-L-
VATAUEERL, TNNAEIBETH-Y T —BICKXABREAR T, MREtER X OB RE
P 72 5 (Green & Odum, 1985; Dekant et al., 1986a,b, 1988; Anders, 1990;
ECETOC, 1990; Green et al., 1990), &EMIZIZEE CTiXe W& CTbh % (Green, 1990;
Green et al., 1990)7%, Z ORRKIIHET ~ N TOREEE 27 Hd 25 L TEETH D,

TINEFF o -SHEBEEZEDOHMNC LD S1,2,2- 8 7o =)L) T EF A DER
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Figure 3: Conjugative bictransformation pathway of tetrachloroethene (de Raat, 2003). Note that 1,2 2-mehlorovinylcysteine and
1.2, 2-richlomwinyi-M-acetylcysteine were named as 1,1,2- compounds in this source document.

. RAEHIZIZT o RO BB TSR A AT D B S DRI OBEE TH 5, 7
/F ~ A, & ME&Z(n=11)7T, fflgs L O IBMRE > ICBT 5 S(1,2,2- 8 7 anR
=W T NE T OFEFRRERCRO B ThiL T 5, 2 3 O ITlRE L OV RO
saY—AESTEH, T h77enzTrnb50 §(1,2,2- R Jun =) SV E F A4
OFEFRERITBE I N 2oz, 612, FFiaE 2087 T 7 eaxTr b §(1,2,2-
NUEZA=A= Ew—ﬂ/)ﬁﬂ/&?‘ﬂ‘/%éﬁkﬁ—éﬁﬁiﬁ I, B ORI TIZZ > h ORFIRIZ A~
Tm@<k%2%ﬁw%@f%okoﬁﬂ¢Z%MT%&E@M%TF77DH$7/@
JFIN T 72 F A ALERICIBWNT, 7 v b TIEIMEZEDNFEBLT 5 (Dekant et al., 1998),

Pahler 5(1998)i%. 7 b7 7 mu =7 » CAE L7 1 Wistar 7>~ R T, U-BIXUKY
ThRFNMACE R EITKT DPURDIEBLL | 2 X T IR DA e i A s
Lz, ZOHEZRNT, 7 hT77vax7 U857 v hORFEE I O ko M R sy

ORGSR B EBRETHZ LIRS L, AL Ty T 4 U TIEICR o TENEN
RELTz, B725T7 M7 7uax T ARG O & X T MIMATE L ORI, K5
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DYruaTEFAS AT EEI hary RUTRIC, Y zaraT7 v F s vy
I 7 v Y — DRI HT % L OBERERIZE ~ T2,

7.4 BE it

T hZr7unxT 0L, BREREBICOIDLTEE LTREETY - Y EERHIC
et X b, BERICL D & HOEMIE @ bREE L THEES D, MEE S b
YyrzunfiEl LT, B2 oliE NI snnxd ) =)L va vk, ALVETV—)L
fel LCRPEEESND, v T ATHE, MINLZET T 7 roxT U ORESIE, BBERY
RO FEFRFESE P L VHRICEZ 28R, N 7eafige LTttt ns
(Schumann et al., 1980).

t b7 NT7 7 mnuxT CPRIICEIT 2 BRGNS Do BB ORER S, FERHTE
L E TS (de Raat, 2003), Z L5 OB (Fernandez et al., 1976; Monster &
Houtkooper, 1979; Monster et al., 1979; Wallace et al., 1983; Walles, 1986)/> 5., FEA&H
PEMIZ E D 2R OFNEMEL . DOEBETIERNZ EXHLNTH D, Z 0P #
—E. T hI 7 uen T CoOREEBLRRE E . £ OLER MLiKE X ONLHE IR Sy AR S
(Table 4 /) (Monster, 1979; Gearhart et al., 1993). 72 & ONIHENGHELAE O #E A4
(Monster, 1986) & MR S T-fERTH D, — KNS, T 77 aaxT O L9 REANC
X 2 HEOHEEPFRD b T\ D, 3 1 AT S22 T, 3T FIFET 57
FI7muxT U ORBEETRRTOZ VT 7 A %KY, ZOMOHER 325K,/
WHOTURE T D, MINENT-T R T 7T OB L% 40~T0%1%. KO 24 K
WICREE TRt S S, IFIZTTICH LT N7 7 unxT URE L7cHEE, ik
RERG T BCAR BN S 2 FHOFEK 1 & 72 D DIE, TN ZER MRS BRI L 0 135 K
WIRG Th 2, PRI R 1~72 K5 T & % (de Raat, 2003),

T hZ77mnuxT o OREBRRHHE. KVMMEOE WS ~DF LW ERELENEZ 5
AL, REWAHEARIC X DB A FTREIC T 5, £D L, T N F7 7 mexTF o Ofiin b Ok
MRV ILDNTHRE R AW AR, TN OHKRITITIZE AL LEREE L T, Fi&H
2. 2O XD BRERICEBDTIBENROERAN SN ERLERE DL EZX L, B
FHFR > & DI ISR 72 14 5 Z 571812 <& 5 (Monster, 1986), Monster 5(1979)1%, E
FLFHRNC 1 DD E BT Tz, BBRAEROOITIC L - T, MEICEALKN= /38— |
A 2N T O AL R & R 2O REN LA T OR VR ORI, fHRIICR]DH
BN H D EHETDIZEST,

7.5 AEMERNE=F) T
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BAROWTED, FERT S5 WIIMFTOT T 7 nu T RE L I D WITRT O
NU 2o oEREREICER S FRT/aan T OAERFEE=X ) v S OFREM A KR
L T 5 (Imamura & Ikeda, 1973; Guberan & Fernandez, 1974; Monster &
Houtkooper, 1979; Lauwerys et al., 1983; Monster et al., 1983; Monster, 1986; Jang et
al., 1993), A7 =2k DL, MPBIOFKFOT M7 7 nrnxT URENDS, @k
BH B D7 2 REFNE X (TWA) 2 i ORI HEICHEE TE 25, MY 7 o o FF#E)s
HEVEUREECTRVOI, ZhA N e ) —ABIORMN) ZrpzZ o 0E
FERFTHLHY, T hI77unn T ORI E L TIHET D2 2R EL<. HDHWIET
N 7manxTr EREETHWONAARBENH LD TH LD, 61, RFHZBIT 5 E
ANEZE ST, M) 7 o aF R e L CHEATE 02 & 23 % (de Raat, 2003),

REHPT b7 r7nnxr ARBRBREE=F —T 2EBOEWBEOEFMEOMAEN, &
HAZV T OETTHHBIZH D THO/NSRIED KT A4 7 ) —=2 TR 26 A(FBHE 16
Ay 10 N ERIGE LT Thiviz, 7V 7 Mk A N B2, FERIE CofE A
MRRE=FV 7k > TRl L7z, RETFIRE O RAEIT 19.4 mg/m3CFEIE 44.2
mg/m3, i 5.6~22.5 mg/m?) Th o7, EWFHIE=4 1 > 7135k H O fth O~
7 hCitbiz, MlRAE X OUiE iy T MET RIS, RV VERED Y T
FOFBICRB SN, BBEEKREZFT M7 7vunxT o)k, flagih T rT7nonxs
Y (r=0.808) B LML FT F T 7 e T L (r=0.938, IMHEEOFIE 333.5 pg/l) & &
BICHBEL TR RFP 7T b T 7 rax7 U (r=0.667) & OB IIZ EBETII R o 72
(Gobba et al., 2003), FHA L7=AEWRIEIX, 7 T 7 vn T U ~OREHE = EWFEICE
=RV TTHOIANREEERTZENbNY | BEIME VD S TIENR D EEIL
TiEHRERMIT A 2 N TE D, Ko oBRERITRKTRESFGHEICDE > CTEICHE
BT <, MEEITRDR N & EEMITERW R HPREIZITIMETE 220,

7.6 PBPK E7 /L

T h77mnx7 0 PBPK E7 VA, FRRANT A —Z LAEPBERE DA D 2
BT L5702, B hTOT—=FNRRITTWHLEE, FEPMEICFIHT 22 ERHATn5
(Hattis et al., 1990, 1993; Dallas et al., 1994a,b,c, 1995; Bois et al., 1996; Reitz et al.,
1996; Jang & Droz, 1997; Lash & Parker, 2001), Jang & Droz(1997)i%. HABM6 A,
HENBM 6 NOMR, §lkiL, B3EXWRPTT M7 7 nexr7 REWE2HE LT, #l
PRS2 FHME & el U, BB R T A =BT 5 NFEEICHE SN TET LV ZEEL
Too EHRE, MikE, MR EDOEFH/ T A—ZIZBI1T 5 20%I2 6 & SHED
BIZAO) ol TVTNIAANEEAT, RPO MY 7 v affiEo v — 27 REB L O
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HR MR T EAEAUCHEN A BEIIRW A FERIB LM 07 N T 7 ma =7 REILS
STV TANORMPEBEN L &E—HTDHEEZ2HND), 2 OO NFED I/ DIEVHFE
Do, ZORETHLNIZ AFEAEORRE I/ NS, KOKRE ZOBNEYE
BUCEBIT D S S ERMEROENRE | MOEFEN/ST A —Z OEFEW & ) FK)3E
HLTWh B2 B,

Reitz ©(1996)i3 /4 F233 7 » k& B6C3F1 ~ U AD invivo £, BLORT7 v b, ~v
A b MO nvitroRE AW, T hIr7unor o0 QAR PBPK EF LA 1ERK L%
WA MREE L7, IRWIERFIEE CoT v nna T U ORBIEEN 2K 1 g 720 T
T HE, ~TADHFNT v FEVIZHENICTE N ENSFES N, e FOAFY >
TADH L, EERT v XD EWL DR, BHBRAEZ FRIZ DL H- 72,

Hattis 5(1993)i%. T b7 nmn=5 ot s PBPK £5 /L 10 fli% VT, iEhke
ET VO TIZBT 82 OFRREEMEE & HIT, WAL X 2B L OMA - ki AR
FEICBT 57 — X &tk LTz, bo L& bEHE RIS, a) HERCHRREE 21 mi#
WD LREE 2 S — h AV FOREEM, DT b) BB EHWNMOT FZ7 7 rnx
T UYL, OWThDERAAALE LV EEOTTAEEIC L > TEIESNS ZERD 5
FEBRT — XL T, EAMNICT R TOET ABKEFE L O FHE DT HIH 5 B4
LM NZ = R TEVNI DO ThoT,

Bois 5(1996)I%. b MZBIF AT I/ =Ty O0fis L O OEF AER D7
O, FHEMEDEIERER L X O XHEEE & W o o O FiE% . Monster 5
1979 DF —ZZHASNWTT T 7 noxT D PBPK 5 /L /3F A —F OffEaHI4 A %2
WMEXH L, 7 hT77anxT U BFEETORBESOBRE R THEEI SO, T
NZ 7 auaxT U BEBNBITOREMERBEILEEZ EE 5548 S5 W E 512t
35 RHEM P REOHEEEIEL 1.5%(95%CI 0.52~4.1%)TH 5, BrBiT W A% 5(0.007
mg/m3| T UL, AT S T RE OHEEMEITIZ 2 02 <L 36%(95% CI 15~
58%) T 5,

Dallas 5(1994a,b,c, 1995)3F k5 7 o =7 > O M7 PBPKEF A% Hi7- 12 VERL L.
SyBoAREE X O A (Dallas et al., 1994b), FHAKPNIEFE —BFRE] 7 — # (Dallas et al.,
1994c). ANEUAZF K OMER Pk T HlfE(Dallas et al., 1994a), ff, H&, REKK
12 X A HEDO FHIEDallas et al., 199512 B S &2 &M=,

8. EERRMHIIER X O in vitro RERR~DE
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8.1 Hi[EIZEE

811 W A

T v e U ASORMERAFEEITE Y, T FTIE, 6 KfE LCso 1X 28000 mg/m3
(Bonnet et al., 1980). 8 K[l LCs0 I 35000 mg/m3 (Pozzani et al., 1959) & #45 STV 5,
~ 7 ATHE Sz 2 K5, 4 K. 6 B LCso 1d, 3124 40000 mg/m3 (Friberg et al.,
1953). 36000 mg/m3 (Friberg et al., 1953), 21000 mg/m3 (Duprat & Bonnet, 1979) T&
%5, NTP#BRTIZ. 7 v MBS XU~ U ZA(GFEMERES 5 VD)X, 16850 mg/m3 ~0 4 KEfH] &
BETHAEMFL TV, XY &RET v R TH 26000 mg/m3, <7 2T #J 18000 mg/m3)
TIEFEL 23584 L2 (NTP, 1986),

TR ARTED G o & b PR B IMRATEI SR b O T, HARARRE R O i (R E
M. BREBHOTLHE - Jfl, BRIE T, KAWL, IR, B, KFEMESRT, 5F00R
% X115 (Pozzani et al., 1959; Bonnet et al., 1980; HSE, 1987; ATSDR, 1997), NTP {5
TlE, BEL%Z 16000 mg/m3 L BIZ 42 L72T v b &~ v A2, BIREBHOMB], kK
FAPEARAT. RPMER N D Tz, 1 HORERTIX, b - & HIRWOREREE 600 mg/m3 (2 1
RF R Lo~ U A BREB & OK T 234 H 7= (Koppel et al., 1985), BIOERIZIS 1T
% 620 mg/m3 LL b~ 1 B2 1T, BBRYIFT TN TORBREICBWTHE~ Y 2D H
FETER) & & R S AKAFVEIC LA S 72y SRR T IR R BRI TIER LI R o T
(Kjellstrand et al., 1985a),

36000 mg/m3|Z 1 FEH&FE L7 U X T, =7V UIFRMEREIRIC LT 55\ 2
N E 7= (Carlson, 1983), #xrs 70000 mg/m3 T 10 M TE LA X TIiX, =95 L7=
AT T 572 3o 72 (Reinhardt et al., 1973),

I tEGRARZ (L3S L OWEBEREE) 23, T v h B L O~ U A~O2 MR AZ TR 5 i &
nCTWb, 7v a7 b7 707 3400 mg/m3 1 1 RIZFE L L 2 A, MiEHERE
(AST. ALT., /v a—Z-6-" R A7 7 X —F | F/N=F L LRI VEEBEERE)IC DT h 701
MRFH BTz, 6900 mg/m3 TIFIMNEH Th > 7-(Drew et al., 1978), BFEIRE I
IRECORBHRIZ, 7 v MFICIRBIER & 85T 25K 580 5 L7z (Rowe et al., 1952),
~ 7 ATIE, 2800 mg/m3 LL b~ 4 Kyf] g EE A NENHRTE & rlEa NN 2 B AR (S HE N
X7z, 1400 mg/m3 TIEEII A 572> - 72(Kylin et al., 1963), T ATP O/, 5
B MY 7 Uk Y FOFEF TR 72BN, 5500 mg/m3 (2 3 FEff] &% L7~ 7 A (Ogata
et al., 1968) & % 3 7400 mg/m3|Z 4 F[#5#E L 7=~ 7 A (Ikeda et al., 1969) TH b7z,
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BOERE CORMERBRZRIZ, ~ U AFIRBIER. BEOKRK/NARFE, 7 v N—H iR E 3 A
517~ (Rowe et al., 1952),

20500 mg/m3 ~® 6 IFfH2#E T, ~ 7 AR ABHNTHE S 2 BN KON TR A
DO TITFRD B 7= (Gradiski et al., 1978; Duprat & Bonnet, 1979),

~ U A%T hZ77anxT 2 170 mg/m3 |2 3 R RFE 5 & HEHERFEMEMRIC L DK
B L., WA L7 iR E# (Klebsiella pneumoniae)\Z e L CIiDOFEEHAMET L
ezl n, EREORREME N MER S 72 (Aranyi et al., 1986),

812 ¥ O

Z7 v FBXO~D 2D LDso lZZNE 1, 2.4~4.5 g/kg /K H (Pozzani et al., 1959; Withey
& Hall, 1975; Hayes et al., 1986)3 X" 4.7~9.6 g/kg {KHE(Dybing & Dybing, 1946;
Wenzel & Gibson, 1951; Klaassen & Plaa, 1966) C. & H#RKIC XL 2 2MEmENMEWZ &
LTS,

T—HIZROENTNWER, T hT77unxT rORMER OG- IIMEEELZ BB L, T
Bee, SR, MBS A RAE T RREMEA S D, T v FTIE, 500 mglkg MRHEANITE IS K
O GGT {EHEDEREZFEHE Lic, ZOHEL LTI, 7y FBLO~ T ZD[FE TA AT
WA GEMFL IR 72 L)ASRRY BTz, #9 100~1200 mg/kg (REAA X, K=, F %,
v, Uw, e VICERE SN, 1D ETIRE SCRET, IRMEART, MR, X
FRRESRANH, OFBUR T, DBk, IR TORERE & ~E T U A, IR T oM
MR, =M, IREIENR, B8, B COMRNIRME, REER., M, FEHE, 240k
& - 72(Schlingman & Gruhzit, 1927; Christensen & Lynch, 1933; Carpenter, 1937;
USEPA, 1986; HSE, 1987; ATSDR, 1997), 830 mg/kg (KT % 5ifil#% 0 5 L 7=~ o A (iff
MRL-1pr/lpr 3 £ O MRLA/+R)ORFE ClE, SegflffbFrdseiiic ky M Zzma 7t
FALE X BAIEDFIER BT o 7, KX, 7 b7 7vr7 itk b
FEMED BT B/ NEFLEIT 04 L T2 (Green et al., 2001), 480 mg/kg 1A E % F il #% K
B LTCHEREA SD 7 » R Tid, AT v MTBIOBEZRORAEICL 5 &, 6 IEH 3 LTS
DBARE D —IRFAYIZID L7223 20~40 3% I2IEXEIE L, 6 PL 2 JL TS DERIF LRI 5
7z, 160 mgkg RE TITHEIIA LN RN o1, K, 7 N7 7T VREIR,
Mg, M. JERG. AP, R A Tl RS- Lz, 90 oM ommad, mAiRE TR b &
WA L CIRFEAR 22 BIR 2 R U722, IR B i B 58 TR L Tz (Warren et
al., 1996),
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T a s u—-12540RAHEEA L X — B OFEA) CHILEST DL, T hTsrrTT
> 0.75 mlkg KEZHG L7277 v FORF~O =AW OHEM & 5~T7 F128m L7, =
ORFTALE 1L, S AST., 22k, EEROEKE L 7125 Lz, Lzi> TRREBRM S
T 7 r7nu T AREMDBTEMOTHFEEME TH L Z ENRBEIND, HNOFEH T =
/ 73V E |k v (phenebarbitone)lZ X 2 AL Tld, REHHEFEERIC ER L2 (CH b o R+
PEZ IS O MFFEMEE EH S E 7270 > 72 (Moslen et al., 1977),

813 #E f¢

UYXORECT N7 unn T UFHR L, 3. 2.5, 5, 10, 20 g/kg AE & 24 FFfEPHIE
RERFL72& 2 A, 22 0/4, 1/4, 1/4, 1/4, 2/4 BIOFTENFEAE LT-, 20 glkg KET
NGRSO BTz, R, RV AN R ERM 2 RR LT D (Wolf, 1956),
8.2 A IUThHIRE
821 WA
8211 #EEHIT N1

NTP 55 TliZ. 0. 690, 1400, 2900 mg/m3(Z 1 H 6 FFfE], # 5 B, 2 WM& L7- F344
7 v B X B6C3F1 ~ 7 A (KA REMERES 5 PO, B 7 m e Ja i 2 ik 2 52
B NAX T ARSI AT RIT A B r o 72, 6000 mg/m3 T, ~ 7 ARFOREHHIIEIZ 22/ ﬂﬁ

DERD Bz, 12000 mg/m3 T, PRGN, HRIEZHOME], FREMER. KFHMESLT
x . MFRICAET 23 A L7Z(NTP, 1986),

rl&

WME IR TIEH D08, 10 ER T 700 mg/m3 (2 1 B 7 B[#. 17 HEIZH7=->T 13
Al L7 BTy b 7TIRICHEEERIZA LR 272, 1400 mg/m3|Z 1 H 7 FEfi, 18
HRNZD72 > T 14 [BI&EE LI2EAE Y ME, BREET, IFEEHEMN, 8Ok
PA R L7z, 11000 mg/m3 |2 1 H 7K, 25 HEIZHOT=-> T 18mIZEFE L7177 v Mo, 1T
BI~OH L2 (RERD . I - BIERGHEB G 2 b A bivlz, FFIROIER
ZEPEA 1 HIC RIS T8 AR L= E/LE v b CHIE S LT, B O FUARAR R R HNH A3
17000 mg/m3{Z 1 H 7 B, 18~39 HRIZH7= > T 13~28 MIBEFE L7277 v ~, THF,
ELEY TR SN, & 3 EAEMA L E R LoDz T, REERSE/LVE Y
~ OB CHELE S u7=(Rowe et al., 1952),

8212 FHEEFEM
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NTP #§2 T, B6C3F1 v 7 A & F344 7 v M (FHEATEMERES 10 B % 0, B &% 690,
1400, 2800, 5500, 11000 mg/m3i=, 1 H 6 K[, # 5 0, 13 HERE L7, stk
D LPRBEIZ, 7 v FTIEWTHORETYH, ~ 7 A Tid 1400 mg/m3 £ T TILHE S
NTWeVy, 2800 mg/m3 D~ 7 Ak, ML 72 VIEEHAMET L7z, 5500 mg/m3HETiE
VIO, & BUE S, S BT L L TR AR Eh o KA & BRI 3 A 6 4 7= (NTP, 1986),

16 i F344 7 b EEMERES 12 PO % 0, 340, 1400, 5500 mg/m3(Z 1 H 6 K¢,
5 B, 13 EMEAHZ LT, SENRMREERENS TN, MREEOB &7 fiEc
OWTHBRHIMZE L CEWEE=%— L., KERERETOMEBLE NNy 7 U —ITiED
ZH 1EO QAN RIEEBE” 21To7, BT A NEH 1ETo72, & 14812, Pk
BREFB BN, 7V v 7 FB L =28y FIk T DREERMERSOG, AR M5 78 FEAL
RSB BN, EAGROENE & A AN B ERB Ny 7V — 21T o7,
W A RN AT LT, . BIAPiE . FBEFS KL OWRIRAR , BARIRIRED, RAIRER, B
i O FE AR B AR A & . IR AR REORERE 5 LTI o7, BHBIIERT S
ME— DAL, 5500 mg/m3 12\ TR CRisk S V7= PEER B R B BT 272
EAL(RIERFF BN O K EZ REIR) TH o7z, ZORBRTOMEMERENOAEC)IE 1400
mg/m3 T - 7-(Mattsson et al., 1998),

F—=TT7 4=V BT A MIBWT, [TEEREIEB O, MERHOT 77
o ex7 1400 mg/m3 |2 1 H 6 K[, 4 HWAZRE LT » M Tl sz, A%E
O et DFBED S 1K CHEICRO bR, 17 KETIIRO bivkhroTz,
B D& FE 2B LT, M TH BT A LRI RIL RNA O & IR = ) o
AT 7 —BEOHEMThH o7z, MHEMBEEIIITON RNl 2 OfT L% kg
DEBEIZEIR ST 5 Z L1XTE 72\ (Savolainen et al., 1977),

T 77 uunxT U OWLNRMRFREEN, MBI 57T NI /ruen T kD
AP DO TR AT 5, 7> b EAE Y b AT X XIE N5 —H O # (de
Raat, 2003 7> Hiisdl L C, Table 6 IZF & O I)FRIESET, ZNHOREBLZOLE LD
WZLTEZDE, T hT77vnxT o ~ORMMPRIERFEIL, MilaGZ 6 <Ix27 ) 7Hl
R DR & LT, BIEORERE Sy 0 & HFREE AT a2k & LT, MRl s & v
NRIBORF~OTHE LT, MIHEEEbEZ ST enbd Emmansg, BESN
T2 FRZE T DTN TH Y | HREZ (L & DOBRIZI R TH % (de Raat, 2003).

8213 HFEMH
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NTP # ¢, B6C3F1 ~ 7 A & F344 7 » MEREAHMEMES 10 FD % 0, 38 L% 690,
1400, 2800, 5500, 11 000 mg/m3 (2 1 H 6 B, # 5 H., 13 EHEFE L 7=, 690 mg/m?3
DO~ 7 AFHEEIE A DN o T2 (ZORBRETILZ v MFEZFX TV ), 1400
mg/m3 L E~DFFZT v ML, BN DD H > fifif &7~ L7z, 1400 mg/m3 ~0D 2~
U ANHIIR Sy B DB EEIEAL AN Fr B AVTZ A, 2800 mg/m3 DL b CIIF IS8 %> 5 B o [ 1f Bk
R, ANEEHULEEESE, 0V 9 SR A B T-(NTP, 1986),

~ U A% 60 mg/m3(Z 30 HRHHEFHAET D &, HMHEEOAEREMPELE I,
520 mg/m3 CTix, FFEEIIEIN L7, a0 E Kk L OZEE/E2 60 mg/m3 TEIZ I Lz
N, BfE & IR &P IE A 2R - 72 (Kjellstrand et al., 1984, 1985b), ~ 7 A % 1400
mg/m3 T 1 H 4K, #H6 H, SHMBERELI-E Z A, 80%IF EDAFIRICKED LM
PR STz, O A B&ITHREOE 1 BICHEM LR, ZokZznll LY
MUZedro Tz, FFEAECEIIIHE S T2 (Kylin et al., 1965),

BOFERT, F344 7 v h & B6C3F1 ~ 7 2% 1400 mg/m3!C 1 A 6 K#fE], 28 HiH. &
%\ E 2800 mg/m3(Z 1 H 6 KffH], 14~28 HH#E Lz, IO D % 7 —BiEEiX, Wi
EHITHBEZ T o, Ty MIFCHHEOBIR TV A F 2 Y — AT E S e
Mmole, v U AP TRIFEERE NV F Y — DR RO, T T 7rrxT
> 1400 mg/m3 ~® 6 K] O HEIZRFER, MY 7 ouFBrEE2 M & LR L, £
DOMFE—=I7EIZTATIET Y LV 1835&E< 2%, 7 hF77un=r o0 ) Z7an
e ~ORC A BN D~ T AL T FOEWIE, O~V A XY — MG %
7L, TR BAMEICHA SN DFAEDFIN & & 2 5T % (0Odum et al., 1988),

WENRTSTIEH L0, 1 {HEORBRTE/ALE Y M4 700 mg/m31Z 7 FFRE. 185 HREIC
HleoT 132 MR Lol 2 A, IFEEHIN & W OO/ NERB A GV, TR
ZEPEDN . 1400 mg/m3 (7 B 8#E . 220 AfICH7- - T 158 [B) TiE = 7=, 2800 mg/m3 T 1
H 7 REEI IS &8 L7277 > MOERES 15 VD), ¥ X (MERES 2 P0), YL (HERES 2 D8) Tl
AERBIRES TR, REREREET 183 AT 130 [E(F » k), 222 HRET 159
[E(7 ), 250 HET 179 BV Th 72, 236 HEIZH7Z->T 169 HIEFEERICZEE L
T2E'E Y BT, BREIH & PR OB (E &N, IBNIZENE, BEELS) N A b
(Rowe et al., 1952),

kG L & B AST., ALT., 7V 4 X Ui KSEREZ o mETEE O FH25, 19000
mg/m3Z 1 H 4K, 5 H, 9 HEMEZ LU ThLNTMazza, 1972),

8214 EZEM
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Table &: Neurochemical effects of respiratory exposure to tetrachloroethene.
Concentration Exposure
Species lmg}ms} regimen Results Comments and details References
Rat 1400, 2800, Continuous  Marked dose-related decrease of Honma et al.
and 5500 for 1 month  acetylcholine in the striatum. (1880a)
Slight, but not significant, changes
observed in dopamine in the
strigtum. norepinephrine in the
hypothalamus, and serotonin in
the cortex and hippocampus.
Rat 1400, 2800, Continuous  Marked and dose-related increase Honma et al.
and 5500 for 1 month  of glutamine, threonine, and (1880k)
serine, while GABA decreased.

Mongolian 830 Continuous  Small changes of fatty acid pattern It is concluded that small Eyrklund et al.

gerbil® for 12 of phospholipids. Decrease of changes are induced in (1884); Briving
muonths long-chain limolenic acid—derved membrane fatty acids at et al. [ 188E)

22-carbon fatty acids. Mo changes  doses well below those
in contenticoncentrations of causing anassthesia.
protein, lipid phosphorus, or

cholesterol in hippocampus and

carebral cortex. Decreased taurine

content in hippocampus and

cerebellum. Elevated glutamine in

hippocampus. GABA levels, GABA

uptake, and glutamine uptake

normal.

Mongolian 410 and 2200 Continuous  Decreased brain weight at 2200 The results point to astro-  Rosengren et

gerbil for 3 months, mg."m?. Slightly increased concen-  glial hypertrophy in hippo-  al. (1888)
followed by trations of the astroglial protein campus, cercbral cocipital
4 months 5100 in hippocampus, cerebral cortex, and cerebellum
without occipital cortex, and cerebellum. and atrophy, affecting the
EXpOEUre 5100 as well as DMA concentra- astroglial cells in the

tions were decreased in the frontal  frontal cerebral cortex.
cerebral cortex. Reduced DMA

concentration in frontal cortex was

seen at the lowest concentration

(410 mgim’).

Mongolian 410 Continuous  Shight decrease of DMA concentra-  Indications of loss of Karlsson et al.

gerbil for 3 months, tion in frontal cerebral cortex. neurcnalglial cells in the (1887}
followed by frontal cortes. The effect is
4 months ot caused by metabolites
withouwt but by tetrachloroethens
exposure itself.

Mongolian 2200 Continuous  Minor decrease of brain weight. Indicates slight changes in - Kyrklund =t al.

gerbil for 3 months  Shift in fatty acids of ethanolamine  composition of cerebral (1987

phospholipids towards less membranes. Confirms
saturated forms. earlier findings.

Rat 2200 Continuous  Shight reduction of cholesterol and  Indicates slight changes in - Kyrklund et al.
for 30 days phospholipids in the brain. Shiftin - composition of cerebral (1888)

fatty acid compeosition of the brain.  membranes. The effect is
Mo such effects were cbserved for  specific for tetrachlono-
Freon and 1,1, 1-trichloroethane. ethene.

Rat, guinea- 2200 and 1100 Continuous  “Tendency towards decreased The absence of an Kyrklund &

pig (30 days (guinea-pigs) for 30 days brain weight”. Shift in fatty acid increased sensitivity Haglid { 1890}

pregnant), and compaosition of the brain. Mo during gestation might

Mongolian increased sensitivity during indicate (according fo the

gerbil second half of gestation. authors) that membranes

are not particularly sensi-
tive to the effects of tetra-
chiloroethene during their
synthesis.

Rat 2200 Continuous  Shight shifts in fatty acid composi-  Indicates slight, parthy Eyrklund et al.
for 80 days,  tiom of brain phospholipids. Most reversible changes in (1990}
followed by a changes normalized during post- compasition of cerebral
recovery of  exposure period. Slight persistent  membranes.

30 days changes in brain cholestercl

content.
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Table 6 (contd)
Concentration Exposure

Species (mgém?) regimen Results Comments and details References

Rat 2100 and 4100 Continuous  Slower increase in brain weight at  Indications for reduction in - Wang et al.
for 4 or 12 4100 mgfm™ after 4 and 12 weeks. the number of brain cells,  (1993)
weeks Al highest dose after 12 weeks, possibly ghal cells, and

decrease in DNA, total protein, interference with the

and brain region weights in frontal  metabaolism of cytoskeletal
cerebral cortex and brain stem, but  elements in both glial and
not in hippocampus. Glial and neuronal cells.

neuronal cytoskeletal proteins

decreased in frontal cortex at the

highest dose. Glial proteins were

decreased in frontal cortex, brain

stem, and hippocampus (the three

brain regions investigated) at the

highest dose. No effects were

found on neuronal enolase. NOEC

was 2100 mg/nr’.

* Meriones unguiculatus.

B6C3F1 ~ 7 A & F344 7 » b (KA RMERES 10 D)%, 0, X% 690, 1400, 2800,
5500, 11000 mg/m3{Z 1 H 6 e, ## 5 H, 13 @RMZE L7z 1o NTP Bk T, LR
ExRTRTORE T U AOBRME DI ERE D T M5 b v iz GEBURE 1%
0. 690, 1400, 2800, 5500, 11000 mg/m3 TZHE1 0/20, 0/20, 14/20, 20/20, 20/20,
13/14),

16000 mg/m3|Z 1 H 4 Iff#], 6 H, 45 HM&HZE LU X DRP 7 L7 F=rBLW
o7 X BIREBEOREEIZEY | RAESIESRERIREE N L0 b RESHELZIT D i
i S 7= (Brancaccio et al., 1971), Z OBRIZFEM G TR IT 5 & Ot 2% 17 7=
(USEPA, 1986; HSE, 1987),

BORBRTIE, 7> hE~TU A% 1400 mg/m3|Z 1 H 6 K], 28 H. & 5\ ik 2800
mg/m3|Z 1 H 6 KefH, 14~28 HH&EHE L7, BIOWHEAMMFAELIZR S bR h 5T,
M~ D AT A~V AF Y — DI T IR UL X R A L CoA BRI TE 0D TTIEE)
MHOTNCRD LI, MREICBWTBOD X 7 —BIHEIIEEEZ T 2o, RBRE
FHOIE, A F Y —AORHIT, Y 7 aaFiEE BRI EE T D~ T A
BWTEZ, 7 h77rnx7 UBHEEORE RIS 720 &G L72(0dum et al.,
1988),

& 5500 mg/m3 £ THOT hTr7unxT A1 H 6HER. 28 H & L~k F344 5
v M T, BIROBRE, a2 w7 U RE, BaEftomfils L ORT oL~ — T —
\ZEALIE I S 72 Do 72 (Green, 1997), 2800 % 7213 6900 mg/m3 T 28 H FW AZ#E L 7=
HEF344 T v NEET v MISIT 2 BIEGE T OFEICIV O, SR E TR M E
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D Py BT A FRIT/NEIR S X7 EIRE Zox LT2hy, 2800 mg/m3 TIIR S 220 o 72
(Green et al., 1990),

8215 MDEE

B ALE(REBIORE & HID)ODLT N2 MEEFICEE & 130 2 20) 58,
1500 mg/m3 T 1 H 1K, 6 H.15 HERFE L7V ¥ ¥ TH 5 7= (Mazza & Brancaccio,
1971),

260 mg/m3(Z 30 HREL#EFGE T LIz~ AT, IFEF7F I Lal) oo XT7 7 —EREB X
Z 251272 572, 60 mg/m3 TIXEEIIA L) - 7= (Kjellstrand et al., 1984), [FAIMF7EHE
HICLDH 2 ORBRTIL, ZORENHEEICLD O, NOWIZIRER D H 5 D003 G
LL<FARDBNT, v A% 1000 mg/m31Z 1 » H Mg Lz, MRS LT 2 X
TarEEORBLHON, ZOME, 7F UL AT T —BIEEA~OREIL,
T A M AT B RECHEM & IXEREER L TWn 2 2GRS b vz (Kjellstrand et al.,
1985b), ZMETF Uzl 2 AT T —BEEOAGEMEN T > E ) LV Did, oK
DAL OB O KE S B> T b Th b, 7F U val) iy
T—BEME L R T F L a ) e 2T T — BN & OB (de Raat, 2003),

WL ONDIMHE T A—=Z I KFTT T 7 nnxT o EREFEO30 mg/m3 % 1 H 6 I
M. #5 H., & 7.5 M FE T, 5% 1900 mg/m3 % 11.5 BHEE TERE L., HWLT3
HEFROIERBHIM 25T 2)DHEEN, v~V ATHILNATWD, KEMTIEX, U3k
IR « AF P ERE DD 3 BLE S v To s FERBHIF Tl alln@ v (T o7z, 2SI
M- 1% OMPRARMERIEINE, AR ILEGR ORELOE Z 54 L T e, BB O Z et~
DRI BN o T, ARIMEGRMBBI I S 4, FERIECR AL DO FEE 2N DT 27
W 57z (Seidel et al., 1992),

822 ¥ O

8221 FHgE~DEZE

T hr7/7ununxs 25 mglkg(B X% 1.3 mg/kg (AE/H)% 14 HREREEE&REL7=T » b
T, IFiETF b7 o 2 P450 RN S L 7= (Kaemmerer et al., 1980),

500 mg/kg R/ H % 12 HEMGIE S L2 Z » N C BT 7 L O IFE &~
WAL BN D o 72 (Schumann et al., 1982; Stott & Watanabe, 1982),
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Sprague-Dawley 7 v (&M 20 VT, 3~4 HEm)IC4 H & 14,400, H 5 M 1400
mg/kg KE/H % 90 AR G5-(F 7 mrF jim~v /i g U ie LTEHEEND)L
72l A, HIEMAELVNVTEEL RTAMFRRIIIG bR o7z, S S ERMG
XF A —%(LDH, ALT, AST, 7V A VEAT7 7 X —FE, BUN ZRE)NRE=F—I iz,
400 mg/kg RTE/BLLLETIE, MiE 5-X 7 LA T2 —BIEHEEHER ORI O L7345
iz, FEE(REIZHLHIT )03 5 H & L~V THERE & I2HIN U 7= GREA L) 23 K
HE(IXT O EEIIZEL TR0 o7, I~ ORIRIEZZE T 5T, BEMEER
TIX T 70> 7-(Hayes et al., 1986),

a—VMCIEME LT b 7m0, 20, 100, 200, 500, 1000, 1500, 2500 mg/kg
RE/AZ, ~UAIC#E 5 B, 6 BEMEHRAO#ESL L-L 25, 20 mg/kg (RE/H CTILIFlE~
DEBIIH LN o7, 100 mgkg (RE/HLL LT, MFEEHEMNE KO NV 70D K
EHEPHERFNICA LT, 200 mgkg (AE/HLL LT, ALT 3 EH L, 8 5EED
RS L OMESME, 72 & NS R EE O VE(R & CRE EF)ARO bz, 500 mg/kg
RE/ALLET, FO7 v a—2-6-1 VERIEMENME T L7z, iFo> DNA &% 200 mg/kg A HE
/B TIXER Th-o7h3, 1000 mgrkg (RH/H Tl 17%A Lz, ARBRCIL, (R 2
porFfgls LMY 7 rax gy ) — Lo RBPPEEECRIE) I K OWF RO FEM 722 i3 T o
zmio RO RPHEME . ALT, M7/ Vv a—2-6-U g, N ZVEY R, FEED
ERRBARAFDICRBO B, THIETFEERT T 7 nnx T CAKRTIERIR

Eﬁﬂ@ ZXElEREZIESNDZ L AR LTV A (Buben & O'Flaherty, 1985),

830 mg/kg AHEAZ 4 HIZ LI 6 HEEMHIRO#EE Lz~ v A MRL-lpr/lpr 3 LW
MRL +/+) DT ﬁ&ﬁﬂ%ﬁkﬂi%é‘]ﬁé@& EoTRY 7 a7 ks v o Bk
DIFEBH SR> T, IR, 7 b7 7 veaxT 2 L2 HENEBLT 2/ EP L
HAZ A LT 7= (Green et al., 2001),

T hZr/anxT o0 E~ AL Ty NTHIERT 5720 #EEREIIC 100, 250, 500,
1000 mg/kg RE/H % 11 HEMHIRO& G Lz, @HEIE. ~ 7 AFICRBEk 210
(/NEER O I AP E R 28 5 RN 2R NE R Z — 7 Ve b 7e b LTzhs, 7 v M TR
BHETH T T8 NERODH OO YEREDZL” )M O b2 X
o l, w7 ATIE, IO DNA RENME T L, DNA Gl SHETH R LN, 7
v MZIZFENBIEH 5720y - 72(Schumann et al., 1980),

T hZ77nmnxT 1000 mg/ke KE/H O 10 HEOHKREOEGICLD ., 7 U IEEZ
ML S RA L CoA BEAL(~IL A2 3 — A HABE D & s PEFSEE) i3 < 7 2 D T3S L OVEr
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il CENZEIN 4.3 B L 2.3 FITHR LTc, FERICALE LT » FTlE, 20 KIT/NHE<
(TPl 1.4 5, BT 1.7 f%). HEHHIICHEE TiX72 ) - 72(Goldsworthy & Popp, 1987),

8222 EH~DEE

Sprague-Dawley 7 v b (&HEMEMES 20 P, 2~4 BEICT T 7 venxT 24 HIRE
13, 400, 1400 mg/kg {KHE/H T 90 HM#KE G L7(F 7/ raxTF idm~v v a v
e L OBE. RIEHETHBAOZEBIIREE T, WTNOHEL L THBHERE
R IMTE AL FEGIT A DR o 7o, REIZKS 2 B E &)Y 400 mg/kg (AEH/ALLET
N U 7= BEARREHD 23, Bkt 2 B B EICITR BT o 1o, WIRMIZE ~D B LA
HAVT, BEMEERORMA XS S e h o 7= (Hayes et al., 1986),

o — i 500 mg/kg (RH/H 2 7 > M2 4 BREFRHEO#EG Lz 2 A, BEAROHEMN
HETIEDLT N ThHoTBNHE, BETIZ 155 E T, a7 27 U 2 ORFPYEMOHINEET
e, METIEETD, LT R X X O, I b5 NS NT R F LT L
= —VOWINERBE Lz, REOZ 7 BRI UMECERY 72 %7 ETHE
BNy, TSR ORER. BIRIIEAR S B AN TR T OB L KRE &0
WEREEINZ R L7e, ZAUIREC R VBEE CTh otz Z ORI, JRME S2 87 22 K
(2% 9 DR FME 2”2 L T 5 (Bergamaschi et al., 1992),

1000 mg/kg (K E/H & F344 7 » b GHREMERES 3VE)IZ 10 A MK Q&G Lz s 25,
WAL D Pt 7 AL F OMIAIENT, MDA TaswZn7 Y /INERS 7 BIL
. e DO E RIS U=, EIOEEN A~ ¥ 7 o X (pentachloroethane)
WS v NTCEEINEN, NV Zeagx T U 0BTy NTIEHBOD Lo -
(Goldsworthy et al., 1988),

a7 EE T TIHIEER OBEMMN, 1g/kg (KE/B %2 7 B 5 2721 F344 7 v
~ DB A 5 77z (Potter et al., 1996),

HeZ v MBI 2B G OFRMT O T, I F344 7> N7 o7 /mn=zT v
1500 mg/kg R/ H % 42 A E T O#S L, Mokl s2mHE&80T N7
savaxr 0%, 7y MEICH L CEEZ L, BEEDORYF~—T—% LA I ®E, /I
RS B (a7 0 7 ) )DFYIRILED, EARME D Pet 7 A MIH LI
(Green et al., 1990),

8.2.2.3 FHEEFEM
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T N7 7 anxT o OMRENERERN, 4 (3~4 WimiE Sprague-Dawley 7 v b TfT
b TWb, 96725 T y MEZT T 27vvxs7 2 0, 5, 50 mg/kg KE/H % 5
A, 8 WG L, &b 0 3 HRIITERBRZ B4 Lz, FMR(BIRIERBR, x> b7
L— halliR, Ay M7 L— MRE EFRE), AREBC—7 07 0 — R, BIEFFES
Y F L7 b7 Y —/V[pentylenetetrazoll FFE M) DA BT Oz, ALE B O ERIKT)
ITENTIER Tho7ony, AER CILAEHEINED 10%BA Lo, 4 3 FOJE R R Tl
HEEE BITOT N THLINAEIZP <0.00D)IEBEL 2o 7oy, HERISERIZA BN
mhole, AFERB LONS B VATENIME G TR T L, Z 02 ke & T
FHICAHE ChH o7, MR E-& L -LIIRIARMER EiE R L O 7 7 —X 2 OFERE L
5 X472 (Chen et al., 2002),

ENMRI ~ 7 A 12 JE3~4 [EH¥)IZT b T 7 vv =T > 5 7213 320 mg/kg (RH/H %
A% 10~16 BICR DS L, 17 H BOSTIESR), 26 E23 0 E#Es), RiEshE (8 8 EE &
DRENZEBI I B -T2, =7 A8 60 HERIC/A2 5 & BHITIEBE & BB RDOA
72(P <O0.0D)¥MA W& L~V TH LT, HEORE ST, & LR ERETHEEIL
THEY., WEHREOGFEMEIXKV, H B0 ERT, (KHECIEEZZTT. aHE
T LTEGTRA a7 s FRHIESNGO L0 &3, 7 77 aex7 U EERTI,
BT ¥ O NOEFLINENZZ LICE Y 1 REICOE 2 EBRORT L ER SN DA
LS LT, ZORERIL, S~ U A TIHTEIOZL R ki 3 5 R iEEE 2 2R L
T 5 (Fredriksson et al., 1993),

50~1500 mg/kg K/ H % 14 HFGRERR A5 L7 F344 7 v NI, MR EMEORER
Ny T J—IlBWTHEREEZ RS- Tz, LL, 150 mgkg KEO KB G, Wi
R, BE REASTERENSE, Bk X ORRESREE D W, BEREASOKIED
KT Z 4 7= (Moser et al., 1995), Z OfEFE N BITENEIS N RIE S D,

8224 FDMDEE

Sprague-Dawley 7 v b (& REMEMERS 20 DT, 3~4 Hn) 124 B A& 14,400, & 5\ ME 1400
mg/kg RE/H % 90 HEKE G- Li2(T o7 unzTr ido~viva Uiiié LTEER
B)e A, Mt X ORMEITZIER Th 72, 400 mg/kg (AE/HLLET, lE IH &

N 7-(Hayes et al., 1986),

frrerisl7 e bu s v R OER MO L), T FF7 7z
> 25 mglkg HIREIE G L7 v TR b7z (Kaemmerer et al., 1982),
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0.05 3 L0 0.1 mg/kg RH/H %2 7 HMAKE S Lo~ U AOMRIZ, KRN B 7R 28
NHHID L LT LIFE 7 v — 7 O ORER % | 7 & FH(de Raat, 2003) 2324 L T\ 5,
oA NN, . B0 CIXBITBIE STy, Mg CIE, HEER 3R L ER IS
B, BEEREZGOEDLTREAREEEICZ < RO~ 27 v 7 7 —VIZ~EYV T U B
WETHEVSTEBDRRBDO LN, AAD=ALE LT, EBRET VT 7anx7 &R
MERFEDFI AAEFIC & » TRl & Z SN 25 ARIMER P AEN B Sz, ik~ a7 >
— U, RMERW 2 RN BRETHZ LT, ~EVT UV VELZREZ LTV,
\ZE D&, BBIIREORD AR EEOEMEZ5 &R Z Lz, EMR~DOERN,
LDH JEMETS K ORI M ERF D B 5 270 B8R & B BE O BB R A 12 Sk ST, IIE ¥
VONT B EZ T oo, VAR A LE, B E, KR OFIS AR AE T,
ERaX U AF LT N2 UL CoABIMAEREFEICLD EEHFOLNEX AL AT r—/LD
KT A& 5 7-(Marth et al., 1985a,b; Marth, 1987), = 9 L7 KH &#& 523K E 2 L .
O EHHBRICB D CTEHERGEOEERENLDNCE N80 ) Z 813l db £ 9
2720,

8.3 RHARELENLAME

831 B A

HOLEDRmVHBRT, F344 7 > MEEEMERES 50 8% 0, 1400, 2800 mg/m3 D7 k7
suanxT EHE 99.9%)2 1 H 6 KEfH, i 5 B, 103 HMRE Uiz, EFR1EHEgET
KT L7, &FEZ > M, IEMRMEICERER LOERMRASRICRO N, T
WX sz o7z, B, B ieiEWERE, BiiFEcET2EE5x6n5) R
W ERACAEED ), BIEBEE R (RED 2, BB BB (oD 7). il B 15 (R o> 7)
ks Lo, BEIC. B PRANE MR FE A & FRARAE H G oD s 35 X OV A A D SR EE N (0.,
1400, 2800 mg/m3HETEILEAL 1/49, 3/49, 4/50)13 A4 bz, T OEINEIHEFHIIIZ
AETIERWVH OO, JRIEMIIRD A Ui A ERET 2 P0IX, Z OWFFEESS NTP N1 4
T A & FE LT O REGF T ZOROMET v ML E 2250 L) TIXZNETHDL
AUTUNR W, UGG F s 2 ERE & 6 1A BN L 72(0, 1400, 2800 mg/m3 TEALE
‘. it 28/50, 37/50, 37/50, M 18/50, 30/50, 29/50) (NTP, 1986), F344 7 v kTldZ
OFEONAOBRFEAERITES EFRE62Z2 DD, ZOFROFEEITNS SAR
7> Td 5 (HSE, 1987; ECETOC, 1990), L7>L. NTP O ik Z B (Board of
Scientific Counselor)?2¥7 v b HMFDOIEEZZ Y EEZT-DIX, BFE TOHIMEL
BHEY) CIXX BB TEEEN X DD THW S TH H(NTP, 1986; ATSDR,
1997),
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Table T: Hepatocellular neoplasms in B6C3F1 mice exposed to tetrachloroethene via inhalation.”

Control 700 mgim® 1400 mgim’
Male Female Male Femaile Male Female
Adenoma 12040 [24%) 48 (6%) B0 (16%) 6750 (12%) 18050 (38%) 2150 (4%
Carcinoma TR 4% 148 (2%) 25140 (51%) 1250 (268%) 26/50 (5B%) 36750 (T2%)
Adenoma or carcinoma 1748 (35%) 4148 [B%) 3140 (83%) 17150 (34%) 41750 (B2%) 38750 (TE%)
combined
" From NTP {1888).

NTP 7u 77 AD—E & LT, B6C3F1 ~ 7 A (FHEMEMES 50 PL)IZ 0, 700, 1400 mg/m3
OF ~NF7rauxT WHE 99.9%)% 1 H 6, M5 B, 103 HM&AZE L=, 7 b7 7o
0T AIEFRLE T S, REMEERb, 838, KAE, B4R, B, JREE W
faoBEREWMERE), *7 v —8WED ), DrEZ NG S - MmO 2 5] &k 2 Uiz, ek
& bIT, FHIaAs A(Table 7 2 M) ¥ K OB OFEHNICH B ¥4 = L7 (NTP,
1986),

HARNA AT vt A5t ¥ —(Japan Bioassay Research Centre)(Z L % BT,
F344 7 v F(&BEMEHES 50 JB) % 0, B X% 340, 1400, 4100 mg/m3 DT F 77 nnoxs
(WEEE>99%)12, 1 B 6 BEH, i 5 A, 104 #R#TE L=, 2l oBEMEmE 21772,
HRZHIAG (A IS 28, 51N U CfERE & 1288 L7-(0, 340, 1400, 4100 mg/m3 TZ
ERL, #E11/50, 14/50, 22/50, 27/50, W 10/50, 17/50, 16/50, 19/50), (EMMZ, M
FAEROHNMTA N2> T2, BAMBIRAEIC X - T 340 mg/m3 TILIFHE & BT B <
BHoT, FFEMEITHECIR 5T 72(1400 mg/m3 UL b CTHERIRAED . 4100 mg/m3 Tk
DOFABFEREN, BT, TARAME AL RS 1400 mg/m3 LL EOREZ . ZAEKE &
OSRALITNL RANE HEE OB NS 4100 mg/m3 OMEREIZ Fx BT, HETMEC Fe~CHTF - B ik
ERELLTV, 72&201E, ARSI 2 FEOMERIRES L ROz hEh
DOFAESERE L, HET 16/50 35 LT 13/50, MET 0/50 B LN 1/50 Th - 72, IR
HIZIER I L ORI PEEE O E N EN O EBE X, HET 48/50 38 L 24/50, T
18/50 1 L1 6/50 T&H - 7=(Nagano et al., 1998a,b),

e 5~ U ARER T, SEMEES 50 PE(BDF1 R) %, 3L % 0, 69, 340, 1700 mg/m?
OF b T ruuxT oHE>99%)2, 1 H 6 W], # 5 A, 104 EMEE L, 2o
BB T /e bilc, AEICERLF L TR X OMEMERFIER O M MERE & 1245
Ii=(Table 8 Zf), & HIT., fmMAEREORET N—& — RO BAIENEE OF A 23 80 L
72(2/50, 2/50, 2/50, 8/50), EFHERATRIL, IALIRANE ORZAE K HERE L £ 340 mg/m3
L E) & 1700 mg/ms3 #ELZ 351 B BIBTAL JRAIE JEIRIZIR & 40TV 72, 69 mg/m3 Tk 9
IS S AFEIEDFEILIZ /2 22> 7223, 340 mg/m3 LL_b Tl BARIFME DO RFEER 2 5 7= (f
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Table 8: Hepatocellular neoplasms in BOF1 mice exposed to tetrachloroethene via inhalation*

Control £3 mgim” 240 mgim” 1700 mg/m’

Male Female Male Female Male Femnale Male Female
Adenoma 750 350 1350 47 BiS0 748 28/50 2049

[14%) (E%) (26%%) [6%) [18%) [14%) (52%) [527%)
Carcinoma 750 [11] 3/50 047 1250 043 25/50 14143

(14%) (0%) {16%) [0°5) [24%) [0%:) (50%) (28%)
Adenoma of carcinoma 1350 350 21550 47 1950 743 4050 3349
combined [26% (%) (42%) [6°%) [3E%5) [14%) (80%) [6795)
Haemangicendothelioma 1150 (1] 1150 50 550 050 550 1750
[sple=n) {2%) (0%%) [29%) (0°5) [10°%) 0%:) (10%) {2%)

" From Magano et al. (1883a,b).

BPREE, OO ZME, RS K ONIREESE IRk E D 2] ST, AR R
JfiH) (Nagano et al., 1998a,b),

BIBHED T > b &2 HAWTZRER 2R R CIE ko 2N AE STV 5 Rampy et al,
1978)7%, FMZIC L 0 EFli S N IZRAR DM LUK RO E 235 5 (USEPA, 1986),
Sprague-Dawley 7 v b (#-Z2@BREMERES 96 VT, <PRBEMERES 192 /D)% T7 N7 7 aaxT
>0, 2100, 4100 mg/m3i{Z 1 H 6 K¢, i@ 5 H, 14EMERZE L%, 19 » AMOBEH
M2 7o, RN 4100 mg/m3 METH T B L7223, Zhud “BIRIEA LT 8 v
BIRIE” 12k D& ande, MBI FRIPT 26 . Bl O SRAEM B DN & BRI A %
RTHETHER 7 0 —80, Ik RRREOMETH LNk o 7, R, IWIKFTR. IR
Frig. BRARESERIET AL, MR ROpT . BdsE 2. WIRAMERRZ L., SR AR,
B & 07 BB B D I H 72 > o 7-(Rampy et al., 1978), LEfgpOM B FEHAR A3,
AFRER O FED ANERR HHRES) Z IR L 72 ATREME DN 8 5

832 ¥ O

NCI BB Ci%, 7 hF77mnxr a2 a— il ., ##EtERE 50 o B6C3F1
~ 7 AT 5 AL 78 T E SRR 04 b U, #IEH & Luid, JET 450 6 KUY 900 mg/kg
REE/H ., T 300 35 L1600 mg/kg (RHE/H CThH-7=, 11 #F%E, HEZRET 550 5 L O
1100 mg/kg AT/ H . MET 400 3 L O 800 mg/kg (AH/H I E L=, 78 WM OMIZ, =
THEEDFER L U ORI EET 536 35 LY 1072 mg/kg (KE/H, T 386 35 L O 772
mg/kg KH/HIZ72 > 72, BB C 12 EMOBEMMEZ T, SR 2B I Th
olo, B5%21 5 B, 90 I 78 M THIIE L= %6 O A ERFE &IX, KT 332
B L1663 mg/kg (RF/H, T 239 35X (V478 mglkg IKE/H L 72>/, MALEF L OYH
(RP 5 DRI RHREIL MERER 20 PC%& 1 RBEE L7c, ABREMEOETHE EHRBE I, 50%
AL, AR 78 W, w A ELE 43 M, KA Rl 62 W, i EME 50 BT
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bolond, BALE R JOMRE GO REETIE>90 Bl Tholz, 1JETRTORBZE~
VANBREZEZ L, TR EWRHIECRICORN -7 L Bbi s, BIEISEARME
DRE - BEEBE S OBRITHE L E R L, REWIEE, IBIZNE, RS EREEE & N
HFAEZ > T e, BGICERT DREITRE SN TRV, v T 2% T
DR TIIT FT7 7 nuxT U OFEESHIOR SN TWD, FFRIREDS A OFE A
KTHREED 0~10% (M : fHIRE 5/ 2/20, MEAVERE 2/17, M : IR GRE 0/20, MEALERE
2120075 | A& &M 40%(19/48) 8 L O 65%(32/49), 72 & DN & H &t 40%(19/48) % &
O 56 % (27/48)12 EF- U= $KVCD~ 7 A TS AHERE D3 | it (I B 1/49 5K &1 3/49.,
B 1/48) 3 5 N X i (BE AL et PRI 1/18)IC B2 72, BEE. T ho27noxT
VP GRECIT L E 35 L OHAE 5 005t FREE X 0 132 2 NS 38 BL L 7= (NCL, 1977),
ATSDR 1%, DFREIRYLIEIC & B g DI AEIIER L7-(ATSDR, 1997),

NCI i, & BEERE 50 )LD Osborne-Mendel 7 > F TH RN A ‘f%%?ﬁ’*"(b‘%’) Mz,
BB 474 F7213 949 mg/kg (RH/H 22— MICIRIMLC, # 5 B, 78 i 5@ sl 0 #&
B L. Z0t% 32 MR OBIEMM %2 B -, METIEX SFHE LT 471 35 K00 941 mg/kg
RE & U7z, SALER JOHRE G IREE T, MEMESS 20 E& 1 BEE L7z, mVBET R (I
D 50%AEAFHIR - kfIEEE 88 WM, (KA EMRE 72 M. & EEE 44 B, M 50% 4171
]« KPRERE 102 WM, A SHE 66 ., & H &R 74 BEED 2B RHICBE S, B2 5

AR EEMEERE GO RS OB THEZA b, IRBIEIR, AEIHZStE, ERCEESE, 1A T
TSN —HORMENC L D L Bbini, HEETERD bhehole, HlRkC, # 58
WD X & 80% Gt FRENY) TIE 0% NTBHE Z & 72 LT, BEEFHR O LA 2 R Rl 72
73 72(NCI, 1977),

B REMEESS 40 VD5 72 D Sprague-Dawley 7 v M2, 500 mg/kg K&/ H (U — 7 HIZ
R A 4 72135 B, 104 BFTREIRE QK5 L7 b 5 REM 2R T, JEE O AN
IBE S o Tz, BIEIIFETR(141 ) £ TheV o, STIRBEIHIR O 2 # 5 LA 1
WEREAS 50 DB & LTz, [T v F(B2%)D A3, JRHME IO B RAIIECEREL & LTl &
NI-BpEE %2 & 72 L C\/=(Maltoni & Cotti, 1986; see also ECETOC, 1990),

o LI ORER T, #E B6C3F1 v 7 X 160 JLiZ = — iR L7zT 7 7 nux
72800 mg/kg AE/H %, 5 H, ki 76 MM E CHHEIROKES L, TOk~ Y 2% E

U7, MEALERE 50 PU & RS 50 50 ILa2 e L L, 76~134 DO S F I E R T
YU AL R LI T6 B 7 L LIEDOIFRAEZHT 5~ 7 ZAOEIG T ELERE 8%,
IR GHE 12%., #BREE 32% T, BADOFEEEITENZH 0.09 8, 0.12f#, 0.29 T
ot MIEICBET D3t T 28X, 2 E4 8%, 13%. 80% & 0.90 fiE, 0.13 fiH, 1.43
HCdh o7, MIRZEMEREIEEERE EHESNDNET T 7 rexTF U EERECIE LS

62



HONTEDRKR~ T ATIEENTH Y | HIIRENEDOBE 72\ LB 7k HIREIL & ¢ 5
FECTHE LN BEETIZIH 52> Tld 72 22> 72(Anna et al., 1994),

833 B K

it ICR Swiss ¥ 7 A 30 JLIZ 1 [EIZ2& 18 £721X 54 mg(ENEFNB LE 0.9 B LN 2.7
ghkg KE)DT FT77nnx7 % 3 H, fIX 440 AR L7223, BmIEE O
NE&A 5722 h - 72(Van Duuren et al., 1979), ®FEFHOE S, SO RE, LEHED
RAN, FEREIZIRE L 7oAy, ARRBROFE D AMEORTEE 2% LHIRLTWD,

834 EHEHIES

EZMERDO~ T AT N7 7unx T a2l 3 HMEIENE S L7y, IR m R E 55
WINTeroTz, <7 AIZ 80 mgkg IKE A 14 B, & 5T 400 mg/kg KE % 24 [F# 5
L. flEges 24 MFE#%IZER L7=(Theiss et al., 1977; see also HSE, 1987)

8386 A=>xT—352TrE—2 3 #HE

LFORBREE N &EEGET LT v FEAW2)TIE, T o7 7nnxT V3R PAT mE—
valEMERTONA == a UEEAR LRV E R L TWD, o AFEIER L7
Ty MCSESERBBRLELEN L., MBI T 2EER 20w RO AT 5 FEE
PER & DRIEEMER ) OFHARAE LT, 7 N7 7 vmuxT & HEIEREN 5 (5 Rt
B : 6 mmol/kg AE) L., i\ T = /3Lt b (phenobarbitone) %z 7 ## K% 5L .
PR AL T =y =y a ERERANTER, ZOERTET M7 /7nnx7 00
WX LN o T, YT L= Fnr YT I (diethylnitrosamine) D Hi[E| i[5 N $¢ 5%
W27 b7 7 anrx=T7 (6 mmol/kg (RE/H)Z il 0 #5685 B, 7T#HM) L, A LW
a7 mnEe—va AMEHOBEL AR L, ZOFERT, 7 777 RO
HAIN %A #5758 L 7= (Story et al., 1986), fLORERTIZ, Y=Fr=btn Y7 Ik =T —
Z—E LTHOWER, ZOETNVTEPAUREFENZHRBT L2 X TE RN 12
(Holmberg et al., 1986; Lundberg et al., 1987), =D 5> LD 1 HFORBK T, f = =—X
—OHRGIHET NI 7nuxT 1.1 gkg(KE/A AW 5 B, 7M., HoURT v b
(IR OG- L7228, RO S 5 W IT K& SITREILA L7 > - (Lundberg et
al., 1987), ~UAZHWEMIEE Y o®— a VB TLE ) LEERAERIET 2 2 L1
T& 72)>o 7=(Maronpot et al., 1986),

SEZ RS 1T RIT BN, B H BTl ICR Swiss ¥ 7 2 30 LT F T 7 m T 2 163
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mg % H[A| 7w U FEiE X U A F R LR — /L (phorbol myristate acetate) & /i 428
HREIE#EH L7223, A =v—v a UERIEA LN > 72 (Van Duuren et al., 1979),

14000 mg/m3(Z 1 H S HFfHl, 5 H. 10 B[FW ARGE L 7-iH Wistar 7 v NHIEFDORF
gz, 7 b7 7 vaxT CXRiEEER R 273 L0 - 72 (Bolt et al., 1982),

8.4 BLEFEHBIUVEEZ. FRA

84.1 invivo #HE

b HIREMRHREICL D L 2050 £721F 4100 mg/m3~D 1 H 6 KF, # 5 H, 12 » A
MOWARTEL, 7 v MESRERES 3 1D OB #E TYREE 2 #8725 - 72(Rampy
etal., 1978), 7 v b(&EEMEAES 10 VD) % fe s 3400 mg/m3 £ CTH 7 H, 1 HE721X5 HIM
W A ZilE LT B A RRBR TlX b W E Wi RS Sz, BRI E O M 2K
©72(91.4%) = & MR Z 1517 T % (Beliles et al., 1980), »57 F 77 nuoxs L ikElo
HRIEZIIREQ B 1E% 5 HEDEREAE GIX, ~ 7 2B CYQ R R 2555 Lo
72o FHEIT LDso @ 0.17(=1/6)3 LV 0.5(=1/2) L Wbt TV 528, BREROFEMZ2 @& 13720
(Cerna & Kypenova, 1977), i 2 g/kg RE £ CEIEIENEE Lz~ U A DEHE /MG
FITEZ B0 o7, 1 BEO 2 ghg (REZ G LIS FUR~ v A0 TIX, H
BRAE LT/ MR O A E 72 BN A S 07 (Murakiami & Horikawa, 1995),

FrIZvnTT UL, FAZ—RANDAL =T N CREFHESATEFHR LN
ST ARKEE Y T (91.4%) TIiE~ 7 AT MRS 525 i 72 (Beliles et al., 1980;
Mennear, 1985), 7 v hBI O~ 7 2 & HW =il T, 700 H 5\ X 3400 mg/m3 % 1 H 7
e, b HHREE L, REZEOFEEHR 1. 4. 10 HH TR TFOMREEITo72, 4 EARFRT,
U ADREREF-OESIL, 0. 700, 3400 mg/m3 TENEI 6.0%. 10.3%. 19.7% T -
7= (Beliles et al., 1980),

I Sprague-Dawley 5 » b 10 JC4 700 ¥ 7= 3400 mg/m3(Z 1 H 7 H5RH, 5 HR&E L
IZRBRTC, 7 b7 7 unz T VIEEBOEARZFHIE L o7, 5 AR ORBIR®E, 5
Mz M 2 C & fpfl A2 B 7R AR SE 7, MEZMEIR 14 BICESES &, RO T OH
BeA A L7z, 1 BT Y OBEORITD 72 < (13~19 I5), B £V #< b Aght %
7 L72ATHEMED & 2 (Beliles et al., 1980).

7 77 murxs 1000 mgkg REOEHIFE OB G1X. 7 v FOEE THRELY DNA &
(UDS)Z % L7 o> 7=, 1000 mg/kg KB T 3 MM MIE RFE% ., #HE DNA AROH
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TR Z 5 7172 (Goldsworthy et al., 1988),

0.65~1.3 glkg KE DT ~ T 7 m 7 L (FE 99.8%) 2 NG, — AT i
~ U A DR X OB THEIE SN2, ITIERER SN o7, SHUIKORE L 23 IF
BIICITER ISR S 720, ZOAERA N =R MIRATH D, 7 FF 707 i by
sonTF L VB ATHo-, N ZuonxF i r b snnns iR TE DR
W, LV EEICEEIN Y 7 a7 50T, DNA HEITHICE LA m 2 I
EBRNEEZ NS Walles, 1986), i F344 7 > Mz 1 glkg (Kif/A % 7 A RN
BELEEZ A T T anTT 3BT DNA 8{8I8 & 7% L7275 - 7= (Potter et al.,
1996),

¥ ASDORSEE#RT N7 7 rnrxT O A(4100 mg/m3 % 6 KEH) & 2 W IFsR IR O
(500 mg/kg RE)IC & 2 ZFEH% ., IF DNA SRS LI BT RE IR S hvieino 72, UL,
KB OBEEIINRVIENE D TH -2 (T LF L 10~14.5,/X 7 LA F K 100 J5{#)
(Schumann et al., 1980), LV EEDOEWT v A (WHIEA 0.13~0.94 (K X7 LA
F R 100 Fff) Clk, UC-HUtiE#%7 N5 7 a7 > 1.4 mg/kg KEOIEIENEE 5. 22 FEH
#IZ, AR L~L D DNA FEG D~ U AR T L2 ) | S HICEVERL~LTH T v b
g, 7 v hBLIN~T 2AOEEE H Tl Sz, thoEs & OfEE 1 DNA & OfE &
Lo L0 x e mIcm < (X o378 L 1d 3~40 %, RNA L 30~2000 %), @Méh%
& BiLD DNA REGIE, FEEITIE, A OIZ DNA ~O U MR R 3 O BUA 7 %
S L TN ATREME Y & 5 (Mazzullo et al., 1987),

fe{t#y DNA 5 RFIES L OV > 7<8k DNA 12 5 NZRF O 8- Fuxos4F 7/
TV ERELTCE=X—LIE, 7 T 27 er=x=7 100, 500, 1000 mg/kg (A5 %
A EEN G- U2l F344 7 > T, 24 R I & 72 h o 7= (Toraason et al.,
1999),

XA v a vy a v (Drosophila melanogaste) ~D7 k7 7 nua T O A
(3400 mg/m3 £ T4 7 FEf), JREH, HEAIZ K DI, YIRS ESE I RAE B %
BRI WAL LN o T (Beliles et al., 1980), [AA£IZ, NTP 55 Tid. 4000 mg/L
DT +T 7 muxzT CERE G U AL ERE & Ot RTS8 AR OIEAD 50
KIRED A, RS PEBBE LR BILFHF S 729> > 72 (NTP, 1986),

8.4.2 in vitro Fg

MEEZ AV HBR(=— 2 AT veA 72 E)T, &MEOT T 7 nuxT VA RFEEH
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Z R I RIS 5 0TV 2RV (Greim et al., 1975; Bartsch et al., 1979; Hardin et al., 1981;
Kringstad et al., 1981; Stanford Research Institute International, 1983; Williams &
Shimada, 1983; Connor et al., 1985; NTP, 1986; Milman et al., 1988; Warner et al.,
1988), #ERILIIHIS L VR TIThivz, Wi DR X I F 7 A(Salmonella) & & [Afk, fi
MBI 3 @ < 720 P LE X 7 1% UTH8413 X° UTH8414 &, KI5H (Escherichia col)K12
OV ST, FHRO AR R OFEAIE LT r 7 n—/1-1264 £72137 =/ b
v % —/L(phenobarbita) # %5 L7-F v b, "NAZE—, <=7 ZADJFAREY R — FMS9%
AT, WHLEHORHA~ORERTH~ONTZ, b0 —HMORBRTIZ, RO H 5
THEMOT I 7unxT o THEBRZITRV, BRERZFERT L 2R, ME
OEWT hZ7uanxT rEMRND EFE URBRCH MRS M0, FEOK I A%
BFEMHEORNTH L EBbd, 2 AIF 7 AH TAL00 THMEEZ R LTz 1 HEORBR(A R »
N7 A BTk, HBWEOMEIZ SOV TOHEILZ  (Cerna & Kypenova, 1977), 7 k7
JUuTT U INVEFA LTy NEESOFE IR LT y MIF V2 F 4 -8
EBHRTT LA Fax— 5L AR — b AR CERFMEZ R LToh,
ZHFEEEERMY S1,22- ) e =] AT A COAERKICE D EEDbILD
(Vamvakas et al., 1989), F&EHZ K2 L, T h T 7 nn=T7 I KBE %2 H 7z SOS
B TRt T - 7= (de Raat, 2003),

M~y AW 2 tFOEERERABRT, 7 N7 7anx7 U i3BEE R~ L7, L
L, AEBRE OMEZIE 1R H CTIIE < (91.4%)(Beliles et al., 1980), 2 {:H Tid#E sh
T 72 (Cerna & Kypenova, 1977)D T, flamiE 7220,

T N T 7 an T U133 FEERE Saccharomyces cerevisiae % F\ ) % RBR T, SRS B
BB E AR, FADHRBE B EZFHER LT, SEIEREREZH 04
WERME, 2R B5 PR B OO R AN, RS R BI A OFEREERER TUX. BRMERE R, HUVE W RRER,
HDNEIR—F—F A~ EOFERMH TV 5 (HSE, 1987; ECETOC, 1990), BEREL ~ 7 X,
RO WNZIFREERN 27 e ha v i HnWed 56 FERERBR I, BEERI GO
(Bronzetti et al., 1983),

SO WIMDEAEIZ DB T F ¥ A =—ANLAXZ—JHEMIT, 7 hT77nnxT 0k
Gu o (R L do 2 W T R G 3 IR A HA 22 35 %6 L 72 )2 o 72 (NTP, 1986; Galloway et al.,
1987).

EnE O~ A Y oNERBR(LS178Y Ml zZ FHWA) T, 7 b T 7 aux=T 0% S9 s

DOF DD BT IREREZ TR L 72(NTP, 1986),
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v ~UNER, WI-38 B MEHESEMIL, 7 v b - v~ U ZFHIlZ O - R EH] DNA AR
(UDS)ikBr T, DNA HEREOIEIIFED Siv7en - 7-(Beliles et al., 1980; Williams &
Shimada, 1983; Costa & Ivanetich, 1984; Milman et al., 1988), & A #b#kiFic k5 &,
Z v M EZ R vaEEAE T b 7 nn T L ORENYT TV E AT R EH
DNA ARk ¢, BpthfE 23 Tur 5 (Shimada et al., 1983),

S9 FEUIMALIRIZ I\ T, BALB/c-3T3 Mz H = 2 DT v A (Tu et al., 1985;
Milman et al., 1988). & 5\ & BHK 21/C13 #ifnzd Hv 725 3 »FEE(Milman et al.,
1988)C, 7 h 7/ mux T T E A H A5 L) - 72, Rauscher HIfLHE Y A /L
AN S T2 T v MIRMINE F1706p108 % W=7 vt A T, BEtERE R3S 517z (Price
et al., 1979),

Ty Mg A v FaX—hFDHL, TR /nnz T EZ Xy ST v a s
HM AR A ERE 2 . L 7~ (Benane et al., 1996),

T hIrvunxTT ok, NIRRT S X oS-t Msa(MCL-5, h2E1)
A X axX— T D&, BRI/ NMERHEIZ D H EE ARSI L 72 (Doherty
et al., 1996),

8.5 AfEEit

86.1 LHHGE~DEEE

2 ARAEFERBRIC IV T 7 v MESFEIERES 24 B4 0, 700, 2100, 7000 mg/m3 (T,
ZBLATICIE 1 B 6 R[], B 5 B, 118, RO TAEE THRFE Tlidfs B AR Lz, M
[ZiX, ZFO%EIRE 20 H £ TEEHRE L, F1 HAFS 6 Bl 725 TR % FH
L. BEFLfFZ 2 HRE OB E LT 5 & Cf Bkl L7z, 388k U 72 BEFLITF 2 2XBCATIC
W5 H, Dl bt 11EMEREE Lz, F2 & LT 3HORBEMFNEENT, F2A FEFIC
xF LT, fHF% F1 REF & RERIZALE L7228, 7000 mg/m3 CIIfZAMICE#E Lo 7z
(1 AR H T2 ORE TR DN BEFRRE LB HEELPI 7o), 1 H il 2 WO RE
(0, 2100, 7000 mg/m3 DI)thDRZFMNSAEENTF% F2B FAEFE L, BT v b~D &
BE A UEHR 1~20 HISHET 7228, RFLHITFEERTR & Lz, &ikl2, xHIREER L O 7000 mg/m?
BEO1E % IR R TME & ZSHl S ¥ TN F4 F2C [FIIEIF & Uiz, ZARHE & AESfREIX. 2100
mg/m3 £ Tl L Z T 72> 7=, 7000 mg/m3 TlE, FRHAFEMGALHTE L OYEIR - %9
BT o s R ID 722 © NS AP (FRE A, BT RE, 6 KON T ofF o4
FHROEBIN A S iviz, F2CFTIXEENRA LT, BT TIZ N 2R L
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TV 5 (Tinston, 1995),

FhIrurx7 0, 500, 1600, 3200 mg/m?iZ 1 A 85, I 5 H., 28 MM L
72 10~12 JEDOMET » FRET, ZARRECEIHRE~ DRI T 7 5 7272 7= (Carpenter, 1937),

12000 mg/m3|Z 1 H 1 Rz 2[F, 5 H, 2 BEMRKEWRAZEE LM » M6
UNREMIRE D, In vitro TOSZAEREINIE TR 7=, T v 7 7vnx7 0 0.9%% 2 MK
KEEH LT > NOEEAIBI O 7= Tween HUKZ M) TIL, £ 95 LIEREIIA LR 5
oo LML, 7T b7 7 muxT S3PINEO RIS 28T S #72(63% vs 78%. P<0.05)
(Berger & Horner, 2003),

852 BEFM

Z > MMZ 0, 700, 2100, 7000 mg/m3 %, RELRIZIZ 1 H 6 KEfH], 5 A, 11 M, ¥
FOKHE » 4l - AWM I3 B AR Lz 2 HAUAZERAER(§ 8.5.1 |ZFCHD
T, BZOLHEBRIIBEN THo = & x4, BAEFBHEOTHLIE 2100 mg/m3 £ TiEAi D
niginode, FAEMFOERERS X OVEFRT, BMIRICHREFEELS LOEHELFHEIR LIRE
® 7000 mg/m3 T L 72, 2100 mg/m3 Tt kg R E & O DT )7 lid (6%) 728 F1
THLEk S 4. 7000 mg/m3 Tl 16% DI 23388 5 7= (Tinston, 1995),

T hZ 7 vnuxT o ORAETFEERR, DEOT v NERGRE 1T UL, XHRRE 30 D)% 0 7213
2100 mg/m? (2 1 H 7 K], 4EHR 6~15 HICHFE L Tl biviz, RMREEEMERT FZ
suanxs URETETRD L, WERITRELZZ T enr ol R, S5 &
W B, YRR IBMFERE - RRICIEEZBIIR O R olc, DT DLERAE
IR WINE EF(9% vs 4%) 03 GHECHBIEE SivTe, WETHARR O BE & B~ OB O
Tl BEFEEORBITRO b2 o7, BIrEtErs A EENE TN R, #H
FEMEAE F OFEIL T 72 7> > 72 (Schwetz et al., 1975),

FHRT v 20 6725 3EEA2T S 7 ne s 2 3400 mg/m3lZ 1 H 7K, 1) 4
B 0~18 H. 2) zEAT 3 I L UUTHR 0~18 H. & 5\ d 3) #ZhLAT 3 i M F L OMTR
6~18 HIZ#FE L2y, FatEoMa I I oz dr o o, ME—3RD DL RHEA~ D
BIIMHLHWVIEERO DT LREINT, BRI T—B L TALNTDIT TIEnrolz, U
X2 HWHELPORBR T, WS SN &R5HEEOREL, iRk 7~21 HIZ&E LT
FECHRIEE NN L7 = & Th - 7= (Beliles et al., 1980; Hardin et al., 1981),
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ERIETARENR DD ET DV OO Z R LT, &/ 183~21 I bk b
Sprague-Dawley 7 » KZ 700 mg/m3 % 44z 14~20 H, & % % 6000 mg/m3 % L4z 7~
13 HEIT 14~20 BIZREE LT, /7 v MO ES LOREEINED, ik 7~13 A
|2 6000 mg/m3 % Zi& L 7o #E Tl L7y, B A CIIT s B b EF CTh oo, 4
PEAFEIII 512 K 2 B E2 203 ST b ilE STV ATEIRRBR O 55, 700 mg/m?3
BEOHAFICHEBEERN 2N EHBH LS, #7 > h2MER 7~13 HIZ 6000 mg/m3
(B L7 BED AT CIIAMR B RE O IR F(10~14 AR Ef Sz, Lo, iE
BINCRFESINTRT v MO OEFNTAFORGEIL, MRAESEE 2 827251 03Uk T Xt iR
BEL VR TV, MRIEZFTR D, 21 HIOHAEFORM T, 6000 mg/m3 Wi TiE
TEFa ) ORI, 6000 mg/ms (2 T~13 HIZHTE L7ZRET R3S oD 280 572
272570, B CIIMRAL PR BT B S e o 7o, AP BEAERR ~ D 5288 X
B2 roTz, 31~32 HIZ, 6000 mg/m3BEDFT v MMiA—T> 7 4 —)L Kk T
L < @V EB)E %4 7R L7=(Nelson et al., 1980),

FBE18~19 572 % CFY 7 v K% 0, 1500, 4500, 8500 mg/m3 (ZATLARMIM] %38 L
T(0~21 H)1 H 8 BRI %#HE L2/ %, 1500 mg/m3 (I RHAFIECMIF~DA BB %25
& L7 o7z, 4500 mg/m3 LA ETlx, RN RET v MR INH] & Rk & oo n)
&R T GERR AR R O, IR AR E O T, B IO RIS X ORI o 8 n)
THIZE S 72 (Szakmary et al., 1997), — O HAAF(A—FER O (722 £ 5 3RBI) T,
MIRATEN IR 2 BEFLZ 5 100 B ORER R £ TiTo72, —IZ, Zhb ok
DFERILIER Th o7, 100 H BIZHETHEFATEN DT 0 — RIS U (R FERE T
BN IN TV W), BFEBEI Lz, MR EITELZ T, M Tl Kaw
L/NEEOEENNTIFE D B ) - 72 (Szakmary et al., 1997),

HOHAV—=rr7a b aIBWT, BMEEEECRMEAT I X OVRE G & DI
P)D 900 mglkg AFE/H DT hT /7 nuxT %, F344 7 v MIENR 6~19 BICRO 0T
—TNEHNTEE LIzE A, MR, FRONRE 2 ITHEIR), HAZIEC A EEGICER
LTI L7z, IRHETORBRIIITHOI T 722 (Narotsky & Kavlock, 1995),

T N7 anxT o OFREFEEOATREME A PR 53R, 0 F£721% 2100 mg/m3 12 H (B
HHEL1TIC, XHHHE 30 D) D~ 2% 1 H 7KeH, MBI 6~15 HIZ&E L TTlebilz, 7
NI muxT CIRMAITFEEOIN L R FIREOR T 255 Lic, FEFZ &Ic%k
FT(F—Z TR FZ I ST & | BEEE B L O i oBbiRIiE, Mg sy
BBk, e FEREOEMMN Z 5 7= (Schwetz et al., 1975)

C57BL ~ v A% 0(n=77)£721% 1500 mg/m3 (n = 10\, HIROIEFAL 2@ L T 1
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H 8IFZFE Lz & 2 A, HHREOR~ U ZCEMEGFEIXHITFEEOEIN RO bz, Wik
SN fpfrEtEix, EFERFE OB & NI TEGEM AR O#IN0.8% 725 14%~)Th
5 72(Szakmary et al., 1997), *HFRREOEN L WELHITFIH STV,

He~ 7 227 FF 7 uuxT b £7213 320 melkg (KE/H & L% 10~16 HIZHE MR
Beh Uiz 25, AREDROWEMIIAER 17 FITITER Tho723, Ak 60 FICITW
&L~V CHT & & HRERE(P<0.0)E SOOI TEIOZ(LIZH NN A bz, HEK
TR 2 R B B 2R ELE R < L 1 DD EAUIIM O FT RS TR S =0 &3 F AT
bolz, LinL, ZORENS., i~ 2 TIIATENC KRR E S 72 bR =
FBUENTRIET D 2 &R X5 (Fredriksson et al., 1993)(E 572 2 FEMICOWTIE §
8.2.2.3 &#),

New Zealand V%X %7 F 77 nnux7 v 0(n=10)F721% 4500 mg/m3 (n = 16)IZ, #F
PROMEERMZELT1 H SHMBRE L L A, BEREOR Y VX 2R E RN &
O & MR EEOINVBBIEE STz, BE SN R SREIEKBS L0
R U REAREL D BENN T 3 > 72, METFTEEDFERLIL A 5 72 7> - 72 (SzakmAary et al., 1997),

8.6 fioFE M

Y X OB E 24 BB EEA LI 2 A, T T 7 un T VTEEDO K ER
(Duprat et al., 1976)35 L OMESE(Wolf, 1956)% 5| X = L7, ik~ 4 RfijEfitc, v
PR EIEE L WSS 2 7R LT BIL A B A7 Hr - 72 (Van Beek, 1990), £/VE > k
DR &2 H (glass ring depots (C ANV C) L= & Z A, J#fH 15 4r~16 FFRI & ICERE L 7= F7
JE DR T, REZOIBITHEA L, BG4 BE, B R AIIRE 23 2 & 717 (Kronevi et al., 1981),

T hZ77urxT UK 0.1 mL & U XOMRICHE T Lzl 2 A B RREREQ10 Bk
T 05 I 7=(Duprat et al., 1976), VY X OIRICEBEEZET 5 & IR, FELR
THFHIARBAMNEZ 23 2 A ER, BRRICHIBE L 72 BEGHila Blg2 S nufes, 2 BHEANIZ
A1 L 7= (Grant, 1962),

AT Yy N7V any MEERWERER T, RERIEERITBE SN2 o7, REBRLZ
FEILE Y NI 9 VED AT, BAEM EFBFRMIZ OV TOHEIIAR T4 Th % Rao et al., 1981),

PR SR ZFEIZOWTT b I 7T VI HaIES TV, EREW TIIx0E
DRFFMEIEAEME 2 569 2 WA 1345 5 TuZey(de Raat, 2003),

70



8.7 fERtER

MLy FBEMBR LI~V ABLO 7y NEI Fa s RV T %, 0.1~10
mmol/L DRETT hF7/7unxr  BLOSA22- M) Z7nub =)7L 2F4 (T
AT A AIERNCRB L, 7 h 77 nnxT o OBHEEHRE~DZIEICE T oMEED
FOHENTH LN, [ F344 T v FOBREMREZT M7 7 nexT VRE 0.1~1
mmol/L Thgid 3l ETA v FaxX— 325 & AT & Fu s —EBLDH)kH N 2R
FECRFMF L ONR AR U722y, HETD o b ORI TIZW AL DR EE T H M A 74
LIl [RERDNE = NI NE T AGEGRIZONTH A Bz, 0.2 mmol/L &
Wo T RRED §(1,22- N Zun b= W)V EF AL 2EHA X o= T D L&
LDH Jig X EORIRE 2 B IFE BN L7223 T~ F OB HIfE 2 & O fikiiE 0.5 mmol/L
IFCIEBAE Ciderole, 7y FORHBI har FU T TR, 7 h77er=r 1
mmol/L @, K& 3 FE(ADP f77E N CTORMER), REE 4 FEL(ADP JEFIE F COMEE), &
DI T RV —pEERE ) CIRTE 3 FROH B HRHE 4 PR DL, T 700 HIFIL G R
[RCRD~DEBII/ NS W ECTH - T-, Thic0Ehz, §1,22-h)Z7ente=1)7
NETFA I mmol/LiZ 7 » v by KU 7N TIREE 3 ML 22 L < (>60%).RCR
Z>50%Mif Lic, M7 > hod I b RU 7 OREZMIT L VK<, 1 mmol/L @ S(1,2,2-
NV Zmaab= W) NEFA o FH5I3 RESMFRODTHRET2@FRLIICEEED,
RCR IZWEBEZ RIES ) olz, ~UADI hay RYUTNTIE, Fo0REEITA LR
hol, T hIrzupxFr Ll §(1,22- Y 712:!1:%/&)7/1/&3&7?/;* IRAE 3 M XS
FORCROAERKRAFRE LZ, T hI7unxT o if, i~ 2D hary FUTH
TIRREE4A M A2 ST 2 b, 2 hay R 7 olE&E»RE X5 (Lash et al., 2002),
Thr77nnxr o §Q1Q,22- M) sunb = V)V EFA UL Ty ORI S
5L F344 7 > FX° B6C3F1 ~ 7 ZAOHiHF I =2 KU TNT, MlamEHEe h=av
RUTHREICH B R EL LIEST, FRAT b7 7unxs7 o007/ vy F 4 as
KOO EFEEWIE TIER VW EE2RE LTS, Ubns, 7 h77np7 0 BIO
§(1,2,2- MU 7 =) NEF A OEFEICE T in vivo TR HLHFE - 2 - A5
ED%LIX. 2 ) Lz invitro T MIIBWTHEO LD LK CTX 5 (Lash et al., 1998,
2002; Lash & Parker, 2001),

TRIZ7unTT DI NVE T A RAEERN S RO R E AR T DREIIIE. Ty FO
FO N7 A(BLOE MDIZHERTIES MIZE W (Dekant et al., 1998), Z oAk E 2D
FOSHEAGEH N, 7 v MCB T 2 BlEHES K OGSO/ EICEE L B X 5 TWVWAH(ATSDR,
1997), Rk 2 A TOBHETH D aw /07 )V UVBIES, 7 77 muxT VGO
7 v MZH 515 (Goldsworthy et al., 1988; Green et al., 1990; Potter et al., 1996;
ATSDR, 1997), S FEIERRIKFED a7 BTV VBEZFELLT <. EORHF
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BFERBROBEND, 20X A TOBEITMET v MIFROARMKISTH Y, B M
BTHELRWEDRMBIES ZIFANLND L) ITleolz, L, HOWENET ~
FCaw /7Y UVBERIGAEN L TCEERGEZG S E T EHEINDDICLER T DD
FEHETARC, 1999909 5, a2/ v 7V EDORHHFESITT N7 7 a7 o TIEHA
LNTELT ., £ D7 OMEGERRE ORI T RARA > b & DOHERRISERND Z
D LTeit 2 BAHT 2 2 LT TERY,

WHIRICBIT DT M7 7unx T v OFEBERHY Y 7 o o fiRlix, ~ U AT
X vV — L HFE(Odum et al., 1988)F L OES;(Herren-Freund et al., 1987) % 5| X Z L,
ThI/unxT UREX T ATHLND VA F Y — LHE(Odum et al., 1988)F
FOWFIES(NTP, 1986; Anna et al., 1994; Nagano et al., 1998a,b)IZ &85 BE 5 L CTuvy
LEEBEBZOND, ThI/mnuT o ~ORAZRETIE MY 7 v o FEERE S5 O A REME & —
BT H0E, ~UAD N 7 maFigiFIRER 7 v MR TE2202% < (Odum et al.,
1988), LA XY — AHITEN~ U A TIEROLNDEN T v MFTIERED S
(Odumet al., 1988) 2 L Th 5, T b OBIEGHRIT, MEEO HERISICIS W TRE 2
FIFEZAENAEC D AREMHEA R LTS, OfEE LT F 7 7 unxr U ARAKE LTt~
U ADIFE TSN A F Y — MRS 2RO TWD N, [ARRIZLE L2 > R TIEED
X9 72 BSOS )il A 7k LT 72 (Goldsworthy & Popp, 1987), IO A~ L4
XY — LHREA R OEEREME U CHEERERTICrPDo TS EEZ BN
LIz, EMRRHEEGFET D EEbh s, B NOFIIE, - B8 CIXoR ) 70 s 5E A
ThdSESEMEEWEO~IVAF T Y — LEFEERIC, L CTIRPIMEZ R4 2 & 3A
5L TWAH(ATSDR, 1997), BIOHENH LN LIz ZAICL DL, ~ U AfFIXT » M
X0 B EICT DM @V (Schumann et al., 1980), LA Y — A HEFHEIK -
1AL Z FRIR(PPAR) o IRTFIED RN AMEREF IR 2 EEFES O H H(Klaunig et al.,
2003), ~ILAFT Y —AHEE X X v TV x vy Vg VARG ILEN T h T 7 a R
TT UBRBRICRESNATVD, L, foOBMEERESR, bbb, A dFv Y —
LWESE = — NMEBIE T O PPAR o B VEGET, AURHGE, NEIDERAGH., MIRSHIEORELS
TR M=V A OB A NV AD B 7y S—la g R R g, SR
7 — 7R SO W T OFHRITHE S TR,

MERE F344 7~ b OFHIFMEZ & 10 mmol/ F TOT F o7 7vux7 U E2iX
S(1,22- N Zar b=V T VEFAE L SEEHA VFaX—FLTEEZ A, Ty NEM
I &R IRAIC, JRT & Fr s —RoiiEA bhien-s 7o (LR R), Zhid, F344
7w NOMIEIZ. Z 5 LAk FWE O BERMEIT T 2B B L 0 35 TR 2
& Z 45 L5 (Lash et al., 2002),
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22 /572 5~ U AREIC 5 g/L & 61 MHEUKER G L2 BT, 7 M7 7 m o7 ARG
WMo RV 7 o oIS ORE N AME Th oo, AR AN, FEEEGXR~ D 2 22 T
H1 28T, &G~ U A 22080 7L CTHRAE L, ATHIAMRIEOR S IL, BT 2/22,
BERET822 ThoTe, 2O LEFTRIZ, v~V AR LT F I 7 mnxT ORENAME
T OEERBFDICL->THlIER I END Z & EREL TV 5D (Herren-Freund et al.,
1987),

ras WAL OIEMEIZ. T F 77 aa 7 2 K-> TB6C3FL ~ 7 AZHER I N DA
ORI G E < RLRRTIERWE Bbh s, 27607 F T 7 nuxT B AGHE 5
H . 76 JE OFREIRE 0512 X > THERB) OBAB BT OfE R, 6 41T H-ras 2 2 611
1T H-ras 2, 4 BT K-ras \IZEBPRD LTz, BRFEENA 35 HI(FEE LTilaE
DT —ZIZHFKTDH)DH>HZD Hras 2 FUEBRPEDOOLNT-DOIT 26 Hl TH-T=, . IR
JEIZOWTIX, T b7 7unxs UBENRAL 26 HlTIEENETNTHL, 16], 3BITHY,
HARFEAEREIE 39 B CIX 36 Bl Tdhotz, ZOFRNRETLZDIX, T hIr/unxT g
#2725, H-ras = R 61 TO B ARFEALRBIRABIEENIEZ G L, FRICT 7 L7
BEEERET. H2WIE 2R DNA HIEEOIFRRIRFER, OLbLohE8bE D,
VRO TR Z | E 29 Z & Th % (Anna et al., 1994),

RELOEASIFRMIEIC K S &, T I 7 ano T U ARITEH R BREERBUE
ZHIRWVWEDITHZ D, L, HEOTHRINLIRHY. TobbEukikic Lo
o §(1,2,2- 8V 7 v =)L A7 A »(Green & Odum, 1985; Vamvakas et al.,
1989)B LV 7 EFN-§ (1,2,2- U 7 ru =)L v A7 A (Vamvakas et al.,
1987). 72 b NCEALIRFNCRIT D= ARF v K/ AF v T RO T T 7amzTr
FXT R, T— 2 AR TR 5N ME L RFTH 5 (Kline et al., 1982),

T h77vuxT U OFRMRERA~ORBERRBFIT, KK E L TRIATH S (ATSDR,
1997), 7 v FOEEMRFE CHALNDI KMEEF O ) =NV T I VHEART VLY RO
NGB /X2 — > DAAED, (SO EEZ R L Tn5d B2 5ivd (Kyrklund et al,
1988, 1990).

9. b Lr~DE
9.1 RFT~DEGIW & KIE)

T h77mvuxT URHKIZE R OREEE RIS 5 Meyer, 1973; Nicolis & Helwig,
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1973; Hake & Stewart, 1977; Metz et al., 1982), JA#iFHIZ 72 5 B & DFEARF L ORI,
T hIraaxT UNYRIGANTERIRE S T 30 45 TE~5 BRI EFR A CEN TV 2 AD
EZ BT B 7= (Morgan, 1969; Ling & Lindsay, 1971),

De Raat (2003)i%, A4V —7H 1%KL DXy F T A M THR LI, 7 hT727mn
TT UHFMEDT LV MR ER O 2 JEBNZ OV TR~ TV 5 (Vail, 1974), FT A
7 U == )T 2ERENZ 1T AOLHER, 2 BOERERBEICL>ThlsREZ S L
EzonbdT N7 7 auxT CEEONE A2 IIE L7 (Palacek, 1970), 18 1% D 5B 122403,
T I r7nunxT U~ORYIZRERIC, BEOMRANEE, %, W LS 209 Skl S =
Y — Nz 33 Liz(Boulet, 1988), HEMWHE~DmE(LIT LITHEDREE LM E T2
i SR, FRRERICEED RV OITPERERER 2 1 5 25, SERY7R b 0 Tide B
Ko THERINT-OGETH D TEEMED &V (Malo & Chan-Yeung, 2001), 0.25 ml/kg A/
H% 2 BB L=/NRIZ, 77 4 7% —RUGm & 5 7= (Rabbini et al., 1985),

— I PE TR OIRRITIER Y, B FHIHERE 1Z 520~550 mg/m3 7KK ~DF#E Tl
LINIZ (Stewart et al., 1961b), 690 mg/m3 7KK ~D T CTix 2 FFMILINIZF I L7=28, =
OFEWRTE 7 B R FE O TRINCIHEIR L7=(Stewart et al., 1970) & ORERH D, 2L LL
ATOWEIC LD & 6 AOWERHE TlE 570~900 mg/m3 ~0> 1 FEERTE TR 2 g L7220 -
2o BREED SAREIERAY 1500 mg/m3 ~D 2 Iff#] 5 #E (Rowe et al.,, 1952), & %\ % 690
mg/m3 ~@ 7 FFfE] 27 (Stewart et al., 1970) THREL L7225, 730 mg/m3 ~@ 1 FFfi#&FE T
IZFEL L 727> 7= (Rowe et al., 1952), 6400~8200 mg/m3 ~D R X, EHZIZIER LUK
1E 2 EE IR L 7= (Rowe et al., 1952),

9.2 2H~DE

877 LETCORAMENMINTERORRIZAWLOTND, £9 LEHMATIE, B
K% 4.5~6 g BEHEMED W, BT, 2H< b, A, IR, EkiEkz ol &I L
T % (Kendrick, 1929; Wright et al., 1937; Sandground, 1941; HSE, 1987), HE O¥5sh
¥ H (Haerer & Udelman, 1964) & 5£1-(Goldbloom & Boyd, 1954; Lemburg et al., 1979) D
WELH DL, HEERE 1.6~4.8 glkg REIT, /NRICIEE, HEE R, a2y 7%, 1
PITIIFET S 2 b5 & 2 L72(EC, 2004),

B LVEERE)DT N7 7 v r =T KIS 30 MR LT 9 AOTEM LT3 EL L7 T
L b, iREEN R, ITIROREZ LI, i T 63 HH#iV 7= (Saland, 1967), 7 Ikf
MOFFE LT ~DORBEOME, EiiHk, S, 2UEMKE, fE EFAETE, #E
TiX, B - FFSEEIZIER T - 7= (Patel et al., 1977), HFHREFREZE(—mIED AST E& &R
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Hor el =5 UEINORIE) A, WA XD REERIREDT T 7 aaxs 2k
ZFE L 1 AOIEEBR TRD b= (Stewart et al., 1961a; Stewart, 1969), Eikidde, 8
JEDIEHE 72 B ORI - BIEER, T I 7nnxzT o0 =" o T
. 12 RMRE L2 V—= 0 ZEEBICAE L, RTT b7 7 nn 7 REITRE
R O3 L% 4100 mg/m3 7 6 (BRFEE L OREITHE SN THZRWA L0 &Enoi
EEZABND), BLELFAKIT 700 mg/m3, BEZ 15 HZRIZ 70 mg/m3, £ 25 H&IZ 30
mg/m3 ~& | "IEMIZIK T L7-(Hake & Stewart, 1977), K74 7 U —=1 7|5 DIEFR;,
BLIORRIA 7V —=v T I 7unxT 0 ORBIZE D) A 7R, 2l A
BB X D BRI D ERE ST b (Lukaszewski, 1979; Levine et al., 1981),

TR BB R B S EA, 3250 mg/m3 DT T/ mu T UARRIC 130 SRR
L 7= #BRE T S 372, 6280 mg/m3 ~? 95 4y [l ##E CTliL. 5%, mental fogginess(:.l»
BRI, BEEE T S 4, 10000 mg/m3 TIXFARDIRAEIZE - 72, #BRE 1T 13400 mg/m3
DB M2 B2 & & U 7-(Carpenter, 1937), IRFIEUER(S§ 9.1 ZF)1XH & LT,
PeERE 6 A 570~900 mg/m3 7&K ~D 1 KO REFE T, HFEZEIME SN -7,
1420~1620 mg/m3 ~® 45 5rfH]~2 W ZE TIEH E WV EIRKAE L 54, 1420~2450
mg/m3 ~@ 2 K] E TORBETIIIHL b, BEEOMEEA, R, WilESEENAE T
77

Stewart 5(1970)1%. #BRE 16 A% 700 mg/m3 &5 7 B BT L7211 AT HE 2
. 5 NITIE 5 HIEER), Mikd 2 WTmiE+ o AST, ALT, M7 VI VRAT 72—
B, Mg LDH O&IEME BT ik /) « F{LFHNT A= L vrvl) /) —5Fr 17
g RhATuaA RN, 1T-t FuaxialrFarsaf N, A7arvriy, JvT7F=vE
D GERRR RONEZRE Lz, KEOHBRE ITREDIR, &, WHMEO R, AiEEE
SEgR . AL, IR, D WVITRERNEEAFZ -, IO OFBINERE T L, JEIG
MAE R LTV,

BB E Bk 6 NETH ) — (T a—VEE 50%D 74~ 1.5 mlkg (KE)E 7215
TENRL(RE 10 mg/HETE 1 H1RE)DET F T 7 v T e 700 mg/md)iZ, 1 H
5.5 BEf. 11 BRERE L7225, MAEEHOFERITA N0 - 7-(Hake & Stewart, 1977;
Stewart et al., 1977),

JFgkHde Raat, 2003)7%, 7 k77 muxT U ~OMERBZIC L > THENFE SN
JEFH|(Hughes, 1954; Lob, 1957; Eberhardt & Freundt, 1966; Meckler & Phelps, 1966;
Gold, 1969; Trense & Zimmerman, 1969; USEPA, 1986; Lorenz et al., 1990)% —&F|C
FELHOTVD, BEEITEFEEIN TV W, BT, 5. OF V., BHFE. tX. B
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BrEk, WEM-, BAROER, WIEEICH, IR, FLIERE . SOt FE, Fsee R .
AR AR ZSAb (RIS & 2 SR I M, BAZERIa O R[S . FHIRPLSR, #5E)
REThoT, —HEFITIE, RIA 27UV —=2 AL LTEW T 22 EOFLIR A,
(T FT77vnvxT % 10 mg/L £ TEHAH) Z A CTHIE % 3JE L 72 (Anonymous, 1978),

|

9.3 HEMBAM

RIA 7 ) —=  TEETHDONAT F 70T U ORNAMEICONTO L E 22—
28, 1995 4EIZ JARC I & » TEMi &7z, & b TORSN7-FFIL & EBREMW TO 43 725E
HUZHESE TARCIET FF7nnx7 v a bk MIxtLTEZ L BB AMEZRT &b L.
TN—T 20 LT, € R TOWMIENS, T I /7mnnxr U BiEL BREBLOTE
R NCIHER T Y UNEOY X7 R, FIZEMETAZ EnbhoTe,  “&H
FHERRT 5 2 L iETE T, ok — MIREFOATHRAZILLEN Db DD, Zib 0
BEEME I XMBARIC L D L 135 212 < W (TARC, 1995), A CICAD T, IARC (1995). de Raat
(2003), BL LV EREDOARERINOHEEE R LIRBOALE L LD, ZNHORBOE
S fE R G Table 9 ICfIRICFE R LTZ,

EERAEICB T DL FWE O N AMEOFHEIL., LIXLITIRAE&ZE R D NI RBEF O
ERBOTOHELIIZL>THIToNDZERHY, 2NN T FF77aaxT U ORAICY
TEED, 7 h 7707 SRRSO KT A4 7 U —= U ZIZEITHW O TE 723,
OLFWE, LV biF v 7unnxF UR0R(EKE E Vo TREA B E CHICHN b
T&le, FIA 2V == 7IZBIT 5 S EIEREBAIOHEREIZ, HickoThHH T
ENIZBWTEHR STV ERST20T 5, FIA7 ) —=U EEIZET 2L ORAET
X, T I uan T SCERBIND ATREMEN W T R —EEB (WEENFE—JENT
ITONRWNEE)BXHRE L TEY, 2O X I ICEBRITIIRBZE SN T RVWATEBIZE D “%
#& ERHOARIL, 9 LIZiiEORE 2K T &8 TV % (de Raat, 2003),

HKE, KEOTU U MBI RN, BFEOT VT 4y aan BT
MZERITD 4 FOBERFHIFEERHEIL, 70 RV —HDWNEIRITA4 7 ) —=2 T ¥R
BT 2 ENRAQHOHE), B - JE - JES - iR AQH0OFHE), NE - 2HE -
FPE - MEEHE - #5 O - A - B2 ATARC, 1995)IC L 5T R0 LR A2HE L,
FREHN~DBFEH TN A DORAEY 27 BNEE b & OHE (Hernberg et al.,, 1984,
1988)% %\ T, 7V RU—EEBBLORTIA 27 U —=2 7N T 2R A DR
RIRAEN TN,

NIOSH %, XED 4 HEEN OB RTA 7 ) == TEERBICBITANARRTERE
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T LR A2 - #OHEEIZFHE L T 5 (Kaplan, 1980; Brown & Kaplan, 1987; Ruder
et al., 1994, 2001), 5T OMEFETIL, 1960 FLANIHKIK 1 M7 N7 7 avxT7 10k
BENTZRIA 7 ) —= FVE¥E 1708 AD ik — k723, 1996 4E R £ TS N7, 96%
DIBIFFTRETH Y . 625 AT h I 7 unxT o OIERHPCE-OR)DJE Tj% . 1083 A
W7 FZ7r7unxT B X OMOBEANCZESE L TV 2(PCE- 77 X)), 2EHEZ W CHIRE
WU RO HIEME(LIE T H(SMR) A, RIA 7 V—=2 7 KI8T 57 v /maxT v
A~ FEE 7213 5 FELL L) Ot BRI F L ORI (<20 £ £ 7213 20 FELL BIC L » T
BHL7, HO5PHFAICEL DD SMR i 1.03(95%CI 0.97~1.10) ThH->7-, &2k
— hTOEMNA SMR X 1.25(95% CI 1.11~1.41) T, BEFHRFHE L OBIRBIFIC LD E5H
L7, LML, 20 SMRIZ PCE-7 7 AFE(SMR 1.35, 95% CI 1.16~1.55)D J5 % PCE-
D HFE(SMR 1.08, 95% C10.85~1.36) LV @i o7-, &22dk— hTENA(SMR 5.00, 95%
CI 1.62~11.68, 5 ). &EA(SMR 2.47, 95% CI 1.35~4.14, 14 i), EGZFR< I
2 /U(SMR 1.48, 95% CI 1.01~2.09, 32 #i)), <& - K& - i L(SMR 1.36, 95% CI
1.05~1.73, 65 f5), Mt L OMhikRE 23 A (SMR 2.22, 95% CI 1.06~4.08, 10 %),
TEHENAVSMR 1.95, 95% CI 1.00~3.40, 12 HNO Y R 7 BNEnoTe, BB AIEDIE
FIU R0, MR AR O 473 —(AAN, BAL Bk, &) ch bz, gk
FOMEE N AN LD TIEFHFICAEE TR0 )b < BlES A Tk SMR 1
1.41(95% CI 0.46~3.30, 5 ) Th o7z, N OT N TH D720, ZBEM MR
MIC XD 0HTIXIE E AL EDRBIENL TRATRE TH 720, BIENAB L O A DU X
TR B L OBRFEOWMIMIC > T EA Lc, FEEPAUICEDET Y 27 1%, ZFEH
foEmE EHICER Lz, BEBLIOTFESHENAATIE, UAZOLEFIEX PCE-OAREE
PCE-7J ARETHBIL Tz, BMAAETIZT T PCE- 7T AR TRAEL, EHD
I, TEHEPABIOCRBENSAUICEDWETRTIIT A 7 A X AL &S RFENfERE 1
MEETHHHLOD, PCE-OAHar— bBIOLY EMIC PCE ICBFZE LI-{EEET, =
NS DAL TON DM Y A 7 (95% CI0.46~3.30, 5 )X, PCE % & 0B 4R
% L T\ % [Ruder et al., 2001),

NCI (ZKEI XV =MD FF A4 27 V==V 7{EEBOMEEN LD ak— N T, A
LR & 4 L T2 (Blair et al., 1979, 1986, 1990, 2003), i ® FHIZH T, 1948
D 1993 4 12 H ORI 7 < &b 1 AEMBETT LG B 5369 AT, JRIEK 23 04 &
iz, BIFHAEIX 88% 5% T Lz, HHWHJRKIZL S SMR 1E 1.0(95% CI1 1.0~1.1), &b
DBHNANT LD SMR 1T 1.2(95% CI 1.1~1.3) Th 72, Mt HERETR LN, &
EARABMR 2.2, 95% CI 1.5~3.3, 3£ 26 f5) . i’ A(SMR 1.4, 95% CI 1.1~1.6, 3t
125 #), FESENASMR 1.6, 95% CI 1.0~2.3, L1 27 ) TH LT, WHEEI A,
BEEAS A, B H KR U F Tk, MFHICHE TIXRWBIEE C R A bivie, fFigs A
IZEBETIE, FHRHUICAETIERVWb OO holz, BENADY A7 1L “BFEITIZE
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Table 9: Summary of human carcinogenicity studies.

Subjects

Crgansicancer type

1708 dry cleaning workers in

the USA

Exposed to tetrachloroethens
(PCE) for at least 1 year
before 1860 and followsed up

to 1096

625 exposed only to PCE

[PCE-only]

1083 exposed to PCE and
other salvents [PCE-plus]

All cancer [cohort]
All cancer [PCE-only]
All cancer [PCE-plus]
Tongue [cohart]
Oesophagus [cohort]

Intestine except rectum

Indication of risk Reference
SMR [C]]; no. of cases [notes] Ruder et al.
1.25[1.11-1.41] (2001)
1.08 [0.85-1.38]

1.35 [1.16-1.55]

5.00[1.62—11.88]. 5

2.47 [1.35—4.14]; 14 [similar risks for PCE-only and
PCE-plus groups]

1.48 [1.01-2.08; 32

[cohort]
Trachea, bronchus, and lung 1.36 [1.05-1.73]; 65
[cohort]
Bladder and other urinary tract  2.22 [1.08—4.08]; 10
[cohort]
Cenvix [cohort] 1.85 [1.00-3.40]; 12 [similar risks for PCE-only and
PCE-plus groups]
Kidney [cohart] 1.41 [0.46-3.30% 5
53089 dry cleaning workers in SMR [CI]; no. of cases; notes Blair et al.
the USA Al cancer 1.2[1.1-1.3] (2003)
At least 1 year of employ- .
ment between 18428 and end Desophagus 2z [_125_3'3]' 28 .
of 1993 2.1; "little or no exposure’
2.2; "mediumhigh exposura”
Lung 1.4[1.1-1.68]); 125
Cervix 1.6[1.0-2.3); 27

Larynx, bladder, and
Hodgkin's disease

Increases, not statistically significant. For larynx,
SMR 2.7 [1.0-5.8] for "medium'high exposure”

671 white female laundry and PMR [CI] Katz & Jowett
fg:ieaning warkers in the Kidney 2E[1.0-52] (1881)
Died in the period 10831977 0 200=" 1.800.62—.5]

Skin 2.6 [0.72-6.8]

Cenvix 1.4 [0.85-2.6]

Rectum 1.3 [0.45-2.7]

Lymphosarcoma 1.8 [0.85-3.8]
440 laundry and dry cleaning SMOR [CI]; no. of deaths Duh & Asal
workers in the USA All cancer 0.9[0.7-1.2] (1934)
Died in the period 1975-1981 | 17 (1225 37

Kidney lsMeraLT

Cenvix 1.3 [0.3-5.3], 2

Bladder and liver
Oesophagus

Dieficits, not statistically significant

Mo data given

14 457 aireraft maintenance

workers in the LUSA

Died in the period 1852-1082

Employed at least for 1 year
and exposed to over 20

different solvents

Multiple myeloma (in women)}
Mon-Hodgkin's lymphoma
Mo information on other

cancers

SMR [CI]; no. of deaths Spirtas et al.
. (1881)

1.7 [0.2-6.2]; 2

3.2[0.87-8.1% 4
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Table 9 {Contd)

Subjects Organsicancer type Indication of risk Reference
10 600 Danish laundry and SIR [CI]; no of cases; notes Lynge &
dry cleaning workers, aged Al 10 Thygesen
20-84 years; 10-year follow- canoer ; {1090}
up of Danish 1970 census Fancreas 1.7 [1.1-2.8]; 22
information Liver (women) [no increasein @ 3.4 [1.4-7.01 7
510 cancer cases men]
Kidney, bladder, and cenvix Small deficits, not statistically significant
Men-Hodgkin's lymphoma Mo inerease (men showed a slight increase, O/E:
5/1.8; and women showed a slight deficit, QVE: 3/6)
Cesophagus Mo data given
10 600 Danish laundry and Liver Mone of the 17 cases worked in the dry cleaning Lynge et al.
dry cleaning workers industry (1885)
A nested case—control study  Kidney 13/16 worked in laundries. 3 as dry cleaners: RR
of 17 cases of liver cancer for dry cleaning workers 0.7, Cl 0.2-2.8
(14 women, 3 men) and 18 of
renal cancer (9 women, 7
men) that developed
between 1870 and 1987
848 Finnish workers (557 SIR [CI]; no. of cases Anttila et al.
women | exposed to tetra- _ (1095)
chloroethene followed from Al c.-ancer 0e0.81-1.3]
1967 to 1992 during which Cenvix 3.2[0.38-11.6]: 2
time there were 31 cancer Mon-Hodgkin's lymphoma 38 [0.77-11.0%; 3
cases
Pancreas 3.1 [0.683-8.00: 3
8162 deaths among former PMR [C]]; no. of deaths Walker et al.
laundry and dry cleaning Oesoph, black 315 M1.11=3.76] 12 (1887
workers in the USA sophagus (black men) A8 Tk
Oesophagus (black women ) 1.24 [D.24-3481 2
Cesophagus (white women) 1.80 051483 4
Oesophagus (white men) 0.75 [D.168-2.18]: 3
Larynx (white men) 3.18M.17-6.03: &
Cenvix (black women) 1.18 [0.58-2.12] 11
Cenvix (white women) 1.05 [0.468-2.08]; 8
FPancreas (black men) 1.18 [0.32-3.02f 4
Pancreas (white men) 1.28 [0.58-243. 8
Kidney Dieficits (not significant) in white men, black men.
and white women, slight excess (PMR 1.32) in
black women
Aircraft manufacturing SMR [CI]; no. of deaths; notes Boice et al.
workers All cancer 1.07 [0.90—1.28] (1888)
A subcohort of 2631 employ- -
ces " had potential for Oesophagus 147 0543211 6
routine exposure” to tetra- Stormnach 142057203 7

chloroethens

Employed for atleast 1 year,
on or after January 1860 to
the end of 1098

Mo information was available
on the levels of exposure

Biliary passages and liver
FPancreas

Lung

Meon-Hodgkin's lymphoma
Cenvix

Kidmey

Bladder

2.05 [0.83-4.231 7
1.50 [0.72-2.76F 10
1.08 [0.78—1.44]; 46
1.70 [0.73-3.34L; 8
0 deaths

0.60 [0.08-2.47F; 2
0.70 [0.09-2.53]; 2

Swedish dry cleaning,
laundry, and ironing workers
Cccupation census 19680 and
1970 compared with cancer
registry incidence data
between 1871 and end of
1989

Heodgkin's disease
{menfwomen combined)

Leukasmia (women)
Laryngeal cancer (men)

Cesophagus

RR [CI]; no. of cases
288 [1.01-7.18]; 4

253 [1.44-4.46]; 12
242 [D.91-6 45} 4
0.34 [D.05-2.36]; 1

Travier et al.
(2002)
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Table 8 (Contd)

Subjects Organsicancer type Indication of risk Refarence
B BB electronics factory SMR [CI]; no. of deaths; notes Chang et al.
wquers in Chima, Prowvince of All cancer (females) 1.00 (2003}
Taiwan
E ry operated be n All cancer (males) 0.865
1962 and 1802 Kidney (women} 1.18 0242441 2
Between 1885 and 1897, Kidney (men) 0 deaths
there were 316 cancer
deaths Desophagus 0 deaths
Average exposure duration
was only 1.8 years
‘Wells nearby contaminated
with tetrachloroethene and
trichloroethylens
Laundry, dry cleaning, and QR [CI] Stemhagen et
gament service workers in . al. (1883)
the USA Liver (menj 2.5[1.0-8.1]
Employment for 26 months
Diry cleaning workers in the QR [CI] Suarez et al.
USA (1929)
Diry cleaning services Liver (men) 0.98 [D.44—2.2]
Diry cleaning operators Liver (men} 0.55 [D.17-1.8]
Case—control study in the Liver Mo cases (and 4 controls) had worked in laundry Austin et al.
SA, 80 liver cancer cases and cleaning occupations for 28 months (1987}
and 146 controls
Swedish study, cccupation in SIR, notes MecLaughlim 2t
19680 linked to cancer . L . al. (1887)
incidence data during 1980— Kidney (men} 0.o9 f:l:rwnrklng in dry cleaning and laundry
1878 establishment (18 cases)
There were T405 kidney Kidney (women} 0.eg f:_:rwnrkinu in dry cleaning and laundry
establishment (25 cases)
CANCET CASSS
Population-based Geman Renal cell cancer OR 2.52 [1.23-5.16] for exposure to “chlorinated Schlehofer et
case—control study of 277 sohwents” al. (1985)
cases and 286 controls
Population-based Geman Renal cell cancer, men OR [CI]; no. of cases Pesch et al.
case—control study of 935 - e (2000}
cases and 4708 matched Medium exposure 1.4 [1.1-1.7); 154
controls High exposure 1.1 [0.8-1.4]; 118
Exposure to tetrachloro- Substantial exposure 1.4 [1.0-2.07; 50
ethene assigned as medium, R 1 cell
high, or substantial enal cell cancer, women
[substantial = high} Medium exposure 0.7 [0.4-1.2]; 12
High exposure 1.1[0.7-1.8] 18
Substantial exposure 0.7 [0.3-2.2]; 4
Population-based case— Kidney (women) R 2.8 [0.8-0.8] for dry cleaning as the predoml- Asal et al.
control study in the USA nant lifetime occupation (8 exposed cases, 1 (1988}
exposed control)
Kidney {men} OR 0.7 [0.2-2.2] for dry cleaning as the predoml-
nant lifetime ccoupation (2 exposed cases, &
exposed controls)
Canadian population-based Kidney OR 2.0 [0.8-5.1] for employment in dry cleaning or  Siemiatycki
multisite, case—control study laumdry industry, for any duration, at least 5 years  (1881); lARC
(confrols were people with before diseass onsat (1925}
sancer at other body sites) Oesophagus Mone of the 88 cesophageal cancer cases had

been a launderer or dry cleansr
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Table 9 (Contd)
Subjects Organsicancer fype Indication of risk Reference

Awustralian population-based R [CI] {for any employment in dry cleaning) McCradie &
case—control study of renal Renal cell cancer {men) 27 [1.1-6.7] Stewart (1993);

cell cancer (488 cases), renal IARC (1285)
pelvic cancer (147 cases), Renal cell cancer (women) 2.5[0.87-5.4]
and 522 cantrols Reenal pelvic zancer (men} 8.1 [2.0-19]

Renal pelvic cancer (women)} 4.7 [1.3-17]
Danish population-based OR [C1] for any employment in dry cleaning; no.  Mellemgaard et
case—gontrol study of 365 of cases al. [ 1984)
renal cell carcinoma cases y i
and 308 controls Kidney (males) 23[0.2-37) 2

Kidney (females) 2803332
Population-based multisite, Larymx OR: 2.7 [0.6-10.9]; § cases (risk increased with Vaughan et al.
case—control study in the years employed in dry cleaning industry) (1827}
";"Sﬂ’:‘et’;;ﬂ:sez: G Desophagus OR 3.8 [0.5-27.0]; 2 cases, both employed in dry
pharyni, 235 c:r:ses of cleaning industry for a very short time
laryngeal cancer, 404 cases
of cancer of the oesophagus
and gastric cardia, and 724
controls
Study of 672 women with Breast OR 1.5-1.8 for the T5th percentile of delivered Aschengrau et
breast cancer (diagnosed dose (0—15 years of latency) al. (1388,
1987-1003) and 66 controls OR 1.3-2.8 for »B0th percentile of delivered dose ~ —002)
from the same B towns in the (0—15 years of latency)
USA as the cases
Women were exposed o
tetrachloroethene when it
leached from the vinyl lining
of water distribution pipes
during the late 18605 through
the early 1880s
Relative delivered tetra-
chloroethens doses wers
estimated
Population-based multisite OR [Cl] for exposure level abowve the 90th Paulu &t al.
case—control study in the Lung percentile (1828}
USA of colorectal cancer
{326 cases}, lung cancer 0 years of latency 3aT.0-11.7]
(256 cases), brain cancer (37 5 years of latency 3.3[0.8-13.4]
cases), and pancreatic 7 of late 8.2 [1.1-31.8]
cancer (37 cases) Qy\earsﬂfla ney HIEI ; ’ 5_141]

rs of laten . r -

Exposure to tetrachlon- yea =y 2 B
ethene cocurred when it Colon—rectum
leached from the vinyl lining 14 years of latency 1.7 [0.8-3.8]
of water distribution pipes
during the late 1880s through 13 years of latency 2.0[0.6-5.8]

the early 1880s

ENEDHDNTEL W T2.1, “TRE/®ERE T227ThHY, AARME BAF
P, AALETY A7 B ER L, HEICEE TH o OIXBABHE(C OFIKIZ L 58T
26 Bl 5B 18 & HDT) DA Th o7z, MrEENAD SMR 1% “HREE EERE O
FHICHE Th-72(2.7, 95% CI 1.0~5.8), FHENBADEH - L bEW\Y R 7 PMRERER
THIE Sz, BPASELTERLE AE - WHEE - il - Big - FESEPAICIDEERIE, T F
Zr7mrxT RS A I D7 1960 Fai&IC AR — MBI LIZEERIZB N T
FRIL Tz, 28O SMR #6085 &, SMR ITH A 4.4 4 K0 Tl 2.1, 4.4 LU
ETIX 0.9 TH o EHEMEA A DIEDNE WTHOFERIZK LT H I X 5234 b
- 7= (Blair et al, 2003),

81



KE T 4 A= N OFEFEN O AT, 1963~1977 412 25 DK TR LA
NEHED T > RV —BIXORRTA 7 ) —=7{E¥EE 671 AT, SERHBECES(PMR)A
RE SNz, FINOZEREEITEBE & L TEV PMR 28, &g A(PMR 2.5, 95% CI
1.0~5.2), FEE2 A(PMR 1.9, 95% CI 0.62~4.5), FZJE73 A (PMR 2.6, 95% CI 0.73~6.8),
FEHE R A(PMR 1.4, 95% CI 0.68~2.6), EM;3A(PMR 1.3, 95% CI 0.45~2.7)72 b}
2V > SREPMR 1.8, 95% CI 0.65~3.8) Tl 5725, T U — 13 BITA A
~OFEBD VI DI AAND Z LITPHEORELZ FIFCLE D Z&i2725, o
RS A 7Y == PERFI~DBEDBE L. —ONINTHOWTIZIPMR LR —KE 2o
7= A EEM: N B B (Katz & Jowett, 1981),

KEA T THR~IMD 1975~1981 FEITHLE LT RY—BLXORRNIA 27 ) —=J1E
¥EH 440 ADFELTFEED G, YR, AFRI, BRI AR (L IE L A » X HL(SMOR)
RSN, 1978 FEORERLMET D L, TRTOPAITK L THEHEIY A7 13780 5
7> 72(SMOR 0.9, 95% CI0.7~1.2)7%, Ifi’sA(SMOR 1.7, 95% CI 1.2~2.5, 37 )
B L OB fE2 A(SMOR 3.8, 95% CI 1.9~7.6, 7 1) Tix SMOR (I FHIICHEICHE D>
oo TESHNA(SMOR 1.3, 95% CI0.3~5.3) TiL 2 BIOFE T3 H 0 | BEEE L OWFI#S A
TIEFFHICAE TIZA2 W AMEY SMOR 2IZE STz, BED A OV TOHREIXR,
W L7277 Y —AEEB AN RITHAAATZ & TREORKEIIMET L, A HREHN
EREEHID 50%LL E% 5 Tu/=(Duh & Asal, 1984),

DI &b 1 FEMEEYT L. 20 FELL EOBEHNC REE SN2 IEE R 14457 AD
1952~1982 FE D" RSHIC. T h T/ nu s U BB L SR EMIEE 13 ER U
U 2 RIEIZ K BT & DOREIZ W T OFHRMAE B ivio, SR EHIEIC X2 LR T 2
NEIFETER 0128 LAV F U U REIZ L 5B 4 A(SMR 3.2, 95% CI
0.87T~8. D)MW EIE I Tz, BDADOMBEIB(BLOT 77 ra=7 )BT 5 HORE
BRI, R CHEH STV B b REANL. A by ¥ — FER, WERFE, b
Vsunnxsyy, 1,1,1-h U Zouox X Th-oi-(Spirtas et al., 1991),

Lynge & Thygesen (1990)1%, 20~64D 7> RV —BLRKIA 7 UV —=U T¥EHED
WAV AY ZRET D20, T 2r~—27 O 1970 4EEHTHE ORMSEREEH & | [FIEORE
2 A Bk (Danish Occupational Cancer Registry) D723 A FE AR IZEE 9% 10 [ 0 1B HME
DBFHEAHT 21T > 7, MAJEFIRRENE 510 T, HIFFEIT 502 Th o 70, WERIFEA D3 PERE A
A ERVEILREEELISIR] 1.7, 95% CI 1.1~2.6, 22 Bil), 72 b ONTFUREMEATIRDS A D A TH
572 (SIR 3.4, 95% CI 1.4~7.0, 7 BN BN TIIA LRI 7o, BlEAS AL BEIDEDS A
FEHNRAT, GRHOIITAETIERW) Y A7 DR TIRA LTz, ERTF Y v/ _ED

5 [EHERRAT IARC fF¥EH AT & » THE S #172(TARC, 1995),
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HE e <. BEDAIZOWTORIRILZV  (Lynge & Thygesen, 1990), JEfFiI%} FRAFZE D
BBRRA C, RREMEATI S A D 1T JEFIT R TR T > R —ZIHEEL T (R T A 27 U —
=V TN TIEARIN, T2 R —EICEF L TV RIT 74%lc e EE0, 7 hF 7 m
nx7 VRGBT A7) —=0 TIRICR BN DN K o THFIE A A O RIFE £ % 9 5
ZLETE R, FERIC, EGRIZEILT T 7 v T U EBES AGFR U 2 7 [RR]
0.7. 95% CI 0.2~2.6, 3 B)DJRKW'E & 137472 LT 72 (Lynge et al., 1995),

74T ROEEBEaR— T, T I /rnx=Ty M) Zmeuxsy MU nm
0T H U ~DEBEDOHECOWTAEYFENT =X I PMTONT, 849 AT hT 7
TTUICERBRBINTEY, ZOEMAZNAFAEFIZONT 1967 -5 1992 4 F TEHH
T L7z, BT 31 BIONASERRHA LT-(SIR 0.9, 95% CI0.61~1.3)23, 23 A DFEHLD
N2 AERBREIEAITRD Do, FESENA 2 HI(SIR 3.2, 95% CI 0.39~
11.6) LRI Y VN 3 BINFEE LT, FERITAMRBREAICLREIN TV LE
Z b5 (Anttila et al., 1995),

FETREB E B 3B 36 L OB ENT A IN4E 9~ % 2K [E @ National Occupational Mortality
Surveillance @, 7 —# X— X ZFEMNICH S L 72 Walker 5(1997)1%. k[E 28 MIcBIT 5
MWOTHT Y R —=BIORIA 7 ) —=27E¥E 8163 N THES KL H(PMR) % 47
Briie, BABHERFE—MO—BfERIZH~T, 228/0(PMR 1.30, 95% CI 1.05~1.59)
BLOBENAPMR 2.15, 95% CI 1.11~3.76, 3E1= 12 #) Trv PMR 27 L=, AA
BYETIE, MEEEA A D PMR 2 E 202> 72(3.18, 95% CI 1.17~6.93, 31 6 #), ZHEGET
XA &M 609 B, I &t 659 B TiX, MADHEIZE W PMR (X4 LR T,
HENAO PMR X, BA&MET 1.18(95% CI 0.59~2.12), H AT 1.05 (95% CI 0.46
~2.08) T o7z, B A TILEFNCAE TIERVMEW PMR 28, HAB LOERAS M
RO WNCAANLE TR Dz, FEAADREGNT 3 BlOHTH -7z, T VIR AT
TIE.PMR IZE AN BT 1.18(95% CI 0.32~3.02, L1 4 i), A A B4 T 1.28 (95% CI 0.58
~2.43, FEL 9 F)Th YV, &MED PMR IIHMFHINCH E TIEROVBMED o 7o, BAREIC
DNTOHHTIE, RIA 7V —=VTHE¥EB LT N —EEB Thlx 2T Tt Tidwn
72V (Walker et al., 1997),

KEA Y 7 v =T MO 2R RS VESE B D1 A (Boice et al., 199912 L > T, 7
FZ7unxsr~n “HENRBEOAREMNENH 712" HE¥H 2631 A0S b %7 ak—
FRFE S ATz, 2D AR — FNT, 1960 4 1 H7vD 1996 4FRE TA7< &b 1 4E Mk
R L TCWEEBR CHREEREMTON T, BERREIT 99%5E T L, ETHE DL TIEIE
DIHL 98% M ATENT, ZOH T akr— FTiE, 2T RITHFHE L V(K-> 72(SMR
0.90. 95% CI 0.82~0.98)t, DD, MRAST D SMR i 1.07(95% CI 0.90~1.26) Th > 7=,
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WP OIRERNL T H A B RBIRIIRO Doz, AE TIERWEIEL LS, BiEH
/(SMR 1.47, 95% CI 0.54~3.21, 3E1 6 )., H23A(SMR 1.42, 95% CI 0.57~2.93,
BT T i), BB KOS A (SMR 2.05, 95% CI0.83~4.23, AE1- 7 #i), T W EAS A
(SMR 1.50, 95% CI 0.72~2.76, SEL= 10 #i)), fifi’’A(SMR 1.08. 95% CI 0.79~1.44, 3t
46 f5), BLOYER T XU 8 ESMR 1.70, 95% CI0.73~3.34, 3BT 8 ) TRD 5
iz, Bk BB, BLXOFERAICEDTIE, HEHAICHEE TN -72(F
NENEL 2, 2, 06), F#E LI OWNTORFRILR,

Travier ©(2002)1%, 1960 43 & O 1970 4 O [E ZAFH4 OBk 3 B &2 1971~1989 4
DOPRABERNZ LD RAERT —ZICEHEMTAZET, AV2—T VD RIA TV —=2 T,
TR = BT A BDTBANCBITDBAREREL, 0K REBRROLWN
LA L U CAAE Le, @B AR Y 2713 1 1CE< FEtiIca B meE ) 27
NBEAEFHOETF HARR 2.69, 95% CI 1.01~7.19, 4 JEH) & Lt AMFERR 2.53,
95% CI 1.44~4.46, 12 $)TEEI NN, BYEOWHEN A TIIAE TIER W EARA S
N7=(RR 2.42, 95% CI10.91~6.45, 4 ),

BEAEHOT L7 hu=7 A THHEEE 86868 MBI DNALILEROE A E ak—
NMFFFECld, HEFRABIER & 23 A GHAL % D3 OBIE 2 R 35T A 2035 TR,
ZOTHHIE 1968 402D 1992 FFETHEL TV, <O FNRT 7 7umxr b b
V7unxzs o CHERINVTWEZ ERHEBILTND, 1985 4 5H 1997 4 12 A £ TO N
A HIOVIREE & FER MR S v, 2ERICHSE SMR AR Sz, U A7 AHF1E 100 5%
Mz, AR 1357 AD D HLARASTEIT 316 A TH -7z, DA K DT GERAL A R
HINILMETIIHAHESMR 1.000CTh v . BHETITHIFFEZ TEl > 72(SMR 0.65), Z&#EAE
¥(BTEBLZEMOTRBEO—BERICHST, HARONATHREIZHEM LSO
Mo Tz, BERE TREO 2R — ~ OFEAFERIE 40 5T, BT HIRIE 1.6 FIiB & 22 h o
Too BBEREIZET L7 =2 OWMETRLS . MOLFHE~DFERIZOVTHIEEF ST
W20 RIS ASPEITE S AT R AR T IR AN L D1 1L 3 Bl A Tdh - 7-(Chang et
al., 2003),

KE =2 =% — V=BT DERER & D A BT D EREZ XIS & L SEH]
*fFEAFZE(Stemhagen et al., 1983) T, 7> KU —, FIA4 27 UV —=27 KEHHE~D=6
» Ao, BHEICR T 2R EFMERA O Y 227 EH(OR 2.5, 95% CI 1.0~6.1)
ERR L T,

RSB ZEN & B D R MERTIE S AN B 2 K E T 9 2B 1T 2B TIEAEDFHA
(Suarez et al., 1989)C. RIA4 7V —=1 73 TOIEAEN 2B (OR 0.98, 95% CI 0.44
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~2.RNRNTA V) —= o TR EE & L TOEBOR 0.55. 95% CI 0.17~1.8) TixV
27 EE L X1,

ITHERE 2 A8 80 N & k[ 146 NDJEBIXIAFZET, 7 R —BX OV —=7
¥V T=6 » ARy L7-BEZ T T, iR 4 AL W anWZ ERbholz, (-T2
OFHEHIE, B & RFIED A O B 2 R 9 REML TS 5 720> - 72 (Austin et al., 1987),

McLaughlin 5 (1987 ZARFHAERMATHA T, 1960 FDA Y = —F » [FHHADORET —
% % Cancer—Environment Registry ([EI 72388705 D 1960~1979 FED N AFEAERT
— ZAZPATT e, B S A T405 JEBIOD 5 5 F4E 18 A(SIR 0.99) & %1% 25 A(SIR 0.86)
MT U RV—=BLORIA T == T TR LW, ZOGHIERIA 7 ) —=
VTN DI TIIIT 72 i T2 (McLaughlin et al., 1987),

EHIRL S A BB 277 N & kPR 286 ADfERZ XS & LT N A Y TIThiL I ERx FRAFSE
(B HITBE 85%. xR 75%) T, “HFEREH x5t L BMETA v XH(OR) 2.52(95% CI
1.23~5.16) 3 S iz, WERBHKIOAT TV —21F7 N7 7 unxT > L UEIRSE
23E F LTz (Schlehofer et al., 1995),

RIS AT DT RS R OB O KRBUBIE BT RRAFFED R A > TITbiviz, T
flilx, 2 >OREZET~ b U 7 A(job exposure matrix) %z W THFIZIC L D REE Tirbi
7o BT, BHE 81%., I 5% Th o7, BIRT, BRI AEE 935 A & xHH 4298
ACEEXHEFENTONE, T hIrunoTF B LB CEER SN OR (1.
L ~L D &R T 1.4(95% CI 1.1~1.7), @ LT 1.1(95% CI10.9~1.4), HFL < m L
LT 1.4 (95% CI 1.0~2.00CTH o 7-( “ KA VERERT~ MY 7 27 (3L, BEIT
FY—DHFLUL Gk, FLL AW LU, RESREECE T 5 REBEEO 30,
60, 90 N—T U H A VEEEFRINTD), M CIIBEME T L S e h > 72 (Pesch et al.,
2000),

KIE A Rt R OB gy AN BT DRGSR C, “RIEORYA HO DME” N RT
A2 V== T TholekthT, VA7 EH(OR2.8, 95% CI10.8~9.8, ZiEIEH] 8 N, &
BRI 1 DB ST, BTl s> 72(0R 0.7, 95% CI 0.2~2.3, %
SEG] 3 N, ZFERTI 6 NGE A, RE, BYERYL CHHE) (Asal et al., 1988),

TURY =BV RTA 7 Y == FEA~ORY T, BIERT 5 FME TOVTRL
OHINZ BN A DV A7 8 EF45(0R 2.0, 95% CI 0.8-5.1)6Z L 23, B F X DLHN

6 [SHEXMIXIARC E¥ 7 L — 712 X » THEESNT-TARC, 1995),
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DERZ G L UT-JEf B2 TG Sz, BENA 999 EFID S H, Wb T R
V—F7 I RTA 2 ) —= v LTI o T, SPRBEEIMMEALIC N AZELTEY .,
IONTHRE R 20, AR, A, BRI CR%E L 7= (Siemiatycki, 1991; IARC, 1995),

F—=A N7 VT OEREXG L UIiEp]x FFE(McCredie & Stewart, 1993; IARC,
1995)C, KT A 7 U —=0 7 ¥ CIIMAEIC IR < | BRIfuA A (B TIiX OR 2.7, 95% CI
1.1~6.7, ZMETIZOR 2.5, 95% CI1 0.97~6.49)8 L OELZNA(BMETIZLOR 6.1, 95% CI
2.0~19, LMETIZOR 4.7, 95% CI 1.3~17)TVY A7 EREBH LI, SHTHER 2 i,
PERI. BRIER DL TR L7,

Ty~ — 7 OERE XL E LT SEBIR IRIFIEIZ 31T 2 BRI A A BIFR T 2 Bk SE ) ZE A
DFET, RIA 27 V==V TRIZBTINTHUORES Bl bz 27 0 LA LR
THZERWE SR, 2RO U 273D AEKITES O T, MEICITAEE CIER
W(EHETIX OR 2.3, 95% CI 0.2~27, &M Tix OR 2.9, 95% CI 0.3~33, HL&% 2
N)(Mellemgaard et al., 1994),

KED v RN OERZ %G & LT SE B RIFZEIZ BV T, AATEO LY & #KiE
SOMRIE BT A A, DR X OWAEAEAS A 491 JER], WHEEAS A 235 JER], BiER L OH
MEEFER 2N A 404 SEBI & | @éﬁ%ﬁ_@ﬁ%ﬁf (T i- xR 724 N CIUE S iz, HiEt
FICHE Tl @RI A, MEEEA A(OR 2.7, 95% C10.6~10.9, 5 JEFDI L OV E
B RiEH A(OR 3.6, 95% CI0.5~27.0, 2 JEF) CHIZ STz, MR AIZOWTIE, U R

JIERITA 7V —= TEIBTHHPFEHE L BICER Lz, BRERAD 2 EFITZED
IRITA 27 V== 732 “IFAOEME” 357 L T /=(Vaughan et al., 1997),

D3 A & BCBK % J AT O FIRA 0 VAT ST b (Isacson et al., 1985; Lagakos et al.,
1986; Aschengrau et al., 1993; Cohn et al., 1994; Vartiainen et al., 1997; all summarized

in IARC, 1995), » A& OfEFHIC LT, b D9 b 4 FETITEHEORAICKTT S
—B LU AT R — /iﬁﬂéh@ﬂ0ﬁm5%EWﬁEiEMf@ﬁi ARSI O
RLUTEA, 2L 2 FEBI DI ST = (TARC, 1995),

5T Aschengrau & (2003)13E Bkt FRBFZE 2 E L LARINC RS S U7 FL3 A & BB %
HoOT F7 7 anxs oo (Aschengrau et al., 1998)% X L (ZRHMii L T\ 5,
2003 FEDOETIL, JEFI(n=672)1F 1987~1993 FEIZHNA LB SN KkE~ T F = —
Ty YMNOr—7 3y NHURO 8 FiiIETe etk xti(n = 616)IT A H#TFH I HAEL
T LR OLMETH D, L BHIX 1960 FAHE 105 1980 AWM T THIKE
DE=NLVEITLENLEN LT NS 7aar  lgkBZSnr, FE~DF N7 7unx
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T xR R (relative delivered dose) DHEEIZIL, JEERE, Kift, &ORMEEZBE LT
TATY RANHNSNTE, BREIEZ 0~15 & LA, BELULA 75 B LT 90
Nt ZANVULEOLWET, BERWNLPREDY X7 ERAPBEINZGRES v X
75 =k A NLIE 1.5~1.9, 90 /R"—t v X A VLl E 1.3~2.8),

B~ % A Rk Gt FRFZE A3 | R « B S Au(n = 326), Jifind A(n = 256), IKIEE; (n
=37, WigENA(n=37D,., EKREHOT N7 7 unxTs U BFEOBGRE, 1983~1986
FizgWranizkE~YFa—8 v Y Mr—7ay R ERO 5 #Hi(Barnstable, Bourne.
Falmouth, Mashpee, Sandwich) DR TiHii L T\ 5, Mind A OFFEA ~ i, BIR
M OREDHE b LT HEBEL UL 90 /S—t X A VL Eoxt% T EF L7-(OR
B L TN95% CI : I RHIMZ2Y 0, 5, 7. 9FETENEHN 3.7[1.0~11.7], 8.3[0.6~13.4], 6.2
[1.1~31.6]. 9.3[2.5~141.7]), HiHF « EIGES A OFHFEEA » Xk, EHRYIF O LT & 23 8 E
SN D EBEH T, FREICER L72(OR B EL1U95% CL: BRHIM A 11 £/ <Tix 1.7[0.8
~3.8], 134 Ti% 2.0 [0.6~5.8]) (Paulu et al., 1999),

9.4 BIEEME

U U NERIC I T DY R d K Ok YL B o IR A D SRS 1T, FEREEIEER 9 AL 7
N7 27 rnrx7 2 200~1500 mg/m3 (25 I EEO T EEIE 630 mg/m3) 2 #i#&E L 7= LIGHHE
¥(H 6 A, 70~280 mg/m3 |2 LIMEER 4 NICBWTHELL T e, BEEOENIT
JROWT CHER ST, BRERBHOEXEITT T 7 nu=T X DBRIERIC» MDY,
RRERIIFR CHAFESTEELCWERT h T 7uen T U EEEEH L TV oz,
TH¥RT N7 7nvxT U REOHFG CHEHINME—DOBEAITH 1=, ZBEFMO7=
D, EABIKREKY > 7 o7 L PRHT N SEN X7z (Tkeda & Koizumi, 1980), #¢BR#E 403
I T L & BRBRFEORPANIANZ &G AT ATSDR(19TDIC & - THRIER) & 772
STz,

U U REROYER T (X vy v TIEBRODOBEIL, RA4Y - XLV D RIA T ) —=v
TIEDLME I NTIE, ZHEFEEIAND 2{EThHoTe, RIA 7V —=TRITT FT 7
n eI 144~348 mg/m3 [Z8F L T\ o, TIcXy v 72505, ZOETLY
BRE oo, “ERARGAARARIIBEBHETIZ 1B EThHole, 7 7 7nnxT i
TV 7 mrBETT 8 0.11~0.43% (FE TRA L T 7z (Fender, 1993),

FMEF D 8 KafoF4x 77 ) v oL~ L) DNA {50, ng/mg
TAXTT ) TERINE, T I /aun T VREAIDICRBE LIk NI A4 7Y

—= AN T81+36, ThIZuuxs  ~OMERELZIT TR WLET R
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—JEA 16.0 £ 7.3, FBALMER 11.8 £5.9, HALMEXI17.8+ 7.4 Th o7z, FEFI TR
He Raxo 4377 ) v REDNA BEOEENCEIT o T, BIRICAT,
ThI/anx T o ~OERBELZZTCND KT 7 ) —= 7T T, B DNA
EEREEIN U 72 5EL T A S 72 7> 7= (Toraason et al., 2003),

R4 7V —= 7R L LR 41 » AR L@ AR 8 il TWA 7 k7 7
0 n Ty g EORMEEE 69 mg/m3) H AN 27 NGB 14 A, &M 13 M) & Hllin,
PRI, BUEENE, BT~ v F o 7 SETRHREE 26 AT, ARG s R AZHB L IRl L
TV /=(Seiji et al., 1990), FT7 A 27 U —=7JE{EHE 38 AT, xHHRE 45 N & T,
FHLER 1 D YL AR ELH 36 K O R Qe G IR R HAD B IS B A DI o 1o, B D52
O REMEN B B S 7= (Bottger & Elstermeier, 1989),

9.5 AFERAFEM

RIA 7V == TIEMOIERRETT b7 7 nun =7 UZRE L= EORAEI,
—fRANCHRIER EF A2 B L TORLTWAR, 29 LIEEESE DL L TIXOBRH S
FEHINTWD, ZhOOFAETIEL, JEE, HERMRIKRE, e RVEFE R E o L his T
~OBEL TN T D& < E R0 o Te, BiFO/NBEAEIL, BERTIA 7 ) —=
TN TR+ DE L S2RRE DS 2 712 L T 4 (TARC, 1995),

7 4T RT1974~1976 1254 U728z 294000 {420 EOFHA T, BlORER IO
TR TR & BARIRPE DBIE 2 3§~ 2 72, EEGRA T — # 2N IRFEaiek I B T ST,
RIAL 7V == T BLOT Y RY —EERIC L D4E0RIT 416 T, Z ORETO BERNLE
RITMEMIEER L AR TED S @A v X 1.5, 95% CI 1.1~2.0), K717V —
=V ITMANGT b T 7T UICRFE L TV EE Z BN D)0, BIMEIZIZ T T
W72 (Lindbohm et al., 1984),

ABZVT «a—<D 538D KT A2V —=" 75 CE < CFH 20 £ 4otk 67 AT, 4F
IRIEOB B AN TN, BEINAF 102 0RO 9 5 46 tRX LN K
A7V —=2 7 EIZES L TR WL, 56 Fi3st L CW iR TR Th - 7=, B
HINTHRMEIX, 7 77 mu T BRI b, FERBERHN 1 TH o7,
Z OETMFHINCA B TR 2 72(P<0.10003, ME BRI o To, R D72 & h
5. MO AFHERIF O AT IEA FTHE T & - 72 (Bosco et al., 1987),

Kyyrénen ©(1989)i%, ##i#E D7 7 A VB L OWEME ONEEERHN SR I,
T4 VT ROEMERTGIA 7 ) —=0 7T FU—{E%E 5700 AT\ T, 1973~1983
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FEOMIRRIFIZOWTIAE Lz, 247 RO BRIRED 9 B FkErIIZ 130 3% 289
EE BT AAENTZ, RTIA 7 V==V TIXERRED Y A7 EH LT
W= (OR 4.9, 95% CI1 1.3~20), & hF7unxrrEiB(EmERIT 77— MokoT
ST B . BARFREED U 2 7 EFIZH3 )3 - TV -(OR 3.4, CI 1.0~11.2, fiEHI O -
DA - B TR, JeRIMERE O AT ITAER] 24 5] & xR 93 BIZER Hav, 4IRS 1 1T
DT 77 muTT o RgiEE OBRIZEWGRTI Y X 7 138E s> 72(0R 0.8, 95%
CI10.2~3.5),

—# O 3R — NNIEFIXHRIFZE T, RI79A4 27V —=27JEXT v KU —TEWTndk
Bk 4 % [El D4 18000 ALLED, 1973~1983 4E0DiRFEFCEkIC K » THEIRERR AT S
7o BB VT =)0kl 3 # E)~OB &Y FHEST v — honh | HERF OZ
BAEMNED bz, SRS, BRIFED Y 27 EANBRSN-, T hI7nnxT
VADOER L OE AT T, A Y iz nER 1.2(95% CI 0.74~1.9)B LU 2.9
(95% C10.98~8.4) Ch -7z, LovL, VAZ LRIEIT7 4T RIZBLNRTEY, 74>
7 ¥ ROFEEED Kyyronen (1982 & » THIHEIZHE STV A (LS, A b
VFTFETDORIA Y == TEER TR RMERE, E, HERMKEAEE T T 7
BT CRBEOBEITRO T, I b 0FEZFEHE(ZE 38, 13, 13D
72(Olsen et al., 1990),

BRSO RBEZENFRINCE =2 — L ARIREICE L TR~ T 4 7 v Fo/NREYE
BIxFHRBFSE I, SER] 8/78 L XFHR 15/167 T b7 /7 mu =T I LT\, Z 0k
1% Kyyrénen ©(1989)DOFHAEM & HE L TV D ATREMENH 5, AREICE T DT F 77
n =T giE R T 5 ORGEE DI 4 M 9)I%, M AR & Tl% 1.4(95% CI 0.5~4.2,
FER] 8 1 & IR 15 1)), [RRFEE TI% 0.5 (95% CI 0.1~2.9, JEFI 3 i, %fH8 9 fi), sk
Tl 2.5 (95% C10.6~10.5, JEf] 5 61, M6 BN TH-72, FTA4 27U —=TRA
IZ2oWTIE, OR1F 2.7(95% CI10.7~11.2, JEf] 4 i, x5 FDIC EH L7z, ZubH 0¥
EITHFHICITAE R ClE7 <, A& AT T 5 (Lindbohm et al., 1990),

EDIKEA Y 7 4 =TT T IEFIRHRIFFEIC ) T B ST REBLO Al
Tt (AR OB W) 20 I H) D B IRFEFE~DEEIZ SOV TRHEN T, JEFI(n = 852)
1% 18 ik LA LD MET, B IRIE D% O BERRAE A DY 1986 - 6 H 2D 1987 4 2 A
DT TH 27T FEOD 11 OFREERERED 95 1 DITfRH ST\ e, SIEFITK LT,
AV A HPE BRI SN RETOER 2 AZExtRE Ui, 25 & KNIl 5
i, BREIC X 2B E B FETITONZ, TR/ un T U ~ORBRERE LD
(IR 2 Bk U CHER 5 B, HLA » XX 4.7(95% CI 1.1~21.1) & 72> 7=, OR & CI
T MEATOHEEM TH Y, Haldane 5 7 4 v v —DOEBIE TR SN, 4 JEFNX

89



N7 muxs b LTV 7= (Windham et al., 1991),

HeE i E 22 7% B 2 (Health and Safety Executive)i, K74 7V —=0 7T R —
MR BRI 5 A& B DO T UERRECAE R 8 o A RTICEEST LTz, Zotk 3110 A DARIREE D
TarEitllz, 7V FU—EXBLHRLT, FIA4 27V —= T {E(BICARRED Y
A FRIZHBR NI oT, RTIA 7 ) —= U THEEBMTAD E, WbWwD “FiRE
F”TIL “E9TROVANY LHATEWVERRERN A 5 72(17.1% vs 11.6%., OR 1.63,
95% CI 1.01~2.66, AU IIRHAMSHD, MEiRE], HPEFE TR, MiEE 17 F 7 7 nn
TTACEEICRB L W EHEIND,  “BMBEELSN L L TR SN LT
L. BRWMPED Y ZZIIRTA 7V —=2 TR0 T 0 RU =I5 L TW WD ITER
WZBITD Y A7 LRFEE TH - 72(Doyle et al., 1997),

GHEAI 6 (A F Ly, by v Ly T h77nrzTy MRz T
LL1-FU 7 muxZ ) ~DRBEDEYFNCE=F—INTT 4 7 ROBHEEER
6000 A726 7% A — FINOIEFIXIRIFFETIZ, KBOT b T 27 muxT ik & AR
PEGER] 120 B, %FHR 251 fi], A > X 0.5, 95% CI 0.2~1.5)&% %\ ML RIEATTE O[]
ZBEEMEIERR D B le o 7o, JEFNE, REEPEIRPEE #k(national Hospital Discharge
Register) CHERR S 72, MEIRATORHDOBRFEICEHT HT—XIiL, T r—hre 74T
R 55 @i AW JC AT (Finnish Institute for Occupational Health)?® 1965~1983 4D A ¥
BTN OAT Lz, BRIMELE B “BAIEMR ~OREOMICAH B BEE
Wohofeid, 7 b7 r7mrxT 2 LIEBE LT\ - 72(0R 0.5, 95% CI0.2~1.5, JEH
4 B, X117 ), BIRRHES & AZHRUETFH OB DN Enb, Bl EEn
(Taskinen et al., 1989),

KEH YV 7N =T MNO/NFEFHET, 77 7nnT7 JCHEELIENIA 7 ) —=
Y IMWNDLNEN— S —1T NOAFEERIFZ S, K747 U —= JEANCERZE L T
NT U R —EEBOM — N —32 ALl U7z, fRiREk, ERERS, BARER
[CER R T, AL LI RIIWRE CIEE A EE Lo T2, LLARRL, KA
7V ==V TADO/N— N =TI, “12 » AU HEHRZR AT, H 2D WA HERET
BEEZT D LV RERE L OREEMEN 2 5L ETH o, Cox MBIET MZ LD &
RIA 7 V== TRAND/NN— N —ORMH 1= OIEIRSRIT, MOBAER 2R 5SHE IR F T
FHELI-TH, 7 RU—EEE R~ =0 1/2 [TBRE VWA H - 0 OHEEITIRS
0.54, 95% CI 0.23~1.27), DLk, 7> RV —{EEBDON— =L RIS 7V —=V
THEND/R— hF— L AR TEIRZ D D RO 2 JAH CTHIRS 2 vRetED @, A
ORI, RBREFENZ DD Tz LIz k- THIR &1 % (Eskenazi et al., 1991a),
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KEA Y 7 AN =T WNZEBNT, RTA4 7V —= T EEE 34 N\ORBIROEE 7 K
—EEBOLDO LB LI E 2 A, WiEE e BICEFFENICH - 72 ( “EEN R RN E
IZED7 )N, T hT7r7unxT URBENRIKROEIZKIET L TR T DHHENRH DD
2o T hZ7mu=T URETIE, AEKH 5232 < (P <0.002, HERFE, AEEICE
%I 2HE), BTFORNEL (P <0.02, HEEFM), K ORT mZEN ORIEA K
TP <0.09. HERFME Z LR adz, FEH STV DR OB ~DMI 7o 5803
ThIZ77vuoxT U ~OBEMEBRH D WIXRAEZRBICLD200NINA LTI oT,
DT IR BN AETERBIC B A 5. 2 5 D )MTIT - & 0 L7z (Eskenazi et al., 1991b),

RIA4 7V == 75 29 BFO/E¥EE 57 ANCHEIE) &t I#EE(atE 16~50 A, Bk
30~65 MIZHBITDH, #o TR, THATIVIR, RPY Y F—HEM, RFB-Z7 7 nm
=H—BIEEOFHIC LY, % HONRT A—ZOFERENAHE S, SRERMATIX
RIRMEDOE DO THHWEE” 2R L, FIA 7V —=V I {EEBDOT 77 mnp
TTUBRBRREL. AMFENT=4 ) IS E 70 mg/m3 & HEE S 7z (Franchini et
al., 1983).

B2-XrmruT Y TNTI VF =G S o R T BEORP LU, LF
—DRIA 7 V== TEOLMAEER 24 ABXOBMEER 2 A& FEREE Gk 31
AL B2 MREITHEEILTWe, RIA4 7V —=VJEEBDOT T 7 raxT U ~Dif
MINEFE(TWAZFEE AR RKRE=2V 7 R - H7T T 7 avaxT o,
R Y 7 m aBEREHTIC Ko THEE) L 61~260 mg/m3 LIE 60X, 2O FEAHIL
143 mg/m3 Th o7, KFEIX, MHP7 N F77anx7 VRENERFEKT 16 REEEZIC 1
mg/L Z B Z2 720 GE . TWA &1 340 mg/m3 % FE|> TW = afREME 2 /RIB LT-, =D
LR~V TONY) 6 FERIOZREIT, PR, T, 2 WITBRICAELEL 5
25 Z EidnEE z b= (Lauwerys et al., 1983),

B2-x/mrmr7yr JLrF=r, Za—A UJF—Ai LDH, ¥ 7K
DRFLVN RTA4 7V —=2 75 5O LMEIEER 16 N & FERBEGHR) LM 13 AT
HEsnTz, TWA 7 FF7 7 nnx7 o EBREEANKRKE=4 Y 712 Lo TRHIE 9
~799 mg/m3 CE¥IHE 157 mg/m3 TWA) L (X5 0 X 2 htT-, BRBEOFE/REL L CHE—
RBOOLNTZDIZ, VY TF—LEHOTETH D, BERECHRBEYR & OMHBEITRD b
mhole, HEFEMEIL. “THODRENREBELMONEE L OMEEBEL T, K
TR L UL TOEMERE O R A IIGER O Z H 72 &b L 72 (Vyskocil et al., 1990)
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g—nm vy \OH D ILFERWHIZES, T 10 EHMT T 7 nn T SICERBEINIE NI A
7Y == 7VE¥EER 50 NGt 41 A, B9 N TEIBE~DORBELFM L, T 72700
T OWUED, B A IERE L 7 st & gkl O BAE A 2R A TS 4 RERNICHIZE L7z
REGEH T e bz, RARPIREIL “BE” 2258 X% 590 mg/m3 2 KON, FHHEIE
100 mg/m3 Tobh > 7=, MFHEEIEL 9~900 pg/LOEHME 143 pg/L) T - 7=, *HIREEIE, M5
LA~y TSR, T I 7re T CRBROLWELE 50 AL Lo, BHEEE DM
N, Mf~—h—(ZLT7F=2, B2-37ur7u7 V. JoRERIKEERTIA, 7=
WriB LR ~—— 2 VB, TATIv, NIRRT, ETa T
G, B2-37marua7 v VF ) —EGS T E, hlfi%PtRO BBA, BB50, HF5,
Tax# 77D PGFla, PGE2, PGF2a, huVARFH L B2, ¥ LA-KR—RA7 7
—)NEZ R TV a7y NTEFAB-D- I a =X —BiEME, T
HYVKRATZ 72 —BiEE, BLORT7 47 ux 7 F)EHNUTbivz, 1ZEAEETOIR
< —h—OVHEITRBHETELS, TAT I T o272 ) U (@EHFREY VNI,
SFEORIFRPUR, 74 7 uxsF o TAHYRAT 72— CHIIICH B8N 8l
B3, g X X B X7V a2 7 U roiint . AEEICE S\, 1
HEHRTIE, 7 =B & PURERIR R ERGUR ORI RIS AH BEREMA R b7z, Mg 2
L7 F=rBLOE2-3 70707 ) AEX 2 BETEA D AWV, BHEEEICR & 2EE X 20
ZEERLTWE, =23 ORFEEEZR LD BRETIE 3/60 DA Th o778, RBElEE
HTIX 18/50 Thoto, RMEEILO~——EBURT D@0 1B /37 EOHEMN,
FBERETIE 17/50, *HREETIX 1/60 TR LT, BFEOFHGEHIMCM S & B EE & o
(2B SR FHBINEIX 2 D AVIR N o T2, SRR SR OEIT IR EEZ R T LB A bR
L7 v 7uux T UERIEOSRERIRE X OURME OZ{LE "2 LTV D (Mutti et al.,
1992),

Verplanke 5(1999)134 7 % C, 7 b7 7 v =T U BRBOBE~DOKEL | BEIEE
B 82 NLIFRFEMHEER 19 ATHA L, AIFIZAFHO RIS 27U —=07ET, HBEFIX
ThZ7avz T U RMERH IR T RWT Y R —Jiixe K74 7 ) —=2 7N Y 7
T <EEBTholz, MK 7T b7 7unxy UERIE LR, 8 KEfH
TWA %8O FHIEIT 7.9 mg/m3 GiPH 1~221 mg/md) L #EE Sz, EWRGEEEEL
T 7 7nuxT o OBAEDRGE RS LOME A OXLE OREICET 27 — 2 bHEE L
7o BEBREO VYR AT BT 400 A - mg/m3 P 12~4882 H - mg/m3) TH -~ 7=,
JRAVE~DEEE  RPD NTEvFN-B-D-ZarI=F—t B-TI77 o &—F,
TI=UT R )NRTFE—E, VF ) —URE S T EE WS TR AN T A =2 2
TR L7z, JRHIE ST A =2 ThHDH LT ) — ISR Z R EN, FERRBREC LG
HCERALEM—DNRT A= THo7z,

i
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Trevisan ©(2000)(%, LR T~ — I —CTHIIRTORKE « ¥ RVE, TUoXA4
FUVVERER. NTEFNL-BD- I atI =g —F, I X I UAREREY. RIA
IV == FEER 40 NET A o U T LMEEER 45 ATHER LT, RIA 27 ) —=2
TIENZELRFOT T 7 vauxT OFEHREIL 59.7 mg/ms3 Th o 7-, MAHIHATAEEZE
TSN TN, RPINE I VERBEREE LT VT 7 nn T VRBEOMICH
BIRHENRD b,

KEDORFA 7V —=2 75 14 OEHXE 192 AN T2 AT, RFT 77
DT U EEL RFRE RS TV T I e NTEFI-B-D-IAahI = —FD
I VT F =V ORMICEEIRBE SN o T, (EEEZRKTOEHHEET N T/ nux
T PREEIT 100 mg/m3 T, BEHKIT 11.6 FETh -7, HEREIRBTRE SN AP
(Solet & Robins, 1991),

RAY Db HRAN. FEMRIEIC L 2 BEUET CTF 11.5 FR G 2~24 £/)7 7
sunx7 U LTV e VAEHTIGERR 113 A2 di_7ony, fiaR S TAY
BICHfL L TV eDIE 8 ADHR T, ZRHMBMICRE 200072, 2 b 8 ADFET b
T/ nnuxTT U RHEREITB X 240 mg/m? Th - 7208, 105 HOPEMED 5 5 15%13 690
mg/m? A Z, E—2 X 1700 mg/m? Thofo, FARMTIE, MOEERT T
hT 2 nn T AT 2 EHRE LT Ao 7o, RO 4 O (SEE)~ —  —
ks, 7 = 7 — 0 Ly FIRE, MIERER LO7 LT F=0  BROPIC L - TiTbh,
BRBLOHEOY T V=TT, IR EFH FHNICH S 2 LD T,
ERlOFEE 7 ~ 7 7 naxT o gBEHHORE S ITHBIZA b iv7eh - 72 (Essing et al.,
1974a,b),

75 gDT M T r/uuTT A EBHICEILZH D BN, AMEBEAREERIE L, 19
HBEDB AL A7 —T, JRMERI LS 7 WIS Tofs b DN EREE L 7= Ak R s 538
DFRD BTz, BHTEME IR L, BRI 4 ICER 2 > 72(Choi et al., 2003),

9.7 JFEM

ALT & GGT OIIMHIREIZHDONWT, RT7A4 27 V==V T EOLMEER 24 NB L OFE
EER 2 A& FERBIRBEGME 31 N, B2 N&Etb~7ce 24, FUL T, B
A7) == 7EEBICBITATWAT 7o U EBREARKRKE=4 D 7,
MR LM F T N T 7 maxT Lo, RPN 7 a BRI K o THEE) I, 61
~260 mg/m3 L IEHONTEY . 2B OEHHEIL 143 mg/m3 TH - 7= (Lauwerys et al.,
1983),
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Gennari 5(1992)i%, 7 b7/ mux7 U EHBEEE 141 ALK 1830 AT, v 7%
LU NTUARTFE—B(GCTDT A VWA LXF— U Tl ie, BB 124 A,
BYE LT N ol 20~58 ik, XM 43.0 )X A # V7 - A —=x D 47 GO/ N
FURV—=BXONIA 7)== 7R 123 FEMstT L, 7 77 mrmT D
IZEEE LT, R A e —=Y RFEOE & FAENbBIINT, D &bl 5
ARIOZBHORT NV 7 v aFiglIEIckS3&, “BE Ho7r 7 /nnxs U BE
Bld 340 mg/m3 K CEME 76 £ 27 mg/m?d) & HEE Siviz, # GGT IEMEIT BT CTE <
(12.36 £6.90 vs 8.76 + 4.94 U/L, P <0.01, Mann-Whitney ® U fE(Z X %), GGT-2 7
A VWA L53H(6.79 + 5.74 vs 3.48 £ 3.29 U/L, P <0.0DLFEEETH 72, # GGT %1%
PETINERL AT 1 (0~8, 9~16, 17~24, 25~32 U/L)T 5 &, o T 9 %< ORMBHBEIFIED
TFUTEHAATH IO EESAICHEENME O, IR EREEZRT B
55 GGT @ 1 W43 (GGT-D i, HFERITICA LN, Iy GGTiEHEE, 7 hF7 71
BT T R R O I O IARBIMEIZAFAE L e o 7o, Mo RIEREZR(ALT, AST., 7
WAV HKRAT 72 —F LDH, 5-X 7 LA F X —B)DFEIZHOWT DLl L7\ (Gennari et
al., 1992),

KET > R ANZIBWT, RO E EF R AR AT R & MERERTEEO A, 7 F T 7
ORI T Y ORITIEE 5 EMBTRE L T\ KT A 7 ) —=2 TR 29 N(B1HE 17 A, %k
12 N &, FRESNT 6 v AMBANCEZ L o727 v B —1EH£E 29 NGB 14 A
#ZME 15 N)Tiilebivic, RIA 27V —=THBADOIH 19 ANDOT hF7aaxs o ~0
8 Wil TWA ZFEEO WML, WE ARy VI > THE EZE 110 mg/m3(#ipH 2.8~570
mg/m3) CTholz, RIA 7V —=VTREET U R —BETE LI, (KB, FFE, < TH
HRR FE ORI & CHARL L T e 3, SRR (Z AL 4L 46 7% & 38 1) kMM (20 4[] &
5AEMNITRZR - TR, FEMHE S RT7A4 7V —=V TRETIE 24% 037 V7 A, 14%H
BALBEAR=w 7 RZB0, 72 RU—HETIEENETN 7%, 3%, 14% EENRH LI,
mEFOE U e AST BLWALT, 5 WE GGT O FHRE T, mitMIcA AR
2oz, ALT VEME EA-(T R CTEEEFHEEO ERED 1.5 f5LL R, RIA4 7 V) —=v
JHE2T AR TIEB A, T2 RU—FE 26 A TIX 1 AORICED LA, OFEEIZD
WTIEE O LIcEI R o 7o, MIRANIC, BEERBRA THE SN2 L AMEDOITRE T
I—HEEOEN, FIA 27V —=2THETIET R —REL 0 2 <R 5N 72(18/27 vs
10/26, P <0.05), @EHMREOREFLE Y —1E, ERIBICE > T “Ew” . “BE” |
“HEE~EET OFFFEEELE LTHRENT, ZRHD 7 —F IR0,
RIZA 2V == T8 27T NPTITZENZEILI AN, 18 A, 5 A, 7 RU—#E26 AHFTiX
16 AL 4 N, 6 ATHoTz, LIe- T, 2 EMBOEERAEL “IEH” BLO “BE” &
TAY—=TAEU TV, k26 A 10 ARBRERIGEZTRTEEZEZ DI, ZORETHRES
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NIz 6 thOFRE~FBEOEM(RTIA 7V —=2 7RI Z0)IE, BRICAONOFER
RAENRFRHDZ EaRB LTS, 7 hT7 7 unxT 2B EEBICET 2 AR R,
BUE O 4 E R 72 R N - 288 2:(100 mg/m3 §if%), RREZEFEFHQ0 Faitk). AR
EEHL CWe RTA 7 U —=0 T D X A 7GR “dry-to-dry” %I “dry-to-dry” <°
wet transfer operationUKPEWVEEATIEZE] & i) 72 B8 0 >0 FETHIZMED Shviz, =
DA CIZFRBERE 28 L T O OREINCAE BRSEMZ B 5 L7z, b
DI T L HFETZ D D TIE R o7, HHOT 77T URBEL-NILVEBID
HEMARED S IO RBREG P77 aa T o ORI ~O W TN BT 5 1 Hix
BFohT, MM AFEESLFRAEND D . BT & ORBRRIZE T 2 ITROE T kg
OIEFEMIZH S TRV =D, RIZHEMETH - 7-(Brodkin et al., 1995),

FEIRMEIC X DR IEREIC Y 11.5 MG 2~24 FM)7 h 77 nnxT U &AL
TWERA YDV AEFTHEAEEER 113 AT, IFEERENM TN, RERSTE
TERBLZITTWEDIE 8 ADAT, ZNHHBHIICIWE R)oTc, Thb 8 ADEET
FNZ7 7 unxT o RBEREILB X% 240 mg/m3 TH o724, 105 EOBPEMED 5 H 15%1%
690 mg/m3 # Mz, B —7ZfEIX 1700 mg/m3 Th 7=, MOIEEEITHER 2 £/, 7 b
Z/mux T AIERBEL TR, ME7 I/ 87U AT7 27 —BIE®RIIT Vv a—
BIEHET LR, 7 7 7aux7 R EIIHE L7202 LR bho 72 (Essing et al.,
1974a,b), [Al—{EEBICBET5BE 6 ITHOREDH T, A X VEHZOWHIZT M7 71
0T AWV TWIZEGEBEL T OEEE 106 AT, Afb¥RES LW 2oL R
RIS & MFROB G IR SN o7, ZENDRL L 2EMBR SN TV,
KA T 2800 mg/m3 Z BHEICHE 2 HIEME DI L F 75%1% 1.4~340 mg/m3 OHFEFHN
\Z& - 7= (Essing, 1975),

MREDMIERE(T I ) F v A7 25—, ULy, GAT., TAH VKA T 7 %
—¥., BUNICBE LT, FEDO FIA4 27 ) —=27)5 3 #FOIEER 56 A(&ht 27 A, Bt
29 N7 b7 7 muxT o ~OE) I 3 4F) & FERTE OIS TE) < xHREE 69 A
PE 37T AL B 32 NOBICEREZ A LN N->T2, KT4 27 ) —=v 7 BHIEERITE
PEXFIR 10 SEE 4 584 FCL ZMEEE BRI MR K Y 4.9 %% ETh o 7o, RKOZEIN
T, 8 W] TWA 7 F 77 mu 7 REOKRMEEIE 140 mg/m3 & TWA i
28~670 mg/m3 A H 573272 - 7-(Cai et al., 1991),

9.8 MRREwME

At 7 varTid, FEBHIEHN SN TV D EMTEIC OV TREIS IR~ e B 72 1
H 1% % (USEPA, 2003),
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9.8.1 HEHIHEEE TOHE

FUEEHZ, b b TOMMREMERBRNLEHIZEE STV 5 (USEPA, 2003),

fEFEZR A 11 AT 690 mg/m? T 7 H§f], & HIZHID 5 NCIXfER 5 A BT Z1T 72,
A SHEHILANIC M L 72 1 2L VA CL 8 NS & AERF S 2 00 3 IR T b - 7278,
PR CIXER Tholo, MOBRERICRIIT R0 o0, i 3 AAICRELEDL 1
A, 1B DRSO r v~ UL TR Th T REEELE R L, BEOD E W L ARk
TIDOFT KT %5 2 7= (Stewart et al., 1970).

B o¥eFmN, £& LT NIOSH 205 Bk & 52 1 7= el 2 il 2 240 LT\ 5, 5
Bro—gg & LC, R E b 3~4 A3EB X% 0, 140, 690, 1000 mg/m3 D7 K77 v
=721 HL, 3, 7.5, 5 HBEELL, JEROFXIZT FF7 7 vnmxT VEEIC
BET5HHDOTIEAehrole, ZFEFO EEG fldkiX, 690 mg/m3 - 7.5 RFHRFEREDH LT
R & Bt 587 — U B b &R LTz, SRR UG K O RE DA i
FRITB L b IEF CTh oo, HUIEERAMRE, EEERE. EB) FRaeE. R I & v
ST RRITEN IR A 2 2 7203, MAERBICIIERRBIC L 2ABETLA LN R o7, &
TEEEED 2 (7 7 0 v alEEN I 2 BYMEORGEIXZ. 7 F 7 /7 rr>T 690 B
L V1000 mg/m3 IZ#FE LD 72 < &b 1 HIZIE, 0 mg/m3 O i & e TREHICH
BERME T %2R L72(P =0.05) (Hake & Stewart, 1977), BIOFEERN B 6 A & it 6 AT,
FRRATEN A REICKT T 2T b T 7 n =T VAN & T L a— Lo R ER Y T B A
OROFEEOMAERZTHR TN D, #ERE T 11 EMOZRZHR S, H kB I
0 mg/m3, 7K « &M H 121X 690 mg/m3, AMEHIZIE 170 mg/m3 (2 ENE 4L 5.5 e 5 L |
KHYWMHPICT TR TR, Tha—L, PTERLEZEZLND D, MG IR
o7z, 170 £721% 690 mg/m3 ~D 5.5 Rf]ORFE 1L, JERBHRFEL LR IEL L b
BRE DR EERDZ b Rhole, BFEIL, EIEREZD 2 BIOFMigEmig s 2
B OMRRATEN PO A DOMAR L . ARICIK TS Z L0 o7, 690 mg/m3 TlE, %
T AR, EEEEED 3 & B OMRE(T 70 HiiEBid) CHEIICAH B2 SR
TP <0.05)R A bz, MAEEEHIZLDHSI T, 7 87 7nnx7 U &#EDN EEG
W RAETREITR O Hiv7e o 7=(Hake & Stewart, 1977; Stewart et al., 1977),

5 HEEMABR T, WBE 12 AMZB X% 69 mg/ms, 10 A2 340 mg/m3 DT hF7 7 nn
T %, 1 H 4K 4 HEEGERE L, RAERTIMRE LT o 7o, IERTE O R RHEITER
E SR 5T, 340 mg/m3FETIL 1, 2, 3, 4 HHOREHE 3K B IC, TIRFREBEM O
=PRI AICHE L72b D L IR THEZZ T L(P <0.05), D ZEI30H H O i Tk
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FICRE < 2ol 69 mg/m3 ~DFEE P ORTEFH BT — 3, FRE O Z =L
Hipo TV, ZOETFEHICAE TIEen-72(P >0.05), 69 mg/m3 & 340 mg/m3
BERICL BB ENL Y —HEEP <0.05)B3H bz, 2 b7 A MNEEICET S
T =215, 69 mg/m3EEL Y 340 mg/m3FE~DEENRKE W LN | W T RTE K
EAICb2 L BBHETH-TZ, LML, MetoiddmE SN T o3, 7 — 2 I3sE»
DI EINBIREM TH D, WTNDORE L~V TH | RAEMEIEITIERD STz,
340 mg/m3 FE D 2 FZ 1% O A 7 69 mg/m3 FEDO AR & b2 & | 1EEH) FRaEkEE R K ONEH)
e OMAE THEZRIRT(P<0.05)7%, HEEIEREEMRA CHEISEW AP = 0.09013 A b
(Altmann et al., 1990, 1992).

7 b7 7 mBrx7 1000 mg/m3 ~D 10 53 MO FFTEHIITMAREL 3 mg/L &720
TEERAICI T DB S &0 ) R T T BRI O E ) KIN~OITEILH T 72
(L LAED) B U, RREOMOER~DRZRBEIRN =S ) —REIZE T,
B ORBENFELT D,

9.82 BEELMEEAREIZET SHE

Lauwerys 5(1983)i%., 7 h 7 7 m a7 Y 6.4 FFRBEFEMICEE L Tz~ E
—DRTA 7V ==k 6 FFOIEEER 26 NG 24 A, Bk 2 N Eii~7z, stiGE
31 A, BYE2 JIETF 2 a2 b— FTHH VI @k AR Tl & | IEAI~ORERTE R L
EHRE L, MABIKRY 7Y 7T, VT N T aaxT CRER K TWA)ITZE
X% 140 mg/m3 (TWA EEO#PHITE L% 62~260 mg/m3) TH-72, K747V —=>
THEEE TIX, MRERIER 22 D 5 5 17 fiD, FERBMR LA TREREEICA LN,
LrL, WTFROESREFNICAE TR, BEHM L BEMRL TWARPoT, FIA
7 U —= v JHEEB OMBATEIARE 4 MICB T2 R aT7 0 b, sHBEEO Y 2
a7 LHRTHEIERWSDIEZR < BE A a7 GHREED 5 /3—F ¥ A LA K195
=t B AV DFEABEE |\ ZERER] TR & 2223 /e > o 7o (Lauwerys et al., 1983),

Seeber (198X FAVIZBWT, T I 7 0uxT U ERBBORIA 7 ) —= T
H 44 NGt 39 A, FES N, BFEBEDO KT A4 7V —=0 7 {E¥EE 57 AN 50 A, B
PET N, FERBORGT S— B IR TALEEE)’L AL 64 N, B 20 N) THEK
DML EEIREZITo 72, KRE=F U 7Tk, BBIXOEEBEHEOTEYT b7
0 a7 PR B TWAZZE N2 L% 83 £ 55 mg/m3 35 KL OV 370 + 120 mg/m? &
RO BTz, KB X OEBHBRICIIT DIERE O TFHRHEHEIL, 2hZ2h 11.8 B LW
10.6 FHTh o7, #RFIT, FERIS L OMER OFEERN A, BT EBEERAEGE Y v v
YIBEIOTA IV THREEED), BESHAREEIT o, MREEHEORMEIX. X7V —

97



v EIZEL 7T v v 2 5RO X o TRl L=, @RISR ORIEIZIL,  “9 Fl
ONB LOFHE” 2 Hiz, 7 =7 A7 —HfEfA (Wechsler Intelligence Test) D ik
BEHIE, 5. HKH). ROWICEFE,. B, HTORBBRES VLT, MEEMAIZ T
HPEE O A Z AW, @Rl E AW TS ESEaflELHE L, maSET
TIE, AT TS K OSBRI ke ] D BRAE AR A 0D Bl 73 % B & Bb TR EIZ (P <0.01)
B, EEIMAEGETFEES L O 5) B L ORRRFEECTEEHE) & 2 2 7 2ME) 5
e, KB LR BRBRHERICABZIIA DR o To, BT E D 2 < OMRTFREIE
AL E LG LI, AaTICHEBEENRD > OIMREBHICE N TORTH T,
OBREICB W THHHEZTRO b2 otz, BIFEICKIT HREFZETHEL L, &
THERIIE D B 720> 72 (Seeber, 1989),

HAX R R ~DEEEOF N, FEO KT 4 7V —=2 7 3EOIEEE 56 Atk 27
ANEVE29 NPT ST 7 ma T BB 3 4F) & A T < IR 69 A&
PE 37 AL M 32 N TIThille, XBRKHET, 8K TWA T M7/ nrxT R
FE D LAEEIEIE 140 mg/m3, TWA R EFiPHIX 28~670 mg/m3 Th o7, 5 DDIERED
FU, FEETES, R, SHER, BN KT A4 7V —= U JEER TR mEEICA
51 7-(Cai et al., 1991),

Nakatsuka ©(1992)1Z &AL, Cal HAODBHELZITo 2RI CIEDO KT A4 7V —
= EEER 64 N TIT o7z, ZBIBRKMHE T, RKHT 77 nu 7 REO KM
P CESA LR O 72 LIX 90 mg/m3 Th -7z, 7 > Y =—(Lanthony) ®# L\ VAR
BIET, WMAMICHAEZEZTAZ OO T, AREROW O NREFITRD bRl
(Nakatsuka et al., 1992),

Ferroni 5 (1982)I TR /3 Weds K OHRATEN ~ DB A A, A X VT « S~ D
INEZRRTDJE TENN TV CESHIF 10 ) T X TLkd K7 A4 7 UV —=2 7HR A 60 A TfT
o7z, XM(n=30)¢ L7Dix, AEREZHOTICKEZ KENT 2R E Th -
Too TR, SRR, BEEIE O R TERITW Iz, BIE R RRE TR 5% % o 72
(P <0.03), KEUHEIZESE 4R TWA 7 + 77 m o =7 R 9 fE23) 100 mg/m3,
TWA BREFGHENB LZE 7~460 mgm3 THH Z EnbhroTz, RI7A4 7V —=27RANIZ
3 FEDMRAE(HMEUGKRFH, HEE, A F L 2)DOEFENA BITE -7z, 61T, PG
077 FURENKISRREE L LR THEBEICRE» o7z, 3 OZBRBEGENM., 7 7
ymruxT ORIFHLWVEMTREOVTE, RIA 27 ) —=2T7HATBT 58K
AT ORTRMIE T 27 7 F U RED LR EAEICER LTV 720y5 7 (Ferroni et al.,
1992),
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RTA 7)== 75 CTHRAK TERMCES 8 8RBTV KT 4 7 U —=2 7§ A 35
NEBELBMH LT, A2 ) 7 OFT S CRRERENMTONT-, MREEHT, BELHD W
ITEREE D T HIEAISCMIR D E ~ O BFEN e <, R, A, KIE, BET~Y v T
HETFTDOILHSZ N Tholz, BRTA 7 U —=2THANIZET 5 8 ¢l TWA 7 k
T/ anaxT UREI 41 mg/ms T, TWA REFFH TN 2.8~210 mg/m3( BHIE ABIK
RIFEIZ L D) Th o7z, ) 8 el TWA JREE L. B EE 22 A48 mg/m3) TIET A =
YT 13 A(84 mg/m3) X W B TRV Th oz, MATHREZ IS 70X, xFH#E
D13 ANZX LT, FIA 27 V== ¥R TIE3 ADHZTH-72(P <0.01), REITE
HICH - HADEK TH LN - (B REICHET 528), 2R, RI9A4 27 ) —=v7
TENIT R RRAE & T RV REAGE Z 78 LTz, TWA RKUEE L aRE S & ORI, #Et
BB R IEMBE@ = 0.52) b A biviz, MIRERILT N7 7 nnx 7 o OREEIEOM 2
FECEY A & 2B OMALIEE CTH A4 TWA ) L I1IAMHES L Ty o 7=(Cavalleri
et al., 1994),

RIA4 27V —="7RAN 33 AT A arnitiEA 35 A2 ANIHiERkE) T Cavalleri
199N 2 FHAE L. 2 4412 Gobba 5(1998)iC L » THRE N TN, T FT 7 1
0T R, WA 19 AU A—T A LT 2) TR 2EMIC EA L, 14 ATIHETF LTV
2o 33 ANERETIX, 20 2FMIZERBRREITDT NI LT Th o - GRITESME, 17
235 13 mg/m3), BRIT 2 FOREOMICERECTEL L, HE CHRFENHML TS
N—T ATBT HEORERZ L T, - HAEROGHMEN S - & b EEZIT T,
EREOEAFIT, Fl(r=045)B I O0T I /oo T VEEG@=03NICAFICEBRL TV
7z, THRAE CICERBREMELS 2o B Tl BB X a7 1B iZA b hoTe
(Gobba et al., 1998),

RO - S - BIZER) - FATHREORABEE 2 D 7B L OBERLIRER, T F T/ mnm
T UMKIE LM SN EBEANGREGII R T A 7 ) —= 7R AL LTD 10~16 F[H D
FHBFEICL ST, 4 BIHIIFEICBIT 2B TEAMULBLIZ L > THEE I A DI, &
BT —HIIAFTE RV, FEFEME L. BHRES & F—oREZRET 2 LB
TEAPRRATEY PR AT, FT74 27 UV —=0 7 1E¥EE 656 NGB 35 A, %k 30 N) Dtk
ATHMI L7z, K- o - MEEHOBNIL, T2 2.1, 3.9, 146 F/Mk7T LT, 3
FEIIBE O ZBHEEMUAR, . @I X s ThHEI N, HEMITZZENZERKH
T N7 7 muxT CYRER FEE TWAK 76, 160, 280 mg/m3|ZAHY L7z, AR,
PRE— RS, YRR OB 3 MICRIT A Aa TR, RMEIBREREEZ TN
A7V ==V TRATIE, RYMKRERSEZ T I EEBIC R THEMICHEREICE -
72(P<0.01), HREMHIEO Z NSO EIX, 7 M T 7 aaxT VNE L R S B 4
ANTHEBS NI EEE L B LT\, FIA4 27 V== EEBORRD 9 b,
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BWTYDL ERDHZEIZLDOENE BHEERMED EV OFZBOAHN, #BE 3 » H
I EBRBRECARICHIN Uz, SIZEMBRE~ DA 5 14.6 FMEMEES L LT
A7 L, 8 TWA K&KFT 77 nnxT U JEEOHEEM 280 mg/m3 |Z55 L 72915k
HT, —HE L CED Lz (Echeverria et al., 1995),

MIRAFLEH R L OMBATEN IR EIEZ W7 N7 7 ra T U ~OREIFERNE
BOFBEOFAMD, FAY « I2a—ANA LD RITA 7Y —=0 T hgkEiADRAEE 92 A
Do SN EME 5 A&t 9 AN Tfrhohiz, i LI omyr v7 7o
VIRFEIX 0.002 mg/L LA LT, RTA 27V —= T sk O EOMEE 721X BRC R AR 1 ERERE
L. AHRAI~OBERFIIZ T T oz, MIREEGEM 9 A, &Mt 14 iE. Fink
L ORI T~ v F L, IWHI~D BB 10 W AR A RRBR B A ST OB E NS B b
IR ST, ESERFILIZND 2 MkICER SN TEBY . REICHREZIT> TV
B ZONDZEDD, N T AOFREENEEIND, BREERE T, BNZELH
LlzE oL, (7T TWAZEKHFIRE O VEEIX 4.8 mg/m3, FHAEIX 1.4 mg/m3 Th -
Too HEELEZX LN DMK 7 CHEESL, MPRITEIFRIOMRA 3 FRIZIT 2 REBEgERE O
PR A TIIABICEDI o T, BHlEBEROEIE CH LD Z v B VAR E FO
AR A, PR O EHEHE K 0 ERE IRV LB DN D RREFEREM, HDHNIEHEX
EAIZ X 2 2 E TORBBETICB W CE, EWIFEIZE S8 ) > 72 (Altmann et al., 1995),

FRFE ORI A~OT h T 7 nuxT U RBEORBOARENER, FIA4 27 ) —= 7R A
35 N LMk LOFRE T~ v F S 725X IR 39 AN CTolli S i, ZREEFHIIT “B 57
HW 7 (grab sample)” FEIZ K> TORITOIL, 7 FT7 7 nuaxT RE O RAE X
55 mg/m3 (il 14~940 mg/m3) Th o7, RIEBBIIE BIER ST, B CIIRIGH
fHRO%E 7 Fefoe e FE) O SERME S RIS A BICR <. BT T 7 mu =7 g & L AR
A = 0.69)F X OEEREE(r = 0.73) & OFICHFIICAH B R IEMHENZRD 5Lz
(Spinatonda et al., 1997),

Schreiber ©(2002)1%., #&#& L7z a[REIED & 2 K[E D 2 £ THRRFZHIMEREA ML, =
ORERERAERE LT, 73— MNea—a—2HoENENRTA 7 ) —=TJER A
TWD2O00-MMERETA T T(RIA 7)==V TEBRA>TWhH=a—a—7 « T )L
No—DRYNEEBD 2 £MATH D, FENFETIE., &6 L00-EMICTFY 5.8 HFHE
FE LTV 6 E D 17 A(R0~50 DRk A 11 A, 60 LA LD A 2 A /NE 4 N) % %5
LTz, TWN=—Zdd=a—a— I EEROBED 72 53 BERIL. #FET S— b
FER LB LM T~ v F L TWe, AMEBEWNHE T, oA IZ 1 7 2 ow)
REMER® D, 8 112, IR, JEFIDNMETS =2 —a— 27 i D 240 km 1E EBEN -7 L=
= ol SN TWD, & 2 1T, PHEIME ARG DIEF 23R Th 5 2% H> T
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7 ATREMENN B B (HEBE ORI T, M IT S £ I E 20k THEMi S, 7T aAN=—TIEREIC
Ei L= BZOND), TA 7 THEERETIT, BERICHKA 9 ANV, FEB LW
PRI T~ v F Lokt I, S&BEEBEOMAN, HUKO/NFRIEEES, =2 —3 — 7 N
ROERE., DT A 772 Z—DRE L W72 DD T =T bl Tz, fi]
AR =2 —F— 7 INREROBME TH > =NEAHTH S, FEAFEECELT, FIA
7)== JIEEERRIN O B IS L7z RKEUEH OB X 1.4 mg/m3 CE¥IE
2.5 mg/m3, #iPH 0.69~6.2 mg/m3) Th -7, TAMERHIIIL, 7 T 7 mnnxT VRED
HFLET 0.62 mg/m3 CE¥IME 1.2 mg/m3, #iPH 0.069~5.4 mg/m3) TH-7=, K747 U —
=V JIEBIERIOT A 7 TR ORKRE =4V > 7 Tid, BEIX 1.9~2.4 mg/m3, FRfE
BLOENEIT 2.2 mgm3 ThoTe, RT7A4 27V —=2 7HEBOMENS 5 EE%OHET)
RRARHZIL, BEF Ny 7 7 F 2 RMEGEEFE 0.0083~0.056 mg/m3)IZiT-S\W\ Tz, i)
X, BEBHE L KTRBE TR R o7, ERERM T EORRE DO N T 2 MNEEORENF
KA a7ix, BB LIEERBIOTA 7 7 (A TIEIENENOX IR & LA THREHIICH
B o, BRBEOSOFT TR, BROBREREE T M7 7 nuxT VRE ERORICH
BlIA BN -T2, AR 4 NOZERERITELS | @ OEEEL KIFT LS Tho
7o, fERNIRE T, BBREREICH LT, FIA4 27 ) —=2 U hisk g% 6~10 » AB
KON 17~21 » AT 2 BIFRANFEf Sz, fiE= 2 b7 2 MNEEORGEIL, (it
WL FEHE SR> 22 T D MAEOMICEL LI L 5 Thote, R CRERIX
FNENONBELRTEDZOREEZ LN, ZOEITHEANICHEE TE 217
(Schreiber et al., 2002),

BTy 7 VAN, Ul 27 —0OHBE L0571 —WNeisser) DSLFHE L,
7V v —OAEHEE, Y& 7 (Santa Ana) DER A & SIRJGERER . BUMSOSEREE o
BN, FIA 7V —= TN 18 NGB A, &9 N, BEFHBLIOT > N —
EEE 9 AGHRED TIThhiz, RIA 7V —=2 OV TWAT v 77 unxT7 VR
FEEERY 7B L0 5 HMRAEIC L DBREE =%V v 71235 <)IX 120 mg/m3 T, 5
PEEREE T 2 2 & MZVNEFE TWA B D 220 mg/m3 12 5&#E L T, g
RARA 2 M 11THAT 2HA THEEPRD DR, ZEHEYFSITCTIN D OB k
v B — RIERI~D BRI X D 2 & RE S 7= (Tuttle et al., 1977),

ALV OVEFIT F 7 7 un T 2 A0 TOWghEEE THOERR 109 AOH
BT, MR ~OEELE BT IHUTI RSN D e hoTz, RENDAR LY 2 FEREZELT
W, REPIREE L LIE LI 2800 mg/m3 2 %, HIEMD 75%1F 1.4~340 mg/m3 D #i[H
WIZ & - 7= (Essing, 1975),

9.9 LFEMHE
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HOHLE2—DNEALEDOE, RIA4 27V —=VTBAOas— MR 4 F0 5> H 2 1
T, Bt EBTHD)O U 2 7 NEEH 5 WDITHIR S BER L T EF LTS L
DOETIH > 7= (Mundt et al., 2003), ZNDRNE INEANTH - 7=DIE. KEIGIWE ~
DEBIEEBOLTFE R — NHEOKE DD, REFCERL KK L THD O U A 7K F
. BROERESEEHRCGEE L. BT R VB ASCHREES Z S ERE OB O
FELEEMEN 2N E TR SN AN L > TREB L TV A 005 Th b (McMichael, 1976),
IHD %, MiKEEENEZ & D 2P E OB & O BEDRIELZ N L TRIET LB 2D
115 (Seaton et al., 1995; Sjogren, 1997), K74 27 V—=" AN TIHD U A7 ) EHT
LAREME AT OMEDO I b, 1R T b T 7 unx TV ORICEBE LA ZHR~S, Y
A7 D LR EZBDHTNDHESMR 1.27, 95% CI 1.02~1.55, E1= 93 #i), HEAEWNY A7
OHDBERARR 1.17DEB L OERDRA(n=0)TH I, U A7 EHPBEIC X 5 Al getEn
Wz & 2R L T 5 Ruder et al., 2001), K74 7 UV —=V7HADH 5 —DOFHAIE
BEHHHZBELCIHD ® VU 27 ERZRDTH2WRR 1.0, 95% CI 1.0~1.1)72%, 1979
~1991 AEDEHHIM I Y 27 ObF 07 EF %245 L= (Blair et al., 2003), Bk A kL
AR LOE-BHORE G2 & ORER TN 5 LERHERREZTATHLE2 60
5o

RIA 2 V== TRENZ R E LTcd 2 BMFZE T, 1 #8125 )R B 335 mg/m3
(fiPH 84~750 mg/m3) DT + 7 7 nmx 7 UIZH&FGE LT e, ZORMTIE, RIEBROF
B LT, 2RmEREgnftinzg LY £ > 7-(Andrys et al., 1997), 2 H fMERELOHEINIL,
IHD Ot S iz A7 =T 5 (Danesh et al., 1998), 7 b7 7 oo 2R L,
C-BUSHES w07 4 7Y ) 7 Tg EMORIER LOTHD ~—0 — L OFERIZOWTO
#F%t(Danesh et al., 1998)%, 5% I HIZHLT T ZENRMETH S,

10. EREBIUVBRROAEY~DE
10.1 /kKAREE

KRAEAYGRAY), wE, BIFHEEY, 8, melE, RAEAD(LEMNE, MY, BHE
HEEhY) . W) DM T — X IIAFARETH D, A7 g OF—XIIBHICFEE )

SEDTZLOTH DD, BRI 5% EFEXMITHE ST\ - 72(EC, 2001),

10.1.1 KEHEY
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SCHRIZ UL, HEEEVEFROGHNE Photobacterium phosphoreum OAWFENFLEIZRTT 5 10
77 ECio & LT 68 mg/L(Bazin et al., 1987), #FEHRT F T AT EU 743 R
(Tetrahymena pyriformis)® 24 F¢flfj ECso & L C 100 mg/L(Yoshioka et al., 1986), 35X
OMHALE Nitrosomonas sp. @ 24 K] ECso & L C 112 mg/l(Blum & Speece, 1991)73
HINTND, BESNEEARTNTIADLZEZL SN TWD A, MEMETECHE Z H
W2 RRER AL OTUEM TR L2y, T OfoFABRIT Y 2 7 ¥l C oA 2@ LT
BV, 50%#EMEMEH %K 100 mg/L & LT 5(EC, 2001),

10.1.2 KAEEYESE)

WKM7 7 X R+ AD—f Chlamydomonas reinhardtii (%3 % 72 W ECso
(M4 AERL ) % . Brack & Rottler (1994)1% 3.64 mg/L & #ii5 L T\ 5, BRGAFOFER
FEAaT, ARIIADEBZ 2 OND, FRBRT, FFEEOIXZ 0BT 2 72 FFH ECuo
% 1.77 mg/L & 45 L 7=, EU Technical Guidance Document(ECB, 2003)(Z XX, =
EC10iZ NOEC & &2 b1, B TIE 72 Fifi] NOEC ZRFABMOKER & le S D, 96
K] NOEC @ 816 mg/L 23K MREHE LT A N T L 7Y 2L X L(Selenastrum
capricornutum) C#H5 S 1172 (USEPA, 1980),

48 FFH] NOEC @ 1 mg/L 23 0 oKt~ 7 o7 k2%t LT, Erickson & Hawkins
(1980 L » THE SN TV D, BRFEICB T 2R 20D T, ZORRITAL) L 1T A%
SN (EC, 2001), MOWEHFEEEEZ HWZRERIE, 77 =4 X F T L FY apX—Yh
(Phaeodactylum tricornutum)\Zxt3 % ECso (ZRFEWFERH)D 10.5 mg/L(Pearson &
McConnell, 1975), ~~ b2 v h A « 77 U A(Haematococcus pluviali9)\Z x93 % 4
Bl ECio @ >36 mg/L(Knie et al., 1983), A/ L k%~ + 2 A¥ —H¥ i(Skeletonema
costatum)\Z%t3 % 96 FEfi] ECso @ 500 mg/L(USEPA, 1980), B LA L hx~ « 3 A
H—H KIZXT D T HRE ECs0 D >16 mg/L(Erickson & Freeman, 1978) % #+5 L T\ 5,

10.1.3 KELEZHBY

A4V a(Daphnia magna)lZ 3 5 H o & LKV 48 WEfE] ECso (%, SEHIREE I
5< 8.5 mg/L & DN H 5 Richter et al., 1983), = Dk Bl x4 2 BRSO LR IX
FERT RBRIIERN & B 72 S5, Bazin H(198DIZ & - T HEIREIZHE-S < 24 K] ECso
D 3.2 mg/L NHE SN TN D, RERTIEIZOW T OFEMZR RSN 20 =D, ARBRITA %)
LIE BT SNZRWEC, 2001), 1IAICH, IV acxid 5 14 B ECs O 123~176
mg/L(Bringmann & Kiihn, 1982)3 XU 48 EEfi] ECso @ 18~22 mg/L(LeBlanc, 1980;
Knie et al., 1983) 35 SN T\ 5,
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fth DK A BEFHEEN I SO\ TIE, ¥~ 2 V> 2 (Monia macrocopa)\Zxt3 % 3 K] ECso
® 1.8 mg/L(Yoshioka et al., 1986), 7 V7RO —Ff Elminius modestus \Zx}3 % 48 K]
ECs0 ® 3.5 mg/L(Pearson & McConnell, 1975) D573 5, WiakBRid4 HIEE ISV
TEY, A LB AEOTEN 5 TR, 2O RITAL & ITHR SR
(EC, 2001), fhoattmtEe LT, 7IBDI v v Ry oV 7 (Mysidopsis bahia)lZ %}
9% 96 K] ECs0 @ 10.2 mg/L(USEPA, 1980). = A U W ¥H Tanytarsus dissimilis \Z%f3
% 48 K] ECs0 @ 30.8 mg/L(Call et al., 1983)72 ER3dH 5,

FEWIRBRCIL, BIHICE S 2 28 HIE NOEC @ 0.51 mg/L 44 YV aTcfisEshn
7-(Richter et al., 1983), BRI IHIE I, RBREMOFLBITZETHDH7-0, ERIX
Hzh& Al S H(EC, 2001), ZJEES L OMARICKT 5 28 HE NOEC 1% 1.11 mg/L & #
HEn7=(Call et al., 1983), L VKV 0.45 mg/L Iy Ry = U U7 THESNTND
(USEPA, 1980)3, BRSOV TOFREIR N 72 2| FERITA %) & 1347 S 72 (EC,
2001),

10.1.4 HHNFHET—5

BPALFHAE CIX, 4 HIRE 25 B L1250 mg/L OF b T 7 m =T U RIS
72 MIHHREIXZNZI 0.44 mg/L B LN 1.2 mg/L T, 7 #HEZIZITHEER0.1 mg/L)
ZFElo7z, ZOFEBREMN T T, MBS L0 T T 7 b UBRE~DO R ER BT
Do oTe, IV AaBMRERIZRSTDIE, SIRET 1 HELN, {KIRE T 3.5 EIU\I*J
Thole, ERMIEIT, 777 FORERICIE, BBROEELZZITRNVLO, BEHETH
D BEWEOTHONBRE LN, #%WODXTBEW’C AL BIEL I hL, wkEEA Spyrogyra sp.
1Z 5~7 HEINIZFER L 7= (Lay et al., 1984),

BEARAE T, AV HEL E:/vﬁé@%ﬁ&ﬁ” VU =MD EEICIEAA T, ER
Az 4 XEZHE Lz, 2XKEZIET b7 7oy o 11 EB#E L RNl &
%m THE UK RS I, 55% HAEEEEE D 0.8 3 L0 1.6 mg/L 1T LTz, ALE X

BIFHTT7 7 MrO—RAFEL, BHIIZIEE L2, 2B X0 BEERENEZRL
o ZOBEENTIEZ, W< O OEBIFEITIEK L7225, BlofITRE L, 44T V8
OB REIT B B CIERIE I U723, (RIREE CIaY W0 U 7o 3 28R TRl i
THPHERN B Ui, 70~ AT, — OO ARSI L, #%IZIXHE
% L7=(Lay & Herrmann, 1989),

1015 & ¥
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SEEERERCTH o & LIS ORI, 48 K] LCso 23 1.6 mg/L TH D =K
A X J1(Oryzias latipes) T %5 &5 %2 515 (Yoshioka et al., 1986), LU, #HE S ii-fE
MBI T o4 HIREIZES L9 T, BB O0T Mo /7nnxT v ORK %
H/NRIZE D 2O e HEN I GNP EN TRV RBRITA R TIERn & &
72 SHT2(EC, 2001), RIZESZHERENEB Z LD DL, 96 FFf] LCso 2 5 mg/L D=3
~ A(Oncorhynchus mykiss) T %, RS OFLIRNTER T, 1EFRENFER L~ 5
DNTNDS T, ARBRITAL & A7 Sivl=(Shubat et al., 1982), (X722 96 K] LCso
ELTHESINTWD DL, 2 H v A (Limanda limanda) ® 5 mg/L(Pearson & McConnell,
1975). 7 AV B> 7T w77 4 v alJordanella floridae)® 8.4 mg/L. (Smith et al.,
1991)., 7 V—X /W (Lepomis macrochirus)® 13 mg/L(Buccafusco et al., 1981), 7 7 v k
~ v K / —(Pimephales promelas) ®» 13.4~23.8 mg/L (Alexander et al., 1978;
Walbridge et al., 1983; Broderius & Kahl, 1985), v — 7 ~v K / —(Cyprinodon
variegatus)® 29~52 mg/L(Heitmuller et al., 1981), =1 Bt —F& Leuciscus idus ® 130
mg/L(Knie et al., 1983)72 X TH D, =R A X B TiE, 1 HIERIFOEIFRESIXKT 5 96
BEM] LCsold 27 mg/L(95% CI 19.5~32.9 mg/l). NOEC /% 2.19 mg/L(95% CI 0.80~3.84
mg/L) T - 7= (Spencer et al., 2002), 7 HE LCso ® 17.8 mg/L /37 v B —T#iE S iz

(Poecilia reticulata) (Kénemann, 1981),

EBIEFEMERBR T, 60 H LOEC 28 1.6 mg/L TH D A F v —V —(Poecilia
sphenops)id, b o & HFEZHEOBWETH D EE 2 Hivs (Lokle et al., 1983), AFkEkH
BNEBRINZPoT-DX, REEZE=F—T5, HOLVITRBRKNLOT NF7 7 mnm
TT DR EER/NRIZE EOLEENR O o7o 8 ) T, MR E UTEHIREN
A HREICHESNW Z LIZ KB (EC, 2001, ROV TESZMER S > & bmWET A U o>
T T 42T, HEROAFIZHIS< 28 HIFf NOEC 1% 2.34 mg/L TH 5, Kl
(X, AFFROATFIZES< 10 HH NOEC 1.99 mg/L & #%5 72 (Smith et al., 1991), Bk
FHEOWETTEET, FEHRENE L ~NUZESNTNS D, ZibOfRERITAE L
Ez b,

EU U R 7 i O FEREMERL ST B LIS, 1 Hiis=A > A X 12 0, 1.5, 3. 6. 12,
25 mg/L % 10 HF&HE L2 RBRCEIEARDDAFR STV D, KIEREL~UL(1.5 mg/L)
IZBWTS %, 7 b7 7 ru=T I b0 7 b NS T A S O B EBR % D% 2
FR . DNEESEVENE, OFERIE, FAEME, Hi, o o, DIROFEFLHXRIB) Z 5 X 2
L7, Z3UV5 O RE OFESERE X IZHAIT L TV 7= (Spencer et al., 2002),

10.2 FEARE
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1021 BEEWAE

A QA ILIICET 27 — X ITER STV ey, Lav L, EBRE CIImALEM 2
HOWTZBBRDBBEANATONTEY | ZORERIL 8 THRETT 5, BlE I EITMIC L -
THEARY, BETTHESNTVEHLWNIAEL S & THISHDRE XV IZ5 0T & O
FETRAEL TR, @EOWRN T CTHEEMPRD b5 ATREMEIEEV(EC, 2001),

10.2.2 [BELEFHEY

2 2 X(FEisenia foetida)~D7 ~Z 7 anu x5 o OatkEERER2 . OECD A4 K74 >
No.207 Z W\ TITA2 b TV 5, EEZ A T (" — b 10%. 74U kit 20%, T3
M 70%). pH X6 & L7-, BHEHIHIX 14 BH(HA K74 THEERD NS 28 HICERE S
Tz FECHITMZ CRMEY OBESERM TNz, HROMBEEERT 570, I I XK
TED L)+ BHFEE AN BEARBN TEREITV, LEELE I EELHE L, 14
H LCso l% 100~320 mg/kg, 28 H i NOEC (|2 35 <)X =18 mg/kg. 28 H[H NOEC ¥+
BUZHS<)IT 18~32 mg/kg T - 7-(Vonk et al., 1986),

OECD A R4 No. 207 VT I XTI o7 2 HF A OAMEFEERBRAIRE S
NTWn5b, 2IRL2 i, {KE 246~585 mg Th-o7o, ALEHE(E— b 10%, A
U kit 20%., TR 70%) % AL H T 22 % —HNT, pH % 6. fxtaKE4% 34% &
LT, I3IX%7 hI7unxs Vg L, ZEMMIZ20CT 14 HEICTH -7, BT
HRLNA A~ ATH) - BEEELEZFLSEL, 70y MEHTICE > TLCo ZHE M L7z, 3E
CHERECITEIOZ L bl 2 S 220 s s BRI X 577 mgrkg, 100% 2338 3 5 Al B
I%£>1000 mg/kg T&H V| LCsold 945 mg/kg & B S 4172, 1000 mg/kg TlE, I I X3
BHIZAALS L LigmoTe, EENTEREZABRETCHY, T I 7unT L OfF
BT TARRNI LN o727, 26 O RIZEREOFMEZ WD L T\ 5
"REMEDY & 5 (Rombke et al., 1991),

H A A U BHO—FE Poecilus cupreus C7 s 7 7 n a7 UMbl T 5,
T 7 7uavxT oEHKA.25 mg/L, 5 mglkg WTHEYS) TINE T D 70% F TR 5 H 7=/
(CRME Y =2 99.7%)H T, iz 14 AREE Lz, ECETHOBLEBIELT, 6
HE ORI O%Z,. 7 F 7 27 mex7 o ORFEEH G mg/kg) il X > TS HIZ 11 H 25
L7c, mtEmMEaiR ik, LT HATEE L BB O b o ey BEEN 18%IK T L7,
BRI CIL BT ITHA L L RBD DR > o BEEN 14%IK T L7Z(Rombke
et al., 1993),
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+3EFI 3T b v A v (Folsomia candida) TRAME BB E X OVEBGERER M T /-, &t
BikzEEL, A LEEOMRDICEE B (LUFA Speyer)Z Vo, AtEiRBRCiX, b
AT % 0.1,1.0,10, 100, 1000 mg/kg 28 &2 24 W] &% L, 24 IEfE] ECso 1% 113 mg/kg
LHEH SN 7= (Heimann & Harle, 1993), RBR HEOGHEM S A BT 0.7% EMESIN, A
B OFENES AT 5(3.4%) | THH L 7= 24 K5 ECso 1% 549 mglkg T o 7=, Bl R
Beid 9~ 2 MG FRERBRIC I 1T 2B )03 B V) | FERAIC 2 6 ORBRITA Tl & B
Eh7-(EC, 2001),

10.2.3 1BEEME

Vonk 5(1986)1%L, THEDM, 7 E=71k, BLOEIERICED LMAEm~D, T
NZZ7vaaxrT OB OWTHIE L., AR EE &L, Warburg L A8 A —
A —THIE L, RBRiciZn—2at b7 vmbidAviz, HEE, ARERERZ Vo —
A2 OWIME L ORI (HHE D FEfE TS K OMITRIER) CTT7e > 7o, fEAER OBIEIL, Hifg
VESULAETBICRNL, TUVESTHEROLRE T =X — LT o T, MR

iZxt9 %5 NOEC 1£<2000 mg/kg {@HEE, 7 I UBELIV0a—s+tom{brERICRT2
NOEC iZ#h £ <40 mg/kg M E &I L UN=0.1 mg/kg HE & & HIE I 47z,

Kanazawa & Filip (198713, #&GHEL(pH 6.8, k3% 1.44%, %K 0.12%)F D L3N
AT ABLIOWEYRICT F T 70T U R RIETEEBICHOWTHIE L, HHE422e
SEE L, KRERRFE2RVBRE, KEMX THEKDEEZRREKED 50% & L-, =
BAE 77 A AN, TLRTER L, 7 N T 7T oz BB 2 7= GRERIESE 0.1,
1. 10 mg/kg), V> 7L EREANCT 25°CT 8 A > F 2_X— kL, 3. 7. 14, 28, 56

HICHY tH L. BAEMZRON & AL A~ A EEIT o7, T_XTCOT hTF 78
o7 URBRIREX, FEAS AR EEED S, 10 mgkg THENRK K TH-72, +
BEEHOEARBA~DOE OO NS REEN 0.1 BLO 1 mgkg UL TRH LA, 10
mg/kg TITFE A FLE 47z, 10 mglkg TERER L OMRRE O TEMEIT & ©

2 3 HEZRICPHE S L7223, D% 28 H F CEREAHIMN Lz, HEEHYE A HIT 1.44%
LW sz,

THEMAEM ORI KERZIEEICT b I 7o T U RBLIETEEICHONWT,
Danneberg(1993) 392 L 7=, BRI 0.5 B L5 mg/kg #EED 2 BE Tz, it
IKFRERIE PRI B (42~62%) L, 14 BZITIFE F(11~18%) L. 28 AH&IZix k
F76~13%) L1z, T—# b B LIz EIIL N7,
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FEEHEC, 20012, HREME Pseudomonas putida @ 16 FffE] ECio (% >45 mg/L T®
% L OfHL 72 A2 H 5 (Knie et al., 1983),

10.2.4 [BE£EY

717 ALXT (Avena sativa) DI E BEBEA~DEBIZ O\ T T e b izilBi T, R L
7o H T ALXIHERELEF 1, 10, 100, 1000 mg/kg fiEE&DOT v T /7 nuxT % 16 H
M##% L7=.16 A NOEC(EE)IE 100 mg/kg, 16 H[# NOECHEE A )X 1 mg/kg,
16 HfE ECso V(EF)IZ 580 mg/kg T& - 7-(Bauer & Dietze, 1992), kbt HHEOHHMEH
HIL 2.29% L WA S Te, TNEIEERARY G ARICHET 5 L. 16 HF NOEC(AR)
I% 148 mg/kg, 16 HfH NOECHEBIERE) L 1.48 mg/kg, 16 HH ECso(4ERE)IX 861
mg/kg & 725 (EC, 2001),

ZlcfE R 77 (Populus deltoides X nigra DN34) DY) 0 ¥ % | {3 2 M RENET-ND
LOBEARGT T, T I 7nuxT 2B /KARICEE L., 1 BRSO EA
L, DWTIC L > CREZMER LT, Y0 OEEL2 2% 2 B®%ICHIE Lz, KikEo
L LTARICEAARMAED 2 BREICE=4— L1, KOE&EZ 2 BEICH->TE
LS ERVIREWS mg/l) &, ABEZFRBIEIC D7 > T 50%ME 7 2 B E (38 mg/L) 1 #
X 7-(Dietz & Schnoor, 2001),

Black Forest( K > ®EWER) THEES 10 EOHIEER 7 & (Picea sp)i h U 7 unxs
YEBIOT NI/ nnn T SCRBEL. BRICU Lo HIERE NS 7 nn T 4 LA
THDNRHELIT, BRBEITHESIL, RO TICHLE 0O mMPWENERE LT, 20
AT/ EHOSETHDOY LRIV, &0 ORITEAZEHEEIL—5MEIE L,
HEEIZ AR o 7o/ MED EOSEEITRVRED EE Th o7z, FEOIERE, 2O hT e 2
m BN EARD Y A I 7 5 (Carpinus betulus) D H T4 7- >~ E L THLH LN, 7 1
1 7 (chroroethene) & AR (UV) OB S ZER 2 B L 35 Z L R S ivlz, UV
ILEEMENGIT CIIAET Yy IR EICL s THDLNAD T, EEIIEHOALTHEIN
% (Frank & Frank, 1985), S L7250 fEIZEB VT, 1 ARKD hU e O EICKERTT 77
nuxTT A EERE T T 5 HSEET L L. SHENRWVBENL S TATRER~ LA
B LTz, BBLESEERTIL, Lz a T b a o= haT ol aFEDRE
FEAK 238 H 7z (Frank & Frank, 1986), FW7ZPREHRIIWE OEEDL M Z 4 L S+
LIFEMAOThotEZOND, T2, UV OH~OREBITFHRTZOEDO D& i St
Too LTeH3o T $HEIZ UV BEOLDORER L L TR ML AZEZIT T AREM D B 5 (EC,
2001),

7T EU U A7 3tiE(EC, 2001)1%, #2-> T Avena sative & L X A LWEATE EHBND,
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W72 5 EERCRE 13 =L VEHBE ~ORFRBHREZETORNCEBNT, BFETF v SNT
130 pg/m3 (2 1~2 » H M L7 $FE 2 Ol 3 0 b U v ORI, SRy (B
HUEHEDO LY BHTL Y EEDOEDNA LN, BEOMKEITEIEL KEICHEL S,
HASHNCITERAR LML ST DICE T, MPSRERERRET LV &L~ rd UV &k
2 &b, ¥R RIFROMELH Y, HANTIEAWEFTSMHTH - 72(EC,
2001 (2R SN2 ROCHIC B £ TV R0,

FRLOSEER O ERZ 2T T, RANOT M7 7 muxT ARG DRIk 25
TERRE 2 fNI 3 5728, K0 a2 23772 b 7=(PRI, 2000), SESFha—no
v ROFEWF Z R FeT 5. ~ A (Phaseolus vulgaris)., = X (Triticum aestivum), 77—V
(Brassica oleracea). * vV 3 2. k7 & (Picea abies), 3 —11 v /X7 71~/ (Pinus sylvestris).
gd—n v T F(Fagus sylvatica). > 7> * 7 Y (Trifolium repens). &YV =7 (Molinia
caerulea), = —11 v /X7 )—_Y —F 21T NN — (Vaccinium myrtillus), F A4 AFX
= /7 (Polytrichum formosum), % F/~A =/ (Pleurozium schreber). ¥ X 7% =2/
(Rhytidiadelphus squarrosus) CEBRN T/ biviz, EENRBHWZF ¥ NN T, fiW %2
i 2L D IR 7~2140 pg/m3 2 1.5~6 » HHFEIC L v B2 5)BFE L, LXOME
BT =F— LT, HEESCEE(LBNCHEL), B - 8 - 3285 0K, ®L
RENFHE SN, Z7ra T A ARTFEr— A THESNIZOE, ZHHR3H 52735
% R S e o2y B T 5 (PRI, 2000),

ARikBR TS S 7 NOEC % Table 10 2% & O TRY, BERISBIRRHENL TE 55
AIE, B VAT 4 v R T =212 T E -7, NOEC 1%, v AT ¢ v 7 ilifg L
KSR D 95% EHIKE O T IRME & OAZEDOPRE L L TR ENTZ(r P RAT 1 v 7 iR
OWHIAY, 2 FOREEN~ A &7 a—_R—TiTebiviz, BTN RIID~ A DF
BTk, 7 hI77vnxs AFROEEL R L, ®IRE 3 ETIEHORENE 1 E TR
L7z, BICHDRLEZFERTIE, WTHLORETOAELEBIIALNR N1, 7 r—N
—IFHFEOFERIFIITRVEELZ T, BTV ThoRECTCHLREEIAON LMo T,
EOBRBGOERFE R, 100 pg/m3 £ TORE TIIAREREEIRNL LW E LN, K
5y OREPHRE 2R BB (R AR D > 20% DR &R U 7= S IR FE 13 257ug/m3 T d - 72 (PRI,
2000),

WFZEE CHW B2 NOEC B 7 v A3 2 #) 72 (PRI, 2000) Z &b 7 — 2 0%
REIND Z L1/ -72(EC, 2001), REFIGBRI L TE D581%, 2 LAF OO HE
e L BT, Table 10 IR LR U= RARA » MIX LT ECio M fEE Sz, v A, =2
AFX, 7o —n_"—TlF, ZYREEXMEZ L7 ECloZEETHIENTE, vV &
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Table 10: HOECs for adverse effects of tetrachloroethene in
different plant species, as reported in PRI (2000).%

Representative MNOEC
Plant species variable (pg .'m’}

Seedifruit production

Bean | (Phaseolus vulgaris) Pod dry weight 48"
Bean Il {(Phaseolus vulgaris) Pod dry weight =2056
Wheat ( Triticum aesfivum) Ear dry weight T47-1968°
Kale (Brassica oleracea) Shoot dry weight =1955
Blueberry/bilberry Weight of 252-1009°
(Vaccimium myrtillus) bermies

Growthitimber production

Scotch pine (Pinus Stem diameter 319°
sylvesins)
Morway spruce (FPicea abies) Stem diameter 387"
European beech (Fagus Stem diameter =2104
syivatica)

Growthisurvival

Haircap moss (Polytrichum Regrowth =2101
formosum)
Schreber's moss Regrowth =2101

(Pleurozium schreber)

Goose neck moss Regrowth =2101
(Rhytidiadelphus squarrasus)

Clower | { Trifolium repens) Shoot dry weight 1034°
Clower Il { Trifalium repens) Shoot dry weight =2179

Purple moor grass (Molinia Shoot dry weight 22029
caerulea)

* Adapted from EC (2001).

® MOECs derived from the exposure—response relationships as
the concenfiration at which the curve crossed the lower 95%
confidence limit of the control response.

Dose—response could not be established, but there was a
significant difference between two treatments.

©

FOETIEANY 7 7T 0 ROEYFREBHPRIETHD Z Lid, HFONTIFEFITIENGE
FRAD RS LB, 2H LT T —FRNERTERNI LR L TW(rTBIZD
WTIEELLDOMAITS 2418 E), 15572 EE% Table 11 12777,

NOEC iZ, ZFEHEA~ DR & P REE~ D L ORITH B 2D DAV i R
EARETHZEICL>ThH#fEESNT, Tk Y, EHRESPEIIER LV Shofh
DEZY RRA LV FBRFTEDL LR o7, BXAONDRVEZL DT RRA v M aE
=2 — L ThHEG L L, BEMREICRHT 50 o & bEZMEORmWTZ Y RARA > MBS
%t % Table 12 ([CIN# L7z, ~ AoV T, HESUSBERO M 5 AT EREE &
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Table 11: ECyp values for adverse effects of
tetrachloroethene in plants, as reassessed by EC (2001).

Plant species and ECq 95th percentile
effect {pgim?®) confidence limits
Bean {Phaseolus 45 31-T4
vulgaris), pod dry weight

Wheat ( Trticum 1235 3124912
aestivum), ear dry

weight

Morway spruce (Picea 14 0.1-1442
abies), increase in stem

diameter

Scotch pine (Pinus 43 1.6-1950

sylvesirs), increase in
stem diameter

Clover (Trifolium 543 89-3317
repens), shoot dry
weight

Table 12: NOEC values for the most sensitive end-point for
each plant species, as reassessed by EC (2001).

HOEC
Plant species End-point {pgim®)
Bean (Phaseolus vulgaris) Pod dry weight 46
Wheat ( Trificum aesfivum) Ear dry weight 747
Kale (Brassica oleracea) Stem dry weight 758
Spruce (Picea abies) Faoliar injury 109
Pine (Pinus silvesins) Foliar injury 109
Beech (Fagus sylvafica) Foliar injury 750
White clover {Trifolium Shoot dry weight 543
repens)
Purple moor grass (Molinia Senescence 109
caerulea)
Blueberryibilberry (Vaccinium Senescence 109
myrtilus)
Haircap moss {Polytrichum Post-exposure 2101
formosum) growth
Schreber's moss (Pleurozium  Post-exposure SE4
schreberr) growth
Goose neck moss Post-exposure 2101

(Rhytidiadelphus squarmosus) growth

iz, BIRRBRIEEE (82 ng/m3) TN N2, ~ AT 72 NOEC 356 h
o tz, BVAT 4w 7R OY TIHiEE EClo 7 7 u—FiETE LN BEITEL L

111



TH D6 B L U48 png/md), KWIEH OEMELHW Oz, 72 —"—ZDOWNT, [fi)
ETEELEERENE LN, ZOHAITIHENE S DR EClo TH Y ZAnHun i
7z ETCER7=L 5, v & b THE SN ECold, 3572 EVWEFEIRR D BAF
FEMEN @D ST A S, EREOMITIRY TXOETRO B L VIEWEZD, 2
e 2/ IZHW B (EC, 2001),

SHTLI-e4fii(=y, hok, wA, F—/)THY 7 aafignit o&Thitish
2o FNUEOHIETHBRENBD LI, TO L IVEFAA TSNV > 7L THiE
SNTZRED 1000 5T oTc, NA A AHFDO Y 7 o aFFEO L-YVIIRBRE L &b
WZERH U722, ERERIIGEED DTz, MM ELZFER LI-OIX MY 7 v oz
TholcbHhbivd, M) Z7uaFioALkil,. RAF1r607 N7 7 anx7 BUAK
BN TEE 2 LB 2 515 (EC, 2001),

11. &M

11.1  EE~DOEEFL

T 7 /mnuT o ORE~OREEBIIETOETT A BRRETLHDE, R4
V==V Z¥TEbICT N7 707 & BE L, LIV Y ba=7 RpEER
ERBABEE CHEEOBAIDO 1 2L LT 77Ty VA HERATPICEELEALZ TH
5o WELFELHEKFTOT F T 7 un T UERBRICOVWTO I LR LML, 1250
KL~V TO-BRLOS IR FWE~O —FFEZExIH L LTEHY A CICAD ©
HHICR B A RIES R WE RSN, Lo T, E~DOSESERAREBOMREILL
Wz am— hTHEM S, N AL 72X TR TR TOT > RRA v R
DOFMEIZHEL KITT B2 Nz, o—RNRR LD bz, 1T A EDOHREILH
BRONMZET 2R ZRR L TR, 2wz, BObLNTREX, R4 ) —=
VIEETIRP S N5 100 mg/m3 &0 5 I 77 T 7 un T UEBERBREOMR E L
THELEEEZ DN, WERFRETIT, MR L BERELXAIT 52 ST# LU,
REIZESTIE, RIA 7V —=2TAE T R —EEBICHEHTAERNLOEE LD
IZENTWEN, Zy RV —E¥BIXT 77 n7 VIZRBEN T RWIEEH D,
COEICOLFELEDICT DI LITHEDOKEREENZRT S ELWREERDH D, &1
Wi, 29 L SIIMEERBEREICITIH VD LA I,

11.1.1 BBREEMEDIE & HER I DFFE
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F T unmT UBECONTIE, b L OERIY IR A DA TS, E
Ty R T, MR, BN, AN, R REFBE, BEAMTHD,

TRIZ7unTT TR - KE - BRAOZRBICL o TERIM L FTRINES, D&
TZOMENIZA D LIRS 340 LIBMGICE ST 5, WIS/ T R T 7 nnx7 o ORI,
R IR LR THEIE S N D, 1A DES—F Y e MROFEBREMW TR S D 28,
EMRFIGITHEICL > TRRD, vU R, WNLET T 7mrrT %7y B b
FVZRETDEHbND, 2 DOMRBERE, & b & EBREMWIT THRET 2 Z & 23K
HENTW5D, TERKIT, BESNITRFY FFMERG v T 7 aa-4%2 7 )%
L.F N7 PaS0IEIE LT R/ r OB 61 MU 7 o ol ~oi{b b
Do B2 ORKIL. INEIFAL-SIT AT 2 T—BICLo TSN D TV EZF A
BETHY | BAIORAECTRISHERB#M Z AR L S(1,22- M) 7 rr =) LY AT A
2720, EBICR-VT—BILE 2 TCZDOY AT A VB ERNEIGHE Y F 47 T AR S
. BEIICY 7 a a BRI D,

E T, 7 h 77 ruxT o OmBEGEHINES N TWRWA) TORAFE D, AR
RO, OEV, T, FUE. WIETICH, Rk, Bk, MEEE A E
L. SECHI I L T D, ABFFEIT, IFHERE A~ R C Ll AR B O SR BL L 72,
Th7/7nunx T CEIUCETAE NTOT—X IR TS, BREFEE L THWE
A\ 70~90 mg/kg IRHE DR N B THARAFRE R ~O LB 0, FENE, MR, FERREE,
EHREZHE, B0 T bR E T D, EillkiE AR L O Rei 7 TR L OV ks
N, T hZ7unxT O —LOPT 12 KB TOWEER THE S L, BE6<IZ
B L OMBARBENZ 9 LcEEESI SR LZEEZHND,

KBRAT WA TIE, BMERAB LR AFEERIEY, 7y b&<7 2T, LCso 13
20000 mg/m? %%, #&N LDso (% 2 glhkg (Kf% LE%, HURREROMEIS, KEBHY
TR HID EERIER T -7z, ML HEIELRD DI,

ThZ77vuxT 0 B FBXOUYXOEEELRILT 20, BEIZBEINL TV
VY, BRE O @O IRAIEAY 520 mg/m3 DRI ETE S7z HIRMHEERE THlE Sz,
UHXTIE,. T h T 7 unT RO FABEMORMZ S EEZ L2 Th -7, 1500
mg/m3|Z 2 R[], 690 mg/m3 (2 7 W% L 72 ghBRE C©. 8 o Bl s S hv7=(730
mg/m3 ~0 1 B85 TITIME SN TV, BEIEROWEN 2 61H 5,

WMABIORORKIZL > THERZRBR LEZERMCIZ, T I 7nnxr ORI
B2 0 OBDOIERNH 5, AT E Bl EERERSRE C, B HIIIFERL IO
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PEENRA LD,

JFE &L, ~ 7 A2 20 mg/kg (KE/H %38 5 A, 6 WRHEHE S L THELLRN>727%, 100
mg/kg REE/H TIIHEN L 72 (Buben & O’Flaherty, 1985), 7 v b CTid. IFFE &L 400 mg/kg
{REE/H D 90 A MG TRELE T2 7273, 1400 mg/kg R/ H CTIIEENN L 72 (Hayes et
al., 1986), ATFOBERIZ LA 100 me/kg (AHE/H Z 11 AHG 272~ 7 A TH LT,
7w b TIE 500 mg/kg KH/H TE{EA 72 <, 1000 mg/kg KH/H TH T MITE(L LIl
X727 - 7-(Schumann et al., 1980), 1000 mg/kg K&E/H D 10 HE#&E S5 T, ~ 7 A TIL¥
T UM L X b A L CoA FRL(A~IL A LY — AHITHOFEIE) S 4.3 5T L7223,
[FERIC G L2 T v b TlE 1.4 51238 £ 720> 5 72 (Goldsworthy & Popp, 1987),

fFaEtElx, 7 h727vm=7 690 mg/m3% 1 H 6], 5 H, 13 MR AZRE LT
~ 7 ATILERD H 72 o 72 (NTP, 1986), ~ U AJIfi% 1400 mg/m3, 6 H, 28 HH T
VA F Y — A A R L(Odum et al., 1988), 236, 2800 mg/m3 T 13 i [H D ##E T
FH 5T (NTP, 1986), 7 v hiE, 1400~11000 mg/m?3 T 13 A RTE L= & 2 A, B,
SEED 5 S MT A7~ L7272 Tdh - 72 (NTP, 1986),

14 mg/kg K/ H % 13 M # 5 L 7=l Sprague-Dawley 7 v b TR EMEIZA B V720
ST, BEEN 400 mg/kg KE/H B L O NLLETHE L 7= (Hayes et al., 1986), F344
7 v F~0 1000~1500 mglkg R/ H O T~42 HE OSRHIRE O #5132, HEOBRIC o 20
17 R A S ST, IS S B 72 o 72 (Goldsworthy et al., 1988; Green
et al., 1990; Potter et al., 1996), 386(ff). 536(#)mg/kg K&E/H % 5 B, 78 W[5 2 7=
~ U A TEB#EEDR S B2 (NCI, 1977),

A~ B 5500 mg/m3 28K E TIZ, 1 H 6 BifE], 28 H M5 L=l F344
v MZIEA B 720> 72(Green, 1997), L2 L. 6900 mg/m3|Z 28 H&FTE L7-1HEIZ, o
o7 0 7Y A OEFEDFE B L 72 (Green et al., 1990), #xis T 11000 mg/m3 £ T 13
TR ZE LT F344 7 v MTiE, BREIRA LN R o7z, v T AT, AR T
NOEC IZ 690 mg/m3 Th V) | JRANE ~DELEE D) 1400 mg/m3 LL ETH S 72(NTP,
1986),

AR 72 13 R O MR IR T, MR ~OREAEE L Lo T v Moxhd 5 Mk
#E(NOAEC)1400 mg/m3 (1 B 6 B¢, i 5 B, #fi## 250 mg/m3 (ZF %) 23R8 S 4,
5500 mg/m3 TIXEEPIEARFH R EA OB AIREMEN 7 H L7z (Mattsson et al.,
1998), AR A% 410 mg/m3 |2 3 » H [MiEfke iz (1 B 24 BF#, 8 7 H)Gr72 0 gL
FRBAHE) L7z & 2 A, BIEERE N OO 7Y 7 Hila I 2 /RE 3 5 O B LB 3 6 iz

114



(Rosengren et al., 1986), #J 2100 mg/m3(Z 1~4 » HREEGERFE L7=7 v M, 7 U Tl
JAEER DA HEME AL U & T DO AL L O EM L (L2 4 Uz (Wang et al,
1993),

Bl OREN, B LIEERBCREDIEI R T4 27 ) —=2 7R N) CEBHERE~ DR
RTNWD, BEMICAT, T 777 URRERECIRMIE OB RELZ kK242
LERTHOIBREOTY S5, AFEFENEFHERTIKEREZET 2 Z LITIRNETH
%o 11FoOFH# (Verplanke et al., 1999)723, V-2 8 ] TWA &2 &3 7.9 mg/m3 & HiE &
NWAHIEER 82 N T, RFPDVTF /) — NG H T EOMME®RE LTz, UL, Rl
IZBIT 5 TWA 2% EOH#HIZE < (1~221 mg/m3)  EHREFEEN LV 50 (143 B L O 157
mg/mIMOFHETILI LT /) —FEE X L R T ECMOD IR & R T F DRI I S
- 7z (Lauwerys et al., 1983; Vyskocil et al., 1990), (Vyskocil 5[1990]iZ L F / —/ifES
YR B RFCHE LD TIRRWA OIRZ v B OREIITZALIT A B2
ST, ) RRINTZHED H> HH o & bBE LR LA, FERRE 100 mg/m3 THY) 10
FHBRBELIZRTA 27 ) —= BN B0 NExt4 &L LT, BEED S £ I EMiFlk LV
R~ —H—%ZFHIi L T2, RFEORT~—I —DFEJEITHRFEFETE S, W< DO00
ZRITFECAHBE Th o 7o, B L ZERE ORI 050 B o B I 522 Tid e »o
T2, FDOEAITHI OB TR R EEZ R T L& 2 5D (Mutti et al., 1992),

FFRERE~D O R REMNEN,. T Mo 7 un s U BRBIEEXE OO CHRE ST
W3, 29 LTIAE2E T, T 7 uns U EHEREORE L RIS S o
776

T hT7 7 anaxT EHRERIEIFICH D . F v o NBER T 690 mg/m3 1T &RFE LTk
BB DMEIR & & 7= L7=(Stewart et al., 1970, 1977; Hake & Stewart, 1977), i /7. &Efh,~
O, TEENMEREDOREE D BELALT v N BERIZEB VT 340 mg/m3 THAE L7z (Altmann
et al.,, 1990), M¥ERBFIED I H Lo L BB LRDIWEICLD & MHRATENFAIMAIZ
Bl 5 )RR B 83 mg/m3 & [A—fH&ICHI1T 5 B EEERE 370 mg/m3 TREDGRD Hil
7= (Seeber, 1989), I HIMEIZLIT HHEL, FLUODH 2 WIEDT NITEN L)L TO
ERBFAETHL N o7, Lol Z ORI IKE ThH - 7= (Cavalleri et al.,
1994), &b TRWIRE~OIEEHN IR ZRICZEN @S ST % (Altmann et al., 1995;
Schreiber et al., 2002)23, #FZET A » OREN, & < ITxFBIMHICEE LT, REERO
FETHDGEEMIT S 9.8.2 2 /),

MREEEORERBHET — X 1L, SMEREBLERBORELXBITE RV, 205
BOMETEL I HRAL LT, ARBEORIMLAREY) S, A K > TIHERE KDL
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EEH I RESNTWARVWE & RBEOSEGBOXM, FHEMOMEOR B, #A
~OLRIO RS & OEERBRENHF OND, FEICHEEZ5 &R TBEERG L
HID)D U R 7 % 3Hli$ 2 AR E 2 AT ThhTh AR,

E NOBRA~DT h T 7 vvxT O ERTIHMIBEN THL, ARSI TND
AL, BT LM OBEH D BEICE LR OHERERNTVD HDRLN, T
A7V —= 7B 5T NI r7uaxn T U OEARMERIZ1960 I T EE - T
BOT, EEOMEIRAERDBEETHLILAIE, 7 T 7 v )3 A I
SN DAOBRBEFRUEN—HEEZBND, FTA4 7V —= 7 EOEERIZBIT H5E
CHROPFETIE, REBIOTEHNAICERL CTHTED EARA LN, BlEN A D
WESECARE SN TWDER, FIEAAD Y A7 ERZRIFELTZRV, T T 7vnnx
TUMAEEBICBIT DRV Y LoED Y A7 ERR, 3EORE TR LRIZH O
D, FOEFIFHFICIIAERTIE RN o7, 61T, EERITEROEANCEREL T
TRIBEMED B D

FEREZRG L LB E < OBE SR, SEbkF o7 FI7mnzr o hoRn
A~DEZONDBEEMEZREL L5 E-ATHD, ZbDO%EIE, SEKFTOT ~Z
ranx T U sOREBENGELD, TRTOHLWIIFHFEDORADY X7 BT LTk
72 DL Z 7k LT (Isacson et al., 1985; Lagakos et al., 1986; Aschengrau et al.,
1993, 1998, 2003; Cohn et al., 1994; Vartiainen et al., 1997),

T I anx T IEREIMICK LT BTN A E R L, HERE F344 7~ NIZH
137 % (NTP, 1986; Nagano et al., 1998a,b)%4: S, F£72 1 hOREBRTIIMET v NMZEE
BODLT e Z 5 Z 2 L72(NTP, 1986)23, BIOFERTIXZ 5 Tld/en > 7=(Nagano
et al., 1998a,b), ATIEE % M B6C3F1 ~ 7 A(NCI, 1977; NTP, 1986; Anna et al., 1994)
& BDF1 v 7 A(Nagano et al., 1998a,b)IZ, B/ —# — 5 2 1 BDF1 ~ U X ZFH %
L 7-(Nagano et al., 1998a,b), HIMIFHIZHRBERNE T v FORFETOH, BFlEHIL 2
EDZ v FBRD 5B 1 TOHFEO BV, N—F —BIEFOFARIT 1 o~ T 28R
DiEHETOR EH Lic, —BHOH LB RIT, ~ 7 XTBIT D AFEE O T &

ST,

T 77T rOBIGEMETIERRICBODTHFSICHNOA TV D, MEZ WD
(=2 )7 v R~ T A LREE WD BIR SRR T, FEEH OB 52
IRREHLIE IO 03> TR, oD K0 [REAIZR in vitro i ERPBAE D 1n vivo ikBR Tl [
PEDFERPH TN D, LD BT OFETIE, 7 M7 7 nnxT »HIKIINERD in vivo
B LD in vitro R CRBEMEZ R L TR0, L L, BERREEO TRIREH YD (T - Z
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JURIT ATV R)ETIVET A G REOBEMNHY (S22 F) srr =
MLy AT A e NTEFL-S1,22- N 7ar =] Lo A7 A )L, =— LA
WARFERBR CIEEEZ R LTS, —fEMICE hTOMENDIL, T hF7 7T
DBBHEMEICET 2 AR HERITHE DR,

T h77anxT o ORMBAIL, 207y FERBRTHMFBO, 140~ ARBR TR
PoN— A — RGO AR E FRH I, 29 LB RO b~ E M I 5T
X220, B A DOVERBE 2 595 72, IPCS O & AIHE#L 7~ (Sonich-Mullin et al.,
200D 2N A S iz, & BT, EREMWIELEO bk~ B & FE 3 5 E A G RAILS)
S YU ART YA = ZH5EFTRSD D &~ TORJENEIZB T 2 Ffi 7 (Meek et al., 2003)723%
Branl, Znb 2 DOX A TOREEFHEIZEB T, F o WEO A THIET D 1EHRET
FRE STV, BHEREWY CIERET 228 T 2 DICT — 2 B+ RGa120E, 8
MONEE T — X3t hOVU AT THERRX L h~OBEMZH T 5 & HEE S5 (Meek et al.,
2003),

Ty FORMBARER 2 b0 5 b 1 T, HEZHONTDEOBERIT F T 7 nnx
TURBIIEoTRAELL, ZORINTIHET v MIRRERZ NV B aw/nT7 ) &
ThI77nuxT R3S LR E OREIZ LD b DT, RAE RO R AR 7
PEEFAOHEBENGEGENEL D ERBRINTND, LNL, awZa 7l UBE#EDT v
NEBEEIC TARC OHERLMEZ AT 5 (TARC, 1999) &, EEARIRELV EHWT v
OB TT URBRECO R aw 707 ) URERICERT 2 Z R EINTEBY, £7-
ThI7/7nux T o OBERITHET v MIRESNDDIT TR WED, fERELTIO
RRUTIRT BN D Z LT oo, B lRE S 4L 5 7F 3B PR M iE 5 O #5576 T
ZHUE BV T AT S §(1,2,2- Y Jur =)L AT A CORBTCEA SR
% B ER L O FEE Y ~ O BREIC L D, ZOFBIRE., o sHE X OSEEIX
WA e FTHEET D Z EBHL N/ TWDE TN E F A U RAERKEONR# TH 5,

XERTIX, 7 F T 7 vnnxT a2 REIFREE LBk oW A LU A RER Tt~
ANBE SN EEIL., ~ LAy Y — AEOFRIC L D REMERH D LR ENT
Wo, ZOEREFIE, T T 7rnx7 o ofREm N 7 r ekl & S S E b
ME~OFRFZIIEL T, FolWE, E0VDbIF~ U ATRIDZ ENFEHEINL TS, L
T2 3o T LRI D A DOVEFREFREHE D 72 8 O TPCS OBE SRR A 238 FH S iz, Z ofk
A TRETT 2 D%, RESNDEMAMT., FHEFESR, HERISER, BSOS L FEF
L OBHE DR HIME - JRE M - — Btk - FriE - AWTFR Y - A, 72 5 NTOAE
TSP OIFE DO FREMEIC B 5 %07 — % T& 5 (Sonich-Mullin et al., 2001), Z DA,
FEE SN D IER =T~ 7 AFICBIT 294 v Y — AHE T 5, TPCS ORE &R

117



#AE . LAV AF Y — AHIEANCE A T 2720 DT A X ANRARINLTND
(Klaunig et al., 2003), 7 F 77 nux7 b~ ARFEZOGAITIL, 28 35 1B
FEOWL OO FEEREG 2 BT HERT —Z B RITFTTWD, X5, v ATHERR
ENFEH SN TWDT b I 7 nuxT g Eld, WEWRR~IVAF Y — L Z ~
VAR CNFET D DI E L SNHHEERELD bRV, Y LB 20FEH ST
WHIOIEFIREFEICIZ, T T 7 n =T U BRFIR CAR S5 RS RS 2303 - T
WHHREMEN S D, Y/ e uEiRiET T/ nunz T COMERHHTHY . LA F T
V= LR L WIS IS O IFIES AR T 0. BUEOHBIZIZO L ) ITA-+40ThH Y,
ThI77uuxT O~ U AR T HEEHEET ML T D 2 LT TERY, LR
ST, BT FTOBEEIZDN > TELT, KFEbRWEEZOAREM 2B ET
HT EHTERU,

ZRT DL —HMOLEWEICOWTE, T v FOBIESR XU~ v 2O % TE
T DIEBIRFEA D =X LBRBOLNT WD, 7 M7 7auxT OFEMETICET S
T=ZIFRONTEY, 29 LERBOOLNTWD AN =ALIERT 2 HEKST —Z 13
T mnxT X DBAFERITST D HERISER E —E Ly, WAERd %
PIRES TR RIT THWLRBIE, T F77rnxT AL T o WBEICEL 208,
Tt F~OBEMEZ AT D AR H D & itam O RIE R bR,

W7y b 2 HREBRTIZ, T F T 7 uu T U RNAETRERCA B TENC R A B 2

B RT3 TV 720, 7000 mg/m3 TO 1 H 6 B, M5 HOREIL., #7 v Mo
Eo@EEE5I & L, FEFS FoESE, (FORERMEORKBAED bz, 2
9 L7 2 2% % NOAEC 1% 2100 mg/m3 & g X7z, LA L F1 #XTiX 700 mg/m3
TR EENED LT 5 (Tinston, 1995),

T 7 v T U OWMARKIZ L DR AEFEERRN, 7y b, vV A UHF TR
iz, TIHORBRIX, WALZT N7 7vuxT7 U ENTEEZHERTHZ L E2m
TRHLIIE SN TR, 7y FEBIONYHFORERTIX, 2100~3400 mg/m3(6~8 KEfH]
/RO BFERE CRAFBEOTHUI RSN B Rhotz, 2 tho~ o A3 BRIZ, 500~2100
mg/m3 (7~8 W],/ H) TR DR AT 2RO D BREMN RGN AR L TR Y, 144H TiE
O BERBENRD ONRNEE T DTN RBEEERNE Z Y (Schwetz et al.,
1975). 2 14 B CIIRHABMHERE IR W T L W EHEOREN L 572 (Szakmary et al., 1997),

RIA 7 V== 7%TT b r7nnxT VICHEMICRE LT koo s <,
HARWEPER D _EH- B 5002 72 o 7=(e.g. Lindbohm et al., 1984; Kyyronen et al., 1989;

Olsen et al., 1990; Windham et al., 1991), SZHEREDIK TR IO 72 £, thofFExR4E
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FEREIR W Thidam & I IEREILS R+ T B,

11.1.2 WFERE - BEDREEHE

EbDOT T/ rRrT U~ORRICEART L EET S FRA  MEL iR B
PE. BFatE, A RAEBE, BATHD,

KE R BT (USEPA) OMRFEIEICET 2 REDO L B2 —iX, MEINgEE T
TAHME L, EBLZZ T EHERIC L > TRIGE LTS, SEIERABRTRD LN
HE LT RIS, SRR ZE GRS L O R (CNS) DL R FRAME HALEE D i E & v 5 4
WTA7T—~RhHY, hOBEAI(~v=r | AF L2 BEEAR L) THER S LD BV
KOPORTEBL T\, BERGHEIBRANELLI bOEEX NS, 25 LK
FENEIET O, BREEEORETHY . EEHREORE TIZRV, HEICL-T
X, EEE ICHBRERIS “RESNT” Whehotz, T TORME IR/ R T,
BEBTAIESE T A o (RIS A T R 36 K OVREE DRRS D AT REME DS HEBr A 281 EE R T Rv) &
HAWTWd, —EOFE i, RO, ITEREBROFIE, & RICBT 2 55/ 7 #ds H
R+ Th o7z, Seeber (1989 DERZFEN) 2R — MIFEIXH - & b KHUEAR DD 1 DT,
EABIE L OWEERZER A MENE L CRBEENNR PRI o7 2 DO REER % xt
B L, Mt HICFHERBERMMN 10 281 Tz, SIEENRSE SN, ERB X
OWERS . R EENERE, TRJeds . IR EE . BRIFUGKRH 2R DI ER M A R & 8
B OMRAEFZIREDS T SN2, EHIT, V=7 AT —HERECIIRE), miirE
B, RARAENMT OV, FRATEN PAIRA O E i I IBBRRAMRE STz,
29 LIZEAEN S, REFFERRADIMFRETC)DO I & L TO key study(ZEEHFIL) 125
IE Tz, AWFZECIEEYS) LOAEC 1% 83 mg/m3 Tdh ¥ . Z ki 577 (83 x 8/24 x 5/7) T
1% 20 mg/m3 [N 5, FHEERK 10 2 2 SEAT2(EAZE L, NOAEC Tidze<
LOAEC ThAZ Z2EE L)L, TCIX0.2 mg/m?3 & 725, TWA 2 &% Az TC ©
BT, BRBEEDHENCE -T2 EZ BN, PHIRBHATSH S,

BEMEICE LT, BEENAAL A~ =T =PRI T 5L ZAICENE, T T/
TT U OENZRFE A — N CIRRME B L OCREKE OGN R L2 T 5, LarL,
PRANEREG O BT~ — 7 —IZBT 2N 2 fROWIZE THERR S 417 LOAEC OffIIZIZRE
7R FRE DS & 5 (Mutti et al., 1992; Verplanke et al., 1999), Mutti ©5(1992) D#f7EA, TC %
FHT 2 ETIVEL TODRBERFICBT DEOIENT M7 7 muxT VRFEREITS N
HHT)E LTEIENTZ, Verplanke ©(1999) DHFFEFERNBEBE SN2 - T2DiE, 11D
W ODDIFENRT F T 7 aa T U ~DIE 5 I EW ) 25 & TR O R MESE O
AELE FLHE 72 0h 5 720 5 Tdh D, Mutti 5(1992)15°F-4) LOAEC % 100 mg/m3 & g8 L
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7o T OB 2t TR AW L, RHEFARE 10 2 2 o35 (EEo L 510 L, TCIZ
0.24 mg/m3 & 720 | MR TR S 7o Bl & RARMIZIZIE s %,

i 2R — b T~ OB O ATRENE 2R I RELIE, #hi B IR OREML & 5
ERENINFT, FFIEA~OREITE LTI, Gennari ©(1992) DA FEER & /g Sh
2o TARMRERCBIRIC B2 KIZT L0 bEWRBRE TOLIEA~ORERF R EIND
72, Bl FRRRR~ORE LY < TC I3, Hatte bii< LB 6D,

AFTEHE hTOT =B, BRWED Y 27 ESHICT 5 NOEC 285 ET 5 Z
LiIxTERD o, LD, EREBM~OATEFEMFRBICLE L Sh b mRE I
S ELTC 2802 mg/m3 DBFAITITY AZIFERTIIAVEEZ N, bo b bR
DEWFE(~ 7 Z2NTEB VT, 1500 mg/m3 ~0D 1 H 8 BEl 25 TR EEE 2R~ TIREM 72
AL B DI & EED . TSR 2k R R 2R EE (500 mg/m3)iE TC @ 2500 f5TH
o7z, 7y MBIOTHFiT~ T R L0 EEZEMR, HREERBR SR b7 TC ©
0.2 mg/m3 %, HRMEDOAE RV A2 2ELSERVEDICHSTHD EEZ BN,

T hZ77vuxT o ACiE, FomBEICRDAMEEZRTIHORGHLE | BERZE LT
7ob& N TORBAMEDIR G NT-FELN H 5, FEER MR 2 2 38R TII 2R E R 2R
EF, MOT v A TIEEEEOFELIZIF L A SRV, EREY TOMMEF IR
HBEEEREY OS5 28T 5 H A REDOFHIUIH 5, Lo T, KEWHN AWK
THRUFv— 7 REBMC) L ZOEE FREBMCL ZHE L, Z 9 L7kl 4 (KA &E
MAMFEOHITE R E LTHWD 2 L1222 > 72 GEHNE Appendix 7 2 [R),

HolbEWI A7 NHEEIND DL, Nagano 5(1998 a,b) DiRER T~ 7 AIZFRD 5
AT AR RIS REAE 23 A T %, BMCio & BMCLio (£E 4141 56 mg/m3 & 0 mg/m3
T, ZEEETLVEHW 2=y N A7 ZZNEN 1.8% 1038 & 5.2 % 10°3/(mg/m?3) TH
STz, T LIEHBEEN L OEMIMEETIZ, Lo L5 IcEH Sz TC 0.2 mg/m3IZH
F2YAZIXENZEN0.4%1073 L 1x1073(1272 5,

T runxzT o ~ORNEED TDI 2R 57— N—2A IR+ ThoTz, 7
N7 7mnxT IR A B KO AZRBEREE TR IR S 7v, IR & 2 90w
TR AR I D TR ETH D, B, T 77 enxT oEEE B
He. MABLIORORKKIC L DEE CIIENR)hoTz, L~ T, TDI X PBPK &7
N O THE I S 7= GEIE Appendix 8 2/R), 7 h 7 7 mr =7 2 0.047 mg/kg KE%
T 8 EILTCHOKEET S L, MMET b7 7 aaxT o iR B dh T A
AUCH(EH MR ORI TC 0.2 mg/m3 ~DOHf R E (HL T DR L o7z, ZOR
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Al % HL$H T, TDI 0.05 mg/kg KE NS ST,

T ERIT, DIEE SIS ERETH D ATREEZ RIB L T\ 5, 1TEIFIIE(kE b 7o
ORI, b me/kg (RE/H 2 5 B, 8 MM, R NG L-shaE(3~4 Mim) 7
> K(Chen et al., 2002), 5 mg/kg (AFE/H % 6 HMM@HIROES L7z 10~16 Hifi~ 7 &
(Fredriksson et al., 1993) CA LN 7-(Z 5 L7=ABR T, &GRS S =280 )
PRI — BRI N2 LR B), B FONE, FRAI) TIL, KA 4.8 ghkg (KEE
TOBBUIKEB(T F 7 4 77XV —Kk, va v 7, WEEHML, 1 IO Z2#HR L
(Rabbini et al., 1985; EC, 2004), F7A 7V —=2ZHA L L TEIW TW 2 et FLIE 2
A EZ G2 ONEREZRIELIZEOREN 1 FlbHEFIZT V7 7anxT U2 &kE 10
mg/L & T 4)(Anonymous, 1978), HHER A FEAI)S, 7 7 7 v e 7 340 mg/m3
~DO W N 5 FEH AR EE M (R AR AR &2 o 5 MR ITEV PRI B 2 B L -
(Altmann et al., 1990, 1992).

11.1.3 U X2 DRREHED

-y NBLOCKEORTTH 5 WIEBRBNZERT CHIESNZT h T/ aaxT i
FE, 12 E A EOBAEHEICB N TE X TC &0 1 HLA R, SR ATRSTEE Cid, Bl
BESL TCLUTTHD, 7h77auxr U RMiHEIN@EWM(ELIZRTIA 7 ) —=2 T
FEE )N TiL, TC 2852 BRI D RENHIE ST\ b,

d—n “//\O%Glﬁﬁéﬁﬁ*/ﬁkqj? ]\ ?7 = HI?“/&%E@i\ @FI%" 1~10 Mg/l j%{léﬁwc\ 1
HA#IE 0.3 pglkg (KE Th 5, TDIIE 50 pglkg KE CTh 5, 15U S TZBHI Tl FA
P 1 mg/lL & BED 2 L IFER T RETh S,

11.1.4 E FDREFEJ X 2 EFMICEIT 3 FREENE

—REIZ, B FTOEL OMFEITERBR L ~VIHETAEEOBITAERERNTED,
. OVEFN~D R ZR R I DILT NS OO+ 43 I FE S LTV,

EEMEIL. 7 M7 7unzT U ORSERE LA L ORRBERZRRL TS, B
Dmve RRAMIFED RER 1L, FAERTIIRIFETRICESNTWND, EMRNBAZI

BT 212130720 DINEEDHE S

ThI7/mnxT 3Ty FTHMMEEZ, =7 A THIEA AR L ON—F =R A %
18 TlX Fisher 344 7 v M CEIBIGZFHFR Lz, 2 9 LIZIEEOFHREFIEI 50Tl
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72V, Ty FOBIEES IO~ 7 A0 EEO B N COREMEIZD > TV ey, KGiE
H I TV,

WA RB T DT M7 7 nnxT o OREDOIEMSH 5 WITAERFHWIT, = —H 25
TERFMEZTRT, TN - W B SRR & BET 20003~ & W L2,

B 5B O BN L CIEARREEM., $70bb, milaiikkolbirs, HEK
JSEAR O K IN, =2 RARA 2 N OZMEYEICH T D AREEMSER Y, b 5,

ThIZ7oux T U A~DEEBEN, RIA 7 ) —=0 TR T H2HMETROLILDH
SRIRPED ) A7 LR OFINTH 2 DONIARHTH S, HARMKE, ZHhie. BILAFERIC
BT AEHETX 57 — X IIER I N TV,

TC OFEICIT TWA BEENHVONZN, BRI L-RZBEEIIREIELS2N T,
L7223 T, 8N TWA S8 %2 R4 2 00, W5 BB E O B2 00 TR HEE
Thbd, ZHETHRERLAETH D,

T2 BR (Seeber, 1989) THIEE SN - R ARV AN HHRENREYREZ ), WTho
FERTHLONIARHTH D, MRFEAEEN 2D THLDNE Dh> TR,

EFIZHHE 72T M T v h~OFHHELIVIERNAETT 77T 2%

A5 Uiz 2 fEOEBREMIE T, MREEO FREME 2 R T R IMEN S Dz, 2
BRbDWEERORTHLONIAHTHL, ZOZ LN MIETIEELDTH
T, ASERIRERNITT F T 7 maxF o OMREFEIEIC L 0 DI EREZ RSV & E
Zbhd,

T NI mux T o OREREOFREMEIL, BEOKD RN T —Z Yy TR TE
20N,

11.2 REE~DREIL(H
11.2.1 FFM=> P14 > P
Mefl, AEFRE. EEAERAY. FAOE TRRIZHBITAMAEDZONT, FHlNT2 b

*L//Cl/\%)o
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11.2.2 RV X2 DHEH

PN A@@ﬂ”ﬂ:%% ZOWTIE, ARER~DOFE L TR T HEMIGEHRITR ST
%o T LA, TH ﬁ%ﬁ*i“(&%f“(PNEC)O)ﬁHj IERRBRAICH I LT ' 2 2 MRS
NHWHND, PNEC (%, 2L F CIIBRE~OAELENFEI LRWHEROER & 705
LV TCh D, TNLLT BN ZE R L B SD LUV TidZey, PNEC 1%, &b
KW NOEC., L(E)Cs0. 5 WE L(E)Cio & W o 7= E 2B, b7 A X M
THRLTEKRD D, = RRA > Mk LT, PEC(ZEMITE - - & 2T ) 238 )
PNEC TBrL. fFffim> RAA > b T L2 F - 755 (PEC/PNEC) % H L . i
FHIV R PRAEL D D0 EHET D, 0 LIHEEN 1 RiEchbhiX, 7 77T
TURBRERICK L CEHRAR Y X7 2 72 b3 a3 E VW & fGm S 115 (EC, 2001),

YA TRAAL NEATRH 720, BEU CTHEHSFHAES B2 bbb &I, L L
T 1994 FDT —ZITFEDNTN D, # b i LOFHBIZ BT D3 &IC, LUk
SMOEENECTZZ ERRBOOLNTWD, fma il 5 ET, ZORICHET H4H
WD, €5 LIeZbid, HURBREIZEEL RITTRER b L&y, Lol B
FriREOHEMIZ, 7 F T 7 unxT AMEHBEEN L OREESLE DR L Vo7 L A
RRYRERICEE SN TR Y . 2R HIERESEL TUTW RV EE X b5 (EC, 2001),

11.2.21 BELLY

TRz T Al OoNWTIEHaReRERET — N MEINTEY , EWE S
PNEC #1525 Z &M TE 50D, TOZYMETEED L, B IEEERBR, mEHEBI (X
IR), {7 A LX), THEAERMEO 3 KEERE FETITbhTWb, wEIhd
2L BHIEWNOEC 1%, v — AL TOMIERICKT 2 =0.1 mghkgBEETH-72, T
AR MEHC10 @5 & . PNECsoi 1% 0.01 mg/kg B EEIZ/2 5, EU O U A7 G
i“(“% pEAREIZ %t L C PNECaqguatic species (2353 < Bl PNEC 25 H L CW\5, Z0OH

TIE s BIE H W B v, 384828 EU Technical Guidance Document (22 S 40TV
5(ECB 2003), FHHOHRE AT, KFRPTT M7 7 nrxT IR LAY (R
FiAR 7 )Nk % LOAEC 38 mg/L T& - 7=(Dietz & Schnoor, 2001), 7KHHAHK # T DAl
WD BFE T TIRFRTE TRV A, MBRKENT2REICHYET2EE2610, ZORER
TlE, BT D ORI O ATREMEZMMfI T 2 TSRS IR bz, 2 B2 FEIT Z OISkt
LCIdAaMdm R e E 2 b N5, 7T A A ME$K 1000 Zi#H L PNEC % 38 pg/L
/K& L7z, EU @ Technical Guidance Document(ECB, 2003)(Z70 S 41TV B AR HER 2
% & ZhUIBEEARIC KT 5 PNEC 0.18 mg/kg T4, & 2\ 0.24 mg/kg T-HE1R H &|Z
Y UTe, RO HAEYELET — 2 bR S % PNEC (0.01 mg/kg BB &)X, KA
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FEOT =2 MR ENTZZD PNEC LD EW=D, IRV A7 T8 ARA L MIHAWS
iz,

TR T 7 27 m a7 @ PEClocal 1%, PECregional 3 & U PECcontinental & ¥ ifffl 4 75%
L72(PEC OB HICE L Tix, EC, 2001 ), i - L, RIA4 27V —=v7 @RI
#55 D PECoeal 1. TN EH 3.9, 0.06, 2.5 ugkg T 5, PEC/PNEC i 0.006~0.4
Thd, TNHIETRT 1 RK@THLED, T hIrouxr o NEAEERICE>TY A
7 &5 2 E1FB 2 bV EC, 2001),

YR THAAL TR, ThI7unxs ORGP DIRICE>TAEL D MY 7R
FERR OB O AR b RET Lz, MU 7 m o FEelE, RARICEEEMN 2533 R 0M
FEMEEZ NS, bY 7 o afiiR? PNECs 1 2.4 ng/kg #2H & T 5 (EC, 2001 /),
&P O TIRIZBIT DHE L ~STHEESE | —EOMIBGZ & 21T, R4 Y ORNRIZHON
TIHY AT PRER ST WD, L LAans, HER M) 7o RKAF 7T 77 R
a7 OENE LR BRI R EEERDH D, LET MY 7 o afifgil, —EoH
HHEMETICBWTT hF7 7 nuxT O EREREMN O RITAET L L oEER R
WZEESE, —EOHIKTIZI N 7 v a0 A7 M 50BN DH L —HoO EU
MEETRS LD, toMEEZ, 7 b o7 nvn=7 RN —ERcLEFO Y &
oo FEE A LT AME— DRI TH D SR T DI, BIEOT — X X— 2 I A+
BTHDHEEBEZTCWD, 2, KIETO MY 7 v o FiERRE IS SN DB TIEd 508,
ThI7/nuxTrlOBENREESTC, ZOMBEOMBMANY ZHET 5720, &
SIRBDEENMETHD L HEZ TS, TOEEIT, BEROHSICE T 5 1, KK,
AP CO+SWENREHEZZLDE LN 7 nufiBs LT b7 7unxs v
DIKHHOE=2 V7 Th D, ARRETEEPICHREAET 2 HEEEEZEDIHRAE L [F
B K 1 iR o P CE LVSRIEND N 7 e aFEEORNIR T ¢ T —T)
o bERAEDRETH D (EC, 2001),

11.2.22 KELEY

T hZ7mu T AZOWTIR, AR T — 2RO, EEMEEY . R ~OEH
L(E)Cs0o BN lE SN TN D, TNIZED & HAKA~DE o & BV LCs0(96 FEFDIL 5
mg/l(=T~ R), BHEHB~D b > & RV EC50(48 KX 8.5 mg/L(A A I ¥» =),
BIE~DH o & B ECs50(72 BEDIX 3.64 mg/I(7 7 X REF AD—FE Chlamydomonas
reinhardti) TH %,

FHEET -2, A, IVra, EETREELET -2 08mEshTns,

124



FIRICOWTIE, TAV AT T 977 4 v aOPEDEFIZHS 10 HE NOEC 2
1.99 mg/L., fFHDOAFIZH-S< 28 HE NOEC 728 2.34 mg/LL T&% 5, EU Technical
Guidance Document (ECB, 2003)IZ 50k &4 5 BB OARRBR 7 1 h 2 /L Z#ET T
MNEITNAZ, IR ORMBRIZREO NI ATERIEZE T 3 BIED T A 7 A 7 V& liEt
MR ELTWND, BRI, BB RIZEFE~ORYZREOLEIZE L 025 Lz R L
TV LBRIRINTVND, IO, Bz L L7z 28 H# NOEC o 0.51
mg/L AT — 2P bl STV D POKMEBRIRIZ SV T, 72 BifE] ECi0 728 1.77
mg/L &L OFRENRDH Y . ZHBAEH NOEC & LTRSS,

SFE I FRREEE)SEY NOEC 3EAHIE SN, 25 1 EAEYRRICBWTHL - &
HIEW LE)Cso NHESNTZFEO DO THIUE, THAA L MER 1003 EHA N5, 4

F2Vram28 HENOEC TH 5 0.51 mg/Nic7 & A A v MREE 10 259 % & . PNEC
51 ug/L G5, ZOfEIE, BAFHE CHENA LI IRE L0 —Hi{Ku,

Table 1312, EU VA7 7EA A MnH0O PEC EHIEL~L%, PEC/PNEC th & &
HiZE L w7, /K PEC 1%, EU Technical Guidance Document (ECB, 2003)+ X OVt
Iparta—2%7 )77 nr 7 AEC 2000 % HWTH Sz, PEC & PNEC %t
T D& RI7ATHA 7 NVEBLIOEHENT Y —ThDPEC/PNEC L il?ﬁ(ﬁﬁ’(&)oho
PEC BLOET —ZIZESx, T h 77 nnxd IKAEMBARREICY 27 %2 KIF
SN EBZIOND, HITAK~OY A7 X207 BA A MHTIEHEY EF ST,
T h77v0 T ORIFPCOSMEEZBLTAEKRSIND MU 7 aafifgo, Mgk
FARPIRE IR T 21213 37220 & AR & 72 (EC, 2001),

11.22.3 EE4BEY

EEICARTIEM~DT b T /nnxnT U OFEMEICONWTOT —Z TR Y7563, 7]
Moz s Y —=r7fEE LT PNECsediment & 715 9% 72O sy BLiE AV b ivie, LUF
DOFERITIHESE | PNECsediment 1% 277 mg/kg B HE & & FH & 7= (from ECB, 2003) :

%%
PNECseq= 2% o pngc,,., % 1000
RHO

Secf

Ksed-water (- K A EARE01E 7.08 m3/m3
RHOgeq GRA:JEEE D 5> S B FE)IE 1300 kg/m3
PNECwater (£ 51 ug/L (1.e. PNECaquatic organisms).
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Table 13: PECs and measured levels of tetrachloroethens
in water.

PEC (surface water)

Parameter (o) PEC/PHEC

PECseu (production and processing sites)

Site A 0.02 {direct, bazsedon  0.000 4
detection lmit)

Site B 0.01 (via wastewater 0.000 2
treatment plants)

Site C 2 (direct) 0.098

Site D 0.085 (direct) 0.017

0.07 {via wastewater 0.001 4
treatment plants)

Site E 9.1 (direct) 018

0.6 (via wastewater 0.012
treatment plants)

Site F 4.2 (direct) 0.082

0.28 (via wastewater 0.005 8
treatment plants)

Dry cleaning 0.02 0.000 39
Metal cleaning 16 0.03

PEC mgiona aNd PEC oninanta

Regional 0.011 0.000 2
Continental 0.0016 0.000 03
Measured levels

Surface water > 01

{realistic worst
case based on a
nurmber of
measurements)

ZOFEERNT, KHENT L2B0AATETE2BE L, KEOEBIRNG bBUALNEZ 5

CIZEET 5, o & b @A PEClocalsediment)(ECB, 2003)1% 57 pgrkg & B S, i
HIE L~ULiE 50 ugkg TH D, T b O¥iE% PNEC & k9% &, PEC/PNEC it 1
KR THO, LEN-oTT bIrsuncs UNEEAEBEMICE -TY A7 LD 2 L1k
#EZ 572 W(EC, 2001),

11.224 TAHMEETERICHEI] SHEY

IEFMEIXTARKLEGOMAEMIEBICAEELELRIETAEEN S D2,
PNEChmicroorganisms D% 23 T72 7=, PNEC 13 B2 280 - 2R E CRbE Rk
B, ABGN T O E ORF R REFRIC AR Y 3 5 R EREME T — Z O AR EE LUy,
MWL T7 72 A MEEUX, AEM~DOREIZETHAFARRT —ZIZL > TRE D,
RN TITONIZ A, TERRE I RRAKRE & ERELERT 5, thoRBRico»
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TIE, 10~100 DFFHOT A A > MREDEN SN D, 7 77 mr T 250 T,
WEM~OFENFEINDDIFK 100 mg/L I2BWTTHD, mihid, bMETH D
Nitrosomonas sp.# W TCEIZT 5, ZORBRIT, MERT T XAFEY 741X
(Tetrahymena pyriformis) % V2 5BRICHE~_T, FAMBIGIZIZLV@E L TWDH EE 2
Hivs, 24 K] ECso 23 112 mg/L & #75 X4, EU Technical Guidance Document (ECB,
2003) DENVEIZ L > T, ZOHEEZTEA X MRS 10 THRL, 7 87770
PNECumicroorganisms 7 11.2 mg/L L FH i S 5,

H o & b PECsewage treatment plants(ECB, 2003)13 16 pg/L & HiE S, #H FKMLLER
B ORERIE L~ViE 23 pg/l Th D, T b OKfEE PNEC &% &, PEC/PNEC
Bix 1 Rilie 0, 7 I 7mu=d U FARLBGOMAMIZE > TR 25T &
135 2 572 (EC, 2001),

11.2.26 ASHF FSF2o20T7200DEY~DY X2

EU U 2 7 5 oS4 #BI(EC, 2001)i1%, KRR T b7 7 muxT ipb OREY~
DY AT BINEOFEAM % 30 L 7=, EU Technical Guidance Document (ECB, 2003)
ZiE, AEICKRT D PNEC 2R ET 2 —EDOHHHA 3720, R0z, BRSO
FORBRAEYOFEFEEZBE L2035, AFATREZRERT 2 iV T PNEC 2R &7z,
HBESM, BRBREREICALTAR EE 2 D)5 PNEC 23k b7z, BIAR,
By, EEITEMY), 27 2REET DAHEOREICOWTRERN GO, SEIER
WRIA—=ENZY RARA L FELTE=Z— 33, RGNEIEAEWVEZEZ TR L TV D,
NOEC (Z5W\WTi% §10.2.4 (28 L7,

kD PNEC B HikEZ, b o & B8V NOEC B L, 7R AV MREABEAT 5
ZETHhHD, BRTHIEENZE 5 & LKV NOEC(Table 12 1ZIX#H 3% € NOEC 7> 5)
%, FBHIRTE D~ A (Phaseolus vulgaris)~? 46 ug/m3 TH - 7=, [FIFEIL 1 D% PRI
1%, [Wl—x > RaRA > M2k LT NOEC=2056 ng/m3 #7~9, EHRBOT—X &85
FFETHUEET 5 &, ECiolL 48 ng/m3 & 72 % (Table 11 /), ARFEER Cldst AL L~
VDT LT 7 muxTT AlEE ST S OO@MRGYITER), < A ORBEFRIZ~ A 2
INLDOF X UANNTHEREELZ ozl bamRLic, hyk L~V TECoEH
HT 2 IWICEONTZIEFIZISVVEEIRRIX., O ORROEEE &SRV 2R
LTV, LEEnoT, o b bRNARR NOEC & L THRMHEN LD~ ATkT 5
46 ug/m3 Th 5,

ZORERIZEART BAA Y MEEEZBEHT 200220 TE, HEOME S EET D
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VENDH D, ZOERBRTIE, BBERFITEARMICHEFITENEDOTH o 7eh, BEFRIRE
EHERFT D720 OE UIADICET 2B O AN R > T e, HEIT, HERDL DO~ A
DOREJEIZIAT, BIOFFHICRZEZBEVIRL, 2 BOREMOBSZMEDOHEIZ OV TERY
7223 72 Zdu, NOEC 73 46 pg/m3 & 72 D 83BN S - & bIEZMEN S WERIETIZH D 2 &
MRS N7, NOEC MEIEE 5y RARA > NI FOEHTHY . ZIIED
RETHLOLERIZZEMORETH®H S, BFEICITERESSATW WA O o
F~ AW IE, FAAEOBD TR BTEEORBDICERT L ENEESNDS, OF
D, FEIEESTN, BEOBRIZIVZFOAENELS ozt H Z ETHDH, LN
S TZORET, MAEICHA LN AR TR b RIZZDORR E L COAERME %2R
FTHIOFTRLE B L TBY, AFRBMHEMELZTET 2 b 0IEe< eV, ERPBIE L
OIFRRE LT, BERMARET D X0 IR 12/, 8L 5 afREEN R
EHOLNLOARBRINTWEFETHoT, FLOTHDLE, MG L o TMOH & Bt
IRl B FBARIEIE, ERO OSBRI T 5 E T &b oo — ki R sk
ZEST2D, v AD NOEC I 10 RIEDOT A A v MR¥EAHEM T2 2 &N EZ BN,
ZOBEITRE S RIBIN R NO T, BAMAEM LI FIEE LT, TEAA L MR 5 2
EE SN, ZORESE, PNEC 9.2 pg/m3 28 E H Sz,

TR COEBIIHT HUPOBRRIT YR NV E Lo EBIRICER L
TEY, ZULNE 3 O THL 7T L & bICERICHAAENTZ, vV & MU EDOHIE
ENOEREDT 7 7muxT UNERGE D EBE)ICEELRIETZLNbND, r
AT 4 w7 Y CIEDIEIZ X > T NOEC @ 319 pg/ms (=) & 387 ug/m3 (k7 )N
BE STz, FEREOBIENOIXRIRE TORERER S, U e L~ YT NOEC
I% 109 pg/m3 L7257, BIRO—AEITHH] U TEE LIZIMITE o 722y, R A RR
MEHN—LTEY, BEORICHBEZRRD OB A SHT-, BIAITE < Gln 3
EDFEAR), BENBD SNIZOIFMOERICBIT 5 EROHIETH -, ZHITH LT,
R IRA L E L W IERZMERE N EREH SN TWD, b o & bW EHERE
WOERICIZL - EHEETHY . THRE TOHIELZATIMREICBV TS 2, KAKEDD
< ED T0%IEH 2 & BHLWEOHENRF L TND, ZOHEHIE0 BRESMAILES
FCEbOTEVWEB X bR, 29 LIEMHONT  AZRY 7236, Lo LR L
7o I DS LB RN Z S ITREE L2 6, BERD NOEC 127 B A A v MEEZEH T 5 2
ENEBREICBE SN, FARBREEZEHT200081E-5% 0 Ligng, NOEC 3 D 9
Hh o & BIRVMEICEE 10 2@ L, PNEC 11 pg/m3 23:Rd iz, ZHUIEtEDEZE
FEIEELTEBY, BEORENBADERSLAERICEDLS BWEETHLNIEIH 50T
RNed, ZOMEIEZ D REMICEF T2 O TH S (EC, 2001),

PNEC HH DO 3 © HETIE, MetFm7esMEEs Vb=, NOEC O—HO U EH
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1%, 10 FEICOWTIEEBREELZFA TN D, 2 FEIZOWTITRER Lo sk E CREITH 72
Mol &9 LG IIEEARREEORFMENH W Gz, HOEH A ZEE L
7= Aldenberg & Slob(1993) D FikTik, FHE 50% THO 95% & R34 HIRE
HC5(50%) & L T 41 pg/m® G oz, MESM~DOT —F &y FOY T DX
Kolmogorov-Smirnov & CITFEH I 72\, BRIl ZORKOR 2 EZ S E W
T—4%y I 72bbH 10 EH) Tk, HCs (50%)D 37.5 ng/m3 35 Hiiz, 72 A AL Mk
B5 NELETHDHEEZONT, MBI HD & ARREUE ORI E LD S %
7ZLTWo, BERKRT DLV /b, mié%fﬁﬁéhk%ﬁﬁﬁ%ﬁ%f%ﬁw
DX, T T O LB SN TNDEINLTHD, 7—HtEy ME 12 HEE A, EU
FRETDHIEIEREMEDEREI N TN D, %@ﬁimﬁﬁ PELWE D 15 FE
Iz, LinL, MU THEMIIKRAEEY L RENRERTH D, MIELI=V R
RAL DI BH oL BEZHOENLEONNTROEAETHLEREN TS, =2 RK
A2 ME, K PERCE~ORBIIAR XV IKRE CTRIT 520)H 2 WIXEGEEE O &
BROCEFRLTCND, LE2AR, ZOGHTEHABINAREL TS, T—%Fy M

k5 2 50 “RARND NOEC” BWEFENTWA, LEEB-> T, ZeMEEFEML
THCs 127 EARA Y MEE S Z WD HIENE BILD, 29 LTPNEC X 8.2 ug/m3 L&
E S5 (EC, 2001),

IRBH 3 DOFIEICE ST, 9.2, 11, 82 pg/md3 &V EU LI RENSGS BN D,
ZHOLT, VR TEAAL FTIERKD O &R SNDHEWIZxT 5 PNEC & L TibIK
VME(8.2 pg/m3)2viE I 7= (EC, 2001),

HEZOTEARAL NG, T 77007 0 OKRAG~DEED Y 27 ¥E4 3 i
MHBE LT, ThbbT N7 uuxs O ~DEHEDO R FHEAREW D4R E
B BT RRAFHE. F U IRRCIE D ATREMETH 5.,

9, REPCHERBIOHE SN L~UL Lt PNEC O iaftebii-, 8E - T
ﬁ%ﬁ@méh\éﬁ%&%%&—x%%ﬁkﬁi%né%o&%%w@@%uwa&
v . PEC/PNEC ttix 4.4(1 % kA1 %) & 72 5, (EU [2001] & Bl O #EHY; © PEC 5 H L,
PNEC % T[EI% Z & 2387, PEC OFREMEIX, KT 427V —=27[4.4 pg/m3], &R
#(7.7 pg/msdl, #7757 F[0.88 pg/mdl L 20, Zh 54T T PEC/PNEC
X1 2 FE5[E£h 0.54, 0.94, 0.11].)

/2, T hIzunn T UIIREITTE Faxo I DB RE T U Eno T4k
SR L RS L. BRMED S EFEY AL D,
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%8 OMIEIX, KA VIEESORRE B A R L o 7 K0 R A B BEfR T
%o XMMEICBIT ST T aaxT CORIGHECERBINL 3~5 » Haite)id, xHfiE4 >
/%WL%<i%5Lﬁw&%z6héomﬁﬁ%%kv4/7ﬁMﬁ%~®%ﬁﬁﬁ)
. KEEPOOT F 77 r T VOREICEBWTESE DV EETIEIRWVWEEXONT
Wb, XfiEF o7 NZ7aexT ooFmIiTE L, RBEICAD &EITD R, REEA
Y UBBEICOW T OB, DAY B ET 2L FWE & TR A B
BWbDD, T FI77muxT VA Y UEWE TH D LR NTW D, Bk 5
T hI7ruuxT U OSMREMITIRBEICADATEERH Y . 20 5 LI LR ITEA
DO EEWE TH D, T T 7unxT ORI K o TEJEEIZA D U LRFE D
X, BHERRAMTH L5 TERETCE5EZE2 015, T h77rrTT )
LE%L\%éwi%mﬁmﬁ%%ﬁbfﬁ@% AV RIS T 5 2 L AR T B
TZIRE TSR0, AV IR 5 M EEERS(WMO, 199D1%, 7 7L
e —R(CFC), & kurru7i4nh—=RHCFC), MG bRE, 1,1,1-~) 7 1
m =% /(1,1,1-trichloroethane) 72 & DA L %D S 2{LFWEICHART, 7 h7 71
DT DY UEA~OE B TE 213 ETHDHEEZ TS, T hT /T
VS, HIERIRBE (L O R Z R RIRIZ 22 5 Z & 135 2 bW (EC, 2001),

FhI oo TonilESNPEEE LTI LENSBBICBWTIE, KT ~Dlk
HNOHEMICERELE 220 A7 2HIRTHILEND D EEHRSIT o, L,
PEC/PNEC b3 1 2 7-DI1X 1 4 FTICBE 20\ OTHD, RT7A4 7 ) —=2 7R0&Eik
FIREEICBW T, T b7 7uuxT AERANOHEWICHTHV A NELDLZ EITEZD
LR,

11.2.8 BRE YV X2 FHHICE N S TFHEEME

FrEOHIRIZIWT MY 7 e BN HIEPICHREICAFETDHIZ LI, 7 T2 unm
TTUNBEMOHLWEERFRNE L T(ZED THNRD EDREE TOrbo TS0 0
I RHATH S,

12. ERASESIC L5 2 F TONME

IARCIEZT hF7mnx=T % FENAMEDOE N TORRLIVZFEL & FEREM) TD+437
AFMLIZ IS & B MR L TEBEO LS BB AMEZRT L LTI —7 20 T35 LT,

WHO /X, ~ 7 A(Buben & O’Flaherty, 1985)3% L O'7 ~ k(Hayes et al., 1986) D #i {2
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FERBR CA LN MFRAEOHEMGERICESE, 7777 ofRk0 TDI
14 pg/kg KEAEE LT\ 5, FEFZEIO 10, FANZLEIO 10, “FEAADAFEN” @ 10
DD 70 D AREFAREL 1000 %2, AFEtEZIEIE L L7z NOAEL 14 mg/kg (RE/HIZ@EMH LT
TDI Z&HH L7z, FERBROMIENENZ LIS 2 P EEREOBME. “T hT7 270
nDTT DT —HR—A L 2MED critical study(FEERER) D 5 B 1 4 THCEK &3 5 B
ABEOEAICETIBRMNFEEEEL T | ARELE R SNZ(WHO, 2003),

WHO (B NV —712 8> CT b T 7 unxs o ORREfE#H(air quality guidelines) D
0.25 mg/m3 BENE STV 5, B IENT- critical study 1T K7 A4 7 ) —= 7 EEBDOEH
BT T 5 b DT, BFERE O T RE 102 mg/m3 23T D B~ DWRRE A 8 A R L
T2 (Mutti et al., 1992), =@ LOAEC (302N O Hfe 5 #5 (2T 5 72 4.2(168
vs 40 BE[E],/ ) TR L. AfESEAREL 100 238 H Sz, RHEFAREUT 2 HOfRE 10 57
V. 181X LOAEC Ol HINOAEC O ftb v)Iizxt LT, fthod 1 EITESZ I BT 5l ik
x5 L Cil fH 7= (WHO, 2000),
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APPENDIX 1 — ACRONYMS AND ABBREVIATIONS

ADP
ALT
AST
ATP
ATSDR
AUC
BCF
BIA
BMC
BMCio
BMCL
BMCLio

BMDS
BOD
BUN
CAS
CCRIS
CFC
CI
CICAD
CNS
CoA
DART
DECOS
DFG
DNA
EC
ECio
ECso
ECD
EEG

adenosine diphosphate

alanine aminotransferase (SGPT)

aspartate aminotransferase (SGOT)

adenosine triphosphate

Agency for Toxic Substances and Disease Registry (USA)

area under the curve

bioconcentration factor

Berufsgenossenschaftliches Institut fir Arbeitssicherheit

benchmark concentration

concentration associated with a 10% increase in the absolute risk of seeing an "adverse" response
lower confidence limit on the benchmark concentration

lower confidence limit on the concentration associated with a 10% increase in the absolute risk of

seeing an "adverse" response

Benchmark Dose Software

biological oxygen demand

blood urea nitrogen

Chemical Abstracts Service

Chemical Carcinogenesis Research Information System
chlorofluorocarbon

confidence interval

Concise International Chemical Assessment Document
central nervous system

coenzyme A

Developmental & Reproductive Toxicology

Dutch Expert Committee on Occupational Standards
Deutsche Forschungsgemeinschaft

deoxyribonucleic acid

European Commission

effective concentration for 10% of test species

median effective concentration

electron capture detection

electroencephalogram
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EHC
EMIC
ETIC

EU
EUSES
FAO

FID
FUGMOD
GABA

GC
GENE-TOX
GGT

HCs (50%)
HCFC
HFC
HSDB
IARC

Environmental Health Criteria

Environmental Mutagen Information Center
Environmental Teratology Information Center

European Union

European Union System for the Evaluation of Substances
Food and Agriculture Organization of the United Nations
flame ionization detection

fugacity model

gamma-aminobutyric acid

gas chromatograph/chromatography

Genetic Toxicology

gamma-glutamyltranspeptidase

hazardous concentration to protect 95% of species with 50% confidence

hydrochlorofluorocarbon

hydrofluorocarbon

Hazardous Substances Data Bank
International Agency for Research on Cancer
International Chemical Safety Card
ischaemic heart disease

International Life Sciences Institute

Inter-Organization Programme for the Sound Management of Chemicals

International Programme on Chemical Safety
Integrated Risk Information System

International Organization for Standardization

Joint FAO/WHO Expert Committee on Food Additives
Joint FAO/WHO Meeting on Pesticide Residues

soil organic carbon/water adsorption partition coefficient
octanol-water partition coefficient

median lethal concentration

median lethal dose

lactate dehydrogenase

lowest-observed-adverse-effect concentration

limit of detection

lowest-observed-effect concentration

limit of quantification

mass spectrometry
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NCI
NEG
NEN
NIOSH
NOAEC
NOEC
NTP
O/E
OECD
OR
OSHA
PBPK
PCE
PEC
PER
PERC
PID
PMR
PNEC
PPARalpha
ppb
ppm
ppt
RCR
RNA
rpm
RR

RSI
RTECS
SGOT
SGPT
SI
SIDS
SIR
SMOR
SMR

National Cancer Institute (USA)

Nordic Expert Group for Criteria Documentation of Health Risks from Chemicals
Dutch Normalisation Institute

National Institute for Occupational Safety and Health (USA)
no-observed-adverse-effect concentration
no-observed-effect concentration

National Toxicology Program (USA)

observed/expected

Organisation for Economic Co-operation and Development
odds ratio

Occupational Safety and Health Administration (USA)
physiologically based pharmacokinetic

tetrachloroethene

predicted environmental concentration

tetrachloroethene

tetrachloroethene

photoionization detector

proportional mortality ratio

predicted no-effect concentration

peroxisome proliferator activated receptor-alpha

parts per billion

parts per million

parts per trillion

respiratory control ratio (State 3/State 4 ratio)

ribonucleic acid

revolutions per minute

relative risk

Risk Science Institute

Registry of Toxic Effects of Chemical Substances

serum glutamic—oxaloacetic transaminase

serum glutamic—pyruvic transaminase

International System of Units (Systéme international d’'unités)
screening information data set

standardized incidence ratio

standardized mortality odds ratio

standardized mortality ratio
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TC

TDI
TSCA
TWA
UDS
USA
USEPA

WHO

tolerable concentration

tolerable daily intake

Toxic Substances Control Act Chemical Inventory Database (USA)
time-weighted average

unscheduled DNA synthesis

United States of America

United States Environmental Protection Agency

ultraviolet

World Health Organization
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APPENDIX 2 — SOURCE DOCUMENTS

de Raat K (2003) The Nordic Expert Group for Criteria Documentation of Health Risks
from Chemicals and the Dutch Expert Committee on Occupational Standards. 133.
Tetrachloroethylene (PER). Stockholm, National Institute for Working Life (Arbete
och Hilsa NR 2003:14; ISBN 91-7045-695-X).

The human health sections were produced primarily from this report, produced under
an agreement signed by the Dutch Expert Committee on Occupational Standards
(DECOS) of the Health Council of the Netherlands and the Nordic Expert Group for
Criteria Documentation of Health Risks from Chemicals (NEG). The purpose of the
agreement is to write joint scientific criteria documents that can be used by the

national regulatory authorities in both the Netherlands and the Nordic countries.

This document on human health effects of tetrachloroethene was written by Karel de
Raat, TNO Food and Nutrition Research, the Netherlands, and was reviewed by
DECOS as well as by NEG. The joint document is published separately by DECOS and
NEG, and the NEG version (adapted to the requirements of NEG and the format of
Arbete och Hilsa) was used in preparation of this CICAD. The editorial work and
technical editing were carried out by Jill Jarnberg, scientific secretary of NEG, at the
National Institute for Working Life in Sweden. The Nordic Council of Ministers was
acknowledged by G.J. Mulder and G. Johanson, Chairmen of DECOS and NEG,

respectively, for financial support of the project.

IARC (1995) Dry cleaning, some chlorinated solvents and other industrial compounds.
Lyon, International Agency for Research on Cancer (IARC Monographs on the

Evaluation of the Carcinogenic Risk of Chemicals to Humans, Vol. 63).

Approximately 1 year in advance of a meeting of a working group, the topics of the
monographs are announced and participants are selected by IARC staff in consultation
with other experts. Subsequently, relevant biological and epidemiological data are
collected by IARC from recognized sources of information on carcinogenesis, including
data storage and retrieval systems, such as MEDLINE and TOXLINE, and EMIC and
ETIC for data on genetic and related effects and reproductive and developmental

effects, respectively.

For chemicals and some complex mixtures, the major collection of data and the

preparation of first drafts of the sections on chemical and physical properties, on
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analysis, on production and use, and on occurrence are carried out under a separate
contract funded by the United States NCI. Representatives from industrial
associations may assist in the preparation of sections on production and use.
Information on production and trade is obtained from governmental and trade
publications and, in some cases, by direct contact with industries. Separate production
data on some agents may not be available because their publication could disclose
confidential information. Information on uses may be obtained from published sources
but is often complemented by direct contact with manufacturers. Efforts are made to

supplement this information with data from other national and international sources.

Six months before the meeting, the material obtained is sent to meeting participants or
1s used by IARC staff to prepare sections for the first drafts of monographs. The first
drafts are compiled by IARC staff and sent, prior to the meeting, to all participants of

the Working Group for review.

The Working Group meets in Lyon for 7-8 days to discuss and finalize the texts of the
monographs and to formulate the evaluations. After the meeting, the master copy of
each monograph is verified by consulting the original literature, edited, and prepared
for publication. The aim is to publish monographs within 6 months of the Working

Group meeting.

The available studies are summarized by the Working Group, with particular regard to
certain defined qualitative aspects, as discussed in the source document. In general,
numerical findings are indicated as they appear in the original report; units are
converted when necessary for easier comparison. The Working Group may conduct
additional analyses of the published data and use them in its assessment of the
evidence; the results of such supplementary analyses are given in square brackets.
When an important aspect of a study, directly impinging on its interpretation, should

be brought to the attention of the reader, a comment is given in square brackets.

IARC Working Group participants

Members

A. Abbondandolo, National Institute for Research on Cancer, Genoa, Italy; O. Axelson,
University Hospital, Linképing, Sweden; S. Cordier, INSERM, Villejuif, France; W.
Dekant, University of Wiirzburg, Wirzburg, Germany; E. Dybing, National Institute
of Public Health, Oslo, Norway; J. Fajen, National Institute for Occupational Safety
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and Health, Cincinnati, OH, USA; G.R. Howe, Faculty of Medicine, University of
Toronto, Toronto, Ontario, Canada; A. Huici-Montagud, National Center of Working
Conditions, Barcelona, Spain; Y. Konishi, Nara Medical University, Nara, Japan; H.
Kromhout, Wageningen Agricultural University, Wageningen, Netherlands; L.S. Levy,
University of Birmingham, Birmingham, United Kingdom; E. Lynge, Danish Cancer
Society, Copenhagen, Denmark; R.L. Melnick, National Institute of Environmental
Health Sciences, Research Triangle Park, NC, USA; H. Norppa, Institute of
Occupational Health, Helsinki, Finland; S. Olin, International Life Sciences Institute,
Washington, DC, USA; C. Rosenberg, Institute of Occupational Health, Helsinki,
Finland; N.H. Stacey, Worksafe Australia, Sydney, Australia; S. Vamvakas,
University of Wiirzburg, Wiirzburg, Germany.

Representatives/observers

dJ. Sontag, National Cancer Institute, Bethesda, MD, USA; N.S. Weiss, University of
Washington, Seattle, WA, USA; D.G. Farrar, ICI Chemicals and Polymer Ltd,
Cheshire, United Kingdom; E. de Pauw, Health and Safety Directorate, European
Commission, Luxembourg, Grand Duchy of Luxembourg; D. Burch, University of
Toronto, Toronto, Ontario, Canada; J.C. Parker, United States Environmental

Protection Agency, Washington, DC, USA.
IARC Secretariat

P. Boffetta, A. Dufournet, M. Friesen, M.-J. Ghess, E. Heseltine, V. Krutovskikh, M.
Lang, D. McGregor, D. Mietton, H. Meller, A. Mylvaganam, C. Partensky, S. Ruiz, P.
Webb, J. Wilbourn, H. Yamasaki

The summary and evaluation of the carcinogenicity of tetrachloroethene are available

at: http!//www.iarc.fr/

USEPA (2003) Neurotoxicity of tetrachloroethylene (perchloroethylene): Discussion
paper. External review draft. Washington, DC, United States Environmental
Protection Agency, Office of Research and Development, National Center for
Environmental Assessment, October (EPA/600/P-03/005A; http://www.epa.gov/ncea).

This paper is a background document for a meeting of neurotoxicity experts to discuss
the CNS effects of exposure to tetrachloroethene. The document reviews the literature

on neurological testing of people exposed to tetrachloroethene occupationally in dry
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cleaning facilities and of people living near dry cleaning facilities. It also reviews the
neurobehavioural studies of laboratory animals exposed to tetrachloroethene via
inhalation. The report describes impairment of visual information processing and
other adverse neurobehavioural effects in several studies of employees working in dry
cleaning facilities using tetrachloroethene. Two studies of people living near dry
cleaning facilities have also shown neurological effects; their exposures have been at
lower concentrations than for the workers, and the specific neurological tests used in
the residential studies have been different. The expert panel discusses issues centring
on the question of whether this limited information at lower exposures is strong
enough to infer that low concentrations of tetrachloroethene are a hazard to the

general population.
Contact Information:

Robert E. McGaughy
E-mail at: megaughy.robert@epa.gov

Available at: http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=75193

EC (2001) Draft European Union risk assessment report. Tetrachloroethylene. CAS
No: 127-81-4 [sic], EINECS No: 204-825-9. Draft final environmental report.

Luxembourg, European Commission, August.

The environmental health sections were prepared from the draft EU Risk Assessment
Report, which was available via http://ecb.jrc.it/existing-chemicals/ on the Internet.
This document was prepared by the United Kingdom rapporteur on behalf of the EU.
The scientific work on the environmental part was prepared by the Building Research
Establishment Ltd, under contract to the rapporteur. The contact points for this draft

report are:

Contact point (health): Health & Safety Executive, Industrial Chemicals Unit,
Magdalen House, Stanley Precinct, Bootle, Merseyside, United Kingdom 1.20 3QZ

and

Contact point (environment): Environment Agency, Chemicals Assessment Section,
Ecotoxicology & Hazardous Substances National Centre, Isis House, Howbery Park,
Wallingford, Oxfordshire, United Kingdom OX10 8BD.
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The review of the environmental report by Member State Technical Experts was
finalized in July 2001; the final report was issued just before this CICAD was finalized
and is available at

http://ecb.jrc.it/ DOCUMENTS/Existing-Chemicals/RISK_ASSESSMENT/REPORT/tet
raENVreport021.pdf.

The Draft EU Risk Assessment Report was produced in accordance with Council
Regulation (EEC) 793/93 on the evaluation and control of the risks of "existing"
substances. Regulation 793/93 provides a systematic framework for the evaluation of
the risks to human health and the environment of these substances if they are

produced or imported into the Community in volumes above 10 tonnes per year.

There are four overall stages in the Regulation for reducing the risks: data collection,
priority setting, risk assessment, and risk reduction. Data provided by industry are
used by Member States and the Commission services to determine the priority of the
substances that need to be assessed. For each substance on a priority list, a Member
State volunteers to act as "Rapporteur", undertaking the in-depth risk assessment and

recommending a strategy to limit the risks of exposure to the substance, if necessary.

The methods for carrying out an in-depth risk assessment at Community level are laid
down in Commission Regulation (EC) 1488/94, which is supported by a technical
guidance document. Normally, the "Rapporteur" and individual companies producing,
importing, and/or using the chemicals work closely together to develop a draft Risk
Assessment Report, which is then presented to Competent Group of Member State
experts for endorsement. Observers from industry, consumer organizations, trade
unions, environmental organizations, and certain international organizations are also
invited to attend the meetings. The Risk Assessment Report is then peer reviewed by
the Scientific Committee on Toxicity, Eco-toxicity and the Environment, which gives

its opinion to the EC on the quality of the risk assessment.

This Draft Risk Assessment Report was discussed by Competent Group of Member
State experts with the aim of reaching consensus. During such discussions, it is
understood that the scientific interpretation of the underlying information may change,
more information may be included, and even the conclusions reached may change.
Competent Group of Member State experts seek as wide a distribution of these drafts
as possible, in order to assure as complete and accurate an information basis as

possible. The information contained in the Draft Risk Assessment Report therefore
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does not necessarily provide a sound basis for decision-making regarding the hazards,
exposures, or risks associated with the priority substance. This Draft Risk Assessment
Report is the responsibility of the Member State rapporteur. In order to avoid possible
misinterpretations or misuse of the findings in this draft, anyone wishing to cite, quote,
or copy this report must obtain the permission of the Member State rapporteur
beforehand.

L

In May 2004, a comprehensive literature search was conducted by Toxicology Advice &
Consulting Ltd in order to identify critical data published since publication of the
source documents. Databases searched included ChemID p/us (the ChemID p/us system
searches and/or identifies literature from a wide range of online databases and
databanks, including ATSDR, CANCERLIT, CCRIS, DART/ETIC, GENE-TOX, HSDB,
IRIS, MEDLINE, TOXLINE Core, TOXLINE Special, and TSCA); INCHEM (the
INCHEM database consolidates information from a number of intergovernmental
organizations, including JECFA, JMPR, IARC, EHC monographs, and SIDS); RTECS;
and USEPA Toxicological Profiles.

A substantial amount of information has been published on tetrachloroethene during
the period from 2002 to May 2004. However, judging from information presented in the
above sources (usually only a title or abstract), few new papers appear to be critical in
regard to the preparation of this CICAD. Critical papers were purchased, assessed,
and included in the CICAD, where appropriate, by Toxicology Advice & Consulting Litd.
In the late stages of CICAD preparation, a number of papers were kindly lent by
BIBRA Information Services Ltd of Sutton, Surrey, United Kingdom.
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APPENDIX 3 — CICAD PEER REVIEW

The draft CICAD on tetrachloroethene 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. The draft document
prepared by the Consultative Group was sent to peer review to those reviewers who
had earlier commented on the sections on the evaluation of health effects. Comments

were received from:

R. Benson, United States Environmental Protection Agency, Denver, CO, USA

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

V. Cogliano, International Agency for Research on Cancer, Lyon, France

I. Desi, University of Szeged, Szeged, Hungary

P.H. Dugard, Halogenated Solvents Industry Alliance, Inc., Arlington, VA, USA

G. Fan, Australian Government Department of the Environment and Heritage,

Canberra, Australian Capital Territory, Australia

L. Fishbein, Fairfax, VA, USA

E. Frantik, National Institute of Public Health, Prague, Czech Republic

H. Gibb, Sciences International Inc., Alexandria, VA, USA

R.F. Hertel, Federal Institute for Risk Assessment, Berlin, Germany

S. Humphrey, Center for Food Safety and Applied Nutrition, Food and Drug
Administration, College Park, MD, USA

R. McGaughy, National Center for Environmental Assessment, United States

Environmental Protection Agency, Washington, DC, USA

M.E. Meek, Health Canada, Ottawa, Ontario, Canada
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Peter W. Preuss, National Center for Environmental Assessment, United States

Environmental Protection Agency, Washington, DC, USA

V. Riithiméiki, Finnish Institute of Occupational Health, Helsinki, Finland

M. Rio, National Institute for Occupational Safety and Health, Cincinnati, OH, USA

H. Savolainen, Ministry of Social Affairs & Health, Tampere, Finland

P.A. Schulte, National Institute for Occupational Safety and Health, Cincinnati, OH,
USA

dJ. Stauber, CSIRO Energy Technology, Menai, New South Wales, Australia

U. Stenius, Karolinska Institute, Stockholm, Sweden

M.H. Sweeney, United States Embassy, Hanoi, Viet Nam

G. Ungvary, National Centre for Public Health, Budapest, Hungary

S. Zaluzny, National Industrial Chemicals Notification and Assessment Scheme,

Sydney, New South Wales, Australia

K. Ziegler-Skylakakis, European Commission, Luxembourg
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APPENDIX 4 — 12TH CICAD FINAL REVIEW BOARD

Hanoi, Viet Nam

28 September — 1 October 2004
Members

Mr D.T. Bai, Centre of Environmental Protection & Chemical Safety, Institute of
Industrial Chemistry, Hanoi, Viet Nam

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

Mr P. Copestake, Toxicology Advice & Consulting Ltd, Surrey, United Kingdom

Dr C. De Rosa, Agency for Toxic Substances and Disease Registry, Centres for Disease
Control and Prevention, Atlanta, GA, USA

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

Dr G. Dura, National Institute of Environmental Health of J6zsef Fodor National

Centre of Public Health, Budapest, Hungary

Ms C.W. Fang, National Institute of Occupational Safety and Health Malaysia,

Selangor, Malaysia
Dr L. Fishbein, Fairfax, VA, USA
Dr L. Fruchtengarten, Poison Control Center of Sdo Paulo, Sdo Paulo, Brazil

Dr C.L. Geraci, Document Development Branch, Centers for Disease Control and
Prevention / National Institute for Occupational Safety and Health, Cincinnati, OH,
USA

Dr H. Gibb, Sciences International Inc., Alexandria, VA, USA

Dr R.F. Hertel, Federal Institute for Risk Assessment (BfR), Berlin, Germany
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Mr P. Howe, Centre for Ecology & Hydrology, Monks Wood, Abbots Ripton,
Huntingdon, Cambridgeshire, United Kingdom

Dr S. Ishimitsu, Division of Safety Information on Drug, Food and Chemicals, National

Institute of Health Sciences, Tokyo, Japan

Dr J. Kielhorn, Fraunhofer Institute of Toxicology and Experimental Medicine,

Hanover, Germany
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APPENDIX 5 — CONSULTATIVE GROUP

Centre for Ecology and Hydrology, Monks Wood, United Kingdom
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APPENDIX 6 — 13TH CICAD FINAL REVIEW BOARD
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APPENDIX 7 — CALCULATION OF BMC AND BMCL (USEPA, 2005)

The maximum likelihood and 95% lower bound of the point of departure were

calculated using the multistage model in BMDS version 1.3.2 (USEPA, 2000) to
analyse the NTP (1986) and the JISA (1993) data (Tables A7-1 and A7-2). The risk

estimates and model parameters are presented in Table A7-3.

Table AT-1: Tumour incidence in mice exposed to tetrachloroethene.

Dosesiexposures Survival-adjusted
tumour incidence®
Bioassay Sex Administered Continuous equivalent (%)
Hepatocellular adenomas and carcinomas
NCI{1977)° Male ‘Vehicle control 0 2420 (10)
BBC3F1 mice 450 mag/kg body weight per day® 332 mg'kg body weight per dayd 32448 (67)
Gavage: 900 ma/kg body weight per day® 663 mag/kg body weight per dayd 27145 (60)
5 daysiweek, Female Vehicle control 1] 0#20 (D)
78 weeks 300 mg/kg body weight per day® 239 ma/kg body weight per day” 19/48 (4D)
500 mg/kg body weight per day” 478 malkg body weight per da.:,r" 19145 (42)
NTP (1986) Male 0 ppm* 0 17149 (35)
B6C3F1 mice 100 ppm 18 ppm 31/47 (TD)
Inhalation: 200 ppm 36 ppm 41/50 (82)
6 hiday, 5 Female 0 ppm 0 445 (9)
?gf\:,";':iz 100 ppm 18 ppm 17142 (4D)
200 ppm 36 ppm 38/48 (79)
JISA (1993) Male 0 ppm 0 13746 (28)
Crj:BDF1 mice 10 ppm 1.8 ppm 21149 (43)
Inhalation: 50 ppm 9.0 ppm 19748 (40)
6 hiday, 5 250 ppm 45 ppm 40749 (B82)
fgf\’;";zi: Female 0 ppm 0 3/50 (6)
10 ppm 1.8 ppm 3447 (B)
50 ppm 9.0 ppm Ti48 {15)
250 ppm 45 ppm 33/49 (6T)
Malignant haemangiosarcomas, liver or spleen
JISA (1993) Male 0 ppm 1] 2146 (4)
Crj:BDF1 mice 10 ppm 1.5 ppm 1449 (2)
Inhalation: 50 ppm 9.0 ppm 6148 (13)
& hiday, 5 250 ppm 45 ppm 9/49 (18)
daysiweek,
104 weeks

* Animals dying before the first appearance of the tumour of interest but no later than week 52 were omitted from the totals because
these animals were presumed not to have had adequate time on study to develop these tumours.

Mo ademomas were reported in this study. Because hepatic adenomas and carcinomas are considered part of the same continuum of
tumour development, and adenomas have been distinguished from carcinomas only on the basis of size, the comespondence of this
observation to the other studies is not clear.
450, 900, 300 and 600 mg/kg body weight per day doses were increased to 550, 1100, 400 and 800 mg/kg body weight per day,
respectively, after 11 wesks.

Continuous equivalent dose = Cumulative dose (mgfkg body weight per day) / (total days on study) = {[{initial dose level = 11 weeks)
+ (increased dose level x 67 weeks)] / 90 weeks} = (S days [ 7 days).

1 ppm =689 mg.fm3 at 20 *C and 101._3 kPa.

3
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Table A7-2: Incidence of mononuclear cell leukaemia, kidney tumours, and brain gliomas in rats exposed
to tetrachlorosthene by inhalation.”

Bicassay Sex

Exposure concentration (|:b|:|m)D

Administered

Continuous equivalent

Survival-adjusted tumour
incidence® (%)

Mononuclear cell leukaemia

NTP (1988) Male ] ] 28/50 (56)
F344/M rats 200 36 3748 (7TT)
Inhalation: 400 72 37150 (T4)
6 hiday, 5 daysiwesk, Female i] i] 18/50 (36)
104 weeks 200 36 30/50 (60)
400 72 29/50 (58)
JISA (1993) Male 0 0 11/50 (22)
F344/DuCrj rats 50 9 14/50 (28)
Inhalation: 200 36 22050 (44)
B hiday, 5 daysiweek, 600 108 27150 (54)
104 weeks Female 0 0 1050 (20)
50 9 17750 (34)
200 36 16/50 (32)
600 108 19/50 (38)
Kidney tumours: tubular cell adenoma or adenocarcinoma
NTP (1886) Male 0 0 1145 (2)
200 36 3147 (B)
400 71 4150 (&)
JISA (1993) Male 0 0 1150 (2)
50 9 2150 (4)
200 36 1150 (2)
600 110 2150 (4)
Brain gliomas
NTP (1986) Male 0 0 1/50 (29
200 36 0r48 (0)
400 71 4150 (8)
JISA (1993) Male 0 0 2150 (4)
50 9 0rs0 ()
200 36 0rs0 ()
500 110 0/50 (0)

* From MTP (1986) and JISA (1993).

1 ppm = 6.89 mg/m™ at 20 *C and 101.3 kPa.

® Animals dying before the first appearance of the tumour of interest but no later than week 52 were omitted from the totals because

these animals were presumed not to have had adequate time on study to develop these tumours.
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APPENDIX 8 — DERIVATION OF AN ORAL DOSE EQUIVALENT TO
INHALATION TOLERABLE CONCENTRATION BY PBPK MODELLING (USEPA,
2005)

The implementation of the Rao & Brown (1993) model follows the PBPK model
structure of Ramsey & Andersen (1984). The Rao & Brown (1993) model is composed of
five compartments: poorly perfused tissues, well perfused tissues, fat, liver, and brain.
In the implementation of the Rao & Brown (1993) model in our analysis, there is no
separate skin compartment. The compartments are assumed to be homogeneous, and
distribution is limited by blood flow. The metabolism of tetrachloroethene is modelled
by a Michaelis-Menten term in the differential equation for the liver compartment. The
kinetics or transformation of the metabolites are not modelled. The simulation is

represented by the following equations:

of = ':'I (Gar? - Cw’)

an; Vo

—=(C,, -C,)-———C

. ~an Vi vi

dit Km+ Cy
where:
1 = compartments other than liver,
1 = liver,
M = mass of tetrachloroethene in the compartment,
Gi = venous concentration of tetrachloroethene at the exit from compartment 7,
Cat = arterial concentration of tetrachloroethene, and
Q; = blood flow rate into the ith compartment.

Pulmonary exchange is represented by:

Qa]v (anh — Ca]v) = Qtot (Cart - Cven)
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Cart = hva Caiv

Cexb =0.67 Cglv % 0.33 GH}Z

where:

Cinh
Cexh
Calv
Cren
Cart

Iba

Qtot

Qalv

inhaled concentrations of the chemical,
exhaled concentrations of the chemical,
alveolar concentrations of the chemical,
venous concentrations of the chemical,
arterial concentrations of the chemical,
blood/air partition coefficient,

total blood flow rate (equal to the cardiac output),

and

alveolar ventilation rate (which is different from the inspiratory flow
rate because of the respiratory dead space). The alveolar ventilation
rate and cardiac output (the ratio that is referred to as the

ventilation-to-perfusion ratio) increase with activity, but at different rates.

For oral exposures, the gastric route was added by assuming "first-pass" metabolism —

1.e. by assuming that all tetrachloroethene ingested is transported directly to the liver,

the metabolizing organ. A separate PBPK compartment for the stomach was therefore

not necessary. The absorption of tetrachloroethene in the stomach was modelled as a

first-order process with an absorption rate constant, ka. Then the mass balance

equation for the liver may be modified to have an additional source term, as follows:

o,

ol

v
= QI(CEH - Gw.>— ¢G'ﬁf +H3Mﬂ(fje}{p('ﬁaf)

Km"‘ Cw
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M is the amount of tetrachloroethene ingested and is itself a function of time. In our
simulations, tetrachloroethene was administered via drinking-water as a series of

boluses.

Most human PBPK models have been implemented to investigate inhalation exposure
and do not incorporate gastric absorption rate constants. Values in the literature for
the gastric absorption rate vary widely. Ward et al. (1988) reported a gastric
absorption rate constant in mice of 0.5 I/h. Dallas et al. (1995) reported oral absorption
rate constants in rats and dogs as 1.5 and 20.4 1/h, respectively, obtained by fitting
blood concentrations following oral gavage. For our modelling purposes, we chose a
gastric absorption rate constant of 1.6 1/h. This predicts a reasonably rapid gastric
absorption consistent with the data. We found that the resulting blood concentrations
of tetrachloroethene are not particularly sensitive to larger values of this parameter.
Simulations of gastric absorption of tetrachloroethene were carried out for humans for
use in route-to-route extrapolation. Because these simulations were at low exposures
and because of first-pass metabolism effects, the uncertainty in the gastric absorption
rate constant is not likely to significantly affect the results of the extrapolation.
Increasing the gastric absorption rate constant to 20 1/h results in an approximately
2-fold increase in peak blood concentration. Changing this parameter does not
substantially impact the elimination profile. The parameter sets used in this modelling

effort are shown in Table A8-1.

For inhalation exposures, ventilation rate is a key parameter. In rodents, ventilation
rate (V&) was calculated as a function of body weight using the following equations
(USEPA, 1994):

For mice: V& (I/min) = e0-326+1.05 In(w)
For rats: V& (I/min) = e-0.578+0.821 In(w)

where wis body weight in kilograms and In represents the natural log operation.
These equations provide total ventilation rate. The alveolar ventilation rate is the total
ventilation rate less the volume of air that is inhaled through the physiological dead
space (total effective volume not involved in gas exchange) in a given time. For the rats
and mice and for resting inspiratory rates (7.5 1/min) in humans, @.v~ 0.67 V& (Brown
et al., 1997). For the exercising individual (24—49 1/min), Qa1 increases up to 0.8 V&

(Brown et al., 1997). For the ventilation rates covered in this document, it was
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considered reasonable to use the relationship ¢av= 0.67 Vi throughout. These values
represent reasonable physiological values, recognizing that there is substantial
variation. The alveolar ventilation rate corresponding to the resting inhaled minute
volume is 5.5 /min. However, USEPA typically assumes a total ventilation rate of 13.8
I/min for a 70-kg human. Thus, unless otherwise stated, the calculations presented in

this assessment assume an alveolar ventilation rate of 9.3 I/min.

The results of PBPK simulations of oral exposure to tetrachloroethene are shown in
Figure A8-1. In these simulations, tetrachloroethene was orally delivered via
drinking-water in nine bolus doses spaced 2 h apart within 16 h, followed by 8 h of no
dosing. Because tetrachloroethene concentrations and the rate of metabolism were
found to be negligible at the end of the 24-h period, it was determined adequate to

terminate the simulation after 24 h.

According to the Rao & Brown (1993) model2,the venous blood tetrachloroethene AUC
resulting from continuous exposure to tetrachloroethene at 0.2 mg/m3 is 2.93 mg/l X
min, corresponding to a 24-h TWA concentration of 20 ug/l. An assumption of the
amount of water consumed is also not necessary, because blood concentrations of
tetrachloroethene are solely dependent on the amount of compound ingested during
each drinking episode. The model predicts that a total dose of 0.047 mg/kg body weight
per day results in the blood tetrachloroethene concentration depicted as a continuous
line in Figure A8-1, which shows the same AUC (and 24-h TWA concentration) as

(dashed line) continuous inhalation exposure to 0.2 mg/m3.

2 This model does not address pharmacokinetic variation in the human population.
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Table A8-1. Parameters for tetrachloroethene PBPK
moadelling.

Human model: Rao &

Parameter Erown (1993)
Body weight (BW) (kg) T
Cardiac output {Vh) 430
Alwveolar ventilation (I/h} 558
Tizzue volumes?® (%)

Rapidly perfused 1.7
Slowly perfused oF
Fat 231
Brain 2
Liver 34
Blood flow (% cardiac output)

Rapidly perfused 41
Slowly perfused 19
Fat 5
Brain 11
Liver 24
Partition (tissus/blood)

Rapidly perfused 372
Slowly perfused 1.06
Fat 86.6
Brain 372
Liver 372
Blood/air 103
Metabolic parameters

Vonax (migfh) 677
K (mgi) 4 56
Gastric absorption rate

ka {1/h) 1.6

* A density of 0.92 and 1 5|.|’|::m3 was used for fat and for other
compartments, respectively.
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Wenous Blood Concentration {uol)

0 5 10 15 20
Time (hours)

Figure A8-1. Time course of venous blood concentration in humans
as predicted by the Rao & Brown (1993)
PBPK model for ingested tetrachloroethene.

A total of 3.2 mg of tetrachloroethene was orally delivered
via drinking-water in nine bolus doses spaced 2 h apart for a
duration of 16 h, followed by 8 h of no dosing. The dashed
line indicates the steady-state blood concentration (2 pg/l)
due to inhaled tetrachloroethene at a 0.2 mg/m? exposure
concentration that results in the same AUC

(2.93 mg/l x min) as above the curve, integrated over a 24-h

period.
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