ppm DBETHEE L ERET- TWER, FKERBERFENIZES LT, 2 £IiZ
BISARBENRSAERENIIRER T 2E LWL EX LN ANAETEE, #TRE
BRENREDoT, Tk P2 HRIZBVLTHEOKERDTLIHED L THWI0OXHERESN
=, INLOI LR, XF LRSS ARBEEORICIEBEEIAVERRLT
W5, 5 v h~OESIT-OWTIE, Chernoff & 92 33 9 WBO(LFEMEIT OWTER
FFoTnND, FOTFTAF LU IOV TRENRETES Y NCBBOHLRE

1,147 mg/kg/day ®IEHE 6-15 BiTH %, #4% 8, 12, 16, 20 A BITHRERIN, £8F
OER (KR, ER. ABRL) RRAELTNE, FORR, FERE THREENOET
AER LA, BT 12 HB THREI VRSNt HRRF TIREEOHK L2
Rohlk, FORERECOVTE, BEREAL TV ILSNIFOEELOFHITRL
Hisdsoi, Chernoff HIXEBS v F~DELLLRBEENBOLENRERETH, BREA~D
FEHREBPEVRNLELTWE,

Brown—¥oodman ® i, in vitro TORERRMCBILIAFLV-ORBERELTY
%, 1.00 mmol/ml ML -ERE T 40 BEREBEEIF I L, BERBELLE
crownrump O{REIENSDOBBEBEINE,

Zaidi & O MHEFE BT OAF U VBBIZLAFBIZOVWTHATWS, HiR
Z v MT 200 mg/kg DRAF LU EENANCERBM Y5 2 B, IREIR S LRI
3ESE 2 om, HER 3 EBICELEED 3 BETRHELTVWE, WThoETY, 8
WiV DFERE FABICEEBRA O AR ok, TEMRERTCEISICRELRT
BOFS v bTIE, BERF L AZEEVREE RN VEEEK D2) BERERSSL L
N, ArnY F— LSRR TR, MRS, BH0IREY D TEET,
D2 MBI LTV, FBRZELTOERE, 707 =2F I BHEOTESH, THREN
T4 BEEMTEOTENRE BN, AFVUBR PRI L TEEERDEHRELT
W5,

Khamna @2 i ZuE, RBREXBE~OBUHEREELRT S EBATWES, BROKE
T 100 mg/ke/day HIFIE 6 ELHES 22 BOBAORNE CREL, AEHIES
Py ERE (¥ 8% R HIVIERY VNI ERBONXEILLD 2 BTOHE
BT T3, FOEESM, RBEEOEK TR, EXF I EXRELRAF LV VBEOR
FOBESEERHIBFCEIY, AFVVREOLH TRBERETHER L2 2T,
AFVVIBB L ERRELORFOREBRHLHEEIT. BEPEETHLLBAOND L
HELTND, THEFERNREL LTEAH, HIR. FIEFHICONT, BEFENSEEL
LTSRN, MEERES. ERXHE. 7Y 7 =% 3 CHEEHREOREMTO>VT, &
BRI EXEFRAFLVBECHSEERDoLFTORENBR LN, EF N7
Ned S fte [T o BB T A REORAEFED L, FRZ KXo THETBIREOCRERED
EBRABELARN, RFLUVBEOLRTCEIRBICAHTIENIELRNWLEB IS ERE
LT, %7 Khanna @ [@ARRGEDE CHHEIAT 2 —AT I, v b=VRER
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RORRELIT->T0E, F-NIUVREEE (BEE), ¥r =28 (B2 %
BERPBEREES v P THENLTHWIOBRLNERN, EEF I EEETRE
Eitled otn, EEMPIAESENT MAQ, ATP MK S8E8E3E (Na, K. ATPase), =7 B
Tk Fufr—EoFEtoRd b i bni,

REDE 1, B8 ~DOAF L RE L THOBEBRMHIZ SWTIL, RO A
B XLPAF L rF e FORER L FXHOSMESLH D, FEHHICREERBE
HERTVWRWE, MERORBY TORELFHEREICL - THENRE U S HREHE
KREWELEZOND, BERAVERETEHANERL P RVOT, & FTORERED
BT, INIOLMBENRTERLELZEZIOND,

5, XEKEEOFMHTEEFTREER

WEAREE L U THEITHEETEEIT S BIC, W 20EB T 2B/ XHD, ¥
TE—IT, BEEHIIEALTE NOEEHEE, BB« 0ERR2EET — X2 RIE LR
BERERHFEFIDODNZ EBHITONS, flAE4, THEALEAFLOL F~ORER
HERCETIFRATY, 1970 S0bREEFTEREINTVWD THROI L, BELL
EFWMELELOR 3 RLIRY, EREFYRFATIHMEHEOTERITFHLNSE
oM, BELVSLEERRZENTROED, BE - RIGTHICEET MR 208
Luy, ERERDRL ETOMMIETIL, BREV-SARBIIIT O TNS Z & BEWE,
IEFE ALY, BRMTHTERTWA X 57 mlticenter study TRWRY, BB
RHF T AERFELRRV LV S BENES,

BLIHETCOL 24, EoREAREEFBTIBALER L R0 F~0EE
DHEEFRTHWER, RECBEBIZIZF~OFELEAINERHLEVIATH S,
BB TOREFRMED, v FOAFRELT LLRB TRV EWIEBERES 2.
TOERELT, 1) PP TOREERORROCA Y =R IRERTHI L, ThDL
e B ik, B, BRROWTFh»H 5 e FIcEAL, RO EEES
AAB, BELEEZHEORE, B5FY, BEOHEBEHICI > TENLETROEBEOR
NTBRRRD, S5, 2) Bl e FTREERENDIILRREBEINCEENHDLH &,
Bl b R OBRMBLEMERIIOSOWTH, BEBEEOER, FERTOEERRIFEHRO
BZEAEREBTONE, BILTERAREOERIE, 7 v v YR THEBERSHEN 1
BEETHRAOIH LT, & T 56 BE»RS72D, EEHECIZEEFEETD
ErEIRFEE L R Ry, TR DEBEILNDS, FTy M ik MCREERIEBY
LEEBOBERRR Y FXITHETBEROES. Ty bow U2 TREOMBHRIX
HAMBRIZTPRAOWHR L, b FTREVBERBICHITOND. ZRbDZ LhbE
2T, B TOERRT—F & v h~ABTIERE. TORRBENZRITOVT-HIT
BETRETHSHS, £k, 3) 2 P TOREBROEFWEREL VO T, BMERT
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BonEF—FITESNTE NCOEBERBELNICC VI ELERALLTHTND, &
N TOREZHOTFENREL VO, B FOLEREEOMERIL, SESHEEIHRTHY.
AEpERERERETERFEEICLALOLENI LA LEETEL G, £, B PX
EEE > B2V EBEEICH— TR, B4 RRETIEFET S, ZO0D, T
128 ORRERPEBIIANSLERSD, BPERT —F 2t MNIETEDDRIT
+HREERLETH S,

6, F&HESROMRE (EF)

IR ETASBEIEENEDR TV ZERBRARF L UPEEEHIZOVT, BBE
B TR A OFERR SR L O, SETORE CORED LI FBTHER Y OFRE 21T
STER, —BIIAIBHEDEOEEKCRIETEERL DD THETHAF R
BRIET L), TBEALFLIERTEMNELTHAZ L), [{(ERHORTHEFZD dose-
response iU TLH—E LAV LOO) KANEREITISCTEEARARBL LI L], IH
BEEORBDPEFINEAR VRIERBERKEV) REOKEBRSS, PCB SKRFELRED
FEBETHRA (BED CTHEESRRELLAVMERRT, RIS 5 WIIHED CHEE
L322 LRV, HREBEOEAR, BHRETLESERE (EENTRTN
DIEREREOBIEL I UBEOETLRETH S, LML, BEHFASETHEAICK
BITELNTWAEL OLEHE (EL 2 ThRETEEERRLEV MLz Rod v
VT D), ZOX A RARSBREER PSRN AEELREABRIIET SR
HHAFRILIZE A EARINT I b o7, L, ROUHIDEOREEEDTEIC
BIETEBORERA I =R 0b, —BEROVTOVERZLASTATEE. BETHR
HE 2B AIENEEND,

AR R T L i EOREMRE Tl i, B, HAOEL., BE
FEORD P V- R ERBEEARHE R THD, Zh bOFEITEFERE ~OEEREA S
Bhhsit., FRCEETE- M TEEIBTIBERQU~OEE L TORELEC M
BT rFLoR RV OBELEELTREING, LI LEL OfLFWE THEE
HEEERE COATESNY L HERNSW E OBRINIZE A ERB IR THARY, —FH, T
DX 5 R BEEORNTIRERNREEE LT, ERIMERNT, KO8R OFE
TITE A RS AES, (8 () X5 litter $HE| ¥BRATHDIL, BRREY
trbh dose DRI OKE 20 L ENBEH SIS 2 CERRBROERPERETH S, &
FFORERR L TRBEERRH LT VHELT A PNy T Y —ORER Y, £<D
BEIEINTWS,

BRI EROBREY LT, T (1) BEOFH ML, REEE TELEILORH
RS L SIS RREBCYBEEORIFECRELT S, ST, 2 BeoRS
WEIMERIRET v MOBE L., EHEBHEOBRE L biT, REROWERE ATEHE
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EOEFREORE., (3) REWBEELZVERBITALI =X A, BIASWHILEETL
BWNT, BRI CRITFOMENSBMOBERRFT S, RENIZIRF-A3y, sy
Fo, RBEALTY, X RSy, FRFATRLVRSOBEL, EREE, RO
ARERREORES. BXETEH,. FEEFLR2CLERHF L. BETHORBERDBORE
OEEAEIT S, BRI THHBEZROMBEA L BROBENER b=, F—23r, /0
TRVFY I, TEFA2Y LREOERBERS,

REOEEEL L LTI, BRI — oy A TEEEEOSE B LI TS, T4
PHANOEFR~OEEEIFRTT —FREIVBENTE Y, > | BOBHOT —F 4D
%0, EERANCEFRENDY, ARCABEPALFEL 28R LOBHOT —F 5
B, AFVLy, MRV E )=V, R FETVIE )N AFP FRF IR
=F L, BIEAF Vv, MRV BEERLRETD, DWTIAEZ—ATATE F, K
AT NF R P PREREPEABEIZZEDR TWD A, EEBEORMET LI T
VBT OWTRIETT S, ARICTBERREES, X722/ —V AR EORSE
FHEEARRL BN SEERE T, IEBRETEBE L & BICARTEAL L O 2RITE
BHEIZOVTRHFHL TV,
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Ha &ETﬁpE@x?byﬁﬁc;éiﬁﬁﬁ

siyrens matarnal wt. gain length of number af live-
during exgosura gastation barn afTspring
{pom) {g} (day)
Q 48, 1 at.t 2.4
34 43. 9 2.0 3.3
3a3 38,1 21,40 3 4

All values sxpressed as mean = S0

£S AFLUBESS v FASHELEFO

HEZOHEEEL
styrens I-day a'd A ~day. ald Ji-day ald
(ppm) () ) {g.
Q- 5.1 48, 9 304 3
3q {3-6) {38-42) {265-279)
300 5.6 g, 1" 273.3

% . p<0.Q!, caleulated bBetween controls and groups
exposad to 300 ppm styrane. B

All" valums at 0, 300 ppm sxpressed as mean = 350,

Vatues at 30 ppm axpresssd as range.

=6 ARFLUERERSYrAGHELETFORE

styrane incisor eruption eye auditory righting
{day} apening startie reflex reflex
{pam) upper |ower (day) {day) {day}
Q 8.2 B.1 15.0 i1.9 143
50 {9-10) {8-9) (15-18) f12-13) (15-18}
300 g 9" g 4™ 15. 8" 13, 2° 161"

* : p<Q. 01, caleulated betwsen controls and groups expased teo 300 ppm styrene,
= : p<0.05, calculated between controls and groups sxpased to 200 ppm styrene,
Abl values at 0, 100 ppm esxpressed as mean = S0

Values at 50 gppm expressed as range.

27 AFLUVEBESSyRALBELEFOREREE
(a—%avy FFAR k)

styrens 20 days old 50 days old
{pom) B RPM 12 APM 16 RPM 8 RPM 12 RPN 16 RPM
a 80. 2 1713 112. 4 113. 8 1i5. 5 114.3
50 (48-61) (72-83) f1on-1123 {97-105) (38-105) (ac-99)
oo 476" 48 9" 99.5" 89 4" 91.7 86. 5'

* : p¢0. 05, caleculared batween controts and groups =xposed ta JOO ppm

styrens.
Afl values at 0. 300 ppm axpressed as mean,
Values at 50 ppm sxpressed as range.
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#8 AFLUBIERSY RHAGHELEFOHEIIE
(F—Foo4—ILEFRAR)

styrens 10-31 days of age B0-81 days of age
(ppm) ambulatian rearing ambulation rearing
0 46. 2 5.6 42.0 5.8
50 {51-63) (8-11) (48-48) (7-8)
300 76 4" 1.8 §5. 1 20.4°

* © p<0. 01, caleulated between controls and groups exposed to 300 ppm

styrene,
#k ; p<0 05, calculated between controls and groups exposed to 300 ppm

- styrene.
Al values at 0, 200 ppm expressad as mean == SD.
Values at 50 ppm expressed as range.

£9 AFLUBESSy M oEELLFOEEE

explorataory

styrene first 1h total 24h dark phase light phase
{ppm) activity activity activity activity
o 3542 36133 22157 13879
50 (2173-5272) {35930-42483) {23435-24670) (12490-17810)
300 5080 42832" 27508 15325

* 0 pc0. 05, calculated between controls and groups exposed to 300 ppm
styrane.

All values at 0, 300 ppm expressed as mean.

Values at 50 ppm expressed as range.

£10 RFULVEBFEESY FALEELFEFOFAST L MR

(CRF)
styrene session
{epm) 1 2 3 4
4] 42. 8 82.0 150. 7 134. 8
50 {2-18} {6-58) (43-82) {52-101)
300 28. 7 44,1 s, 2’ 85. 8
# : p<0.Q1, caleulated between controls and groups expased to 300 ppm
styrene.

All values at 0, 300 ppm expressed a5 mean.
Values at 50 ppm expressed as range.

£11 AFLUBESSY ML HELEFORBEORE

HEB2KETEEENEL

contrel 30 ppm 300 pom

S~HA 1. 76 1. 60 127"
SHIAA 2. 83 2.30 1. 72"

[yl 2.99 275 2.35™

DOFAC 0. 50 Q. 63 0. 54
HYA 1.08 1.18 9. 81"

NA 1.08 1.0l 0 93
protein 14,71 15, 84 i4. 30
Brain weight 168, 3 179. 8 164.1

* : significantly different from control group at p<d. 05
% : significant|y different from control group at p<Q. 1.
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12 FvrHAROFAZAABFECHT IE. £, HEOEE

BA ZHIR
{nmoi/mg protein/min)
Taluene, .20 m¥
Maie, 3 weeks {72018
Male, 18 weeks 1.56+0 27
Female, 3 weeks 1.76x0 33
Female, 18 weeks 0. 88x0 17"
Female, pragnant (day 13} 0. 724005
Famale, pregnant {day 21} 0.55+0 0a™
Toluena, 5.0 mM
Male, 3 weaks 2790 23
Mate, 18 wesks 10.94+1.88
Female, 3 weeks 2. 920 5t
Female, 18 weeks 2, 604, 44"
Famale, pregrnant {day 10) 2. 334031
Female, pregnant (day 21) 20840 137

' Significandly diffarsnt {P0.05) from male rats of 18 weeks of ags.
+: Bignificandly different (P40.05) From female rats of 3 necks of K.
=+ Significondly diffarant (P€Q.05) from female raty of 18 weeks of age.
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£13 ZAFL2DE FADERMEME (1)

literature vyear industry source of exposure number of reproductive effects

(country) . data lovel period exposed / control

Holmberg 19717 rainforced interviaw 200 mg/md 2/ 43 T :anencephalic, hydrocephaly
{ Finland ) plastic factory Finnish registry {(case report)

{ 1976-1977 }

Hemmink i 1980 chemical Finnish registry (- (- 6 cases 1 :spontanous abortion (RR=1.5-2.5, p<0.01)
"(Finland ) workers interview

Ho Imberg 1982 rainforced Finnish registry 14 / 388 {:oral cleft
{ Finland ) plastic factory ( $977-19080) -

Har konen 1982 lami nator interview 86 ppm 10 yrs 67 / 67 NE: spontaneous abortion
{ Finland ) workera { 1979-1980 ) {the number of births)
Harkonen (2% 1984 1aminator T :malformation
( Finland ) workers NE:menstrua! disturbances
Lindbohm % 185 reinforced health service (- 4 /17 NE: spontaneous abortion

{Finland) plastic factory

Lemastera 1985 rainforced questioners < 30 ppm 82 / 1535 NE:menstrual cycle

{ USA ) plastic factory 82 ppm :

Ahlborg 1987 plastic factory interview (- 43 / 86 I :birth weight

(Sweden ) { 1980-1983 ) NE:stillbirth, postnatal death

{OR=0.8, 0. 4-1.8)

McDonald @) 1988  rubber plastics interview 78 1 :epontanecus abortion {RR=1.6, 1.0-2. 4)
{ Canada ) factory hospital registry
Taskinen ®* 1989 chemical Finnish registry 37 / 66 NE:spontaneous abortion (OR=1.3, 0.8-2.1)
{ Fintand ) industry biomonitering 17 / 36 NE:spontaneous abortion (OR=0.7, 0.4-1.5)

{ paternal exp.)




£8

£13 AFLrOEF~DERSEE (2)

literature  year industry source of exposure numbar of reproductive effects
(country) data tevel period  exposad / control
Lemaster 1989 reinforced interview < 30 ppm 1050 / 485 1:4 % less fetal body weight
{ uUsa) plastics factory { 1974-1981 ) 32 ppm {95%C(: -7.7-0.6, p=0.08)
ME: infant body weight
Lindbobm ¥? 13980 chemical interview 5.7 mmol/1 NE: spontaneous abortion(RR=0,3, 0.1-1.0)
{ Finland ) industry monitering :

NE: no adverse affects





