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NTP-CERHR: Styrene
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Styrene (2R3 2 IR E WA (Appendix 1. Styrene Expert Panel Report) D55 5 & 1K, #am
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Figure 1.
Chemical structure of styrene
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TH, RAHIZ 473 HEHARY R, KHIZ 6000 AR R, HUFEEAT 160,000 782 R, #iHC
207,000 AN Rl S iz,

E FMIRFLUIZRBENTLSDH?

EIp2 gAY

ANZIE, Z 3R L ORNADZELZ O, ﬁM%itiﬁ%%&sz%v/%Aﬁﬁ
LEMOEBI, ATF Lo 2 EAT HHEERLOMEH, AT L U KR~ DORERBZEIZL Y 2T
VAR SND, RKKHPATF Lo ORI, I%%mkiwﬁ/J/$®%Mﬁxf%é
AT L v DR DO FERJFIIRBNELR T 5, X /3O OV —2y MEHAL
HEAEER, BLXORY 2 AT VEARMEOZFER LD DOAF L N BNZER O
AF L UDFRE D, —BERIZIBW T, FEREE DO AT L BFE &I 0.3 pgkg RE/H R
T EHEE S5, BMEE ORFE R 3ugkg (AE/H CThH D, TibOFEEREIL, FEREMW)IC
BWTHERAFREZED RO LIV OVHEL Y ENZEIVE 5B L TN10 T, X%
VAT, BAROFIRED E TSI E LT, HDWVIIAF LU EREWHE & Ot
BENZE END FTREMR S 5, ﬁ$:iéx%vyﬁﬁﬁﬁ%mou@m%EMU$&%E
IND, ATF L ATRFEHEPKIZITEZ T, i SAVTODIREET 1 ng/L A E 72 1 3R
ARECTH D, AT L DR RS i —fRARRTE LD LS E, PR RSR T, 1,400
~52,000 ug/kg (AE/H CTH Y, _EBRIE 90,000 pgkg KB/ B S HEE S5, BEERTEIT, T&L
TAF L UERORBINCE D HDOTH D, KEEN LTEMERZITSbT MBS,

AFLUIFE FOEFEREICHEERITTH?

B 6L,

R BRORER, AT LB K D AT AEBERRBO DD FIREMIRIZ E AL, F2idE
ST BN EARINTND, B TOIRFIIEL LORESDEENAT L RS T

v MEEWIOHAERIZICERO DIz, TS ORENT, ITEEMIC I\ CIESEE RENMY) & bhig
LB EDIKER otU%ﬁ _Hﬁ IMEEREDBD LI AT L HETHE U, LE'@J%T 8 5
W RARBEN R 28 L —E L2, EMFRERIT. HAERTRD ON-E
BN AT L BRI ;5ﬁ@m R B DWIEREMN ﬁ#éx%V/mﬂ%W% L DM
BRSBTS 5 2 LIXTE R Do T, AF L UAAERBEINTT v FOS M A4GE
PEERBRIZ BT, AFEREOFHUI A H LR o T,

e Y 2 7\ ZBET 2R ERTHIET L, “FHLO T &b b ALK S, AT
> OB BRERIZ BT %Eéf\@ﬁﬁgﬁgé.a@ﬁﬁﬁﬁgnﬂ@@i?f a7z (Figea 2H)
E5IT, FoEHEOS RATEFMEBRIC IO T, AFEFEOHUIEED bR oT-, AT
l//a%ﬁ SNt MBI 2R CTAH LN RHLE, R4 F 7134 O ATREMEIC OV THE
T DI TIE AR o7z (Fig2o BHR) , NTP 1%, AHAMRILA R ARIHIE L, KED
—RERETNIAT U VBT SN FHBHE BT D2 ATF U BEN, b NOATEREICEF R
WAE RIT T AMREMEIR WV e T Dlic o Thd & Lz,

1 Z ORI E IR BRI - /2, BEH. Z4h BEo<S iz, bhing, &
HUNT A
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Figure 2a. The weight of evidence that styrene causes adverse developmental
or reproductive effects in laboratory animals

® Clear evidence of adverse effects
Some evidence of adverse effects
Limited evidence of adverse effects
Insufficient evidence for a conclusion
Limited evidence of no adverse effects
Developmental Toxicity * Some evidence of no adverse effects
Reproductive Toxicity msJ= & Clear evidence of no adverse effects

Figure 2b. The weight of evidence that stywwrene causes adverse developmental
or reproductive effects in humans

® Clear evidence of adverse effects
Some evidence of adverse effects
Limited evidence of adverse effects
Developmental and Reproductive Toxicity s | Insufficient evidence for a conclusion
Limited evidence of no adverse effects

Some evidence of no adverse effects

@ Clear evidence of no adverse effects
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NTP-CERHR HiZFEZE LD AT L v OAEFERAFMEICET 2@ ICiER SN Tnb L9 12
G KOS THSTRRIZ W TIE Appendix T2 H8) | BEIFEZEBRIEL, AT L ATEREYIC
m NCAEERA R A X Z & W S LT, HMFEEESIC L VRS- TR A

ZZICZERT D,

7 v MBI X ORAEFEEGER T, kEHFEREE (WA T600ppm, 7 MEO#KET
300 mg/kg (RH/H) 1IZBWT, BRAOFEFELEIIA LN D o1, ATF L BT K
OMHAES OFGEIKITTHEE 2 5D T v MEHAEER CHHN L7, W T oRBRIZB N T,
KEHBETAT LU OO EII A LN D o> T2, UL, 51 OB ClE, A5 L2 500
ppm % W A\ U= BB H b OWREMW) . HIAERMAE ORI L OHAER ORGEIRIE) 7RO
HiTe, RAF LU HETIE, i © A B EERIINHEGRO bive, LieR->T, &
MEZERL, AR TR b B2 NEERE~OFEN O VT Z L ix T 20
fitiam L72o AHE CHREMR BT 28 EREIA OGN0 T, H2 ORBRTIX, AT
L% 250 ppm £ TOREE CHRIOKEE G- LTz (HEEFEBERIIMET 18 mg/kg {AH/ A | 1T 23 mglkg
(KE/H) . REWOBEIRF /- IRERINEICT U, S5 ICBET 283 A 6T, £
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B~ DOFBRBAERBITZRO Do e, BMFEEERIT. ZhbD7—Zde ot
— FRHlZ 22 TH D LfllEr L7z,

HAZRESIE, AF L UBF SNz hORER D AERA DRI W Tz T3
AFSNTHFRIIA T3 Th D & Uiz BEEREE T L7235z TRE m%m_uﬂm%
LD ATF VU ZFRIT, ATF VATBERB I W WL ki L, i 7e 7 75
IREODT e BRI LUK B —/3 3 AGHBERTE OB O ATREME L B L T b 2 &
PRBEND, LL, T oOEEOK EOZYSMHIE, ITOEENGAHATHD, 772
tﬁ)u)mm¢7m77%/%§®¥WLﬁﬁﬁ<\Eﬁ%ﬁﬁ?%oko%i@(m:jm
B OFER Tl A BRI KL OO AT Tl S e o 7o, AT L A @tgeE v 2 —
Ea A MEREEL, 2O opTRITe SORERICEEE L& Lz (AppendixITo> /7Y
w7 aARX B . Ty hD2ODRBRTIE, AT L UBRBEOMIGET 7 1T 7 F R 5t
T OB CE R ol Ty MRBRICHW BN AT L > O REFERE L, 1500 ppm
? 5 AW AFS LT 200 mglkg A/ H O 7 HEE TR CTHh o7,

KR TIZ. AFLOREITHDHAF L FFT R, b b I OEREW) O Mmoo
DNA &FEAT 5 2 LAVRENTWS, MR TIEL. AT LU BB SNI-H##ICRBNT, 2AFL
vAFYRIC D*%émt&%méném&%m$®DWWWMWﬂiMWA%@%#ﬁi
ST, HEMFRESOREETIIMS SN TRV, AT L U RBE SN ##E 1

DNA HEEIZRET 2 3 DO UZ DWW T Z 28T 5,

Migliore & (2002) 1%, AT L %kiE SN2 T7##E OFE 11230 T DNA SHEIEm A ECH I L
T2 mWE L, LrL, DNABEGORE L | ATF L U BBFREIIRP AT L ARG
BEDOWTIE OIS EEMENRL L0 o T, BIORERTIX, Vodicka » (2004) 73, A
FUVREBINTT I 53— MITIEEZED U L 5ERIZEIT A YA AR, DNA 8581 L Ot
DNA EIEREA 5N L7, YL fRELE & 2T L o ZEEOMICIAME R B I b e hr o T, A
T U BT SN o TG L i L, U U oNERICISIT D DNA HEHEIWN S, AT L 2z
ENT-HEFE THREIZIES . DNABERITEM L7-, 2o OREMIL, AT L U2k b
il 5250 DNA SN S &E L Z S D ATREMEZ R L TV D L 00, BMBERNHER SN D)
EIMIIRHTH D, AT LD DNA IZKITT AT Dt OFHIIZ 3V T, Henderson
F LU Speit (2005) (X, AT Lo O EE BT L 0 BB IR ERNAT D & D HH7RE
WU EfERRTHT 72, LI T, AT Lo ORRSERBR I F 72 3R R OB EHIRE 2|2
D7D AIREMEI TR,

BEOKE—RERANDAFLUUREBIBREZZELIEIIEFER LD

[ BEHS L,

FEMYEE D AT L L giZ w3 0.3 ng/kg (RE/ B A & HEE S b, WIS o Rz w3 3 nglkg 1K
B/ HEHEE S LD, ZUHDOREFEEIL, EREMICIWTHEZRAEERARENGRD L
RO, K 100 HEE L UV10 HREERV,
BEODKEICHTHIRAFLUVBERBIIBIZELSIEIEFEERLH?

B BEFH6H< 2,
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AF U UBSEREIL, —MRERSOREZELD YRV ATRENEDRH 5, L, Biairices
V. 600 ppm 0)%2]\&71 3300 mg/kg AEES A OFRARE OG- K 0 FAEFMITIRD SR
S7c, AGHEERTIE, 500 ppm OW A E 7213 250 ppm OERKZRFEIZ K 0 AEEEl iﬁ?&&) SY gWAS
Mmole, TNHDAF LU MEIT, KENZIT DREERE I L VK 6~200 £

NTP 1, —RERFZFEOHEEME, WERZEICEHT D ERBS L ORI LS, UITo@Ey
fiam L?L (Fig.3) .

Figure 3. NTP conclusions regarding the possiblities that human development or
reproduction might be adversely affected by exposure to styrene

Serious concern for adverse effects

Concem for adverse effects

Some concem for adverse effects

Minimal concem for adverse effects
Developmental and Reproductive Effects s Megligible concem for adverse effects

@ Insufficient hazard and/or exposure data

NTP (&, —BEEHS L VBB TDIF L O RBICk B E FMH 1 EBEELLERLEICHT
SERIEMPE TEEL TS CERHR X FLVBFIRZERRICAET S

A, —ERBIOMSICBITAATF LoDt MEERBE L ~VLMEWNZ L I2ES<
DTHD, HEHENAT LU HEIZBWTY, EZREW) CARIRAETRIEDB S )33 EL XA
LIRS To, IBIT, B MIBIT AT L U2 & AT AEREOBEMEICOW TS &
P AN QAYAIAN

UL EORGME, AEAERFHC AT AR RBRICE SN TS, Filc@mil JOREOER
DEETBIZoN, FBRTR_BEEDO LNt E TSI LERH D,

S5

Henderson LM and Speit G (2005) Review of the genotoxicity of styrene in humans. Mutation Research
589:158-191.

Migliore L, Naccarati A, Zanello A, Scarpato R, Bramanti L, and Mariani M (2002) Assessment of sperm
DNA integrity in workers exposed to styrene. Human Reproduction 17:2912-2918.

Vodicka P, Tuimala J, Stetina R, Kumar R, Manini P, Naccarati A, Maestri L, Vodickova L, Kuricova M,
Jarventaus H, Majvaldova Z, Hirvonen A, Imbriani M, Mutti A, Migliore L, Norppa H, and Hemminiki
K (2004) Cytogenetic markers, DNA single-strand breaks, urinary metabolites, and DNA repair rates in
styrene exposed lamination workers. Environmental Health Perspectives 112:867-871.
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Appendix Il. NTP-CERHR EXPERT PANEL REPORT ON THE REPRODUCTIVE AND
DEVELOPMENTAL TOXICITY OF STYRENE, “5.0 SUMMARIES, CONCLUSIONS AND
CRITICAL DATANEEDS”

50 Z{., ERPLURELINIEET—4
5.1 ZBERENY— FDEFH S O
511 E4£ZH

HARPRAERMEIZ DN T, 7y b, TR, UHEFBIONLRY—ZHNT, BAREE
TSR OB G L VR SN TE 72, 2O ORBRTIL, AERBEREIIT LA LD
LT, ENOIIRHEEERA DN S OHRBD LN, TNHDOT—ZIIATF L DOFAE

AT DO+ Th Y, BEFHIIEALEH L WVITELS AL TV, KHIEHE
PEOEVEERIZB T DI RBEFEEIX. 7 v FBIOU ST~ ARTZ TIZ 600 ppm. 7 v b
~OFEHE 0% 5-Cld 300 mg/kg RE/H Tho7=, T HOHEIL, 3EICBd 2% NOAEL T
HDMRNBIOBRAREIZLD 2 507 v MG T AR ORA ZFHE L7z,
FHAREFEDSHFE S 4072 500 ppm C, HAERHMATERS JORE~OFE, W ONTRAFRRIEDOZERIC
%/D DIBIEDFRD HALT, & DOMUTTEESDEBNI A DAV T, BEK A LT iR N &
(2 X B FAICEIT 5 NOAEL 1X 250 ppm (79 18~23mg/kg/H) T o7z, HARIKED T
BRIIAELITBZA DR ToZ e b, WA K D542+ %5 NOAEL (X 150 ppm &
STz, SR R A W GRBRIZ IS\ TR U 7=, FEEtiit izt (2395 NOAEL 1% 500 ppm
Tholz, ZNHLOT—HTt hONYF— RFHIICRY LEZZ oD, AFSNERIL. A
F LRS-t MBI AREDIRIRICHOW TR Z =TT DI R Th o 7=,

5.1.2 £MEZEIE

/ﬁe,\@ﬁ/;ﬁf/z

WNFETIIHOREETRIZ LY, 2207 v MEARGERAER SNz, e, e EEEIT
FET /3T A= ~OEBNIH DR -T2, 2 S ORERIZIS 1T 5 NOAEL (3, W AT 500 ppm,
KT 250 ppm (9 18 mg/kg IRE/H) TH 7=, ATl OB CRIO AL AIME R
F O AN O TEUTKT T D EBIVRENTOD N, 2D O COB ATl Tt &
NDIIFAEY TH Y . EiEORBROFER & 1T LTz,

M~ DFZEE

WANFETNIHRFERIZLD , 2507 v MEIRGERPFE Iz, ZIRRE, seF EREE I
PO I DRz, ZHH ORBRIZISIT 5 NOAEL 1%, W AT 500 ppm, ik
T 250 ppm (9 23 mg/kg (AE/H) Th -7z,

WRET 2 &, ZNHDOTF—=ZIZIAFLUNT v MCBWTATREEEZ RERNWZ L 2GR LT
Wb, ZILHDOT—HiFt hOAY— RFHIIZ Y TH D EEZ LD,
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AFINIAERIL, AT LU TR I MBI 2AFE0RIZ DWW s 2 2447 5 121%
Ao Thole, BESNTVARNE b EHRL, BEEREEICK T D AT L RFEIZED,
Hh7 w7 7 F o0 ERE LUORMIL R— S AREBERTEEORE DM 5 Z & 2Rk DRk
WA o %, W LR @RI TIIe < 2 26 OB TII A ERERS K UMt L5
FEDSEHI SR o 7o oD, 2D DFEEOIR EOZ LTI TH 2,

5.2 E F TOBRZEDEHR

b ME B oZER, BAER ZNa o [HEE R, N AT L U RROBSE R
(CEDAF Lo RBSNDATRENEDR D 5,

SENIL TOIREE

AT L AT TEERENC X0 KA &4, 2002 41213 47.7 B IR Y RO AF L U inEgBif
W S - R SN D, TEVEHITMA, TV CEOPEH T ANRKKFP AT L OEE
BYEHIR Th 5, FEMERREE TR BT 0.1~2.35 pg/m® (FIME 0.6 pg/m®) TH Y | xR
B3 30ugm® Thotlz, THHOHEEICHSE | IWIH BT 5 AF LU RFRIT, <025
~<0.39 pg/kg (AE/H (12~19 %) 1 10<0.20~<0.33 pg/kg (AE/H (20~70 %) EHEESHL
7o THEHOBYEE 2R NRTIE, 4L FO/NRIZOWT AT L o O 2R (<0.63~
<0.79 ng/kg RE/A) DHEE Sz,

BHI L S

AF VAL, BEREAE, BV MR S ORI L D BiicE TN s A
RN B D, AT TEUZRE, BN, BED, BLOBEEORMPOBERBEAT L R
FEIHEW (S6ppb) o 7T —F 0D, KEFEIFIMEO B EEOREFICLT 5 AT L U HEERE
B A BET D I DIC B ERITE SN TORVD, BEREO &I RSN TV D,
Lickly 1%, BFICELHMAT L AABREED F[R1T 0.2 pgkg ARE/H & HEE LT,

Blokic & 575 -

W AEK D AT L AT S, BREDKH B S o85G, FEPRHIRIT0EE
THB I ART AMETIEN OO THBEFY Th 5, £z, ATF LA, BEFEFWEETE
W TCTHI I KITIR T 2 TRetEns & 5, T3, T, BEEEW OO Tls L OEEFRETM)IC X
D AF LAY SN D ATREM D 5 5, HIL EAKIS KO FAKDO AT U R ET, Sud/eE0ife
FOMERMED -, WE, FEFITR (1 pg/L K MHRHTRRETSH 5,

TR -

B RADENESDAF LR EIL, 0.002~147 pgl # 232 & HEE SV [A - F 88 OHE
WCESE, PIYE/AEE 10 pg/F# /82 LARRE], RHE 70 kg DRCAMIEE S 1 H 20 KD X 2%
WUE L7356, IR AAT L HEIL 3ugkg (AE/IA THA H, BF 2R EEIT, WEE D
AT L ggR % 351 ughkg REE/H (12~197%) $X102.86 uglkg KE/H  (20~70 %) & #
LTz, BIFFEITHE SN TORWLR, BELAFLUBERSRTEY ., BN TORMBER
JE\Z KD IS D AT L BB ORI D TH S D,

THEE R -
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HARTEERS . LT 2T ¢ v ZHHERYL. B XU —~y MEEAIFEOHEER LN DN
ZHHFS KR ORI £ 2 BFEA L TH LM, JET —HIFIAF I TR,

ZERH AT LU DR, BT v A&V T AMFER(LAR Y = 27 Ve & il
T AR CHIE SNz, ®RANIC, AF Lo/ ~—BLOR Y ~—3H#E 7 n v 22 AT
FESN, BHEZEXHOAT L UREITKD, 2D OGP RFEO T U AT D EHED
F—BE, AT AT T AT 4 v 7 B ORYE (BT 13~355 mg/m®) B8 LU F L
V) =B R UORY ~—flhEg GRS 9mgim®) A END, Wi S BT
5. WA BT 1.4~52 mg/kg (A H OFPFACTH A 9, IRERRIKIC L D BB EII R TH 5703,
RIEATF Lo L RMINEREHEN 5 LT HRE TV A 2RE, —BOICZ<bTneE
R OID, TOWRPLT T, RREGRIEIZ X 25803, (X ORZERAZTZIZ L2 & & [k
ThHHATREMNRH D (1~2ppm ; 4~8mg/m®) [HHZZEESHEE],

Table 41. Summary of Dose Estimates by Sources and Population Groups®

Dose, ug'kg bw/day
Source of Exposure Mean Upper Bowundary
fexcept where indicared)
Ambient and indoor exposure 0.2 {median) ghb
Dietary intake =02 02
Drinking water MNegligible N.A
Cigarette Smoking © 3 424
Oeccupational Exposures® 1400—52,000 90,000
Monsmokers (ages [2—19 years) =0.3 ob
Monsmokers (ages 2070 years) =0.3 9
Smokers (ages 12—19 vears) 351 424
Smokers (ages 20— 70 vears) 2.86 424
Children (<4 vears) <0.7 L

dExposure estimates are based om a 70-kg adult unless specified otherwise.

P Based on the maximum reported average ambient exposure (30 pg/m3).

“Based on 20 cigarettes a day.

1 Based on maximum concentrations reported in cigarettes {147 pg/cigarette).

“Range in reported mean 8-hour TWA levels of styrene in air of different worksites in polymer
production and the production of glass-reinforced plastic products.

PMaximum individual 8-hour TWA level reported in recent reports.

Adapted from Health Canada (70).

5.3 2MRH0AH

b hOF—H T, AF LURRARIEIE Th 5 LT BRI Th D, ATSZR
B — 4 ClE, FREIIC B CRABIED TR S5 TTREIIE & A L R 3R RSN T
VRV, ZRBDF—HITE MO LEYTHE LEX NS, LIzhioT, AT
BIRIT, BRI HRE LT,
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o [HARTORARMIZET 5 NOAEL X, AT 600 ppm, F@fl#E A #5-T 300 mg/kg/ H
Thotz, TNHITRBRICHW I REHARE ThH o7z, HMAERORAEIZRETS (RAIZ
£ %) NOAEL /% 150 ppm, LOAEL (%500 ppm T o7, FHAREIEIZ, 500 ppm O
TR bk,

® I AIZ K BREMRREEIZBIT D NOAEL (3 500 ppm T o 7=, AHEITEERICH W
IEEmHARETH T,

HZFZERIE, ATF LA L DR ERIER LOWME~OREZ | [FREREICR T 5 Rk
PEC X DN LUV AT Z LS TE o7,

b MIBT 27— 23, AT LU DVEREE Ch D LifinT DITIIA 0 Th b,
FEESNTVRVE P L L, BEREICBI 2AF LU BRIy miFh 7T e 775
D 536 LOARMM F—/8 X A REWEFIE IO 5 = & &g T B D 5.

TN O, BR EOZSHIRHTH D bOO, TR HEEENET 550 THD,

AF L o DVEFERME Tl EfEwT 2 DI+ T > WO TR T — Z DS NFARETh
Lo TIHDIFSHEET — X3k M LZYTHD EEZBND,

® W NIZ XL DHEDAEFHFENEIZEE T 5 NOAEL 14 500 ppm Th -7z, ZAUTakBRIZAH-
KEHARETH-T-, NOAEL IFEKH 250 ppm (18 mglkg A HE/H) Thh o7z, ARHEIE
RBRICHWEREHETH -T2,

® WA L DD AESHENEIC R 5 NOAEL 14 500 ppm Th -7z, ZAUTakBRIzH -
R AETH -7, NOAEL [k 250 ppm (23 mg/kg (AE/H) Tho7-, AHEIE
AERICHW S REHEThH -T2,

AF VL DI T — 2 IO HMFEERRIT, b NI AR AN ’iﬂ“%’)%’s
TG T XD ER LA, Z Ot E SR 2 FHRHUI 0 Tldew, eI e
WD BN T 1 T 7 F T RORIR EOZ G HIRARR ORI B %,

54 BELENSEET—H
5.4.1 EHEHY
o AWML, MEEINDEET —HTR, ATF L AR, EEOBWREIZ B
T, EYIZRE 2 O TR TE 2BRGHIEIC L W ET STl Y | IBORERIE
HELEE R0,
o EMEMEICBAL, MEL SROEET XTI, AT LU, EEIRREEE L O
ATELHBEEEFC L VRS SN TETEY | BINORBIIHSE S igu,
542 EF
& ERGHARE Lz, &0 KB CHEUIZMR ) &6 T D AR A ORRIR O A
REEMTRETHD, ZNOOMBRITIE, FIRETHIUTHEL /LB A A~ —T
—Z AW E AR RBE RO ENE ENDRETH D,
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L SRIFRE DI T, FIIRIASETS D & 0 52 2B NG ENHE TH 5,
ABRCIE, BT SN EDOZIRREZ TN T 572, AR E TOMIM A RIET 2 05
N5, HAREREICOWTOBNEERIT, FARAICITZATAE 12 L, T TOHRK
RT A=K (AROEMEE., BAWE, W LOSES) Oz Gl X THY |
WOWRIEEZ AN D Z & DB TH 5,
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