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— Abstract —

Chromosome Aberrations of Styrene Exposed Workers

Seung Hee Maeng, Sung Kyu Kang, Jung Sun Yang, Jong Sung Lee, and 11 Je Yu

Industrial Health Research Institute, Korea Industrial Safety Corporation

We analyzed sytrene concentrations in air and in blood, mandelic acid in urine, and chromosome
aberrations in peripheral lymphocytes of twenty one styrene-exposed workers in two reinforced plas-
tic factories. In addition, in vitro testing for chromosome aberration was carried out.

The dose-dependent clastogenicity of styrene was confirmed in the cultured Chinese hamster lung

cell(CHL) with metabolic activation.

The environmental styrene concentrations and urinary mandelic acid levels of analyzed subjects
were different in two plants examined, but the exposure levels in most workers examined were lower
than the permissible exposure levels. Chromosome aberrations of the styrene exposed workers
showed no increase in the percentage of aberrant cells as compared with the control group.

No correlation was found between the exposure levels and the frequencies of chromosome aberra-

tions in workers.
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2€]¥ (styrene: ethenylbenzene; CAS No.
100-42-5) & F71v o] x&sd F% R 227t
A7 ol ol AGEIRA & L A9 2H
AFSE v a2y w25 A WA Exsed F
2 AgzHd ARso] M AMAH=zE FrT
uhEaA 229 Z$ QMY &3] o|FoiA| 1 o]

£ F2 7,8-epoxideZ AAigslo] 54L& Uo7
Al ¥oH(IPCS, 1983). ©] AE|dE & etLH,
#7), polymer, copolymer} AJ4tell 2e] 1990
o] AAMA Awige F 1,360UEoz FPHUG
(TARC, 1985).

ALge] oiMe) ARl ERE F2 A
A ol 1 Sled =9 AL 2EW YA
NFEEE REF ZAstEeay ozl =¥
23] A% 0.8-570mg/mro 2, Felry HLE F



= QA 4% 105-605z&/me2 Biuse] gl
I o A% 38 Z232e EFYIADTARC,
1979).

2EjQle] Z2HAe o P FedE Fde
gl B2 Y3 genotoxicityd] #F YA
ATE in vitro R in vivoR AF o]FA fte
dl o8] AYE DA AE|W-E PAHEAA] ®Held
g e Aez vebgeov(Binisto®, 1993;
Jantunen®, 1986, Meester®, 1981; Wattem-
berg®, 1987), 4% AgEI AN Aold A%
g 29 A: YAX(Brams®, 1987; Dunkel¥,
1985; Linnainmaa, 1978; Loperino%, 1976).

AR AN RABHe] ERFRE B
2 238 4 & e PHS 53] AGEF] AP
CRATE NEE 9 @98 fEE F de ¢
o] ofurg $ig WA 27 AR A2Hlelgt & £
olch(Pereras, 1992). 2¢¢i7 DNA Fe o
Aite] adduct, ANGAN 2R, 28] P4, DNA
Atgel A¢t 9 DNA 8% a3 Y%A AR
Zof #3 AP ol AVEo] A A EF
N gaute@A, AEEIY AweAst vz
3 pwol wotlo] 2% /MAQIZEe] WolFE 4
Filed =8 Folgth(Perera ¥, 1992, Wo-
gan, 1992).

Ao A] 2B E2E 2EAE YR
A7 19789 Metergjasel A7t A|l22A £¥
9 Zg Ao dizFd HE F7kd Wz
Aol o] BaE ol A¥AY R AHH A
oliE MEFAA WYL ol&¥ ZUEH AH
so} sted 2 d3Ee 747 da2d Rasic
(Camurri®, 1984; Kelsey®, 1990; Sorsa¥,
1991; Tomanin®, 1992; Yager%, 1990).

ole] B AdMe = AEe2E AxF
Foz ~E|AE HIste ARIAE W2z VT
2EAEE, AgAel €F 2HAFE, &F WA
ARl B R TR PAYduipode] Gl
T2 2% Mz vwdm, HSHRE &%
NgADe} vlagess YR 2EHAZR
2 wrlsted AZRAE hiF ARl PN
o] o AT YEIAH EZzPrpiicz @88
& QEAY A¥E wirmn, 3 A 2F
gloj 28 genotoxicity R Aol BE A&AE
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1. A7

E d7e 3N AslEetrE & Axdte 270
o] AR AERE HFH Je 224 2TH
F AEY AH, BY L A4l YREAZ ] 7}
539 2198 e YT 224 W o
Aol gAY dzFeRe AUFHoz 2EA
Zzd FHo| gle AR S2A 109& AN
th, ARl oidlde 25 HAEXE B8 2
2729, APR/74E, JEELAR, FAAYFE
HYZAIG thg ARE AHEHE tEel 2E
o] HolYA& &8y #BA in vitrod] AW
oz o]&% M EE Chinese hamster lung cell
(CHL A1 ¥)e°l3]c}

2. ATYUY

£ Ao o] 43 CHLAE| iyt Q4o 3
Mo AfE %£(1991) 8 Wdl 3] AA I
CHL M X% 10% Fetal Bovine Serum (GIBCO)
3} Penicillin®# Streptomycin® F¥A|Z] MEM
(minimum essential medium, GIBCO)| @&
wioksted ALgEch AP cARESEE B
ated QA= olnf ARE-F HAMEIAR] S9
(Kikoman Co.)< PB(phenobarbital)# BF(5,
6-benzoflavon) & 3§ 3 (Sprague-Dawley
Rat) 8] 7HgolA #2318 A& AHE3h

2B # (Junsei Co.)8 B % 0.5 0.25,
0.125, 0.0625, Omg/mo 2 wjx]go] Fo3lR=
W 3412t ~el¥@AMa)si Phosphate Buffered
Salineeg MHF F A 10% Fetal Bovine
Serume] E§E A iR R 21413 F7haf SR
b AXE FARAY. AZEge e BT
of hal] BF olFuldE AT 4N EE
o} e M ESF 3A2H-4 Colcernid-8 (0. 1wz
/ml) & N3 MEFHF 75mM KCIE4E A
] Carnoyid ¥ (methanol: glacial acetic acid
= 3:1, v/v)ol 38 2% ¥ GiemsagA3HAot.
GAFolde 2zt FEvith 100748 & ¥ FoTo



e F7IAEE BB B

Qg 715 Alae AFuedA e AR
E371 (MSA Co.) & FEAH FACHE o] &3
ok 60-70% o= 43o1F ¥FARAT #FL
0.2L/mio2 391 ETHAAY X 32 43
78 1 PAXNE P BPHAYG. ¥ 2
HAl Alge 3MF 8AIZE ARAIZI] He oF 54)
ol QGG 2ol AgyAA HH R
o AUY ¥4 ARG AP o Ry
I 48A1Zelue] B4 & fR3NY. k3 vgys
< FYo] ke Aol w2l v EeirE £
71°) =S 3l @AE)BoE gHGE Q)

71% F2 9% 284 9 xF vugale By
€ NIOSH® (NIOSH, 1984) ¢l wat AAlstd=)
"A 715 26 L rtaazveasdn g vlojgdd
ARE &A oAz @38 % slragcle
T2ty (Hewlett Packard, HP 5890 sereis [)&
432, 8% 2E¥& headspace samplerd
Mgt A strAZelEadmE B
=% TeYse golesz 48 ¥ HPLC(Wa-
ters Co.) 2 #48igich olw] AE|d R gy
o] EE#2 Sigmart AFS ALY, =3
creatinine® RocheAl®] COBAS MIRA A% A
R 7§ ol E-3l BMaT

2EF AF 2249 daMe T2gAY o)
A BEEN e ¥4UvtTe 3Y AQYEEE
715 R €5 25 F= 238 A8 AEHHA
A AA{NCE & YAY S22 Mg
Y2UY§ heparin® ¥& vacutainer(Becton-
Dickinson)oll AH$ Thg 429 Usj4r)d] 2@
o] dYdR et FA) g AR
ojwj YAYuFE Vermast Babu(1992) 9] Hhgol
w2t APk ed L-glutamine® 10% FBS
(GIBCO), 2% phytohemagglutinin (PHA-M,
Sigma), Penicillin(100unit/a!), streptomy-
cin(100ue/m)) & #€& RPMI 1640(GIBCO)®) Hj
Fas] wWiFAIEE T2/ 2 5%9] FE2 CO7t
FEHE 37C Incubator (NUAIRE) oilA wi<ksls
ot AESFF 3AAS Coleemid (0. 1ug/ml) & A
7RI 3% YAYs+E 75mMe KCl A%
S0 3083 ANt dUMERE AdaA
g Carnoyn ol 38 nA% FrlazAlzl

T Giemsado] dAsial YsATE. J43] o)
42 EEoG 100709 F71MZE FHen|Fos
BEs] Mg

2

CHL M XA 0. 5mg/mi% e F=gAEz 2
W& Foisted gAYz g BAE 2An Ho
5 0.5m/mol e AE|Jle] 9% NEEHoz
HAHE BRY = A 0.25mg/ml2] FERE
FAME BRY = YAed ARAETLE 59
A G WY A duAolAe e Wt
ou gl mel A3l Frshe e BH
(Table 1).

WA AA2 PB9 BFE =¥ $39 213
S9& AHEF AL 0.125me/mio] FERE A o]

Table 1. The Frequency(%) of chromosome aberrations
induced by styrene without metabolic activa-

tion

Conc. Total
of styrene pol gap ctb cte csb cse -g +g
(mg/ml)

0 05 05 05 0 0 0 05 10
0.0625 05 1.0 20 0 O O 20 30
0.125 05 15 15 05 0 0 15 35
0.25 1.0 15 20 0 0 0 20 45

pol : polyploid ctb : chromatid break, cte : chromatid
exchange, csb : chromosome break, cse : chromosome
exchanges, g : gap

Table 2. The Frequency(%) of chromosome aberrations
induced by styrene without metabolic activa-

tion
Conc. Total
of styrene pol gap «ctb cte csb cse -g +g
(mgfml)
0 05 05 05 0 0 0 05 1.0

00625 00 15 15 1.0 0 0 25 40
0.125 05 15 30 05 05 05 45 55
0.25 15 25 50 25 0 0 75 115

pol : polyploid ctb : chromatid break, cte : chromatid
exchange, csb : chromosome break, cse : chromosome
exchanges, g : gap



Table 3. Data pertinent to the individuals studied

Variable Plant A Plant B Controls
Number 8 13 10
Age 26.6+39 409+6.8 333+3.6
(22-34) - (29-53) (28-38)
Duration of 480+9.2 44.8+56.9
Exposure* (16-90) (4-202)
(months)
Smoking status
Smokers 7 2 5
Non-smokers 1 11 5

* Mean S.D.(range)

Table 4. Concentrations of styrene and its metabolite in
styrene-exposed Workers studied

Individual Styrene Styrenein  Mandelic acid in
in Air(ppm) Blood(mg/L) urine(g/g creatinine)

Plant A

Al 76.95 0.19 1.18

A2 68.61 0.53 0.39

A3 35.58 0.39 1.84

Ad 23.22 0.85 0.40

AS 14.26 1.03 0.30

A6 38.18 0.37 0.34

A7 14.93 0.42 0.35

A8 32.07 0.39 0.54
Mean+SD 32.14*+1.86 0.52+0.27 0.67+0.55
(Range)  (14.26-76.95) (0.19-1.03)  (0.30-1.84)
Plant B

B1 134.7 0.148 0.446

B2 6.94 0.067 0.186

B3 30.76 0.158 0.134

B4 29.74 1.109 0.090

B5 6.94 0.067 0.186

B6 24.94 0.144 0.446

B7 5.08 0.084 0.690

B8 70.27 0.124 0.186

B9 1.88 0.024 0.059

B10 10.52 0.123 0.064

BIl 4.83 0.072 0.025

B12 4.26 1.100 0.016

BI3 82.27 0.145 0.186
Mean+SD 14.88*+3.60 0.11+0.04 0.21+0.20
(Range)  (1.88-134.7) (0.02-0.16) (0.02-0.69)

* Geometric Mean S.D.

4 VEE F U Tl o PNk
¥ $9¢ & UAUcHTable 2). FEE G4
9] Yele tiiio] dAEMYolted %3] Ad
(chromatid-typed break)e] ®Sktc},

£ A7) didte] 8 3w ZAaEsAY AR
(A, BolA 2Ejd] 28 AlgE A7ddz
7t 8 Al 42t 89, 134o® olge HEdHy
< Z+Z} 26.641(22-34), 40.941(29-53)2 BAIYA
o] 24 HFAH] i w2, AEA HFA}
Gl SFAYE 77 48.07M¥ (16-90), 44.8
7149 (4-202) 2.2 M|zt <83 EdAE 44
7, 2822 AARIAZ] Hdxrrt Btoy 4
FAFL 20/9H =2 v dzEd Yt
AR 222 1099 BadEe 33.341(28-38) =
FAze 5HoR FF FAFL 2EY FF2ER
s} Ztc}(Table 3).

g ARdel 284 = $42 3} (Table 4 %
BEetaE AZ ARYA A, B9 28 E2e A
Aol BARIARC vid) w27l 27 ¥4 229
i ey tiy) 22ANAAM #HE AnAKg ¥
stoh. 718 2HAEEe AL 7S BEsER 3
Aed A, B AKEANAN 2z 32 14ppm(14. 26-
76.95), 14.88ppm(1.88-134.7) 22 AAIGA A
¥ 290], BARIAIME 39l =FF7}F 2AIE 3
$F% 50ppmit ¥ 7I1F2ElY R FzE
1 ARG EF 22AE] g €5 2EAF:
e 2z} 0.52me/L(0.19-1.03), 0.11me/L(0.02-
0.16) & AAIRIZe] 29o] ACGIHSY HiX|o]/do]
non, e gAMHER =F Tddide 5=
€ 47 0.67g/g creatinine (0. 30-1.84), 0.21g/g
creatinine(0.02-0.69) 2.2 AAIAS] 199]
ACGIHS FaxHc Ut}

2€]do] Z2¥ 222 2190 dig 22PAY
oA o] Gajoldule BA 3 (Table 5), A
Al 7ol BAIRIAe] W3t Thd: & o AF
Aol ZZs5n Aoy A, B AR 2Bl HF
Z2ATe] A¢ 4% 1.3%, 1.2%2 A, B 2%
G Ao Tt 2T 1.3%0 Hl3) Wixr}l Ay
Z718 P BolA ggsten 715 % ¥WF 2F
A o 55 vdElte) ol AnRHo F7
Z25Ad AR A$E 2T b3 G ol
4 ¥Hze Frte BAY 5 A 253 Yol 7t



Table 5. The Frequency(%) of chromosome aberrations
in peripheral lymphocytes of the styrene-ex-
posed workers and controls

Type Total
individual pol gap ctb cte csb cse -g  +g

Plant A
Al
A2
A3
Ad
AS
A6
A7
A8

O - OO0 O -
SO0 - O =00
[ R o i B - B e B v B o )
—_ 0N O N -
— s R O N = R

O DO O~ -0
SO O = = =

0
0
0
0
0
0
0
0
0

Mean+SD 03 04 05 03 0.1 09108 1307

Plant B
Bl
B2
B3
B4
BS
B6
B7
B8
B9
B10
Bl
Bi2
BI3

OO O OO OO =000
NO = OO0 =000 ——0O —
i == = T A = = = R )
S OO OO~ OO0 OO =00
C OO0 O~ OODOODOO D
—_—D e O s N D e O e o N
WO NN O—~ WO —-CON -~ W

QI oo oo oo oo C o

MeantSD 0.1 05 05 02 0.1 09407 12+12

Controls
C1 0
C2 1
c3 0
C4 0
C5 0
Coé 0
C7 0
C8 0
9 0
Clo 0

1
2
0
1
1
0
0
1
1

OO - OO - DO -
—_O e OO N =D - O
- O OO OO0 — —
[ = R e I o i o B = B = I o B =
SO OO OC OO0 Q
) O e = O NN

(=]

2

(30

Mean+SD 0.1 0.4 05 03 0.1 0 1040713408

pol : polyploid ctb : chromatid break, cte : chromatid
exchange, csb : chromosome break, cse : chromosome
exchanges, g : gap

2 AUY 22AQ02R YD) AANE G ol
g 371 B + gAT. FAo) ¥ Aol &
3¢ & o

o

AR 2EjJle] t§ genotoxicityel #¥ o
Toll o3PH 2ejdle dudaldg oj&¢ wolg
AAEAM G7IRARE fEshe Aoz Ho ¢l
T(de Meester, 1981), HGPRT locusEe]
Ed¥el9t UDS(unscheduled DNA synthesis)
9] Wolg U3k ge Aoz BuEe] Utk (Lo-
perino, 1981, Loperino%, 1978). %% Lin-
naimnaa¥ (1978) & Al 578 APujaksle] 2~
HdE A g iz qAgeA] g
£ AgeolA AN dan A88 {EA vk gl
21}, De Raat(1978) & S9 mixel Arte} g ~
Hallg d¥gxoz CHO AXd Ny o =)
FAA nEE IR FsiH)h olw o|EL in
vitro2 2E|JAAIEYA YA E styrene oxidert
S9 mixel &A8l= epoxide hydrataseo] 9)s) ®)
A oe g age) e dAsitn
nEY vk UACh o]Ro] EFF WU EE o]
2% d¥elA ~Eldo] genotxicityE Rl o
A7 vedd 2 At A2 =4HE B8t
Bou #3002 Ed dAZ Fd9 A}t Bk

£ QoM ZAy CHL HXo] sE=dhAE=z
2ERE Foste] dAHoldey BEE JHY A
I AP 2 ukgo] vk o} dAlRAd
Aol F3)g fF)EHT P4 S AAE B
o FAU olAL AN 2] ol 2o
2EJlo] AR EH Adste gl FH
38 FAEHE Uedte AE HoFo] 729
Marniemi% (1977), Hemminki%¥ (1981), Ishi-
date®(1981)2) AxtB 9} YA stn it}

FE 2EY HFIEAE o2y ATFEN
Huang (1992} & 7135 % 129mg/nrel ZAAe] &
2A A dFlF R Ao N} FHE 9
48 B3¢ vt i, TomaninE(1992)L & &
T2 Z2de 39 SEAAME 444
718, #& Tx2 FaHe 34 ZT2ANAA
© 44013 9 AN BF A ANE



223t 8 Sorsa$ (1991) & 7ZstEelreF
FE dAdes ¢ AFeA AYRoE 2Ed9
F2c o2& TxEddAe] d4Aold, Ay
A g, 285 MERAR AHodE P& 7
AA EEE B vt gt} o clge Eud
T, AAAIRL, 71EEE B =3 wgEate] 333
A oW ¥ JBAAE B3R EIU

o|gpto] 2ElFe] ¥ YH FE2of oF A
€ ZHA olFoA f%evy 1 A d#4l
ol M2 AdoldtAl Barslo] Qo zE{gh hits]
© A9 dutdoz BAHoRE SBRAE F
zHe A4 ¥E¥xY Aolztn JAA I 3
o} (Tomanin, 1992).

£ dFdAe 2HA Zaxest o7l e F
2o 2E|IARIGE AR BE A S 25
2Eld HFEACNAN d4A 0|49 F7HE dF
312 23 e E2pxet JAAolgde] ¥l
=7te] ojd VA= |EY 5 flleH, U3
o2 FnXHT A E2Fo] FPHUE 224
AAME FAAelde) F7HE & + A ol
2 Fae Sorsa®(1991), Nordenson® Beck-
man(1984) 8} AF2dHe} YAz 92y} Hogs-
tedt% (1983) 3 Hansteen® (1984) 8l ZA3}ele=
Aoldiit. ©)AL Tomanin$(1992)0] nARE
o] ¥Ae] AAE B 7|&Edolels} vjmEl] B
o & A7k 84 2Ed Fxr) vad
obx Z2ANA A FE RI3RA] @%7]
o 2olgl HAg & URn BAEE Ao
o] wixele] A@Ado] fAE R Fehulge] B4
< P 71F, ¥F 2EdEE £ w4y
A2 HSZAHAM E2E A Yehlied dkdio
AZAFAY BN AZF2E Jehle AEE 3
e Aolnz g FEd 28 224 g
= Z271308 A ¥ Ae F235se 4
FRAENAAG A8l fE 7 e FE 2
gy 2F AYo] Fow MM PHIEE X2
g 2357 ojgdnE ¥ 4 Aok E=F 2gd)
sl Z2dseel gis) dug JEENe 33 =
E1 g8xoz EAd dolees 37 oifn ¥
AFNME i S2FdFe di2 g =
2718 133t dA#E AAElde tda fi
7t A

¥ in vitroo] AYAF YN oYz &
P9 Yel@ Hole =% (Table 1,202 & 9
FAY 22489 ¥F 2EAEE(Table 4 )
o] B ¥ Ao 2 HEE M2 ¥mdiy
AB3 e ga FE7t AU

22X % 48R TUEHPL fASHER
o AJAez Fzee T2AAAN F=HsE
et 88 =77 8o o] BUHFWYo #
ARHEY F UWHEAAA Y @ £ s
£33 38 2JUHFPo|gnE @ (Knudsen?t
Sorsa, 1993). °l #AA BUE|Y Pid 2ole
¥ AEe EAGEYS € A4 Uy
ofxe] PEYH urg-& 7o) @x# d 4 o}
Mg RUEHY NE2A nUgws) gol g
Fole] F=2o] g AWEY B3] PP e
#3 A2 el =) FAHR U}, IM
Hol e AN oy R 247 A ASAR
&3] 2ol AFAY AXT/KANA E2 M3y
o]Z 3 31t} (Wogan, 1992).

ey & A7Ad o] dAATARIA] A
© ANl Mo 2E|-e] A F2Wolo] o
H d&x 7B Xl K9t aes 99
vt 2Ed AFTEA] dig 2l E2d g
23R AE2e YA ololeoz AP YNz
g 22 29%Fe] I DNA adduct ¥ DNA
repair®] W& ol84¢ ATt &R o] Fol
Aok & Holth,

248 % 2%

¥ dFMe JHET ARy A E
& 0|8 d¥os 2o o FUMMoYNE
& BAstn S AsEetaY AzFgoes 2E
A HFshe AT VRaoA 2 E=zd
222 219€ dAes 75 2EdsE, 83 2
HATE, 5F AR 3= ¥ S2gddas
A9l JMHol =g ZHsH 1 ARE vw
st Thg3 2L AIE dU

1. ZHF MIAE(CHL AX)d s=dAE=
2B WS Tl Aol =g EMF A
AR EALE Foshx] 42 AHE ¢ 494
Holdel Mxe Rtk (5% ol#h) FTule] o



g 43 Fvltke PE€ BHon, dAAE
0.125mg/mie] B E=HE 5%°13e] FqMol PN =&
TEY 4 YL F=THA HE EE $FLE
A /AU old FEE Mol e YHe
gRgo] GARNY K& FdoiAct

2. 3 Zsidvksd AZARIAe] 2712(A, B)
€ 2EdF2FErt b Aozt Slo) AAIAe]
BARRIAe] wig) okt & 28 = &2H3
Ao hREe 22A4EE Aol HaH
%o FEe] 2EH 253 YA 249 22
Alo] &dnA oMoz E2Hn AN

3. B4 2E¥ AFCEAEY 9 g9dST
el MM ARYF 27N A2
1.3%¢+g), 1.2% (g 22 A= (1.3%) W3l
Moy NEst F71E WHE A HoA &
skt

4. & ATl e 2B RIS =2ANAAN 713F
= ¥255: % =% HdEe v 92¥Y
Aol Ao NEE M2 uaEy] oaie
o AR JEAE BRE 5 YU =V WY
AEE ol 4% s} 2Eld HF2EANAM
3Hg v wErIE o@Th
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