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Immunotoxicological and
neurotoxicological

studies on styrene exposed workers

I1 Je Yu, Seong Kyu Kang, Jung Sun Jung, Yong Hyun Chung,

Seung Hee Maeng and Jong Sung Lee

Industrial Toxicology Laboratory
Industrial Health Research Institute
Korea Industrial Safety Corporation

34-4 Kusan-dong, Buk-ku, Inchon 403-120, Korea

— Abstract -

We investigated concentrations of styrene in air and analyzed styrene
in blood and mandelic acid (MA) in urine from styrene exposed workers.
With these monitoring markers, we futher studied the presence of
auto-antibodies against neurofilaments (NF) and S100 beta protein to
evaiuate neurotoxicity. Most of workers in our studies were exposed less
than permissible exposure limit (50 ppm). When we compared the differences

in styrene in air, styrene in blood, and MA in urine between the positive



and negative workers, the workers with positive reaction to NF showed
significant differences (P<0.05) in styrene in blood and MA in urine
compared to the negative workers. There was, however, no significant
difference in the styrene in air and in blood, and MA in urine between the
positive and negative workers to S100 beta. Further evaluation of these
biological markers is required with neuropathological and neurobehavioral
data. Taken together, this result suggests that the styrene concentration
lower than PEL may not cause genotoxicity but elicit neurotoxicological andA

immunotoxicological damages.
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2E)| D oM FoM xglg w ANBAM YA A &7 H
2 Boe 237 A ¥ g EHolvk (0.3 ng/ml at 20°C)., zE]#A2] Fels

3t4 Qa2 otele] oM Roly utel Zth (Guillemin & Berode, 1988).



ZE| o] gelhey 44

ghefr CAS® 2 A
CsHs-CH=CH2 100-42-5 104.14

ne Vapor density TLV

(g/cm3) (ref. to air) (ppm) (ng/m3)
0.096 3.6 50 215

Partition Coefficients

water/gas blood/gas oil/gas

4.5 55 5800
Autoignition Temp. Flash point LEL-UELP
490°C 31°C 1.1-6.1%

a; Chemical Abstract Service Registry number
b; Lower explosive limit-upper explosive limit

2| Ae] ek dol; dolddo] eAds] WM g2 FejolA xpgo) ©)
¥ 2] FIAE2 AHAH FEu e F2oM o Fe] e Folo)
th, 2232 ¥ 5L F 2o A oJAZ & 27t L3 (Dolmierski et
al., 1983) = Y& =2 3 13 - 24 ppn FE2oJM A H oj4e] F71E B 4
sttt B 7b ¥ glrvh. (Hogstedt et al., 1984; Nordenson & Beckman, 1984),

el AASHo] UsiMe otze AL orhFg 223 k. A
BEHAEHEM2] eV FHAAAS T2AAAN A% vz g
(WHO, 1983; Oltramare et al., 1974; Triebig et al., 1985), 1elx He|&A

d Hol & 7kx 23 (Lindsrom, 1976; Mutti et al., 1984), EEG u} x4 A



g4 xo] Ad%2 7)2rtz gt (Lilis et al., 1978; Seppalalnen and
Harkonen, 1976). 10-25 ppn M Ee2] Z 2of 2)s] 417342 etHel ojspe Ha
igltke BaE 3glch (Flodin et al., 1989). ¥ 52 =2 (TWA 130 ppm)
of 23] AABEY FuAo dRg vjAaE gk (Mutti et al., 1984), 2] 2
o stMe 2Eeldo] x3t4M =M $Ee Aty mojetn stz
(Arfini et al., 1987) 2e]d-g A%t SEAYPI =ugle] 28 B& g
i =vivie] F2 g BASE7) $stod E3t7 receptor A4t SZtE 2 A%

itk xhrk (Mutti et al., 1985; Romanelli et al., 1986). Checkoway S

S

(1992) & 160 ppn o] 2] 7|55 E 7}zl AdHe ZE=ASolAM Hawe
monoamine oxidase B (MAG-B)-& %417 %ol2] biomarker& A&l on) o3
2e] 2] s E7F F7hyol ubel MAO-B2) #4do] FastUtta R sttt
#F71&Ae] 548 BUHYsI 9% sjxedE: HE2EUEE, 2= 25
HALEE S BEHH AZE o] 8sto] $rh. L} o]} A EEL w7
F25 Uetue 2224 ojd EHE] AUM¥oe FHYojr S 4
BH 2 ot = Avle WA glx k. B UH =] WrE YULE g
W2 33 Ayl AvA et Ad5de] Friddoze 4% W5
HA gdo] 2 2o 2ejvtetolM o] gEoxn Ltk (o] ME, 19905 F4F
S, 1992). o] ¥ uAate] 4, ZFYEY volo wtE Ale] e e
Hol ZAHos AHE Yt UE YyHosE AAMELE, U, y
St S 2] Aol ge|tt el wysl =y HAaNGREd (CTIo)u} ab7] 2l od A
| (MRI)G2] ALY E o] &% ¥le] vk, CTU MRIE Hyarn =4 u)go] g
°f B3, ® xo] WYY sjrgeyHyd " E zluste Aol gL B

l

A
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A7 #Y w7 (S100 beta)o] vigh z7F PARN FH g A= sk, AUA
F Ed™o] vl zrtiedstA #7.2 Shamy & El-Falwal (1993)0] ¥ &3 )
2 22 BE YRR AR5 HEHEIE Y A Fol AEstsich. 200,000,
160,000, 68,000 #x+%-g 7}zl 4724 dH (neurofilament) 35 FojM & ZH=
ZR2AEAHAME F£ 68,000 EAFe] AAdHFol uigk bz AR AI w4
Egltta k. 2 Zole A3 AoNgatoM At A wRE Az R}
v 27t %ol vex 3ltl. Darnell % (1991) 2 cerebellar degeneration %
A} o A/ 4 Purkinje kllgi—r, cortical neuron Sof Fgr ak7t W srA-E st
vk Rastgicvk, WaAPFooME azpdd At dddue RAE 9&1.
2l t}. (Jonsson, et al., 1992).

S100 betas= neurotrophic %tz &4 F 8 glial cell oA TS AA 2
M Ao A S F WA E A Ru) (Alzheimer)t} Down‘s syndrome-5 2]
A73ge] defodM ol wae] oj4g B47b Ut (Marshak et al., 1991).

2 droMe 2eld M F22A2] U Fole] FEHHU BV P oz o]
A AP EAR AR BB 2NHE] AU ARA] BEE FAHSUL o]F A}
b g Ae] FE} 7|F, UF 2e|d3e FA 2| yrALEU 2F
st e state] @AF RAsET.

¢
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1. A4

EAUSAZe 28] v FrZoz ZHAxd Y AdHY UAALG
L2E ARG UE Ho] g AR 22 1% dAstint. 2| do] S5
t S22 € A 22 169, BAF 127, CAF 139, DA} 199, EAF 92} Fa}
98 & UdoE xAstgivh. a2l aFM AEs €My A, B, CAHE uA

3

o] ez MG sttt
2. 7171 4 A=

7b, ABAR AR AR 54

14 4 < Sigma Chemical Co,(cat® N-1022, St. Louis Missouri USA)oj 4
FdsUe. A Hd Rl uigr xrtgiedstM 2742 ELISA (Enzyme Linked
Immunoabsorbent Assay){-g ©]-83}3ltt. A 41734 %E Phosphate buffered
saline (PBS, pH 7.2)o] 40 ug/mle] BE2 2UF 50 pl4] 96 welle
microplateo] G¢H% 4oCo] o 18 A golBgirk. T UM 2zte] welle]
vtetE o] 2 %€ APHARFE Aol d t}3, PBSE 39 #ojygdr., el
3% (wt/v in PBS) Bovine serum albumin (BSA, Sigma, cat# A-3912) 22 <f 2 4]

gt v FolH wgg dofr) $iet widg AoiM shuth. 247 ¥ BSAE




Blojd vhg PBSE 3 Alojugivk. zeja 22k YA -g 1:100 £ 1:1000
22 Mg Ag 50 pl4 microplateo] ©vishod o 1A]zk 308 F<F F-2o|M )
Fst3vk. wlgo] FHF YA tha] slojd £ alkaline phosphataser} 23f
¥ o] A% A goat anti human IgG (Sigma, cat# A-3150)- 1:5000u)] 2] Mgt R -2
50 ul %] microplateo] ©islo] 1417k HE Ar2ofM ujFsigivt. wjFFE w25}
A %2 2AMAE Hojd § PBSE Fd 4l ¥ 0.1 M diethylamine (DEA)
buffer(pH 9.5)o] 1 mg/ml's% & 3<% p-nitrophenyl phosphate (PNPP, Sigma,
cat# N-2765) & 50 ul& ©i¥t % of 30 ¥zt wjorsio] WAool YojuhxF 8}
ftk. 94F-5-2 0.1M EDTA 50 ul-& 7zhe] microplate wello] ©sfo] WA s}gl

t}. o]7 -2 ELISA Plate reader (Dynatech) @ 410 nmof A 9l A},

L}. S100 beta #t7}miei s 27
S100 beta %F¥8zl & w]j Y-8 Cold Spring Harbor 32 2] Daniel R.
Marshak¥ AL7} Rate] x]ofM gt R-g Fo] Wopr AEsl3itk. S100 beta
Artmel M FBE giolM I ELISA Hg Agssich. F4uzEYEE

S100 beta ¥ A (Marshak ®A}7F 7)) & 1:1000% 2] Mg .2 o]-&s}3glv},

% 715, €% 269 3537 U 23 UALE) £
A4 71%F A2e A7uUAlA 2IVE AZEZUI(NSA Co.)E 2 EAA
YAGBg o) sho] of 60-708 Ao = 43 o4 EAUSIUTH FTE 0.2 L/al
ez stz =AYAI} AE 38 $TE AAshd 2 WAL FTe wuY

Ath. ¥F 2E]d A2 5hF 8A7 AYAT0) He 2% 5AH HIH ol



M Z2k2] Aol M A sigict. MY YA FFRFII] HdHAd=
o] 3t 4842k ojyo] Mg HEsitt. xF AL o] FTue
o] oje] 88 FetaY gr)o] LEF sto] Y I Por dWL S 3t
k. 71T F2 71F 2] W xF vy ate] £ 2 NIOSHH (NIOSH, 1984)
of utel HAstg e WA 71F 2 AL st2azuEae}]R wlo]gdo] A=
E &AH oYzt r gt §F A3 2u}lE a2} (Hewlett Packard, HP 5890
sereis II) 2 #4435l 3, ¥%E 2] W& headspace samplerE A}-&3lod 2] 7}
zazutEaets]lz EM3iv. =% THIHLLE HolesxE MY F
HPLC(Waters co.) & &43t3ith. ojm] 2| A Boide] 2FF2 Signash
AMEL L5 OoH, xF creatinine® RocheAl2] COBAS MIRA z}% 43 3}stB M

718 o] -gsto] ¥4 stsith.

i
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cusl,
BN

4 AHd W 22xk2] volgl = dH 2 Table Io] vepu} ygivh, F 819
o] 22AEE Udor 2A A2 E stsled 2% a7t A2 @4 A B
CALE FHoz ¥%, 71F <e|dz 25 @Y 3 AF 5434 AL

ZAskgith, AAle] 2ExES2 W 13.3 + 2.5 ppn (7]8}W F)e] 7| F ZE|A

of 283 s, ¥F 2e|FE HF 0.278 + 0.18 mg/L °o|3x, &F T

ne

glabe] 2w W F 0.619 + 0,39 g/g creatinine o] tl. Brle] Z2abe H &
13.0 + 2.3 ppn2] 7| % 2| FE2El3 giga, ¥F 2E|dE P& 0.054 +
0.049 mg/L, 8% Y4+ 0.224 + 0.17 g/g creatinine o) gtt. C At2] T &
A WEF 7.8 + 2.9.-ppn o] S2E| 3 YR, ¥F 2e|PE FF 0.108 +
0.03 mg/L 0] 3, 2% P42 0,180 + 0,192 g/g creatinine o] t}. AA}
2} BAle] 22ak7F A gL 2e)d pE FEEHI AL HF 2P 2
Z wtdEito) M Z Aol E Role R Arel BAF 22 abe] A Ato] (A} 49.9
+ 11,34, BAF 21.5 + 2.1ADoAM 2 UAEEE AojolAy, =& 42l
Axbe] o] of A7t vhA-EUy 3 BAe] Y2 WAYE Wed H
g FHolx, ® 71F 2e|W2} BF 2| 43 FAH gy w7

x
Z ~e]l®3 9% 2e|¥ae] 4B PFA (Guillemin and Berode, 1988)7} ©f &2
A

dx

oz 4wy & urh

—10—



Table I. Demographics and exposure characteristics of styrene workers

Name of Number of Age Employment Styrene Styrene Mandelic
company workers in air in blood acid in urin
(year) (month) (ppm) (mg/L) (g/g creatinir
19 25 - 64 3 -174 3.0-46.6 0.060-0.64 0.110-1.22
(49.9+11.3)2 (34.6+23.4)= (13.3+ 2.5)P(0.27+0.18)2(0.619+0,39)=
12 18 - 24 3 -21 4,5-86.1 0.007-0.19 0.050-0,67
(21.5+2.1) (13.1+9.2) (13.0+2.3) (0.054+0.049)(0.224+0.17)
13 25 - 52 5 - 199 1.1-30.8 0.067-0.158 0.160-0.69
(41.2+9.3) (67.3+63.9) (7.8+2.91) (0.108+0.03) (0.180+0.192)
D 19 28 - 54 12 - 2383 1.1- 6.5 0.040-0.48 ND
(37.8+8.1) (139.5+69.7) (2.1+1.9) (0.176+0.12)
E 9 22 - 34 7 - 23 12.2-71.1 0.180-0.70 0.030-0.36
(26.6+3.7) (15.8+4.9) (29.4+2.1) (0.370+0,175)(0.882+0.483)
F 9 23 - 52 1 - 33 2,0-38.5 ND ND
(37.9+11.1) (11,2+9.6) ( 4.1+2.5)
a=Mean + standard deviation
b=Geographic mean *+ standard deviation
% 819 22AEe UHoE ARWASHel T 2AE YA, 2

2252 8o 41738 (NF, neurofilament)o] tiyt &AL} S100 betao] gt

gAe] f-E ZAstgivh, AR HFol gt ¥AMGIAM FE2 S, &

—-11-—



4d &control 7]% (BSA)of tgt %F-2 90 Abs. unit (HFZ & wg)g 7|z Al
Badol Uy 222 Y A ykgo] controlzte] 1.58f HEE Yo
dstglct. el S100 betao] uigt Ao vyt Fd2} 42, FHUREAY

BSAo] ti¥t zt 92 Abs. unitg J|E o2 W ¥ w-2o] control 2ke] 1.5w)

fu

BEE dHdoz AHshrt, aela FP UR EL2E U3 2] S100 betao] uigk
qAF 1:10000 2 Mgk Rg o] &ttt o] X TR EHo] iy P sy

[~}
w3

W

I 2 d¥olM Ay F4Hga Bue XF ¥ % (180 Abs. unit) g
B 1 - =

T 819" Z=2atgF 16%Wo] AABHFo v ArtudsA ¢4 v Ho
Fgvh. el3 S100 betao] thshAM = 11o] At7pmid sty d gy HAF
grt. 2l AFHMoz AF¢ A, B, CA 222 FoA AR HFol uisiM
e 6™ 227 Fdwkeg R3dow, S100 betao] visjM e 4w ZExt}
)

0
ok
%
oo
o
ud
L
aL
a2
K
4

223 v F2Z AojoMe U7 HF1L S100 betas]

<
Ab7bmd A s A o] SF2to]le ¢ litt (Table II). ol ®|E:2.Ze] iy 2= A}
X

=
7] w2 ZHojrt., o] A Figure 12} 20 B 4 3t}

¥

Table II. Autoantibody profiles of styrene
exposed and unexposed workers

Exposed Unexposed
NF 111443, 82 103+37.4
S100 beta 91+22.7 97.9+10.6

a=Mean + standard deviation



Figure 1. Neurofilaments auto—antibody levels of
styrene exposed and unexposed workers.
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Abs. (10

Figure 2. S100 beta auto—antibody levels of styrene
exposed and unexposed workers.

T

200 |-

OO

100

A X,

~

0 i |

Exposed Unexposed

—14—



Table ITIojAM =At7}dois}N ¢d g Bl Z2x2} 342 B 2E2AE A}
oo & 41731} S100 betao] uj%t auto antibodyz]ef 328t 2Fo] (P<0.05)

§ HojF3: gl3rl. Figure 3 2} 4% o] 52 e B2 E wolZ 9t}

Table III. Autoantibody profiles of styrene exposed workers

(-) workers (+) workers
NF 97.5+22 160.5+29,8 (P<0.05)
S100 beta 85.0+12.7 133.8+7.3 (P<0.05)

AZdFol Ut AZtdAY Ao YHdU A2t 34U TE2AEY BEAE
& MYy, ¢4d 22 F4Y 2E2A AojoME I F 2Ed BE
7b ¥4 =Ae}l (18.5 + 2.75 ppn) 42U S EAE (10.5 + 2.56 ppm) 3Ho]
ele ARAT BFAML FeJ S RolFx gk, L WFE 2o
oM & &4 (0.296 + 0.208 mg/L)3} 244 (0.122 + 0.12 mg/L) 223} Abo]of A
€ FAH2E fott Ao]E HoJF 32 (Table IV & Figure 5) = 2% gt e
AFE 444 (0.303 + 0.298 g/g creatinine)z} 24 (0.666 + 0.487 g/g
creatinine) <ZEzxz}xtojolr JAHog Fojgt 2o]E& =itk (Table IV &

Figure 6).
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Table IV. Characteristics of neurofilament antibody positive workers

NF Number of Styrene Styrene Mandelic
antibody workers in air in blood acid in urin
(ppm) (mg/L) (g/8 creatinine)
- 30 10.5+2, 562 0.122+0,12b 0.303+0, 298)
+ 6 18.5+2.75 (NS)c 0,296+0,208 (P<0.05) 0.666+0,487 (P<0,05)

a=Geographic Mean + standard deviation
b=Mean + standard deviation
c=Not significant

S100 betao] tigt zt7teieiyA 2HA ZEatet 54L Z22AEY F 27
e} vastdyr, 713 2] 22 IAHY 228 (19.1 + 1.7 ppn) F4
Ql Z=xk (10.8 + 2.7 ppm) oM 2ol 3URA T BAH fo)He HoFx)
gktt. zelz "% 2E]do] M= ¥4 (0.237 + 0.269 mg/L) 4
(0.151 + 0.156 mg/L) 2z} Ato]2] o] URAIW FAHHo 2 F2 o] &
BolFz] ¢kttt (Table V). = 2% wdgidr 444 (0.559 + 0.448 g/g
creatinine)2} 84 (0.327 + 0.324 g/g creatinine) ZEa}Afojo} 2}ojr} gL

x]gk BAHog Seojgk Ao]-B MojFzx] ¢ttt (Table V).

—20—



Table V. Characteristics of S100 beta antibody positive workers

S100 beta Number of Styrene Styrene Mandelic
antibody workers in air in blood acid in urin
(ppm) (mg/L) (g/g creatinine)
- 32 10.8+2,7= 0.151+0,156" 0.327+0.324P
+ 4 19.1+1.7 (NS)e 0,237+0.269 (NS) 0.559+0.448 (NS)
a= Geometric Mean + standard deviation
b= Mean + standard deviation
c= Not significant

ABdF 27t dd SN 24 222t 24 22482 ol zdegg v
asileu) F4d ZE2Ae} 44U Z2AES volgt zdHof wpE Aol x
o] ] ¢ sktt (Table VI). S100 betao] ztztwiedisty <4 Z2oxte =4 2 ==
€2 uolel g g vastdulsE f2¢ Aol Xo)x) gstr}.

—921—



g 2o] #F71-8AG FF &0 U AP S5 Uy BFHe] UF g U
FelofA taNE ddeel 2] aFE T otvet, AFE FE2 2t F4 A
ofiiel Atd B oM AP EYL F7IEAL F45 A= F
22 U3tdME YAAo] g7 uwlgol oo tigt FHo] FrE 2 3ltvk. = 53
A7 MEe 8 &4g to Ao HE7] W WSy ¥el 4738 542
Fste EHl U A7k ALEojop A Ao,

F3A737e] ol FAHEEM, VRN EAA, AABAHAY, AP 48] A
b, Azl sdd, A7|FWIL 5o YHoE Aok vk, G (1992)
52 old WHdge EAHEE Mt ded, HEAMA LY VAP FE bt
40l FaHoletxe oo BHH F4 #71&AM FEFYY FEo UE
e HE AHsta, = P ¢3 G (CDoJY #7] FHWIY (MRDE E0l
ol = Mk} Fu]E o]Gstodof 3t = x| W sjrYeltd H
7b dguiole AAFHE VAEs) Wik HEvta skt Jela Ao B A
A WHE FHaAUAAL 715e] o)A g Hokd & 2t FAro] A el weo] A
gl zded 2AYHdoz g3tz gevha sty aela AW ¥EHH
Y2 A3t AR H8Y & oy Udae] 4Y, a8 =, AA
AH 2, AAAelet FEEE, 32 ol uekM Y Aol EF EqEUe T
Mg 7hA S 3T,

¥
Je
oX
ol
oy
5H
2



2 A7 FHE old AAF5EFZHE st EAH ReYde
ARy AR SEo] Ugt Az YA £5F AMAstm k. o) A2 e
ofE MAMoR go| ANVEA] 2 dFe UHd54 BU Lo Uy £xb
MEerHel o g gd 37}l glojx]a gltl (Shamy & El-Falwal, 1993).

+

g ZAste ot U 3 B (190D MAyEe) 2pd H2rh FHSAH

& FUhEAE 2eld HF2EAe) Yo Ut AN o4 Yo AF
shel, 50 ppu o3t SEoME AMM o4E WAY 47 AUsv. Ty
% AMAM ol UAE FsEAl AL MM T WeiH HUg =

Aste Aoz A@HelL UYL obF Fou} o WHg ol st 47 EHA
3} e obF A WHE HAstrlol: UFEsF LEstelekn Brh. zefA

LE|fe] AAFFEE A7 siMe Fd Uy HHE 4L £ g

i

biomarker7} ) @ sle)le}l s A3 zhgtuh,

< dFUA AdRe] 2EaEe] HFre|d e eI o) yrta B
Atk ole MR BRI xFH87 1A 85 E 50 ppm o]3} o)k, =
¥ 222 ¥F 2]l EE 0] ACGIHZ} WiastE 0.55 ng/L Rt} yrokrh,
2% UHIYME xFF TA] 2E]|W EHe] P 0.8 g/g creatinine Bt}
sskth. 50 ppn Bub U2 sEoMEe dHM o] (Hogstedt et al., 1984;
~Nordenson & Beckman, 1984)0]iu} 4173y Al el Z M (Flodin et al,, 1989)7}
VEldtte 2zt oy B Aoy TES] 2] F=2oMe 94N

o & B RHAYW (W5 S, 1993), AP EAo] fuY 4 glozjer H

fr
¥
fo

oln



< M st gtk

o'l AolM AGMdgol U AAFUAEL FEU 2RAEL VT 2E
P e proMe 54U LEAY] F2HE AojolM FHE HAFA] &
kA, WHF 2oy 2F vHYAARE FA4E EAFrk (P.05).
S100 beta ¥ of tigt N A FAE F4UL 222 $4d 22AAAME 7T
2e|ddojut HF 2|, 2F UEYLe vEo) upd 2A0EF E47F AT
a8y AASdoge] g A7 Fevt 23E] W @)%y F=2
AR 712 =Egde Fode] deozjeta 2. a2y ¥HEF 2EW FEY 2
Z grdeatzte] go4dg BT ed olv 2e|de UAVAFHE B Y}
7) YisiMEe HWE 2|9z 23 ¢AY4de] HHo] Fu w2 227 € Ae)z}
AztEl gt e 2o AAEFHol U8 fsiMe B FE2I 27
glojof 23}7] whEo] oy ¥F ze|dojy oF UHHL] FH2 vhE AR
deg BEUHPEe 2 Yoz AL oo o lojrp, 22la F dFME
A7 Go] U AstHAYHE 7zl ZEALe) S100 betao] thyt Aprbwi A
E 7tz 2237 27 ohE Ag &4 ded 1 AW F58S) ole A
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