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— Abstract —

Relationship between Phenylglyoxylic Acid in Urine and
Postural Body Sway in Styrene Exposed Workers

Kyung Jong Lee, Jae Bum Park, Keou Weon Lee
Kwang Jin Lim, Kyoo Yup Jang, Cheol Woo Bang

Department of Occupational and Environmental Medicine, Ajou University Medical Center

Objective: Until now, no effective screening tools have been available for evaluating
the neurotoxicity of organic solvents and metals. The aim of this study was to evaluate
the usefulness of posturography as a screening tool for the chronic neurotoxicity of organ-
ic solvents.

Method: 36 workers in 4 septic tank manufacturers, who were exposed to styrene over
a period of 1 year (exposed group), and 15 hospital volunteer manual workers were exam-
ined by posturography. The subjects physical, medical, and occupational characteristics
were obtained by means of a physical examination and a questionnaire. We excluded from
both groups those persons who had psychiatric problems, diabetes, neurologic symptoms,
gait disturbance, or a history of stroke. The sway area of the exposed group was com-
pared to that of the non-exposed group using bivariate and multiple regression analysis.
We controlled a number of variables including age., alcohol consumption, smoking,
weight, height, and body mass index.

Results: The sway area of the exposed group was found to be higher than that of the
non-exposed group after taking into consideration the effects of other characteristics by
means of multiple regression analysis.

Conclusion: We concluded the posturography would be an effective tool for the screen-
ing of chronic neurotoxicity in workers exposed to styrene.

Key Words: Styrene. Posturography, Phenylglyoxylic acid
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2d ZEAEANA ¥EZEZTEY sway B57F 71
H AL Busiant. a8y 3k Antti-Poika &
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Hewlett-Packard, Wilmington, DE, U.S.A.)
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5) Posturography ZA}

o]%84°] & posturography(Accusway plus.
Advanced Mechanical Technology Inc.,
Watertown, MA, U.S.A)E d&H(force plat-
form)o.2 o] &3t AL Ao SA A

25 phenylglyoxylic acid?t postural body sway2| £&#HY
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53t body swayE HHZH o= Hrleit,
A A Z, v, HF Fo 34
Zo|A] gral TA| HE FHETHS o] gdle] HY
Ates a7t A oAl COPel &4
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6) EA4l 24

Sway area®] #Xe 9t 5= mert 7
2eko]l E ¥ (right skewed distribution)& 29
th dAH R FAREMAE FIlo] 7 HA 2719
sway area®t 9%, ¥4 43L& AL, AF, A
Z. BMI, 738 &9 %(pack-year)e] 4#E &
25t tH(Table 2).

714 frejg Bdgdo] e Wgst dRtde
posturography A-7olA sway ¥
F e Aoz Had WMFES ¢
AEA (backward regression)g ©] &3}
Aok o ABRNAME 2z HAL 2 A
sway areadl 9T = F de
& ol HFE Wil SWSE ANl

2 0

ZEAET FRFoR NPT AL ¥

F71% styrene2 T 6.1

ppmeE TLV (50 ppm) &% °|ste] vHlms v
< Fro Z2F3 J¥n H3 40 ppmol FZEH
I IR (Table 1).

= ]

Tho] A Azolty, Aol Agve] FO =4
oAl o] U3 YrA] =

= sway ¥4 5T ke A4S BHoAFa
2 ergktl. a9d table 191 %E A& & & Al
olo] EXoA 93 FEE ol (p=0.064) =}o]
o] Hof styrene Z2ZF-9} body sway<ke
7}

& 4342 sFsAel QolA o1 BA
q

(Table 4).

Sway area’} EO ¥ EC, FC9 A Z&
ol wet zpolzh AAEATHP(0.05). =3 FO
ZAAME F279 sway area’} o= A= =4
A= AT AR (p=0.069). 1¥T] table 3

= A

M E sway aread| FaFS = ket W
2] 7] Wi AFAES oW
g AR gos e dEE B4
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X
o

o, 1o

Table 1. Comparison of some characteristics of the study subjects

mean*+standard deviation(range)

Exposed group

Non-exposed

Characteristics (N=36) group(N-15) P
Age 37.1(27~58) 32.5(25~57) 0.064
Height(cm) 171.0£7.1 170.3£7.1 0.752
Weight (kg) 67.6+8.6 66.3+8.7 0.639
BMI(kg/m’) 23.1+£2.4 22.8+2.4 0.732
Cumulative amount of alcohol in take(ml) 341514119 347513837 0.962
Cumulative smoking amount(pack-year) 11.1£+10.5 9.4+10.6 0.617
Weekly drinking amount (ml/week) 2144225 160+168.0 0.575
Styrene conc. in air(ppm) 6.14+9.96(N.D.~32.3) Not estimated

Cumulative urinary PGA (ppm ) 1.90+1.93(0.12~8.57) N.D.

Duration of styrene exposure(year) 9.5+4.7(1~25) 0.0

BMI : body mass index,

462

PGA : phenylglyoxylic acid

N.D. : Not detected
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Table 2. Correlation between general characteris-
tics and sway area in the exposed group

Variables EO EC FO FC

Age 0.085 0.077 0.454*  0.076
Alcohol -0.099 0.004 0.160 0.122
Height 0.004 0.008 0.020  -0.025
Weight 0.204 0.157 0.036  -0.119
BMI 0.225 0.178 0.020 -0.139

Smoking  -0.278  -0.070 0.092  -0.183

Table 3. Comparison of sway area between

exposed group and non-exposed group

mean+standard deviation (cm®)

. Exposed Non-exposed ,
Condit P’
onAMON T (N=36) (N-15)
EO 2.000+0.968 1.276+0.308  0.007
EC 3.868+1.616 2.629+1.269 0.000
FO 4.890+1.857 3.0761.076  0.069
FC 11.821+2.914  15.403£5.941 0.006

* P<0.05
EO : Eyes opened on bare platform
EC : Eyes closed on bare platform
FO : Eyes opened on foam
FC : Eyes closed on foam

Table 4. Result of backward multiple regression

© by Mann-Whitney U test

EO
EC
FO
FC

: Eyes opened on foam
: Eyes closed on foam

analysis for the effect of styrene exposure to sway area (N=51)

 Eyes opened on bare platform
: Eyes closed on bare platform

Conditions and p-values

Variables beta of beta F P AdjR
Area EO 5.133 0.004 0.199
exp. group 0.317 0.021
age 0.342 0.063
pack-year -0.448 0.013
Area EC 6.987 0.011
exp. group 0.353 0.011 0.107
Area FO 11.804 0.000 0.393
exp. group 0.301 0.012
age 0.664 0.000
pack-year -0.350 0.025
Area FC 4.915 0.031 0.073
exp.group 0.302 0.031

EO : Eyes opened on bare platform EC : Eyes closed on bare platform

FO : Eyes opened on foam
exp. group : non-exposed group=0, exposed group=1
pack-year : cumulative smoking amount

J kS

A& Fetetuzt stdth(Table 4). L A%

1ot N

styrene?] =2 ofF<Ql exp. groupcl EO, EC,
FO, FC9 BE =74 sway areadl 43S F
gl 4 Qdddt}. Styrenede] =
do] e ¥MFZE EO% FO %119
oA AR T T4 FAFRe] AU

FC : Eyes closed on foam

Posturography+
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Forward
5.0
Yiem) 0 Lf% ----------- Hight
Backward
-5.0 5.0
X (cm)

An exposed subject (33 years old)
with eyes open

Forward
5.0
Y(em) 0.0 [Left -« nmwsn- * .............. Right
Back.ward
-5.0 5.0
X (cm)

A non-exposed subject (34 years old)
with eyes open

Fig. 1.Posturographic findings of two workers by exposure group
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28] AAE ¢ 2
R = Posturography—t— olga 2o =
(body sway)2l F=& AA71% o]
FHRE ZEststa ddstste 2sdeldl, =4
7] 9l8ke] styrenecl] Zz=d 22t 3 W3 thx
gt o] d & AAEATHEFig. 1).

719 posturography 9% (Ledin 5. 1989;

Moller %, 1990; Kuo &, 1996: Smith &
1997)°] #7184l & &gEde 7% TEE /A
3 ZZ2 AR S TEe] Adste Aoy, yR &
el tH*} AHER e A A9 fldled o] |
T 2% PGAE o83 &3 4 UiE=
s —rﬂl sto] Z2E FESIR T 3 A WEE
Hlwale] AAz F4 a3t e AS gk A
& on) g A7 A3z AgEn

ZLEAEAN ZEEE F7] F styrened B
6.1 ppmeZ TLV 50 ppmell Hlwad< u vlw
A o %o gstyrened] Z2EI Y Hm Z
2% 40 ppmeZ #FZHJY}. oA
1.9 ppm (BEI 20 ppm)< Heole A Fiste

232 AIdEG(Table 1). Shi 5(1994) <3}t
W 11 ppmell F2H 8 o] F39 Z2A A &
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Btk $-2le] Aol styrened 715 ==
FEE 6.1 ppme 24 Shi 59 AT} E 2ol 5
Ho|x] grol W71 E auZ oJ4lstedl  Fe7)
itz #ekdn}. Posturography AAS 2Hlslr]
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d ez AAR WA SA =%l
A& 3t e FEAETS Yo Igonz
posturography A 23& I w92l
a7 g2 e @ttt duEn,

Smith 5(1997)o] <Jsld vl AE A=
of ZrE ZRAENA dF, FHQl A%, AT

9 A, 2E3 gy AgEe] 4 270 net A

o
BN
>

sto] 2 77}t sway area®t
15 #4313t (table 5). 99
ody sway’} S7iettte A+ Ade ¥
7 2zl 3tk (Yagi, 1989: Kollegger
1992: Hamman &, 1995: Akahira %,
1999; Blaszczyk &, 2000). 98-S FO2l =49
ATt sway areast THE F2)g wiFEz AHEA
£ o] AoMe Al "Lt viwA Aol
Az AR Fr AAH o F anx] A7} &
A g AEZTOINE 7S A5 Eud BE
froe e AREx] gkd A

<o FE AW 5 glo] BRIt T3 Yagi &
(1989), Akahira $(1999), Kollegger 5(1992)

s of

2
k)
)
o

o] AFME FFAZHTE wdZoN dxy
body sway<te] ##Hde] 4ds] zdrie Bu

5}
=3 2 Ao At dAdna
&

e g gagol wIA AAEgl As
< zekebd f93 Mg E AE FE A IS
7h dEetch. aEv S JEe #REA &
gtm Zg o9l hody swaye BHAAC] dIFS
XA = ¢kt (Table 4). 239 2% Kubo &

Z
D
)
¢
=
=
~

(1989, 1990): Uimonen 5(1994):

5(1999)2] E1o|A body swayele] FHAFES B
a3t =d olEd ot dF dis FFol o=
BE o]} Holok swaydll 9 FE Aow AT
b, 2EAEAA A FFE A @2 224
EolBR ¥ dIE&S SYsHE Fsken A&
o oste] A d:Eo] TS TAlstH L A
o afd= Bt 75 2ok HEs] FAs
A Hrp Ut dExie B2 3F 895 92
29 SHE 28 F S FoFE ATHET. 77

% phenylglyoxylic acid® postural body sway2| B4

§AISH gFsle] BY Ez o A% 9P} 1
AAe e S FF S0 e 2As
2 dgen @ 839 swaystel BaAAd Ug

]_

F9E 7 dRIEN Agste Ak FE
HEAA HZE Tk e BES 4o F Qv
&9°] body swaydll 9&S o= A2 A B
=3 A gk otk Bl EFAA] Hlste] FAAt
= WHeRE Aozt glod e Izt 2R
FAL T AFFEECA body swayZt S7FFTHE
Tki 5(1994)9] Hie= ot dvbd o= 40
ol FAZE d8d FEL obd Ao dAvkd

AMe A A FA tig F4 <
= oH9 Ko a1 ddd sloME A
7 & ¢ Ut ok o] &
WMEES SAIFE Foll= styrene & o F7F ¢
g Aed AVEE ERlste = Aotk (Table 4).
ATE styrene THEZZ9} body swaye #
3}

dAS glate 9o, AdEE S A e E=
£ Z2I8HA] @om Z2aMEC] A At <
< 1 Fevta 44 ddsE /s AZ
4 9laL, posturographyZ °©]-&3dle] 3274
P FE e FgEHo|Y 559 F1H v
=47 E3E SRA3A 9IS HrrEd 5 e
o, v A BAS 238 @ 5 e S Al
AR Holl M= ATte] ooz} rtar Aehe T

o ok
e =

o]
=48 =z
styrened] 24 LZAES Fdlo] Hrisiel =t
=3
gt o 1d o] styrenedl T EF2E = 369
ol 3 A3z Ax FERAES AT WIAR &
L, 1599 A3 ¥ 225 tiske] postur-
ogrpahy AAFE 3slo] vlwslth. A4 #4L =
Aok, By 2 A9y, A BEEH T &
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HE HES Foel Atk FAH BA, Yuy
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o ®vlate] AA #AE A

ZE : Posturographys $2 uzghellA &)
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TEASANA A AAEY JFE Hrlske
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