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Urinary Metabolites and Neurobehavioral Test on Styrene Exposure Workers

ChangHee Lee, DeogHwan Moon, Hun Lee, JunHan Park,
DaeHwan Kim, JongTae Lee, JinHo Chun, HwiDong Kim, ChaeUn Lee

Department of Preventive Medicine and Research Institute of Industrial

Medicine, College of Medicine, Inje University

In order to prepare the fundamental data for the health promotion by assessing the exposure
level of styrene, the author determined the concentration of mandelic acid and phenylglyoxylic
acid in urine of 42 workers who were exposed to styrene by high performance liquid
chromatography and surveyed 16 symptoms, by questionnaire and also tested neurobehavioral
test(digit symbol, benton visual retention) in 2 FRP plants of Kyung Nam area from July to
September, 1995.

Control was sampled by age sex matching method.

The concentration of styrene in air was determined by gas chromatography.

The results were as follows;

1. Geometric mean concentration of styrene in air was 17.4ppm, geometric mean concentration
of mandelic acid(MA) in urine were 404.3mg/8 creatinine for exposure group, 46.4mg/g
creatinine for control group, geometric mean concentration of phenylglyoxylic acid(PGA) in
urine were 57.5mg/8 creatinine for exposure group, 9.5mg/8 creatinine for control group.

Mean concentration of MA and PGA showed statistically significant difference between
exposure group and control group(p <0.01).

2. Number of symptom were 2.9 for exposure group, 3.3 for control group, number of digit
symbol were 24.1 for exposure group, 32.5 for control group, number of Benton visual retention

test were 6.1 for exposure group, 6.0 for control group, respectively.
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As result of adjusting the education year, number of Benton visual retention test showed

statistically significant difference between exposure group and control group(p <0.05).

3. Excellent correlation were observed between environmental styrene exposure and urinary
MA(r =0.80), PGA(r=0.73), and MA +PGA(r =0.81). '
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2Bl e 27)o] 32 0T 5o 482 A4
Aot HIols Fekay, Ze2l2E](polystyrene),
Z-jol| ~H) 2 (polyester) A2 Sol 2o|H AA, A%
2, A, &2, Askx, A9 5 BEAT FobllA
o] &5 3 it AMA WA ARE-gFe] 50%= o WA
o7 FAFAA 26 FAo 2ol: JUTHE]AE,
1985; 9-4-ER, 1993; FATT &, 1993).

ZHAL AR e gk EFEy F2 HE F3
o B2A FUsHo] Ml WA £xHE F2 A
WxA ] Aol A3 AAHEZ 7| e
M E2E AS A A F3Ho] olRoA1 78
epoxide2 AAAYH0] & Lod|A =HA, Fd
HAMME S mandelic acid(e]dt MAZ  o7|8h)e}
phenylglyoxylic acid(c]d} PGAZ 2}7]gho|tH(WHO,
1983; w43 =, 1993; Shi &, 1994; Wieczorek £t
Piotrowski, 1988).

28lde] E2e fAR A3t A (Fiberglass-
Reinforced Plastics; ©]3} FRPZ 2}7|3}) A= 54 0]
714 BAl7} doi(keda S, 1982; Ong 5, 1994;
Galassi 5, 1993). £3] £33 02 K] fof A4

Styrene, Mandelic acid, Phenylglyoxylic acid

o] FAE T & 3 F =¥ FAE] L 1EEY
2Ejjlo) T2= =), o 10%747] T3t 349 34
o2 ¥} T A A5E €71, nFk &
2A1(200ppm) 7% Wi 24, £9, HE B g do7]
Aoz Hugx Jeny(WHO, 1983), 1 &l
FAZA B, GAA o, Ed ', A7 Aol
So] gri(l43 %, 1993; Brams 5, 1987; Dunkel
%, 1985; Linnammaa 5, 1978; Loperieno -, 1976).

281l g 34 s LUl SoppmeS
712 atx Yo K=, 1993), Y, 2Udut
Hlo} %7} FollX = 20ppm o2 AE|AE ¥{HE £V
Ao &7 27 el Azt F7tste] AMAR 2
2 34 T8 23t T AT 5, 1993;
Christer 5, 1993).

2B HF ARF 228 dig e 959
¥ 715 283 9 289 dARIES AEY =
YElge] o2 S4sta o #Estd A4 F
3 A Sol 4718419 F3UAA Yolg Bt
3laa} 19861 WHO(World Health Organization)ol| A
NCTB(Neurobehavioral Core Test Battery)7} 2FE0] &
o0} SeuelME olMED o] 5a(1991)] ol
old] tig A7+ APH A1, ATt F(1993)9] 715
2 83 2533 bF TdANTe] BAof) oig o
7o 9t 2EAE HFshe 4F F FeldF 2
sSEGAE AHES AT ARRIAAA 71 28
FEot 7P} 23kem V1% 2HA % kF U
it B ¥ AT (1=0.6369)F Vehdtin
B a3t
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A7t 7F EAAEe fedE e Ega
(FRP) A|23A4< tdo 2 A, 713 28 7l
2 FxE vl B2 5% gAKrEEC MA
PGAE E43le] 4834 T2 AEg solsta,
A, AZ5d 160 B3] AEA S @A vz
A&sA A £ de AEAESE AA
Benton A2} AL £AHES HAME AAIEH, o]
Al Eo] gt F279 dlzFe] Aolg vlwdt,
AR, 71% T ANE, A452, 28 4178
FEA ZAAete) ARBAE BAHE 2EAE HF
e 2EAEY ARBE BB FF o8 Rolo
A7 712485 AFetaA £ AT7E AlFEAT
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I. HACHAM 3 aiy
1. oimchal

19953 795€ 997HA Ao 20 feldf
BEERAE AR AZFAMN. 2R A
224 29¢ 2270z don 47184 229
o] e 224 278 A7 ol & BA7) sl diz
ToE 3k

AEd Z2FL L% FRPAZ 222124 #45
AN A2FH 222} 279, AgAE Az 2
27} 153010t

2. ZApEHY

el 71% AEY FEE passive air sampler
(Organic Vapour Monitor #3500, 3M, St Paul,
Minnesota, USAYE 224te] 38719} 717+e 91
ZEAA A SHetAT F2 oA 104944
114} Alolol] R-zk3idon, 2iQjo] T8d o 23
LF SAJdA 6A] Atolel] 2SI, EH F wAIE
= 2F oA 64] Alolel] sfHBA O BE AR
AHE F8Y APt olghs ExE AYAw
23 "ol 283 AR A2t AL 2 417

P EHA HALE AAlEg

718419 A7) E2 Aol g Aoz deid
167 & A-F-A(Scandinavian Questionnaire 16)2
el AAFE HEAR 0|88t 20 (Christer 5,
1993; 5% 5, 1994), 2 A& "o, e 2 &
&7 st wle] EHE At AR B ¥4
2 ZADE HAk. dololA AARFEE HAKI
WHO-NCTB 7714 &5 & @3|A vlud 3177
#-& Benton A|Z} ZJAH(Benton Visual Retention test:
o|3t BVIZ 7|3}, =535 (Digit Symbol: ©}3}
DSZ 4713 HALE Aol AXAMHEAEA 4173
PZA Aol g PHE s vhe & -
B AAR7F A A S TH(Cassitto 5, 1990).

A S ZHAR= Psychologic Corp.] Wechsler
Adult Intelligence Scale(WAIS)2] Digit SymbolE ©]
£3kd 0ollA] o7lA]9] Aol Bojd dHF B3 E
HoF D 10008 43 o 902 B¢ S Fu
A 24K NATE FIAT WE A2 HAls
WHO® 4] A28 Benton Visual test 7}=& o]-835}c]
g 29S¢ dA oF 1027 BolF3 3% 4i7 38
A ohE 7128 B e A n2e Ae2 F 107
o 185 EAE ¥ e e ek

71% 2E]AT} BAEE -21T00AM - 24T Aol
A WERASNATT} 157004 45 T B3It

3.

T

SERN T

1) 715 253 ¥4

Organic solvent dosimeter(Organic Vapour Monitor
#3500, 3M, St Paul, Minnesota, USA)E o] &-s}c] 7]
% 2Eld& EY§ F NIOSH methodol] oA ]335}
B4(CS,) 1micl] 3087 3] & gas chromatography
(GO o2 7 FEA L 319 cH(NIOSH, 1984).

B4 278 GCx Hitachi G-3000 Model-S, AZ&7]
= flame ionization detector(FID)YE ARR-3}g o™
ColumneEe 100CE FI7e A&7 2w
250C= sl¥aL 32 2.5kl 2 Columne OV-1
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capillary & A3ttt

2) 53 tARIE B4 (Chua 5, 1993)

AL & 2005 2012} o-methyl hippuric
acid(2mg/ 1 )2} 60mge] NaClZ ¥ 3}A)7]: 6N HCI
202 A3 o # & 42 F 80049 ethyl
acetate® HrIstn 287 E3sE £ 12,000mpmolA
227 AT 28l 4RE 3R Y
B TR FEE 05mAT F 70TM W3 Ax
A7) 322 05me] o532 5 F 20uE
High Performance Liquid Chromatography(HPLC)el|
Fdaksdrt.

F44717] 2 278 Dual pump(Toso Co. CCPM)2}
UV-Vis detector(Toso Co. UV-8010y}F 1= HPLCS}
Data system(Tosoc Co. SC-8010)% AM&3tax
Spectrophotometer= BeckmanA| &2 AMg-slgich. Z
&2 Lichrosorb RP-18(10um)S A48}, 2342
£ Octadesylsilan(10m)& AMHE-slggon] Lalde] &
£2 08 m/min2 2, AR E 2042 3o 2

Table 1. General characteristics of study subjects

S 257N A ST

0] 5/}-& water : methanol : acetic acid = 90 : 10 :
0.5%(V/IVYER o2 5dtt. =3 creatinine & X5 A)
818} £447](AU5200, Olympus, Japan)Z A&l &
A3ttt

4 XZEM

EAZZ 789 PC-SAS(version 6.08)8 Al&-3}c]
Z279 g2T 4vty EA9 vluE 93] t-test,
PestE o] 831, T2FY 2 F 2}
o|8 Bl nirEe] A% BAsh] s TEAE
A (ANCOVA, Analysis of covariance}& AA}8}{ct.
a8z 715 28d ¥5 ¥ 55 MA, PGA, MA+
PGA kst HE¥sSe] AL ATEM
(correlation analysisye:, 713 AE|d F%d] ©}2 MA,
PGA, MA+PGA %o 3HANL 3ARY
(regression analysis)& o]-8-31dt}.

71% 2Edl ¥%, 5% MA, PGA, MA+PGA 55

Characteristics Exposure group control group P-value
Total No. of subjects(Female) 42 42
Age(Years) NS
under 39 5(11.9) 5(11.9)
40 ~ 49 18(42.9) 21(50.0)
50 ~ 59 19(45.2) 16(38.1)
(Mean £ SD) 47.1+7.9 46.2+6.8
Duration of employment(Years)
5.7+5.0 —
Education(Years) 0.001
0~6 33(78.6) 12(28.5)
7+ 9(21.4) 30(71.4)
(Mean £+ SD) 7.0+2.0 9.9+3.5
Smoking habit NS
No 39(92.9) 40(95.2)
Yes 3(7.1) 2( 4.8)
Dringking habit NS
No 33(78.6) 35(83.3)
Yes 9(21.4) 7(16.7)

NS : Non-Significant, ( ): %

- 866—



AQ

73% Shapiro-Wilk BA %o 2 4743 2347 7’4
221 B-¥(skewed distributionys WHERYO], S ESEE)
slo] AEEsla, 71 E TS ol 8kt

m. 7MY

T2 a9 BF AHT2ARA AN B5A
glAd Az 274, BA AW Az3F
5o o] FojA glod, dnty EAE B A7
Aze] FAAH e Z2 70| 4714, thERTo] 46.24)
o, HEus dge FEF] 7.04, ETe] 9
9dol 3 8L FZ o]te] H]go| Z2Fo] 78.6%
2ol 285%2 o] oM BAHCE RolF
Aol g BT, 27 HE 25 dFe 5. do Uk
F4de ZaFdA 3%, d2FeA 2%, e £
2FoA 9%, dlzTolA 7THel st AATHE 1).

2. AlEel 71 Al St E27, xR
2| ChAR = Bl

2E]dY Z2 AxE 7S EFoE 17.4ppm(2.9~
69.70193, MA 559] 71slH7F e Z2F 404.3ng/8
creatinine(98.3~1128.3), Wl 46.4mg/E creatinine
(55-100.7)191oH, PGASES] 7SHEL EuT
57.5mg/g creatinine(18.4~226.9), TZT 9.5mg/8
creatinine (1.9~20.0)°]2 1L, MA+PGA $x9] 71514
FE Z27 467.1ng/8 creatinine(1510.0~1354.5), O
2 59.7ng/ € creatinine(1.9~20.0)0.8 Z273 =
2ol 93 30| 2 HATHp <O.0L)(E 2).

v

3. W2LOIX} Mol e X}ZHEAL Z2AQ} AlA
HEEIA HAlel Z3

Zz 33 v Z 277 folgt AolE

9] 92 BT A9 4R34 ;cz}-ri A4

Table 2. Results of environmental and biological monitoring

Exposure group

Control group

Parameters GM(Range) GM(Range) P-value
Styrene in air(ppm) 174( 29~ 69.7) —
Urinary MA(ng/8 cr) 404.3( 98.3~1,128.2) 46.4(5.5~100.7) 0.0001
Urinary PGA(mg/& cr) 57.5( 18.4~ 226.9) 9.5(1.9~ 20.0) 0.0001
Urinary MA+PGA(ng/8 cr) 467.1(151.0~1,354.5) 59.7(8.5~120.7) 0.0001

GM : Geometric Mean, cr : creatinine

Table 3. Results of questionnaire 16 and neurobehavioral test for control and exposure group adjusted by

education
unadjusted mean
Parameters Exposure group  Control group F-Statistic® P-value R’
Mean+SD Mean+SD
Questionnaire 16 2.9+2.0 33422 0.45 0.506 0.01
(symptom score)
Digit Symbol 24.1+15.4 32.5+19.3 231 0.132 0.57
Benton Visual test 6.1+2.1 6.0+2.0 4.56 0.035 0.20

SD : Standard Deviation

@ : F-statistic is measured by analysis of covariancestANCOVA)
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oirde F Tl gk Ajo]E HolA] ggron,
Benton A7} HAR= F T3t Q% Ajo)lg Bt
A
=2

2
7} wae) dgEe LS 47} 1% ulg e
49ee Bem, 2ARE AN Amde 579,

Benton A2} ZAFS] A2 L 20%01ATHE 3).

4 RUBN U AHYSH Zate paieln)

oo —

o]} Azt5A4 2 £AM-E ZAL, Benton A7 7
Ake] g A zte) ABAISE 42t 050, - 0.68, - 0.492
3 9 2B S YEhIR o (p<001), 2 A%
o} AT AAL A FERASFE -04302
ABBAE JeERIA 2 (p<0.01), & 959 =1zt
3 'R RAR-Z AL, Benton AlZt AL A 2] A
ASE 242 -0.37, 053, 0.442 & L FABIA
2 290 (p<0.05), £AHS Al Benton Azt
AA AR ABATE 06322 AYARAES B

U o IR

ATHp <0.01)(E 4).

5. 71F ALl 55, &E CAKIE, 12|17 Al
AU ZARzte] Almnt|

71% 26 %9 55 MA, PGA, MA+PGA &
zolo] ApAsE 42t 080, 0.74, 0812 2 A%
FAE BHYov(p<0.01), BentonrlZt ZA e}
MA, MA+PGASe] AaAsE zH -033, -0.
322 JAARAE BYoHp <0.05)FE 3).

6. 715 2Eld St thAREZHe] 532N

71% 28 E9 5F tARMEI] 8A4 L& #
67 Zow, 715 AHA FT 50ppme] dFd=
MA, PGA, MA+PGA 5 Zzt 717.2ng/€
creatinine, 122.8mg/g creatinine, 840.0mg/g creatinine

o|itt.

Table 4. Correlations between age, tenure, education, symptom, and neurobehavioral test

Parameters TE EDU SX DS BVT
Age(Years) 0.52%* ~0.73%* 0.50** - 0.68** - 0.49**
Tenure(Years) -0.34 0.35 —0.43** -0.30
Education(Years) -0.37* 0.53** 0.44**
gggf;gnm“a‘s’;rg -028 -0.18
Digit Symbol 0.63**

*:p<0.05, % : p<0.01, TE: Tenure, EDU : Education, SX : Symptom, DS : Digit Symbol, BVT : Benton Visual

Retention test

Table 5. Correlations between environmental styrene and urinary MA, urinary PGA, urinary MA-+PGA,

questionnaire 16, and neurobehavioral test

Parameters MA PGA MA+PGA SX DS BVT
Styrene in air(ppm) 0.80** 0.74** 0.81** -0.20 0.02 -0.25
Urinary MA(mg/8 cr) 0.83** 0.99** -0.15 -0.11 -0.33*
Urinary PGA(ng/8 cr) 0.88** ~0.19 0.13 -0.z21
Urinary MA+PGA(mg/8 cr) ~-0.16 -0.07 -0.32*

*:p<0.05, % : p<0.01, cr: creatinine, SX : Symptom, DS : Digit Symbol, BVT : Benton Visual Retention test
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Table 6. Results of Regression analysis between environmental styrene and urinary metabolites

Urinary metabolites Equation r Value at 50 ppm
MA(mg/8 cr) 9.76S+229.0 0.80 7.2
PGA(ng/8 cr) 1978+ 244 0.74 122.8
MA+PGA(ng/8 cr) 11.738+253.47 0.81 840.0

S : concentration of breath-zone styrene, cr: creatinine, r: correlation coefficient

Table 7. Mandelic, Phenylglyoxylic acid levels in the urine of nonexposed subjects

corrected for

Uncorrected’ - — ——
Parameters Specific gravity Creatinine
M+SD M+SD M+SD
GM(Range) GM(Range) GM(Range)
MA 48.2+245 49.0+24.8 60.21+:30.6
38.8(4.4~80.6) 39.4(4.5~81.9) 46.4(5.5~100.7)
PGA 86.+3.8 8.7£3.9 10.8+4.7
7.6(1.5~16.0) 7.7(1.6~16.3) 9.5(1.9~20.0)
MA+PGA 56.8+27.1 57.7+275 71.0£33.9

47.7(6.8~96.6)

48.5(6.9~98.1)

M: mean, SD: standard deviation, GM: geometric mean

* Without any correction. Units: mg/!

59.7(8.5~120.7)

® Corrected for a specific gravity of 1.016(Rainsford and Lloyd Davis 1965). Units: mg/l
¢ Observed values divided by creatinine concentration(Jackson 1966). Units: mg/& creatinine

7. ti=Ze| uF itz £8x| H 2FA|

27 =F thAMHE) tid 43 2 k2 H|F
T} 5 creatinine 0.2 BA 3 e ¥ 73} 2.

v. o &

2 £2 fe] 43 ZeoaHE $AR gie
T AdeA Bol Z2H 3 glom FE4dfoll A
FAE 3 F 3 F =¥she HHAM 7MY B E=
7} o}Foj|a rh(lkeda 5, 1982; Ong 5, 1994;
Galassi 5, 1993; 7 5, 1993). &, 92 7}k =
g28g AU 3-8 Axgo] sk o] AE3t
7} obd FFARY 02 o] Fold v =] 2E]

2 ol Rt Zs Y Az A
% AJFHM e 715 5% & 20ppmolA] Ham
300ppmel|7kx] Z2Ecky B s ol bl glon(e]A]
&, 1985; AT 5, 1993; Tossavainen, 1978) E-¥ 3}
ZEdzHE FRe FWNEE o 40%2] 2EY
2ol T YA 10% o]o] F) FoE F
45}7] oot} o9} 2 1% EZE FRP 3
o] old t}& AElY APl B 5 lE o 20ppm
ojate] T2 Fiol vl i ¥

S5 gz 1970du) Tk 7009 EolA
19909 AAAHL AH|FE F 13605 EGFFA)
2 Z7RHA Hou ALEAZTERD ohjel A
Tl A o} ZF37t & o] FolAA] st 53,
Ay e A% 22459 7ien sdo] edH
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A7) JE FAoIt o] A FARlL e
22A S FYBFATIND 10 Bo] e 3
oz FEB(1993) Ul FEr7t e A
o2 235 ol ol B AR ZARE TIEFE
A7 olt}e| &, 1985; 2237 &, 1993).

2HdY] F5e AU Jegt F5Eu F2 4
£(Astrand, 1975) F3to} w27 FYslo] B o
A BEH e F2 Az Agso] 23] A|A
SE2 72 wEe 229 2% Al W 25o)
ololA1, AT B FHE ofF vl F
712 E58 F9 o 5% olske 3718 F8f Tl i
Z 5™ (Femandez®} Caperos, 1977; Dutkiewicz$}
Tyras, 1968; Bardodej 2} Bardodejova, 1970) 2F 2% o]
st HEHA e PR &9 B widsE L, o
90%7} 9 thARAHEQ] mandelic acid$} phenylglyoxylic
acid 2 thAlElo] Ao g vl&HH(Ong 5, 1994).

2EJ9 &, A 4 wide AJAE, S
7, FR2o) A=, F Tl 92 dedn ¢
2 o} (Wilson 5, 1983; Cherry®} Gautrin, 1990).
22 d& BFF PI4Li(aromatic
hydrocarbons)2} ¥]=8HA] 7tellA] hAL7} o} FolA]H,
53], 7.8-epoxide= YA AR o] L F EFRO]
g dogda delA old dig BAUET Sk
9] S Be A7} olFolAl glend, S
SlME B NS 2 =Hox] 77 gE=id

-

€ d7oME dEA R 2EAS HHske FRP
Ax 3% F VI ARAS A3 st FRP Ax 349
AEAUAL 29 S ez st 2279 Guks
EAoge 429 I EARAN HE 474, BT
22 A% s, ns AEE 2E o5} 786
%E AABL YT ol 27| 2E Z2 3
EE 71697 174ppmo|A T, kE hAAES
MAS] 7138 s 404.3mg/8 creatinine, PGA
57.5mg/€ creatinine, MA+PGA 467.1ng/g creatinine
oI, dzTe] MA 7|88 FE 46.4ng/8
creatinine, PGA 9.5mg/8 creatinine, MA+PGA 59.7

ng/g creatinine 522 F T §9g alo|& B
tHp <0.01).

2 a7 L2279 MAY|SHEE s AT F
(1993)9] 715 H# 8ppme] AE|le Z2H 223}
698 Aoz ¥ MAS 78T =% 519mg/8
creatinine ¥t} W3kow Ong $(1994)°] 715 S
10.36ppme] AEjRo] 2@ Z2A} 399 & thitoz
3t MA9] 7|5l 109.84ng/g creatinine ¥ T} =S}t
31, Galassi 5-(1993)°] 7% " 165ng/me] €]
Z29 224 10289 S o= 3 MA] 7819
450mg/& creatinine™} -GA}SF ZHS Bt ol s A
ol UF, 2A A, BF Y, A F A
Be) 22 Pl Hold] 71918 Ao2 AR}

2 A7 Z279 PGAY T FET
Ong 5(1994)9] 77.49mg/8 creatinine®} Ohtsujig}
Ikeda(1970)7} ~E]@ 10~30ppme] EEo] E2g =
22 652 oz vl xSl 381ng/8 creatinine,
7~20ppme] Fro| E2H T2A} 4%5-& v 3L
287nmg/8 creatinine, 1~20ppme] Fxo Z2H 224}
472 ) MA e 201ng/€ creatinine 2 Trieig S
(1989)9] 18ppme} ~EJ3l FTo] Erg Z2A} 369
of gt 190mg/! Bt} k31, Fallas 5(1992)]
25ppme] 2E]do] Z2g 222} 6085 o2 FF
57.4nmg/8 creatinine®} SABIH oW o)l HA| &3t
upel e AfolA 7]9% Ao Algd)h 2y
o] MA+PGA7|8H3 T SEE Ong 5(1994)2] 187.3
mg/€ creatinine, Fallas 5(1992)2] 284.4ng/g
creatinine 2t} Lo, Triebig 5(1989)2] 410mg/8
creatinine®} F-AFSIA T}

71% 26l %8} 23 MA, PGA, MA+PGA ¥
Eo}e] AAATE 47 0.80, 0.74, 0812 & F4
FAAE ANEEIH o™ ol Tkeda 5(1982)9] FRP 2.
E Az 10689 281 g 22AE W
Z % 086, 0.82, 0.8, Ong S(1994)2] 0.83, 0.84,
0.86, Chua 5(1993)2] FRP HE 224 W] 2082]
2 HF2EAE Qe E & 28 w9t 1 F
MA 9 PGA sx99] J&A4 0.92 2 0.85, Gobba
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5(1993)9) FRP 373 Wi 281d HF 224 2149 <
oz & 082 % 0.78 53 Zo] FAHE §9
g FBEAE Bt

&Y B dAFME Benton A1Z AN =E MA
2 MA+PGA Fxoe] 4¥A+7t 2444 -033 %
-0.322 BAHCE RoA¥ AIBAAE HioY,
olsh §AHEH A7) Chia S(1994)e 742t -026 3
-0.082 FYsH J4BE He FARCE &
Slsi Ssiet. THEE 3% olgel o 2t B
77} o) FolAol ¥ Ao ARH}.

£ A7 715 2HY =29 bF MA 2719
3| AR L MA = 9.67S + 229.001%]3 ©] Aof 9
3 71% 283 8§ F=Q Soppme] thEShe =T
MA FE%& 7172 ng/g creatinine 22 Ong 5(1994)
o] 758mg/8 creatinine®} Perbellini F(1990)2] 749.5
g/l 5% SAVIAT Ikeda S(1982)0) 825ng/g
creatinine, Guillemin S(1982)°] 942mg/8 creatinine,
Bartolucci 5(1986)2] 908.7ng/€ creatinine ¥t tt
4 P 38 B or} ACGIHS] biological exposure
index(BEI)?! 800mg/8 creatinineol] T3 3} Tt

£ A7 715 2H 559 5F PGA TETY
3 AHZ XL PGA = 1.97S + 24.00130 32 ©] o] 9
3 1% 2E14 34 =2 Soppmel] tlEdhe ¥
PGA =+ 122.8mg/€ creatinine 2 Ong 5(1994)
o] 272mg/8 creatinine, Ikeda 5] 238mg/g creatinine,
Guillemin 5(1982)2] 321.5mg/€ creatinine, ACGIH2
BEI¢! 250mg/g creatinine B th= w9k Bartolucci
2(1986)°] 121.8mg/g creatinined} FARSIHT}. 71%
2 FE AMIERE] AR 0N YAHR
o] ERTHT} £& AL FaT ARAANIt 7
29 234 AR FF 2 2 o3 Ao
2 A7hEr.

£ a7 dz2o =F MAY =& HEAA
48.2ng/1 , =B &= BAX] 49.0mg/ [ , creatinine X3 X
60.2ng/8 creatinine°].2™ o) lkeda F(1982)<]
27 MA 25 UHAX] 18.7rg/1, 8] 3 BAX
20.3mg/ 1 , creatinine BAX] 24.0mg/€ creatinine L.t}

Fo5u) F= Erh EF £ d79 HiET =%
PGAS]l T & v|HAX] 86mg/l, kH F EFA
8.7mg/ 1 , creatinine %] 10.8ng/8 creatinine©]$).C.
1 o] Ikeda S(1982)¢] HZF PGA 5 H|HHY3]
1.0mg/1, 28] 3 HAX] 09mg/!, creatinine B3 %]
1.1mg/g creatinine BT} °F 108} A E Ekow o)8d
Aol d2we] A3 2 A% iy 9 zfoldfl 7]
g ez AlgHY FF dzdd ARIY 5F
MA 9 PGAS] B3Rl tigt % B2 A7HET

olFojAol & Aoz Alrdrt.

2Bl Z29 ojsf vehte AZA 54L& 15%
9 ~EldE EUNE O AR F3NEA o
Ao et wdHoz E2Es de 3%
Hofl, 2474 A= Al 5 F4o] Uehiwl 28
A Z2 st /1 58, oA, ARAS T
A, = S4C1R, A9, F5 ), HEE] 8
Ne Zd B4, EA] b AFF, gamma-
glutamy! transferase(GGT)2] o} Sol Yehdtiau 3
o E¢ 27126 melE 99 371 GOT 3
7 ARAREES e Bl Aozt dRckn Bk
37 5, 1993). & Aol A= Hogstedt 5(1984)0]
ML3t] 1 ggadel dZE vt e BRAE §F
o AZeee 2ARE AR 16709 AZEA 7R
A A4EY Nre B2 290 dET 3VIR F
I Ho)@ AolE N@skA] @sken Ediingst
Ekberg(1985)0] & AEAZ ZALG 2089 ~E|3
Zz 259 A4t 3Uis SRR,
Flodin 5(1989)°] 713 2E}dll %7} S0ppm °]4+<]
ZEA} 219 E o2 3 13 ZAME T 104050}
woront 23t ZAMEARN 1UhEThe B3ten ol
AEAA L] FRHA AATEE 22AY 4 o
o 2R A97F B 53] 168 HEAS 8% F
A&7t g5 Ag Bate] A9 34 wjA
sol2 A8} SRR WYsherl thael Relrt AR
0Bz e} Aol B BT ARl e
HER 9] o] "ag Ao Agd. 3, A4
Aol §718AM7t 7R E S0 B AAPELH S
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Mol A7 19669 Goldberg T(1962)0 &) At
g3eH 19703078 SERY 5 A de] oA
3 AT F4Ho Ak f7]4A49 <8 Ve
v Y] FAdA, ey 9 AE]A WsE 4
o2 2o IN AR f78A FF EHA
€ A ] AT =83, A F22
3 Aol FFe Follo] MAE e, F5 A
F& 27lo Hs] A A7} AdHo YohF
28 5 1994; Baker 5, 1985; Ekberg %5, 1988;
Gerr8} Letz, 1992).

$2vele] Ao o8 24}
71840 Z2He T2AEC] TdRt A7AEE 2z
248 3480 BaslnESd 5, 1993) 4714
A F5ol oA D FEA HFT o9 End ut gl
THE -8, 1991). B3] WA F2A HFe] AS 771
Ao A, Aoz ZaHon FY A,
5 AL 71 AL 5 ekl HE] Zale Sis
AL A5 Hab § ARG A e 25 3
Aol ont 3t A3, 71998 9] Aol & TAsm
AR T AAME FE, @7199, Ak,
e Fol A3tEo] ARG B A% WY F
5 Foie 2700 WA & e AAWE ALY
Y 94do) Z2H 1 YA ZE 5, 1994).

olZ 3 AAYPEEA AL F AAALIA vind &
olstAl Al + e £AREE HAle ZET 24
170, 23 32,571, Benton A7} HAR= £2F 6.170,
ZT 6.0702 ol& 7Tt $(1993)e] 2B T2 7
o) st 3 HA} 48470, Benton Az} ZA}
7.57], Fallas 5(1992)9] 2€ldl FF <2 6030l
gt A3 A 48.971, Benton AlZ} AAL 8.070 5
t} W¥ekon) Chia $(1994)9] 11ppme) Al Z2
® 222} 2194 gt A5 A 26.37), Benton
Az AL 60708 fAEIITH E27F giZ2a 3t
FoAgH Aol & B wdFEe] %S AT F £
ARE AARs 7 2R o3 Aol & HolA] gt
o1}, Benton Az} A E F T30l F2l3 Aol
2 24t} oly3 Adks FdolA] BE nls} Zo] A

AT ATE &

%, 3 9 278 o) o njek G ol B
LR LR L
5 iz} 714 2900l <s) et LeiA ok o
A ABAAA A e} BHoe ABsedlE
TBESE FAT 5 Y 2ok ABH Y2 Y
< 3Ed £ davt g Ao yAdn. 53
Benton A1zt AN E4EE BAT F % 22
o #o)% 0|8 uel Ze A vigh 2 o 7}
A mBA5st A% Bol &) oY Aoe 47t
U 2% ol5d] tiet ATHES ol oAl ¥ e
2 g2ten.

2 A7el ARYe 2R GP5Fo] u%d
229 Ao oD, TH 4% APA 12 o
4oz GAZAE @ Ao ¥ vo} ge 24 o
422 27k 477k ol RolAol & Ao AlaEnt.

olgel AmelN zElW AFZRASY S5
A 2B B2 3RE 389 W9Y + YE B3P
MA 5& PGA 358 3 Z3}ehe ol e Al
ofob & Aoz AN, 2HUEA B ARPSY
H HAHGEARE AL, Benton A7 HADE S B
& A7 FE olFol Fol A8k Flo] v
@ Aoz 4zt

v.d E

2B Z25 e AES oo =N olF HF
e 2EAEY AEAE A% 712AS5E viast
1A} 19959 7ERE 997HA ARG 28 {4
W 733t Eebag AiAelA 28-S Agshe <4
222 429 % Z2FoE 31 7784 E2go] gl
T 42%E A3 ol g o] 48 AAlY] Wies dz
=& AR, 715 e Q] E2 =) bF
WARIES o] 83 ABEH A S AAsta A24F
goll A3 AEM S ARPEHA AL HPAL
o 1 Azl og3 2.

1. 2Ejde] Z2 e ST R 17.4ppm
(2.9~69.7)°]1213, mandelic acid(MA) F%=2| 7|3}
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TL EZ2F 4043mg/8 creatinine(98.3~1128.3),
27 46.4ng/g creatinine (5.5~100.7)lN oW,
phenylglyoxylic acid(PGA) ¥%9] 7|38 7L 2%
57.5mg/8 creatinine(18.4~226.9), WZ¥ 9.5mg/8
creatinine(1.92~20.0)0.2 Z273} thxtol F2 3t
ol 2 BArh(p<0.01).

2. A g Mee EE2F 290, T
330, AR E AA AH e Hae Z27 2400, 0
ZF 32570, Benton A2} HA A9 HEL E2L
6.17), AET 6.U12 284FE BT A3 4%
st 2ARS HAke F 2] FolE Aol B
o]z gkgtot Benton AlZt HAbs F M E f
9] 2ol & B thp <0.05).

3. A7 9 ARYPFEA AN 2 MeETe
AN 97, 27738, 2 5P T 380l AU
o 71% 2614 $59 53 MA, PGA, MA+PGA &
oe] FAASE 47t 0.80, 0.73, 0.812 £ 4%
TAE BAh

E A74% 53 AR 3k, S5 AL
o] E2Fw) ) x2ytel Aol & Kolw 71F £H
A Fxe 55 g Aol zoB® AF
gl Z2o o A7 4T Brlle o2t 8Ude F
AReg mesloior & Aolct. 1y A¥, 277
g, ISAE Sl ot 445 AR EAH A
AL BRA S BolBg ZEAE g R & A7)
g BH7HA] ol add U AAY ZAL 48 ¥ A
ojc}.

£ o8

BT, FBA, A7, o1FA, 295, 3. 2=
Zz 22489 V1% % 8% 28I &3 Uy
o) BA B4 LA TG APEBRETY,
1993

A, AE2, 2%, F718A 33 22X A2 3
ol B AT A5 A4 FAFTHE YR A7
9, 1993

EER. ARAVF S BF GFEY. ME, FYAL

1993 :134

P53, AT, FEA, LY, oY, YA 28d
HF 220 Ga4A o4 7. FRAIAATE
AHEAATY, 1993
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