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Table 1. Operating condition of gas chromatograph

Descriptions Analytical conditions

Instrument Gas chromatograph [Varian-450]
Detector Flame-ionization detector

Column Capillary 25mm*0.2mm*0.33um [HP-Ultra2]

Injection temperature
Detector temperature
Column temperature
Injection volume

Split ratio

250C

300C

225C

Tul

20:1




U 8% dAREES] AF 2 B4UH

ACGIHOI A AaLsh= A ojdulle] b= 25 etk
AdgesAgten g 43 e wE %—»g-g— stetal7] $)ated
Wl 28 29 A(@A)T A F(OF)E TR 2w A5k
AL AT AA 2 et E 123 (High performance liquid chromatography,
HPLC) Gilson 306 pump, 67073 autosampler, 119 uv/vis detectors ©]-&
3lo] Ogata®t Taguchi®] Aol &3] a3 THOgata®t Taguchi,
1987).

ot AEZAF 4y

_E

A=9] FASHA 412 SPSS 18.0 version for windows ©]-83}5lth

s 8l d2 AR Iy SAL2 VleEEA, 85 tARbE FEe

zt H 3L E 213l paired t-teste} ZF 2o W& 85 diAAt

O AAAAE Lot 7] 918 multivariate analysis of varianceE A5

t 7] T =EFEe 8% HAMME s AddAE dotRy] 98

pearson correlation testE ©]-8-3le] #Astal, 8F UAMEEC JgFS T+
1=

2912 Qobny] Sste] hEe AR



A7AH

1. AT Ay 54

AT e F 208 ow BF g FRAIUA AR BRdl wet x
4 =2} (control room workers)= 5% (19.2%)°1 N3, A et ALt
2] =2 2Kproduction workers)  1278(46.2%),5Fd A -=AKsubcontractor
worker) 9% (34.6%)° W&l £AFS AAISHAT ATt thol= 354 ©]
% 454 o]3} 678 (23.1%), 46A ©]7 554 o]} 1878 (69.2%), 564 ©]’F 60
A olat 29 (7.7%) .2 Bt 47.8+44A4 01tk AF-A e 1d o4k 10d
"5k 59(19.2%), 10 o]/ 200 w5k 5%‘(19.2%), 201 ©]d 16 (61.5%)
O Hat 16.147.2'd ©]aL, 201d o] AL HRkol ), 101w Rk
TEARE B S AAl SEAoIdT 19 Hy ZHAIRES 8AIRE
978 (34.6%), 12417t H-AF 17(65.4%) 0.2 S A T2AES &
7 2RE AAEA

TAAE 157 (57.6%), W71 FAAE 49 (15.3%), BlE4A
2 FAATE PE w=& vES AAEa, A 209 ddol S5
(100%)°1 At MARSF=2 WmupaT9 Ustehd 3 28-S 229
(84.6%)°] #-&3kRiL, HZTE ZEdHA B 4H(154%) 2 =AY O=

A}o] AT} (Table 2).



Table 2. General characteristics of study subjects

Variables number Rate(%)
Age(year) 35-45 6 231
46-55 18 69.2
56-60 2 7.7
Work duration(year)  1-10 5 19.2
11-20 5 19.2
21= 16 61.5
Work type Control room worker 5 19.2
Production worker 12 46.2
Subcontractor worker 9 34.6
Working hour 8hr 9 34.6
12hr 17 65.4
Smoking status Smoker 15 57.7
Non smoker 11 42.3
Drinking status Drinker 26 100.0
Non drinker 0 0.0
Protective equipment Wear 22 84.6
No wear 4 15.4




NgolA ~ERS AZEA Gk 7 Ao
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ppmol2lal, FARA ZEAke] )2l AEoA 02480344 ppmo]|SLTHTable

Table 3. Concentration of ethylbenzene in air by work type

Working Concentration of ethylbenzene in air

Work type n
hour Mean+S.D. Range

Control room

18 12 ND ND
worker
Production

48 12 0.130+0.212 ND-1.063
worker
Subcontractor

27 8 0.248+0.344 ND-1.176
worker
Total 93 10 0.139+0.235 ND-1.176

Unit, ppm ; n, number of case ; S.D., Standard Deviation ; ND, Not Detected
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kel Ay} Fo] Fx W)y 2 Ao)7) JJATHTable 4).

Table 4. Concentration of metabolites in urine for before and after working

Before working After working
Metabolites p-value
Mean+S.D. Mean+S.D.
MA 0.008+0.017 0.023+0.043 0.001
PGA 0.010+0.012 0.013+£0.016 0.005
Total 0.019+0.021 0.036+0.050 0.002

n=93 ; Unit, g/g creatinine ; S.D., Standard Deviation ; p-value by paired t-test ,
p<0.05 ; MA, mandelic acid ; PGA, Phenylglyoxylic acid ; Total, sum of mandelic
acid and phenylglylic acid
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1}, Y50 e 2% oAMIES BE

Al wE oF WYLt ddaySagite] £ 24 SRAe
2% wrElike] FEiE 005240057 g/g creatinine o2 ddFE] A 24k
51 0.013+0.034 g/g creatinine HU} kvl AAH2] Zmae] o5 nhdELh
o] FEE 0.069+0.062 g/g creatinine©] $13L, ¥dFE]SA1 84S 0.028+0.048
g/g creatinine®. 2 A3} HAA B} wdvl Z+ AFo] wE 7]
< dEdAle] ==y 8F HAMME S s FHEAAN SAGH R

gt xfol7b A ATH(Table 5).

Table 5. Concentration of metabolites in urine by work type for after

working

MA in urine PGA in urine

Work type n p-value p-value
Mean+S.D. Mean+S.D.

Control room
0.052+0.057 0.016 0.013+0.034 0.00004

worker
Production

48  0.069+0.062 0.028+0.048
worker
Subcontractor

27  0.060£0.041 0.016+0.035
worker

unit, g/g creatinine ; n, number of case ; S.D., Standard Deviation ; p-value by
multivariate analysis of variance, p<0.05 ; MA, mandelic acid ; PGA ,

Phenylglyoxylic acid
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o 37] ¥ dEdds 23 it = Hla

7] & olgwliAle 013940.253 ppmolal, Y F 2% whdEgae
0.023+0.043 g/g creatinine® 2 7] 3 ol@wlAle] Fko g dy
o] A o] v(Table 6). A1 2]7]24)2 Y=2.358X+0.085(r=0.406, p=0.0001)°]
AaL, &7 < dEdAle] Frtdrs 2% gLkl FEe
FrelstAl S7heksith(Figure 2). 3 37 F
HAd =2 SA 84 0.01320.016 g/g creatinine®] A

(r=0.126, p=0.23)= AF=3}3aL, FTHEA A 32 {ISITtH(Table 6).
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Table 6. The concentration of ethylbenzene in air and the concentration of

metabolites in urine by after working

L Matabolites
Ethylbenzene in air (ppm) .
(g/g creatinine)

p-value
Mean#S.D. Mean+S.D.
0.139+0.253 MA 0.023+0.043 0.0001
PGA 0.013+0.016 0.23

n=93 ; S.D., Standard Deviation ; p-value by pearson correlation test, p<0.01 ; MA,
mandelic acid ; PGA , Phenylglyoxylic acid
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the concentration of mandelic acid in urine
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7] & olgdlAle 0.139:0.253 ppmel3iL, ACGIHAA #Ailsh= 8F F
UAFHE(MA+PGA)S 0.036+0.050 g/g creatinineC. 2 oA A3} o] 4
FAA7E A THTable 7). A3 &4 Y=2.019X+0.066 (r=0.396, p=0.0001)°]
i, 7] T dEdsle] TS 8% F upRbEY $E Egk SAIEHA

o= folatA F71ekSith(Figure 4).

32 rH

Table 7. Concentration of ethylbenzene in air and concentration of metabolit

-es in urine for after working

Ethylbenzene in air MA+PGA in urine (g/g

(ppm) creatinine) p-value
Mean+S.D. Mean+S.D.

0.139+0.253 0.0360.050 0.0001

n=93 ; S.D., Standard Deviation ; p-value by pearson correlation, p<0.01 MA,
mandelic acid ; PGA , Phenylglyoxylic acid
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Figure 4. The relationship between the concentration of ethylbenzene in air and the

concentration of mandelic acid and phenylglyoxylic acid in urine
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Table 8. Affecting factors of total metabolites in urine

Model 1 Model I Model III

r p-value r p-value r p-value

Variables

Ethylbenzene in
. 0.40 0.0001 0.50  0.0001 0.56  0.0001

air
Age 0.09 033 0.09 047
Working
0.08 0.86 0.08 0.99

duration (year)
Worktype -011 053 -011  0.15
Working hour 015 0.45 015 0.62
Smoking 0.09 035
Drinking -0.16  0.58
Protective

. -0.18  0.20
equipment
12 0.16 0.25 0.31
F-value 16.95 5.73 4.70

n=93 ; unit , g/g creatinine ; SD. Standard Deviation ; p-value by Multiple
regression analysis, p<0.05

Model I, concentration of ethylbenzene
Model II, model I + work factors

Model III, model I+ individual custom
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= ABSTRACT =

Urinary metabolites excretion of turnaround process

workers exposed to airborne ethylbenzene

Jin Hee Yeo
Graduate School of Public Health

Yonsei University

(Directed by Professor Jaechoon Roh, M.D., Ph.D.)

Study Objective: This study aims to investigate the metabolic patterns
from exposure by examining the airborne exposure to ethylbenzene
during a styrene manufacturing factory turnaround process and by
comparing the concentration levels of mandelic acid and phenylglyoxylic
acid, which are urinary metabolites.

Subject and Method of Study: A total of 26 workers who participated
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in the turnaround process were selected as subjects. Airborne
ethylbenzene was measured as a passive sampler and, for urinary
metabolites analysis, the urine samples of subjects were collected twice,
before and after work. A survey was also carried out on factors that
affect urinary metabolites.

Study Results: Regarding the level of exposure to airborne
ethylbenzene, none was detected in the control room, and the average
concentration level was 0.130ppm for the production workers and
0.248ppm for the subcontractor workers, respectively. The average
concentration level of wurinary metabolites was the highest in the
production workers, with the urinary MA at 0.069g/g creatinine and
urinary PGA at 0.028g/g creatinine. There was a statistically significant
difference between the urinary metabolites before and after work. The
correlation between the concentration of airborne ethylbenzene and the
concentration of wurinary MA after work was statistically significant
(p=0.0001). However, factors related to work and personal habits
showed no statistical significance as factors affecting urinary metabolites.
Conclusion: There was concentration exposure to airborne ethylbenzene
during the turnaround process. However, a simultaneous evaluation of
work environment measurement and biological monitoring is necessary
considering the particular characteristics of turnaround process that
would result in skin absorption of ethylbenzene. Biological exposure

indices that suit the characteristics of Korea workers need to be
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established through further biological monitoring research on

ethylbenzene.

Key words: Ethylbenzene, Mandelic acid, Phenylglyoxylic acid, Biological

exposure indices
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