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Using Exposure Biomarker in the Residents Living Near
Petrochemical Industry Areas

Dongchun Shin, Seongeun Park, Yeongwook Lim, Jiyeon Yang and Myungsoo Kim!

The Institute for Environmental Research (IERY), Yonsei University,
! Bioanalysis and Biotransformation Research Center (BBRC),
Korea Institute of Science and Technology

ABSTRACT

Residents who live near petrochemical industrial areas are exposed to a variety of petrochemicals, including
benzene or benzene~—containing liquids. It is a serious concern because some VOCs are carcinogens naturally
present in petroleum and gasoline. The aim of this study was to assess the exposure to VOCs, measured by
personal/indoor/outdoor air sampling, and to estimate the relationship between the air samples and biological
monitoring data. Through biological monitoring, we investigated VOCs in blood and s—phenylmercapturic
acid (s—PMA), minor urinary metabolites of benzene. The external benzene exposure of subjects was measured
using passive dosimeters and urinary s-PMA and blood-benzene were determined by GC/MS.

More than 80% of subjects were detected for m—xylene, ethylbenzene, and toluene in blood samples and not
detected at all for chloroform, 1, 1, 1 -trichloroethylene, and tetrachloroethane. The mean concentration of
benzene in the breathing zone of residents was 6.3 ug/m?, personal, indoor and outdoor concentrations were
strongly correlated to each other. s~PMA detected in all subject samples was affected by personal exposure
(p<0.05) and the level was different by age (p<<0.01). Blood benzene was not affected by external benzene
during these periods.

Key words : exposure assessment, biomarker, blood benzene, s—phenylmercapturic acid (s—PMA)
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ojlgler] o5 HF 283 (2NYE~78) A=
o] Aol AFg HAFAE-|%.

2. §% VOCse &H

1) A=A 2 Az

A ALLe] A e A 2% sodium fluoride S
3Hg-3l ==l Aj=]" vacutainer (Becton Dic-
kinson Vacutainer systems, Franklin Lakes, NJ)&
ARG ZA QA F plasmaz HEe] ~70
‘ColA sk ARy BAS] ShFAel 4
'C el golFel eAE %A F YA £
Fol 2 Ae Aeeld 2mE NS 10m &
head-space vialdl] 7). 7]¢] YR uFEZRZ
A] 20 ul®) toluene—ds EFY Y (10 ppm in Metha-
nol)3} NaCl 0.5 g-8& 7}8}e] head-space samplero]]
o) A B

2) ey

o] AFINE BE 49 Az AV A2
Well ppb (parts per billion) ~F2| F=7tA] £4

Blodo} 3}7] B, static headspace HHH & o] &
3t GC/MS=2 FA3h: whis Addsiglen,
SIM (Selective Ion Monitoring) mode & o] -85}«
YR VOCsE 2zedsh FA AFae %
HE sl FYA) R A chloroform, 1,1,1-
trichloroethane, benzene, trichloroethylene, toluene,

tetrachloroethylene, ethylbenzene, m-xylene, styrene
% % 9%9 VOCs& AF FA3H. A4
B2 EXL Table 13} %t}

BA 71712 HP 19395A Head-space sampler
(Hewlett Packard, Italy)E HP 5890 Gas chromatog
-raphy (GC)/HP 5988 Mass spectrometer (MS)el] <
Zsle] AlR-3}9.em, GC columne medium pol-
arity® 2zt 9l capillary columngl Ultra-2
(Hewlett Packard)& A}-&-3}9]}.

Head-space samplerell $7 % A]&E Table 22
head-space system Z713} Table 3 GC/MS =7 o))
whe} sk

3) gHolA| 2ol M2

EF89 10ppbE Y3t RHE Quality Con-
trol 25 o] 83l inter-dayel] 3t A= o
AU =g ZAbskeldt. Chloroforme A 23 o2

Table 1. Sources and mutagenic or carcinogenic potenty of target VOCs in this study

VOCs

Carcinogenic potenty

Major emission sources!->-3

Major indoor sources®

(EPA —classificatiion)®

Chloroform Fluorocarbon production

1,1,1-Trichloroethane

Benzene Automobiles
Trichloroethylene Metal degreasing
Solvent applications,
Toluene automobiles
Dry cleaning,

Tetra-chloroethylene metal degreasing

Solvent applications,

Ethylbenzene automobiles

_ Solvent applications,
m,p-Xylene automobiles
Styrene Copolymer formation

showering (10 min average)

Wearing or storing
dry~cleaned clothes,
aerosol sprays, fabric protectors

Smoking, auto exhaust, passive
smoking, driving, pumping gas
Unknown

(cosmetics, electronic parts)

Paints, adhesives,
combustion sources gasoline,

Wearing or storing dry—-cleaned
clothes; visiting dry cleaners

Paints, adhesives, combustion
sources gasoline,

Paints, adhesives, combustion
sources gasoline,

Probable human carcinogen (B2)

Not classifiable
as to human
carcinogen (D)

Human carcinogen (A)

Probable human carcinogen (B2)

Not classifiableas to human
carcinogen (D)

Probable human carcinogen (B2)

Not classifiable as to human
carcinogen (D)

Not classifiable as to human
carcinogen (D)

Possible human carcinogen (C)

Y Annual Report on Chemical Production (1981), 2 Singh er al.(1981), »US EPA (1981)

# Samet and Spengler (1991), Y IRIS, EPA
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Table 2. Analytical conditions of head-space parameters for
volatile organic solvents

Equilibration time 1 min
Method 1

Bath temperature 50°C
Valve/Loop temp 55°C
Sampel interval time 45 min
Sequence runt time 35 min
Probe time 1 sec
Pressure timet 3 sec
Vent/Fill loop time 6 sec
Inject time 8 sec
Carrier gas (He) 1.5bar
Servo air 2~3bar
Auxiliary gas (He) 1.5 bar

Table 3. Operating conditions of GC/MS for organic sol-

vents
Column Ultra 2(SE-54,50m X 02mm id.,033 um)
Carrier flow 0.45 ml/min. (He)
Split ratio 1/30

Injection temp.  200°C
Transfer line temp. 250°C

Oven temp. 35°C (5 min)-1.5°C/min— 55°C (0 min)
- 5.0°C/min~— 100°C (1 min)
- 40°C/min— 200°C (4 min)

Ionization energy 70eV

Run time 35 min

£2] VOCs®] A 3% (accuracy)= 10% w|vte =z
2 ZA94E X9 43 AYES YepiE %
RSD= 10~30%°) ol2% 23} HHE RodF:
9 =7} 10ppbe] i i Yvi Y2} A}o]oja] )
2% A Validation® EAMelgln & 4 g}
728 A k2 signal-to-noised] & 52 3§ e
A A X2 By AE3lgon, Table 49 H.o]
& A=A A+ smoothing techniqueg: o]-&35}o
10v) A= F=F ¥ql gholnt.

3. 2&¥Z benzene tHAlA| (s-phenyimercap-
turic acid, s-PMA)e| &X

1) AMEXF L Mz

200ml PTE bottleo] ANFHH i= (urine)= £A 8
Q7kx] ~70°CellA R#Adw, BAAH wA88 4}
2ol AME] %9 F 2mlE Held WREEE
A (s-BMA)& 7}8l3 6N-HCIS o] &3} pHE

Vol. 15,No. 3

Table 4. Quality control samples for accuracy and preci-
sion data run inter—day assay spiked 10 ppb of
each analyte standard

Accuracy RSD Detection limits

Voes ® @ (oph
Chloroform 142 321 0.21
1, 1, 1-Trichloroethane 77 20.5 " 0.086
Benzene 30 94 0.03
Trichloroethylene 70 173 001
Toluene 49 135 0.092
Tetrachloroethylene 25 170 003
Ethylbenzene 3.8 145 0.02
m~Xylene 10 297 0.033
Styrene 4.5 16.5 0019

* The % RSD is the relative standard deviation.

1002 gt3ele}. 18] 11, ethylacetate S mlE 7}3F
F oF 2087 E£Fo] F3 2,500 rpmell 4] 5&-7}
LAEHAZE A9 A 5 A a2y F 4
718 ¥-R4k E3F3}ed o] & rotating evaporatorS
o3t AF AN I F Aavlaz
ZAzA1Z ). o3 7)o acetone 50 ut, CH3I 50 pl 18]
a1 KoCOs 50 mgg 71315 60°Coll A} 3027 71
8} methylationA] 2 o]& GC-MSD= £A]
3}t

2) Zams

Als2] ¥AMoj= HP 5890 GCs} 5972 MSD7}
AH3-E9lom ol7)e] HP 7673 auto samplerE 3
el ALgEE R RE dataBA2 HP 5970 B
mass chemstation-g o] &3}t A& A3
7} S8l EFEA 8 HEE 025,075, 15ug1
2 303 BE A8 deted A =
Zpolo] wE wF s-PMA =9 lojs BA
7] f18ke] &M F creatinine®] FFL =319
o9 717127 9 AAE BAubEe wils B
(1996)2] Qo) 7]&=o] Qo
4. o715 wile &3

1) AZXF & ®X|

A, A9 b7] 9 Aol A9 external benzene
2AEE 2] Y5t 3MARNA] AR pas-
sive badgeql organic vapor monitor (OVM) #3520

(M, US)& o431
(REIEEEE R EREE SER e
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3, AW Aol 7Y AAl, AlY] A8
Agele Awe) Wl e sgch ¥A4F 2
2ke] Alzke] A8F F S 5ks]c

4% badge: 3M AtellA A A8 protocol (3
M, 1991)ol] u}e} passive monitorel] ¥ 5 o] gl
VOCs& FZ33it}. ©1A] badgeoll A R2ld F3
padE ©]] 250°C o]AtellA 3217k F<F bake 8%
2 2ml amber glass vialo| %70 ¥ FZg4ujql
aceton/CS; (2:1,v/v)E 1ml 7}ste] oA dB3)
I 40 Ft 259 FEST. FEIE T
VOCs®| £A48 7] S8 283 32719 &3}
Agee] 28 of 10°CR FAA7IE Aol I
238 o]& $3) ice packs Wil 283 2
3 Fzd 90ule} ¥ FFE-A (fluorobenzene,
10 ppm) 10 ulE F3}ed insert7} SoiE= vialdl
#7] 3L cappingdte] GC/MSD A el AL-g-3}3it.

2) s

HA o] A28 7]17]= HP 6890 series GC/MS
(Hewlett Packard, USA)Z autosampler (Hewlett
Packard, USA)E ¢} AL43819deh. 7|7] 246 o}
2 AAE B QA9 BATALT
(1997)9] Akgell 71&=e] U+

OVM badgeE o] &3+ benzene?] Zxubye)
QA/QCx o] 9t Waliste M=o == T9$
A & st 7187} o]&=A}(inter laboratory QA/QC)
E AANFYE =Y A2AFHA] AAAELY 10%E
°o| 5 (duplicate) 0.2 | Fsled FA o] AL=E (%
RSDIHE AT F 71#739 35eEe 24
g A3} 77} 18.5%, 88%2] & R

Table 5. Percentile distribution of blood VOCs concentrations (in winter, n=360)

5 SAHH

Awe] AA 2@ EA-2 SPSS/PCH(statistical
package for social science, window version 7.0) -4
A71A8 ol gstsich AAAE B e VOCs
=25 Ee] GE HAE Wi A Holw
FAE] Aokl —testS AASE R AHEA
£ pearmann correlation testg, 559 HAHE &
FAsh7] 913 3 =3 dA-LS multiple regres-
sion test® E3] F3}g]c}.

o7

1. 83 VOCs2| 5= EX §E

A2A% gddl 349 YAF VOCsd) 2
H=HZE Table5, 69 27t Jepligleh & 9%
9] VOCs7}-¢-d| chloroform, 1,1, 1-trichloroethane,
tetrachloroethane2 A-&Hd= ZE Al8oA H
25 A ¢kotv}. vk, m-xylene, ethylbenzene,
toluene 52 THAA|B.HIA 80% oAt HEHN
™ trichloroethylene®} benzene2 20~30%<] 7 &
& 2yt AeAd 83 m-xylene, ethylbenzene,
toluene®] 50 percentilezt-2 z}7} 23.44 ppb, 6,31
ppb, 2,56 ppbi.e.™ trichloroethylene™} benzene]
90 percentilezt-2- Z+z} 7.05 ppb, 1.70 ppb2. vie}yt
©} (Table 5).

o] 2H-o| &= tetrachloroethylenes A 9§ ==
VOCs7} &35 9ew chloroform, 1,1, 1 -trichl-
oroethane-= YB AlgeoA ZHEFH < ¥bH, m-
xylene, ethylbenzene, toluene, benzene®] 7&{-2

unit : ppb

Percentile

Min % of detected

10 30 50 70 90 95  (detected) Max. sample?

Chloroform ND ND ND ND ND ND ND ND 0

1,1,1-Trichloroethane = ND ND ND ND ND ND ND ND 0

Benzene ND ND ND ND 1.70 551 0.15 11.62 242
Trichloroethylene ND ND ND 2.14 7.05 9.88 0.51 27.84 378
Toluene ND 143 2.56 3.39 7.12 9.09 0.16 15.67 80.8
Tetrachloroethylene ND ND ND ND ND ND ND ND 0

Ethylbenzene 1.77 461 6.31 8.26 11.08 1345 022 1842 975
m~-Xylene 1241 18.52 2344 29.30 37.35 4405 391 74.55 98.3
Styrene ND ND ND ND ND ND 0.19 497 19

1 Percentage of data detected more than detection limits to total sample
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Table 6. Percentile distribution of blood VOCs concentrations (in summer, n=299) unit : ppb
Percentile Min. % of detected
10 30 50 70 90 g5 (detected) Max. sample?

Chloroform ND ND ND ND ND ND 0.17 20.52 36
1,1,1-Trichloroethane =~ ND ND ND ND ND ND 205 6.98 0.7
Benzene ND ND ND ND 0.34 107 0.18 3.69 127
Trichloroethylene ND ND 0.66 374 30.13 47.43 0.41 125.81 535
Toluene ND ND 0.62 1.80 14.71 26.38 0.08 68.21 63.2
Tetrachloroethylene ND ND ND ND ND ND ND ND 0
Ethylbenzene ND ND ND ND 149 2.81 0.12 22.30 21.7
m-Xylene ND ND 0.64 1.79 1947 3941 0.17 78.01 63.2
Styrene ND ND ND ND 125 7.52 0.28 63.86 144

DPercentage of data detected more than detection limits to total sample

30

Frequency

.13 .38 .63 .88

25 50 75 1.00

1.13
1.28

Std. Dev = .35
Mean = .90
N=115.00

1.88
2.00

1.63
1.75

1.38
1.50

S-PMA (L.og scale : ug/g creatinine)

Fig. 1. Histogram of log-transformated s—PMA in urine.

7A&Ae) ws] ozl en] trichloroethylene}
styrene2| A&§L ALH vls] i Fobzo

7Z%% B2 50percentilezt o2 v ws] 2 A
£33 -9 ¥F VOCs 32X YRE Aol
H]sl] ool Folxit}. 90percentilezt 0.2 vl w3}
o Agel B3 AFel 29=7}F Fobal VOCst
trichloroeothylene, toluene, m—xylene o] t}o}
%l E4-2 benzene, ethylbenzeneo]v}. =3}, of -4
o= ¥ VOCse) Hux7t ARl ula) =1
7} percentilezte] W3 = Als] J2Ed:= VOCs
3 A= ezt Welrt A’ A& & S gl
%1t} (Table 6).

2. &2¥HF s-PMA 55

A AFRUNEAAXM A AR
benzene WALA (s-PMA)2] 249 =8 Fig. 17
Table 70 Yepliglet. A A8 guteoz o
FE A¥F o7 XX+ log-normal X E ==
Aoz AHA Qed o] W A8 £HF s5-
PMA= log-normal %22 33 glgon] wE=
A& 100% 7 &= At

&M F s-PMAS] 4 9= (7)3 )= 7.89
ng/g creatinineo| ¢l ew 23 109.68 ug/g creatin-
ine7}x] B.e)a gl o} 95% A1 B F7F WYL= 9.79
~15.64 ng/g creatinine ©) ¢} =} (Table 7). 33, £
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Table 7. Descriptive statistics of s—phenylmercapturic acid

Table 8. Descriptive statistics of air benzene concentration

and blood benzene unit; pg/m?
s-PMA inurine Blood benzene* Personal ~Indoor  Outdoor
(ug/g creatinine) (ppb) N 97 84 65
N 115 71 AM 6.31 6.08 5.09
GM 7.89 0.066 Median 548 5.36 513
Median 704 0.035 Min 00 00 00 -
Min. 133 0.035 Max. 22.88 19.76 14.97
Max. 109.68 1970 ) . 5.50 530 437
% of DLV 100.0 212 95% confidence interval 713 6.86 581
95% confidence interval ~ 9.79~15.64 0.08~0.29

1 Percentage of data detected more than detection limits to total
sample

* Undetected quantities set to 0.035 ppb, which in one half the
detection limit.

A5s A GAAe] EF benzenes B 7
o] Table 7o ¥)w3] Bgr=d F benzened] A
2L oF 21% 2 en EREAR A
A ZZEAZL©0035ppb)e] 128 M43} 73
718t F73% 47 0.066 ppbe} 0.035 ppb
o]+t

3. tf7|& VOCse| 5=

NARE dAez 247 ¥H A d7F
benzene?] AlM], A9, 7Nl =& =AM A7
= Table 83 2o} 5FHN A" 74
benzene xZ& T BF 631pgmiejgiony FH
2288 pg/mPel] o]2 v} A A9 benzene
FEE YT 6.08ugmiolglon, Adeixg =
= FHHF 5.09ugm> ez sNele benzene xE2 Al
W, A9 e} o7ty £FEolgled, Al A
due} & 2HEE vep 2 sl

A, Ale] gl AQ17+e] benzene 5= A3 A
29| A#RRAE A8 A, Table 92 Zet. /)
Q1¢] benzene =28 AV, Al 2=} 77 A
TS (2) 036 (p<0.01), 032 (p<005)= £-2] 3
ARAE Rolx Ko, Aol A9 =3 A
2 fogk ARRA (r=0.31,p<0.05)F el
o}, =, A 9] benzenex =+ AlY benzene =2}
AT A3l 9l sHed AW ed=st A

dogsel wa okt ot AL wRlE o

(Table 8) AW 2] benzene X+ AlE7|9 #4%
ol9ol = 2 Al 2.9 23 benzene LAY
o] gl Aoz FHAHH ¥ 4 AU

Table 9. Pearson correlation of indoor, outdoor and perso-
nal air benzene concentration

Personal Indoor Outdoor
Personal 1.00
Indoor 360** 1.00
Outdoor 324% .309* 1.00

*p<0.05, ¥*p<0.01

4. t§7|E VOCset elXlicFe| o3|

A A & 23 I}7FFS) VOCsxES F713¢
7] 3t =AM H71%F VOCs =9 ¥F
VOCss} &3 s-PMAd) Hg #AAES AR
322 8o} 2 ol dFellA] EF VOCse
A4 ARE AN HAETA otz FAH
o] I JAANEL FHEIVIE oEigen wWrF
benzene®} %2 benzenet)AlAele] TAE =
Al £ A Fig. 29 2ol o3 IARPE
F& 4 ok W] benzenex=F-2 log 2|33t
29 s-PMA] & pgt 001 ol3he} & 3
23 (log s—PMA (ug/g creatinine) =0.756+0.028
70 4] benzene %= (ug/m®) (R-sqaure =0.10)-& 1}
B 4 slglen, old o) mael 9% AmHe
o 10%°] s A

3l %+ benzene™ AHH s-PMA)Y] =+ 7l
9 3FAAM AR H7]F benzened] Fx=
el e Aol Warg Foletd o
WEFEAL AT AH 156% A= A9HE
AR 9% SARYE 7 4 YA (-PMA
(ug/m? creatinine) =0.42+0.02554 Personal benzene
(ug/m®)+0.0064age (year)). Zelv}t o ZAA}
NAE AMele FAHRetEs} A 5 A%l
o] MY EAL AAA =] AT dAxZA=E
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[0 a]
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& 0.6 g fae. Y5 o Do
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< . a L J 1
= D Oe =] o 0O
& o2
“ T, 2 6 10 14 18 22 26

Personal and Indoor benzene (ug/m3)

Fig. 2. Relationship between urinary concentrations of s—PMA and personal/ indoor exposure benzene.

£ g §o2 Wvt 857 dske
o o&

St M B GEA Ao Yt
ZARE oA7EA] WA 2 Abstolu} o= AA
g FAA =S AAsE AAe ol B5AA
ARzt 7] v el u)-$ Fes}c)

#7329 EANS 22 (exposure)o]a} 2 3
59 59 179 AlAleh AAF 9w]exe B
2, A&, 3hsby 29l A= (contact)o] 2}
I gler Q7N x&EpEE AL Al
o} AFH T e 7 A=A sedn @
4 0} (Sexton et al., 1995). =& 7= 2 o=
7 wie} zreo] FH WA E Y oAl &
ez ne] 3AF] vE9 xZ, gofd o
2718 Hrske $Aeln Bz BE
A #HYs=(dose)E A, AMHHoz =2
3 e AAo HZ faAAdEY w29}
FobllA QlA AlgE o) fd] 2ol BEA
A& FolA e x¥HE wo] 7)gex v
(Pirkle er al., 1995). Q4] Algel|A] B 2g2] A
A A & (biomarker)E E3& WA £ (internal,
delivered, target dose)2] A=A &AL geolz}
e e A FoAS IIY 4 QU=
5 =95 o3t AAAwe] stz Fgo

oy Z7|dA 0|7 s} x5} g3 FHrleie
9 M 2 L7} 3w & 5 Qg =+
WoAlM = ol2jdt QAR o)) W3 BAo] Z7)3
I glem Bl mizkgk AAzwe] e Fo
St = R Fed AL sehvel AlgEe
2ZpF HiFt 7)% A= (baseline data)®] T2
o] AFstde Zlolo. sl $el= AlFein
+ 9& WAL 1A} biosusceptilityE Zh31 9l&
Aelw] AlgHolgtEr) AP = o9 =
7) gl BA3e BA4E A7) o)
YIS e HF ArFEo| A
PHoz g7HTGz & 4= gld.

ol#|q HAA oA ol FF VOCse] #F A7
E FHeXE AL A="Hded £ 99t
New F23 Asrl @ Aoz Akdc Uu
AEN M FF VOCsol] B3t baselineZAH:= 9
o Agels 2A - RuR o7t a3 g o
o} w)Fe] FRIR A ek2A}(The National Health
and Nutrition Examination Survey, NHANES) 5
Fgbe] RuE W Ql-& Bo|t}(Ashley et al., 1994).
YoM VOCs7} AAEA] ¢k7] djiol] g3
VOCs 231§E0] 242 A2 APz
IRt SN £ =2 QAN RS W)
W) 28 gubde s VOCs: ARgel ¢)o)
A ¥k7d717} 23 (Monster et al., 1979), A el =
AHA) 3w wEsel PN pEr}

B

-
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vrola] BAALe] o AHe] @A ARl
HA AeMY {784 EHUE Avind, @
4 f718A e YL Aor i #
71848 3F23}le] Gas chromatography-Electron
capture detector (GC-ECD)=. ¥ &} A1} (Pekari
and Aitio, 1985), 2383} FAlo| AFs=
2 Gas chromatography/Mass spectrometer (GC/
MS)2 BA-& 3}gl o1} (Balkon and Leary, 1979),
Azt B lelA 7 AV e A
o7 Hyrpix Qg HZ MEAXEY Aoz
Alg AR AZE Hr|Hez AYd 4 e
Head-space ¥ & =313t #7345 Eolut
Bl Iy §7] FEES EAHE A=
o 2 ZA3 Ieg d FErh FUksa YA,
AEA Fo] Fol LA A B AF AN
=3 ¢)c} (Bruno, 1996). Headspace ¥} oll = dut
A Q] static headspace ¥} 3} (Rodney and Preston,
1997) dynamic headspace ¥} (Ashley et al., 1992)
o] 9l¥&dl, static ¥ A2 Zz e} A|zte]
Zol @2 A8E F2 A A= 4 e
ZA o] 9l ¥bd 7F=7} dynamic headspﬁce B}y
3o} HojR| = o] 5. WhH dynamic head-
space W2 purges} trap A o] FrlFe] =
£ ppt(parts per trillion)7}2] A== $2 Wi ol
W} AE BAY Azl A, AE BHAR
Aol alom AAA AEAel P ubgol
t}, o]#]el| = Solid-Phase Microextraction (SPME)
vhge] stEe] (Zang et al., 1994) YA A] 2ol A
F714A Al ofF mIHH A WHoz AHLH
3 gle ofF] Ao zr 47 F o
dF7F ¥ AAH o} owle] AH-LE static
headspace®} & T2 48 w2 A7 #4-3]
71l 7 Mgst uhgez o dAFAAAAT}
Afaiatda] Faed AFss dqre] AR
o2 JuURRIEREY VOCs?] xZo] & oz ¢
AR Ade|olrlel Ael®l wpelth. A el
Mz o 4 %ol (Table 8,9) o] =}7]F ben-
zene?] FEE AW, 2 QY F=7F A7 6.08,
509,631 ug/m32. /W29 benzenelZ2 AW, A
9] el sl oJFFE e Hle=z yehio
v} mj2e] 9= VOCs A7 TEAM 94+2 3
(Wallace et al., 1983)Q] 44l o} 7]Z benzene?] =
=7} A gle] 15ug/m3, Ay 10 pg/m?, Al 9] 6 ug/m?

ql A vlms) Eobd ol AMf3tsty 4
A2 FR19 benzene TET 1A ¥A Y2
FFEoFHT & & vk =, o) AFA Y90 3
Azx7l el AR B 4 e w9 sshE
A AzFA YAR|Yel Kanawha valleyollA] 7}
A ez 3 A3 AN E AYeln
HE 672 ug/m?® (343 2.06 pg/m?), Aol A=
4.7 pg/m® (F43k 2.5 ug/m)el Aoz FALH
o] (Cohen et al., 1989, 1991) o]l dAF-ZA el $-A}
g SFolEtn HIMHE ¢ U o] X o] =
AR Gell A 8] AAZ 97]F VOCs wxi dut
AQe) W] ed=rt ¥A 4o AAz ¥
F 22T EE 2 Z3 g g EeA
E4&" Aoz veht @ik A1 A
ZAFolytof st AAtleA e HF VOCsEA A
9 Bzle #AE o TEsjdolel & How B
DE . AN F VOCs =5 di+F
28 ZASE Ashley £ (1994)9] dAFo)A B1d
VOCs9 H&3%4+=(1, 1, 1-trichloroethane (0.086
ppb), benzene (0.03 ppb), ethylbenzene.(0.02 ppb), m,
p-xylene (0.033 ppb), styrene (0.019 ppb), tetra-
chloroethane (0.03 ppb), toluene (0.092 ppb)) o]
A 2o qFHE RIAEE 23 A
o}, s 2, Table 7o) Vepd ulsh o] ofule] 2}
¥ ¥Z benzened] Fxo) W3 EHEE Aw:
724 (0.07 ppb)2] 1238 ARS8ty HA 7]
& e 73 23} 0066 ppbz el ort
B ARE AERA ol Jde A % £
NS Ashely 5 (1994)2] AFoAA Bud F4
7% 0061 ppb (G218l HETA 003ppb)E ko
2 ¥F VOCsE AAdE=z AH3l7] HsiM:
Az A3 B BAE FESF & A
o=z PE gk

b, A& & 100%E 29l 2% s-PMA:
37} benzened] AAAZ= To] AEEHe gl
phenole] 5ppm ¢]3}9] A== F23HA A}
48 & gdue Aol wAHA FHT de
AHEET e AEFE shtold. 53, benzene
2] ujgf tfalAQl s-PMAS} #-MA (trans, trans—
muconic acid)ZNA = s-PMAE t-MAel| H]3)
Eo|A7} wi7tA o] F ol benzeneolM @Ho
2 =" grAREEEA w37 9A12H7F Z7)
diel A 2UEYe ALgsile] o A
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sl 23 Z o) (Stommel et al., 1989; Sittert et
al., 1993; Boogaard and Sittert, 1995). $-2)v}e}o)) A
= Pz 51996 23 #714A AFIT=A
5¢ d4oz s s-PMA £Ee] 2uH 5 3]
£l benzeneo] x&HZA & AMFZY 927
2 F s-PMA%SS+ 7]3}8 3 8.9 ug/g creatinine
olies] 4, A, Fdoirel B v
FA& Ael7k e Aoz B8 Stommel
T (1989)2 247 2] dulloA FF 4.0pg/g crea
~tinine®] $~&-&, Popp 5 (1994)2 6742] kg
oA 12.5 ug/g creatinine®] 45 ByskT o)
o)oh e Ashsh vlmste] B o ol ZAMAS
2T s-PMA 52 98 72459 243
o2 ZzsA g 287 FAY SFelem
g 4 34

=% 5-PMA 3=+ 7|3 benzenedk o2 o]
vpojo] Qekg e oz Jehded olx ul
AR k&) @ 93ex) Qo W QYA
& 59 AoldlA 71Qldt AR = dz o
T AR ZoloA 2= AR A ¢
4 9ol Foz o A7 & gl dgw @
S 22y o AFeliME Fdel g o
ol FA, vFAAzL pel7}h gl Aoz
B 1 olfE otz opfl AFFAAEe)
AZEA A Froldtol & 7 22 z=A|E
¢ FAAEe] dREY AZHE 2F 3} TEF
ZHEHIR B = AT =) YFs}r)
&l W FAAES] HHEFD Ao FAAE
# TRl 7HA] g Aoz A4 oy A}
Al NS &3 slotel] & 240 B 4 e
Helel ddygamAge 2AE RS Sl
o AR 22" st £ YAAT 5
29 x3 dFHAAES Aoz o)F AP
S $5d ARl

4 B

ol ATl Afaishax] Fue 9wk A
Fa1g diate 2 37332] benzene /Y2 e
71t A3t A, 9] 97]2] benzene Hxof ¢S
TE Y5 & AMes] AN YA
2 4L A= it 3= 2 ben-
zenek &3 £-203 3ARYE AT 4 Qe
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¥ HE2E =F wol AArzz 4G A
2 374 4 Qlgiek ubd, 98] A9 v)
AezoAM AAX w2 A437] M A
9 AZ}EE wgt B4 whfe] Awe] o Pa
3} o] Aol A= ethylbenzene, toluene, trich-
loroethylene, m—xylene 5-°] 3o} wiHs] A
233 VOCsgHt.

531, /009 £F719M VOCse] 34 muE
2 A8A7E AN oA A BFdsiw
AZ3leol shed ol Feiate] A Y=
dole EUhsdlgE HE mEs) & W WA
E2E JH= Lot PAYEE sl v)4
EAHQA FAA AA filedo] X9 LA olgf=
oA AERH 2UEHE 98 254 A
48 4 53 Algs] & £ gldh
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