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Abstract

Volatile organic compounds(VOCs) are of concern for their potential chronic toxicity,
their suspected role in the formation of smog, and their suspected role in destruction of
stratospheric ozone. Present study evaiuated the exposures to selected VOCs in three
microenvironments: 2 chlorinated and 5 aromatic VOCs in the indoor and outdoor air, and
5 aromatic VOCs in the breathing zone air of gas-service station attendants. With
permissible Quality Assurance and Quality Control performances VOC concentrations were
measured 1) to be higher in indoor air than in outdoor air, 2) to be higher in two Taegu
residential areas than in a residential area of Hayang, and 3) to be higher in the nighttime
than in the daytime. Among five aromatics, Benzene and Toluene were two most highly
measured VOCs in breathing zone air of service station attendants. Based on the sum of
VOC concentrations, the VOC exposure during refueling was estimated to be about 10% of
indoor and outdoor exposures. For Benzene only, the exposure during refueling was
estimated to cause about 52% of indoor and outdoor exposure. The time used to calculate
the exposures was 2 minutes for refueling and 24 hours for indoor and outdoor exposures.

Key Words : volatile organic compounds, smog, chronic toxicity, ozone, microenvironment,
indoor and outdoor air, exposure, breathing zone, gasoline service station

attendants
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3 eA §7)81§E (volatile organic compounds,
VOC)e o8 A2E F3A 2 HEEg &4
Z AYETAHAN B FU1EAZ AHEHT, oY
& fr18Ae £%, A%, 2L HFA VOCs7t Wl
712 w&®ck(Shah and  Singh, 1988
Verschuern, 1983). VOCs9 ©& F& o7&
Azde AFAMETIE, 242, 24790EF,
HENeAd, 2 iR ZF daHA
o] ¥ 3 ®tHSummerhays, 1991; Levin et al,
1991; Weisel et al., 1992; Wixtrom and Stephen,
1992; Hodgson et al., 1992).

712 $&d VOCH Ui BHYd F84
(significance)& A 7}A Z@ojA gwE 7HA0
AR, 2L VOCES ¢& FLANAY f2 A
2 ¢ 9 Edolgtn ¢4 UrhLioy, 1990;
Hisham and Grosjean, 1991, Brodzinsky and
Singh, 1983; Lioy and Daisey, 1986; U.S. EPA,
1993). €4, ©]2]§ VOC7t dFAAAM B33 £
228 SHAAFE o3 LQEAY 4 FEd
AH(precursor)(Lioy, 1990; Hisham and Grosjean,
1991) o9, nlAHo 2 FJ|} tE °]FH
Hzdd =gde VOC7t 45A9 &EF ¥
sl o222 ga¥ /5= tHSummerhays,
1991; Hodgson et al., 1992)& Zelth. VOCH 9
Ha 284 WEo, A9 A9 F ARZ7
ZA8E VOCcH tiF Bl AZ A& Frist
3 Ae FAelh

o}z 3t FMo Waste, MAFIEL VOCA
g 239 =22 Yriste e FE3
Muts) gk =8, VOCE E&¥oz2 FAI
A% SAFAZA, vFL A9 AW F H9
271%9 VOCY ¥ Uy ARE AAH
| data base® YHEo] WHIH, EF o]F AR
= A&Hog §487 9.2™(Shah and Singh,
1988; Verschuern, 1983), ©] AEE o] &3l
VOCe di# & e =2 2 AUES £439
gt} (Pellizzari et al, 1987a; Pellizzari et al,
1987b; Wallace, 1988; Jo et al., 1988; Lioy et al,

0 o

[

1991; Wallace et al, 1991). VOC2 =& 8N
#AAF oIy dFEHY P S.
Environmental Protection Agency(EPA)7} F30]
slo] 43" Total Exposure Assessment
Methodology(TEAM) studies (Pellizzari et al.
1987a; Pellizzari et al, 1987b; Wallace, 1985;
Wallace et al., 191) ¢, @4ATESQ! Airborne
Toxic Elements and Organic Substances
(ATEOS) Project(Lioy and Daisey, 1986), 2
Urban Air Toxics Assessment Project(UATAP)
(USEPA, 1993)5°] it

ZUel 4 uirid e 499 gr83 7l
ZE24d FEHe FAZYHE oA Rn
Ak ol& F71F VOCH Ul ¥e U #H®
mal oz VOCY 7AdzE FA7e #HEY
Aoz ALY FUdNE AFa F F7td
oE L 428 F/E XA GAAAM AT
VOCe wAQezRE VOC WiEFel JFIyxe
2 2719 ASZ FAHY, AR R drlFY
VOCH tg eg9xst F7H8 A2 H4dEd
=3 92 VOCe A% ARt AU 7id
A 238 Ee ¥:EE HAEEde HAA
(Wallace et al., 1991; Lioy et al. 1991; Wallace,
1087; Pellizzari et al, 1987a; Pellizzari et al.,
1987b), AW Z 1A e VOCH g Faidel ¥
7 ZzEojol gt Il ZA$V0OCY FUF
FEo [Estd ME dREAGA A =
Ho] 8% A7t YHJung and Sohn, 1993).
agu, g9 Y AFdNE /54 g=as
VOC7t TEEA 4tz A VOC FAWH
e FFHAY fuFEHE AHEEEd. =4
VOCe &9 324 24 VOCY g LA
2o gujzdE dF g2 VOCH ogE
Qs FEUF ZAo| olynz, ¢ dFe T
24 VOCe ®la FAol %7 ¥F¥E VOC &
Ao 2P A2 AIREH

W VOCY =23 #HY Fad v &
Ae AER FHA7 TFA AL ATA
=9 = (self-serve automotive refueling)oll 7§<1e]
voCe x=&dHE ZFH F& FHLol FHF
VOCo =&s& AE7L uiFoA Hrtg Hol
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QAT FRAME olHRA AFa FH B
® VOC x&%7te] i d7Z37t deiA 3
2 gtk w=e dAF ZIHNESCAUM, 1989,
Hartle and Younf, 1977; Rappaport et al., 1987
Tironi et al, 1986)d] TASE FHF FUHe
2 EAHo] Zsln L FEE FHHe VOCE
Benzene, Toluene, Xylene, @ Ethyl Benzene ©l
o A& FH7 o) HFF VOC &7 Bd
Z8 0px #}3F9 ol HZ IFHdx
AER} o) 3719 Aol Fhre 9% FHa
a9 47 F7bn Qed, dduE nels
o 24 A FH9 APl HEHZ U w
gt FUY FHa ZFEAG AEA FHAY A
Ze BEEy) dsHe FRA oE F e
VOC x=%o] ¢4 02 Prisojc} g,
7)1d4¢ 28702 B3y AdME d7E
74712 A9 olyz VOCE #e el ¥¢
Hojo} dtm VOCE F¢F oz By 3iA
T oy ugEdAMe VOCH didE LFHES
ol WE MY =F P AYE Hrvt ¢4
Hog AFgolol ok wetd £ A7 44U
2 Aol 7% VOCcY &&F #eE AT F
2% 7|2A8E AT AT 5Ho2, FHA
g 5% ANEAAY 2¥9& 71€(o et al, 1988
Jo et al, 19%0a; Jo et al, 1990b; Jo et al,
1990c; Weisel et al, 1992, Jo and Hwang, 1994)
& ol g5 FAAAY AW & 49 F7], 24
o AFA FRAAN FEF R 5 A

VOCe Wg =25 H7}t A

It

2 ME ¥ A7 Y

21 MZF A2l H fIF

B A7E 19959 19447 199549 49 697t
2] ek 3 o] 2A FHQA 7A-2F 7ANH ¥
(2% 7A-24 7A)e2 FEIE FPHJG &
ARG e ge A AEHI FAHAAGA F4
T 3EFe g¥ Fdg g EFY oin

b £7188E 449

E, 281 dzA9ezA FLAAY BEEE
AN stgFgel £ obdES AAHAG 4
9} E71% $gE VOC 9 FRH9 gz
VOC % Z%7F 24 08 e A3Ed
=3, drA 249 AR} FAE 4 XS AR
AL FEQlol AAs YFeH oigtEY 4
WelelA A% Fi% FIE WFH VOCE
gt FHFA AHANAG. ABRAHLLE AF
g AN FAHE HPHAYG. diF
dojxe] AUWF/IAEE BFDAY HelA A
HAx, 4F7AEE FHHAN Bz <
AZEFFGAA SHHAAG. olES HWF A
Bt AN, 49 Ade AERFHFE ot
E W@ 9oz o] ofdE 9% FIE
AHsA ARI7NAE AH Fole FAol §
Atk AEA FHLAXY F7IAEE AFY
AN F7IMNE FUFE FRHEY 2FYF
A2 =

£

22 NEFE 25 EJ(Trap)el N Xe|

FAAE $4F VOCs A8 AFHE A% EY
o A AHee FHAY LF0] HAHHEE Y
o FFA9 A3 2 Ax, FFAAY FR
(packing), 2213 FAF Y EHY(trap) BTLE
FAdd A9 A3F 2 AxE HA8M, FF
AE Stainless steel(SS) EY(trap)ol ¢~ 2
o] Methanol ¥+ Pentane®. & ¥A Soxhlet
A¥HE 839 HA, Tenax-GCE thimble
of ¥ a2 9o FAHKE AE H, °lE
Soxhlet EAd ¥t ©]o]A Methanol 350 mL
£ Soxhlet® 500 mL §%F9 Feti3ad ¥,
hot plate €®£E& 50-60 ‘CE 2% o Felx=
£ hot plateolA 24 Al A= 7tE3A
Methanol Al&o] Ed Fo, Fe& WHOoE
Pentaned ©}£39 Soxhlet MAYE ©}L3H
o}, ©X| Pentane A2 AlT hot plate £EE&
75-80 °CZ 2w3%ltt Soxhlet A&Ho] #d F4,
Tenax’t YA RALthimbled 7tAur-3AA] o
Yol 95 °C2 2AY AF2EVA 2 47 A
AT ARA, taus AR E AsE 2

=

i
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Z1AE FTFAY. EYP FAA Fd ¢A,
EYPL AAAAE ol43o AHE Fo FFHF
2 A8 AzEAA Azgd. EYPARA
L 200 °Col $FAoh 03-05 ¥ M 3F
2 AzE EAANE Az ¢ AHE SS EYI
NS, oA MAN EFL 275 °CoAlM F 24
A ZH5<t conditioning 3T FXE EYP R
Be YRIVIEREY 279E AGEr] AsA
HXE uho] B3y v fej@de AR,
AU RIATL A4 NS 2054 gt

2.3 ME A FH gt

ANEAHE Jo et al(1988)9 ZAH3FY A9
YREE FHAidsle Wye o3 U4
3 #BANA trapE HFA, &£ AR EE 3
Fo2RH trapol 2¥HE AL WAE] Y8
A, 34 AR ARLE FEIAT. WA
trap °l FF7] 2 AEAH VOCA =Z 5o
LgsHE AL BAEI] HMA, trapd] WA=
LGN %o HZE go] Had upigt Fed
S ol&3ttth

F7\NEE 9irFEF ofgES] AYdXM 1
23 AFa FH9e TFFGAN AFHHUD
AN EBE NAAB A7) (personal air sampler,
AMTEK MG-4)& ©]83l9 TenaxZ M43 1/4
x  YAFH 44 AA  ZHol9] Pyrex tubes
(Supelco Co)Z F718 E3AA AFHAG. F
ZINE AHE YA 2 10 - 14 mL/min
24U AW F71e F$ 4 AR A3
AZre ¢k 12 At 23 FRARAMY FIAE
o WalME 302 o4 60 oz ZIHU
NedHe A48 374 A& "5 EPA
Method®} £ 7]3 (breakthrough volume) 281
BA7)7]9] ZFE(instrument sensitivity)ol <A 3t

o 23U

24 VOC N EEHY

AHE TN Ee v=e O @7 RS
(United States Environmental Protection Agency,

USEPA)Y ¥ (Riggin, 1983)2 2839 =34
FEA dsA £MEd. of WyEE AEA o]
£5e  BEMARE  capillary  column(Supelco
VOCOL 30mx0.53 mm inside diameter)® E3o]
&3 7ZZ&7|(Flame Ionization Detector, FID)7}
AAd  7)AazetE18t0(Gas  Chromatography,
GC:  Hewlett-Packard 5800A)%} gea4x|
(Thermal Desorbing Unit, TDU: Supelco TDU
Model 890/891)2 FAdAY. GCY L& T2
e geR(oven)d Z7ILE 40 °C oM 4%
Z LEA4s4EEE 8 C/min, 183 HFL:
200 'C2 +2¥4319d. ThUe 2dozN &
Z LEE 200 CE g3 Al7te 9 Bo= 3o
B &7\ (Carrier gas)E o] €¥ AA7A Y &
&2 9 mL/mino. &, Transfer line?} Valve &%
t 47 240 °C 2 230 °C °|dth

Z2Azko) A 7Z(Quality Assurance) 2 &3
#el A 2A(Quality Contro)e AAHA 2z
VOC(target VOCs)oll & AANY HA, F-&
#EZ d(external standard)g °|&% HAFMY &
Q, Wide EMA A¥4d 2 @39 A8 (blank
trap)e ¥4, ¥4 AUz ZA, 4FL| VOC
EMo| th¥ A& A (Method Detection Limit,
MDL)e] ZAA, A&l 34&(Recovery)?] ZAZ
¥ g3t Zt Target VOCsoll thg AAAHE 470
o] JREFEAL o) 83ld FAAHT, o A
& Q2o AZY JREFEAEZA HAHAD.
o] FAAA7}L HAMAN 20% o] RolYHE A
Z2E HARNE AN A¥AH EF IR
7 L8y #AHASW 22 batchol M A
AP EYL o83l AFHE e NET FA
=9t MDLE 2 target VOCsel tish 734 +
ystd Qe AAE FAHeE A ZAH
A1, Az 3ege FY AFY target VOCs
2 GCol AAZY(direct injection) 73] 2133 ¥
g3y AR50 e FTHEAA(flash
evaporation system, FES)& %39 GCol 73 F
% ZRE wimsted FIH B4 ALEE
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Table 1. Precision, minimum detection limit(MDL), and recovery for the analysis of target air VOCs

VOCs Precision(%)" MDL(ug/m>) Recovery(%)
Benzene 11 0.24 92
TrichloroEthylene 12 121 104
Toluene 13 0.18 113
TetrachloroEthylene 15 0.97 95
EthylBenzene 12 0.12 91
m,p-Xylene 9 0.09 %
o-Xylene 10 0.10 91

*Precision’ represents relative standard deviation of seven replicate analyses.

Table 2. Proportional percent of detected samples for VOCs to all samples collected in two residential sites of

Taegu(Whangumdong and Bonridong) and in a residential site of Hayangup, Kyungsan

. Bonridong (Apt.) Whangumdong (House) Hayang(Apt.)
VOCs
Indoor Outdoor Indoor QOutdoor Indoor Outdoor

Benzene 100 % 100 9% 100 94
TrichloroEthylene 48 40 45 39 38 25
Toluene 100 9% 100 100 100 9
TetrachloroEthylene 9% 92 91 89 85 75
Ethyl Benzene 100 100 100 100 92 94
m,p-Xylene 100 100 100 100 92 88
o-Xylene 100 100 100 100 85 81

FESE %39 GCAl FU dF/4 Z=9 Ad

22X FAEY ¥

FEA7 25 A

FHAE o] &3le A=t

o)

Z} target VOCso| dist ZAMY A#ASFE
095-0.92A #H&adA UNeH, Y¥ EFE
FE o] 83 HAHY & AT A 270
o] AAAMol AFHUY. HAEAH € dF FAE
Age Ay dF Z7]d EYEEFY suATY
trap containerg ©o|&3td R# P UL o
A494 2 8% FAEY 290 HAHND, E
PL719 FASE =719 trap containers o} &%

r

7} target VOCsol tidte] ZAAE B4 A¥EE,
HESA, 2 £ Table 13 2o 2z AH
VOCe g AU} 35&e 47 WF EPA
7} &3l AU 20% old, 28n & F
+89 80-120% ¥9 Wz el Toluened
Benzened] 7% 34&°] 100%E Zdsled of
£ TenaxE ol43ld VOCE B4 u Yutzxo
2 vehdes #40% Tenax? offgas W&otk
(Jo et al, 1988). W HEIAY A9 AU
gi2571 7t B2 mp-Xylene, o-Xylene, 18]
1 Ethyl Benzeneo) 2, Toluene® Benzeneo©]
Z73%, 283  TetrachloroEthylene(PCE)$}
TrichloroEthylene(TCE)el ¥4 uelgzn o]&
FIDo] EA# g€



452 282 3A3 - $¥d - vty

Table 3. Indoor and outdoor air VOC concentrations(ig/m’) of Whangumdong, Taegu, in the daytime(7:00 AM.-
7:00 P.M.) and the nighttime(7:00 P.M.-7:00 AM.)

Daytime Nighttime

VOCs Indoor Outdoor Indoor Outdoor

Mean® Range Mean®  Range Mean”  Range Mean”  Range
Benzene 54 27-88 25 ND-39 76 53-11 31 21-5.2
Trichloro- 14 ND-30 1.1 ND-2.1 18 ND-5.3 12 ND-29
Ethylene _
Toluene 28 31-41 12 0.2-24 35 4.2-48 13 25-31
Tetrachlo- 41 ND-11 2.8 ND-5.7 50 ND-95 3.2 ND-8.0
Ethylene
Ethyl- 67 31-87 31 15-90 74 56-9.2 41 3.1-53
Benzene
m,p-Xylene 13 8.3-20 74 2.8-15 16 11-38 84 46-19
o-Xylene 78 02-11 40 1.8-11 94 56-15 54 35-85

* ND indicates “Not Detected”.

* “For the “Mean” calculation, ND value was used as “ND x 05 " (Pellizzari et al., 1987a).

* The number of indoor air samples was 11 for each of daytime and nighttime sampling, and the number of
outdoor air samples was 14 for each of daytime and nighttime sampling.

32. FHXY Auie S7l0lM2f VOC

Table 20 Jehd ulel o] FARA QoA
Z2NEW AZE6Ee 770 target VOCso o3
25 M 100% AAZA VOC FHol wet 24
vehgtt}, TrichloroEthyleneo] 7H3 @& AZ
£3 Jeigy, 2 VOCs Boe %
VOCs9 AZulgol =A uYexdd. Huzoezm
Aoute AUdr & AE HEEZ Yede
o, o]3§ ZA= Aol target VOCsol 24 Y
o] 43 (Wallace et al, 1¥DHECE FHHT
£, APAYGQ FYRG target VOCse LA
o] AdiFeg B dTAYAN & AEFWE

TrichloroEthyleneol Atk XA &Aoo 2+ due] ¥
7] 2% disiA APAYGRA FFED 7Y
g2F3 BEgFdA & VOC 2957t Jext
o, ol AAx oA AFH HEHIE
3 Aol Xk hFEAIY VOC LEEE W
FAE FAE 2AYHe] =AY vulF9 Los
Angeles(LA)8] VOC 28=E& vlmslr] s
Table 3, 4 2 59 WUeld & VvOCY HAs:=E
ol &3l Fig. 13 27} A= AU Fig. 19 2A
519 Benzene® mp-Xylene?l AWF7] L¥E%
7% BFF5H 2% v LA(Wallace et al.,
1990 A debhgn, TCE, PCE, Ethyl
Benzene ¥ o-Xylene? 437 29% A%

£ By} LA(Wallace et al., 1991) Bo} 3% 3 EalFd
gAY AYHA FAANYY FFFH 2YF A oA FA UYeEAY FARA deigt 4
ax AFEH] HLAFAAAL gAY 9 F7)9] 7B% Fig. 201 ZA3E Benzened ¥

VOCo izt AWe 3715 =7t 4z Table 3, 4
2 5o Qoksjo] Uehdth ZE RAIA G AW
9] F7dAM Mg ®e T2 JEhd VOC2
Toluene ©°l®, 7t @& FEg dehd AL

w7t 8353 2 Fd vls) LA(Wallace et al,
199D9A EA Jebd RE AUF7I A$9
AA =} Toluened FEE ME 2 Hol&
wolz ¢t} ®3 TCE, Ethyl Benzene %
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Fig. 1. Comparison of indoor VOC concentrations
among Whangumdong and Bonridong in
Taegu, and L.A (Wallace et al, 1991).
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Fig. 2. Comparison of outdoor VOC concentrations
among Whangumdong and Bonridong in
Taegu, and L.A.(Wallace et al., 1991).
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Bo] HAze e LAY AS HEFH AL
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ol %S v BAAFIE FAHA gyt
AL AT Y F AFE AHHOR st
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" VOC ¥=7} ol AxY QFAXE Jeh
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Fig. 3. Indoor and outdoor VOC comparisons for the
sum of 7 VOC means which averaged for day
and night VOC concentrations at 3 sampling
sites.
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AFE HEuE g A9 g s BEFE
VOCs(Benzene, Toluene, Ethyl Benzene, m,
-Xylene, and o-Xylene)?} ZA¢ Fa 4o #A4Y
L& AEate] w7)7k2(Sigsby, 1987)81 wtdHe} A
Wt doge s VOCsE Q¥d 4937
o] AE¥r ofyzg}, B d7](Higgins, 1987) 2
H Q1 E (Wallace, 1983)7} E& = 7] wjZo] 4%
Hoe AWI7IaMe LEE7 A UEd
o2 FAEY AYF 7 v dWdre &
TrichloroEthylened HUES 2 EZHE|S 3

#olz  (Pellizzari et al, 1987b),
TetrachloroEthylened] 4% &4 Agd 2
(dry-cleaned clothes)ollA 9] 3@ wjFd Ho=
A " ch(Wallace, 1988).

Zt 299 vy go] FEE 45 wlasr] 9
8] 4 Table 3, 4 ¥ 59 Jebd LI/ VOC B+t
T2 P A Y Fig. 47 o] &dch
ZAANY mRdAM drHEe WY VOC F&7}

iz rlo >£ N
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Table 4. Indoor and outdoor air VOC concentrations(itg/m® of Bonridong, Taegu, in the daytime(7:00 AM. -
7:00 PM.) and the nighttime(7:00 PM. - 7:00 AM.)

Daytime Nighttime

VOCs Indoor Outdoor Indoor Qutdoor

Mean®  Range Mean* Range Mean® Range Mean® Range
Benzene 43 12-19 24 0.5-4.4 6.2 15-16 3.3 ND -6.0
Trichloro- 1.3 ND -31 1.0 ND -20 17 ND -3.1 1.3 ND -21
Ethylene
Toluene 19 0.2-57 14 ND -48 29 42-94 17 1.0-59
Tetrachlo- 6.3 ND -13 40 ND -20 18 13-14 41 ND -78
Ethylene
Ethyl- 45 0.7-18 26 0.2-12 86 1.6-18 45 05-9.3
Benzene
m,p-Xylene 12 2.4-61 84 0.5-45 14 89-19 8.7 26-21
o-Xylene 80 1.3-27 41 0.4-23 11 3.0-23 6.5 34-94

* ND indicates “Not Detected”.

* “For the “Mean” calculation, ND value was used as “ND x 05 " (Pellizzari et al., 1987a).

* The number of indoor air samples was 23 and 17 for daytime and nighttime sampling, respectively; the
number of outdoor air samples was 20 and 18 for daytime and nighttime sampling, respectively.

vTable 5. Indoor and outdoor air VOC concentrations(llg/ma) of Hayangup, Kyungsan, in the daytime(7:00 AM. -
7:00 PM.) and the nighttime(7:00 P.M. - 7:00 A.M.)

Daytime Nighttime

VOCs Indoor Outdoor Indoor Outdoor

Mean®  Range Mean®  Range Mean® Range Mean® Range
Benzene 34 1.1-5.0 19 0.4-32 43 24-6.1 2.2 ND -29
Trichloro—- 09 ND -20 05 ND -0.6 09 ND -1.8 0.8 ND -1.3
Ethylene
Toluene 11 02-34 7.0 ND -17 19 11-29 10 31-22
Tetrachlo- 33 ND -55 2.2 ND -2.7 35 1.1-75 2.3 ND -35
Ethylene
Ethyl- 33 1.3-6.1 1.7 ND -35 47 ND -6.8 25 0.7-45
Benzene
m,p-Xylene 99 ND -19 35 ND -84 11 82-17 52 ND -89
o-Xylene 45 ND-10 25 ND -7.6 5.7 ND -13 3.3 ND -58

* ND indicates “Not Detected”.
*“For the “Mean” calculation, ND value was used as “ND x 05 " (Pellizzari et al., 1987a).
* The number of indoor air samples was 6 and 7 for daytime and nighttime sampling, respectively; the number

of outdoor air samples was 8 for each of daytime and nighttime sampling.
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Table 6. Aromatic VOC concentrations(ug/m®) in the breathing air zone while refueling at four gas service

station in Taegu

VOCs Number of Mean(ug/m’) Range(ug/m")
Benzene R 1991 330 - 4783
Toluene 38 1679 292 - 5031
Ethyl Benzene 38 106 25 - 203
m,p-Xylene 38 449 120 - 954
o-Xylene 3R 194 41 - 398

Table 7. Daily indoor and outdoor air exposures to aromatic VOCs in the residential sites of Taegu, and the
’ exposure to aromatic VOCs for a refuel at gas service station

Exposure (ug)

Microenvironment Benzene Toluene Ethyl Benzene m,p-Xylene o-Xylene
Indoor 100 476 116 235 155
Qutdoor 8 42 11 25 15
Indoor & Outdoor 108 518 127 260 170
Refueling at 56 46 4 12 6
Gas service

Station

Mnd A Jebgoh ol ARE A4
A3 F 7A sbed AHE v wejAe 74
34 A AW #7)(ventilation)?] xbojolt}
A9Fr) FE9 ZS Wl opr|He v 9HE
ol VOC o 3 g4HE aAezA wro
B o AeErle VOC %7 57HE + do
(Wallace et al., 1991). AN ZF7) w29 A% &
o v FE# YR A2e g7t B@Y
g 2o AU BAsEE VOCY FHA Hxd
dee Ao gA yo vlg we AW VOC F
=7k #A Jebd Aoz F3FEn.

33 ASA FRUL SEFASI|A

AgFHAE A5 FH FALY 3FFHG
A 2" VOC 57 Agdez 83l 1
%02 UFHER F§ FHEH A&

<]
Fde TEA Q1 FHACE FLAYTL F

#99 3FFGANAM FHE K540 Fd 54 W
FE VOCse H%E7} Table 69 82k=o] vehd
t}. & target VOCsdl B3] Benzene® Toluene
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7% CONCAWE(1987)ol A} &R d FX21 4000 p
g/m’ (BenzenesE) 2 4000 wg/m*(Toluenes %)
o ul3] of AwrYw g i elgty, Bond et
al(1986)0] Eud 720 pg/m’ (Benzene'¥E) 2
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A vebgth #4449 2§94 23 o=
dFZo| Ethyl Benzenedl ti3t Age g &
7} 093,  Xylened 7A$  mp-Xylened
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ol o8 sFdHER £ 47 AHdAE
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A7(Bond et al, 1986; Clayton, 1983)2} Bl ¥
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Boe g4 E3, Clayton(1983)0} R 113 1330 u
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a9 9= AF(Bond et al, 1986, Clayton,
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I = intake rate(m®/day)
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