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Abstract

Vehicle occupant exposure to volatile organic compounds (VOCs) continues to be the subject of active
research because of higher levels of VOCs in vehicles than in the surrounding ambient atmosphere and because
of potential health risk. This study identified in-auto and in-bus exposures to 6 selected aromatic VOCs during
rush~hour driving. A bus service route was selected to include an urban route (Taegu) and a suburban route
(Hayang - Up) to satisfy the specified criteria of this study. The most abundant VOC concentration measured in
this study was toluene. In-vehicle target VOC concentrations of the urban route were significantly different
from those of the suburban segment. On the sum of average of the target VOCs, in—auto VOC concentration
was about 1.5 times higher than in-bus VOC concentration. Based on the sum of average, in—automobile target
VOC concentrations of this study were within the range of previous studies conducted in several cities of the
United States, while in—bus VOC concentrations of this study were much lower than those of Taipei in Taiwan.
In-vehicle VOC concentrations of present study significantly varied with sampling days, while they did not

varied with driving period.
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WEE VOCs 2 AAY 59 F7dA gsle] F
2lth (Chan et af., 1993; King, 1992; Lioy,
1992; Weisel et al., 1992; Chan ef /. 1991a;
Black and High, 1980). gk W3 =& exo b

g VOCst AE3 939 Furgo waE VOCs
FHFg olgdtd FEHo= dydc. IFA anti-
knocking& $8]4 tetraethyl lead ((C,H;),Pb)E

Skl A7t ot o2 QlE] ol wirlvtxet 8
AFARZTEH WEHY o2 Q% g7 & 29 A
7 AAEezA B g Ago] gFIEAG, I
2 Knocking 4% o112 8IS F71419)7] 98
A AR 3Ap A= Tetraethyl Leadd A& thaldl
g;]ﬁl—o/] rﬂ-a}}. §].'C§>% 3l-at 7]-/\]7]_1_ M\:}. 1980
dols gy 74 HuRd 4FE FgAgE FEo)
22% %5 Bk, HZo= 33%0 &3l Utk (Unzel-
man, 1990). el AL #FA HEe o4 F ¢
21993 S £ 3 %9] W 3E g3
30004 40% Ato] At (AR 3, 1994). whEhA,
= e B Rt fA wEE 5E
GaEs 4315} W FUIAME A GEA WS
VOCsdl 52 v5% =29 § JdSL /T F dx

oje &

SRR

L

71L& #lsly] fad e d& xart k79
old gt A F Y WaKo] A4,

g gEe] wEE VOCsol tigt »Z3 ddsiy
AF AFol M Ag ATdE 2EE A g7
FAA XY BEIA FQ AE FUHS A (49.5%),
2744 (27%), B8 (11%) 2 71EH(12.5%) ]t} (MBC
=TV, d1 Agwss). 2 d7dMe o 394
o 71 F2% Tl 2% 599 HAag 4318 o
4% o gt Ho*f%k’“ VocSoﬂ =&HE 4XE ¥
7ht7]l H8iA ZA 9l AYAE g ddshe shue] wa
=AE ue FH2 17 ol HAeh 84a R
VOCs oE é

g3
2. gt H

2.1 g et

W Felxe AY Aol SE
34 ¥ 2-#3129) w}e}
el A W3E VOCso] =52
adsgin. dEE A% v
A9g ddsta, 2) 2HIA
£2 9459 85 VOCs
AT T2 2AE dEY F UES HAHHUT. §
= 9 =2 HE A A A SgEo) A

AR ed dgFele A+ 7tEdEn, A5 A

o

Qe o7
A SgA5 w2
s deis] 4ol
1) TA9 A
A%0) As, 3)

< Brreh) A

o
=dE

REb o
oo M
Mo o rl

1
el
Y

39.

O

st 3ol whetae] 370 Fdishaet AEH R
a3 AR ke 27) AEuiste] s Uk, 9
o A 28 HEste 4Y B =4 e tF FAA
A AFRLR T2 EE 2HI3A) ol8EI BARIEE
29 FUT 2UTE QI 2ES ATRA A4S
Aoz A% AFol WHE ERZZA EFI3AME
A9 Frol A S8 A PRGE FLPeR
33 st AAE e Tl AT

;
=
-

Table 1. VOC mean concentrations in-passenger cars and in-buses in an urban (Taegu) and suburban (Hayang).

Concentrations {#g/m?®)

Compound In-Passenger Car In-Bus

Taegu (n=133) Hayang (n=33) Taegu (n=35) Hayang (n=33)

Mean SD Mean SD Mean SD Mean SD
Benzene 30.1 16.2 18.3 10.2 18.1 11.3 11,7 7.4
Toluene 98.3 70.0 62.0 41,6 63.9 58.4 36.5 39.2
Ethyl Benzene 8.8 6.0 5.3 2,8 6.8 5.4 3.6 2.1
m, p-Xylene 28.5 18.2 18.6 9.6 23,4 15.1 125 7.2
O-Xylene 22,2 16.6 13.1 7.4 16.3 12,0 9.5 6.0
Sum of 6 VOCs 187.9 117.3 128.5 73.8
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EYtas SHOE st @l xAo)z, B2 A sl mAAF 2AIUL, wWxe] S $HA
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-

Atel, 9.5 km, Z2|3 Y ® Q A W FHA- S8AE waY FRYAAM FA WAL M
kg AA AdA d+ ZASYA TR Ael, 8.5 T WA FAG A RAHEE 2R A A
km2Z FE3k5{th BAHA AF BRAM Az HH AP &9
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7} 279 A ) AY e TEsidd. $84 2d WA F7F FHdM g4 35 99o7 FUHQ
o & &7] WAHYUSE (ventilation mechanism) A Th & 7| AF] Y] U3 FPA =A) =43 A
o7} &8 W9 VOC F=o rlAe 8L o7l AY wddM 27 & 7jQe A8/ AU, A8
gy Y Bdo £&x F o) (Hyundai Excel, AF 717+ & Uy £xg sl A W) Fe] )
1990 Model) & o] &3tgic), s, ddel o]8¥ o e AE (Bruetsch, 1981)% ¥3aiuis A4S
28 B4 & Y] Wi B9 A=A A 534 WEE VOCs =3 3718 YaM Aewe o
F Aol we gakgol 74 AEule] zel= Qs of AR E A B[

719 # 9= 23 84 (confounding factor)9] 43
< AAE] YElA shte] AH BAte iUt AME 2.2 AR Mz
g0k, AF @, sEAY ASde goAvt HY Al {9 WEE VOCsE 98 37] A5E:

Table 2. Mean concentrations of in-passenger car and in-bus VOCs for morning (7:00~9:00) and evening (5:00
~7:30) commutes in an urban (Taegu).

Concentrations (#g/m?*)

Compound In-Passenger Car In-Bus
Morning (n=17) Evening (n=16) Morning (n=18) Evening (n=17)

Mean SD Mean SD Mean SD Mean SD
Benzene 25.6 17.9 30.8 14.7 20.9 13.9 15,1 7.1
Toluene 97.0 71.4 99,7 70,7 66.7 55.3 61.0 59:9
Ethyl Benzene 8.9 6.1 8.7 6.0 6.0 4.1 7.6 6.5
m, p-Xylene 31.5 18.9 25.3 17.6 21.8 14.1 25,1 16.4
o-Xylene 23.1 17.0 21.2 16.7 15.1 9.6 17.5 14 .4
Sum of 6 VOCs 186, 1 185.7 130.5 126.3

Table 3. Mean concentrations of in-passenger car and in-bus VOCs for morming (7:00~9:00) and evening (5:00
~7:30) commutes in a suburban (Hayang).

Concentrations {#g/m?)

Compound In-Passenger Car In-Bus
Morning (n=17) Evening (n=16) Morning (n=17) Evening (n=16)

Mean SD Mean SD Mean SD Mean SD
Benzene 17.9 10.6 18.8 9.9 11.9 5.9 11.6 8.9
Toluene 57.1 36.0 67.1 47.5 34.6 30.2 38.6 47.9
Ethyl Benzene 5.4 3.0 5.2 2.8 3.5 2.1 3.6 2.2
m, p-Xylene 19.0 9.5 18,2 10.1 12.1 6.7 13.0 7.9
o-Xylene 13.8 7.5 12.3 7.5 8.7 4.6 10.3 7.4
Sum of 6 VOCs 113.2 121.6 70.8 77.1
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ape} WA RdA 7iel A8 A7 (Personal Air
Sampler, AMTEK MG-4)& °)§3ld &3 Eg
(trap)& E3le Target 2718 FATo2ZA HF =
. AlgE EFL VOCsE Adxoz 4% 4 ¢
= Tenax-GC adsorbent® A7 1/4 A= &A%
4.4 Q1% 710]2) stainless steel tubeo|t}. EA] k&
Aol Az AHHE AP S 4294 59 cc/min
ol aHH EHE 0.8904 3.3 gE Mot
A A =M 49 AR AFE A3 KL 18344
202 cc/min @)z AH Fe 1.4 A 2.3 2E
wololgitt, T7) Ala AHE Hd o848 F¥t 49
= 2H g4 98E VOCso] it Exle E713
(breakthrough point)3 ¥4 71719 Z= (sen-
sitivity) & zetate A gieh.
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Tenax EYo] F38 o4 7)o WEFE VOCss ¥
A&7 984 EPA Method TO-1(Winberry e
al., 1988)% &3y, F8 Y FAe €93 F
2)(Thermal Desorbing System, TDS, Supelco
Model 890) ¢} 8% 0]23 7#%7] (Flame Ionization
Detector, FID)7} A8 7|dazrfE1dE (Gas
Chromatography, GC, Hewlett-Packard 5890A)
2 2AEth A" GC columne 0.53 mm |73
30 m Zo]9 VOCOL wide bore capillary column
(Supelco Co.)ol%lth. GC Lol L& Z21
#4 (programming) < A %7 Fezx &EE
35°Coj A 887+ FAAFIG7 B 4°CH st st
o HE 2% 200°CollA 32 &< R EA &t €
& o BgE VOCsd FAHY BA4E A Ei
A7} (retention time)& ol §3tAx ezl AL
gaME 95 EFY (external standard method)
& olgsled FE9 peak Aread] #AE YEE A
HHL o]&3¢th. m-xylened p-xylened 7%
peak7t U B5 Ao YEPFOZAN w2 AL
A zhzbe] gk ¥ERUE m,p-xylened A =
2 Aok, 993 Ay A% 242 o 2%
th ggE exE 200°C;, @9F A 9% car-
rier gas (d2) #%#& 9 cc/min; transfer line 2
T 240°C; Valve &%+ 230°C.

~

2.4 B4 Wy HHE
24 7719 AFs 24 dxel AL A3AM 43
A3 A (field)d TAE (blank sample) 222
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g% EF Ego] o)gHUY. EHS A AHzsh =@
287 ¢4 3o EYRY 2¥E& Fds] HAslM ol &
g FAEE BAE By 2A%E Efe 9 od
o] ¥4 Aol YFE MAA ¥e Ao FAHUG.

s 24 71719 AF ¥t 7] B
dab) daA ol8d A BE 2R ¥
skl % 7ol AR o) §=Uch,

o] ¥ig 3
q A 2

3. =

2y 839 w29 UR F7d4 &4
VOCs $=7F EAQ tF =43 Hd A9 3y
Hoz pRste] ¥ 19 a2 Y 67) WE
VOCs £ 7% &2 ¥:2 2 Jehd S tolueneol
t. zZt WS VOCse w%o tste e FF4
FAGel 3% mARgE U7 XM g3, E2ES
A AEgle] MA WidMEthe S8k Wl
=7 eyt

g7 BEgE VOCs BF g9 Fol 2AE o 7t
B 2o 2 Jehle 252 242 g7 =4& °
43l $4212 2528 o (187, 9pg/m*) oM, o
o] HAE o]&dld fF =Mooz FEHIA (128.5
pg/m?), 183 &AE o435y Y mHoR &F
24 (117.3pg/m®) L v]25 olg3le 3% midez
25 2% 9 (73.8 uz/m*) 2 £M 2 YElT AF k=
Ao datde 845 o4 o (305.2 gg/m*) 7} Y]
AE olgste] 282 9 (202.3 gg/m*) R} % 1.5
W =& =19 VOCsd| m=2He Ao AU

NE AF 7Y o VOCs i ¥HstE ZAks
7] YaiA ok 22 AZtdg AY HI AR 5§
aeb WA WERAM VOCs ¥E7F SHENT, o+
wAMoM Y dE VOCs B%7t § 26 goERdc}h &
4319 AL ofd & A2 67] WEE VOC Ha
=rol §o] 186, 1pg/m*EA A9 B2 A7HY 185.7
pg/m’s AR UERETE EE A FSE off
Azhpe 67 wEE VOC #H#E ¥5¢ Fo] 130.5
p/molx AY Ha A7hel 126.3p4g/m’S AolE B
o]z g¥trh.

8 ¥ 3o Q4 8% alorMe 67 LHEH
VOCs ¥%9 e 8319 4§ ofd &2 A%}
A 5z A7He w27 242 113.2 2 121, 6 4g/m’
ol7 A9 AL 747k 70.8 % 77.1pg/mPo)3 o,
2839 WA BEM obd 22 A7 A 2
Az B x Alold] BAAH fo4el gl AoR
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£ 1o el EFALSY P o ZASA ALt
B VOC Fx9 W3 & (coefficient of variance,
CV)& 52014 107% H$olch. g o9 A 717H8
Y o o ¥ ¥k WM& 2 AT =
H3lg g gt ogd Ade HAHY Weisel et
al.(1992)9) A4 dxge}, Weisel et al.(1992)
o AFE Xy, B aAM AL AAHY F4
AfE E A7 £dd VOC Alg Alg 2 24 by
(Winberry et al., 1988)& 38354}

s42 Be WAE oty FEHIY o XFe] W
B 375 wEE VOC ve 149 Add 3% =4
2o of 3 =AMeA #A e, o] e Chan ef
al.(1991a)3} Chan et al.(1991b)8] QA+ Az} &
Ag}, o] AHE AWy YA o GE 2FF
Z 33 £9 zolr} oj&Ey. AL XY g v
aste dfF FGAIS} 2L dEA A, F2 A &
Ho g Qs =24 U B2 Aol EAlsa o] 4
3 WZ ko] Futsle] TR wHEE VOCs9] &
S7F F7vebH A X Alele] kA0 FobMA F
9 A AY A wirvbid o 9%E o5 F
A Hoh, g 2L &80 ek o =24k 7]
o] W% (turbulence)dAte] F7lat o] A =24
o WS VOCsE E9¢ g7l BZY =& 3
M, ey, 2824 3o & =49
VOCs =% ajole 2139 &85 Jdd g, 3
Fhe] AY) 9 =2elMe i @4 gid Rem
AtE "

i =4 EE 3 =M &4 dE 371%
wWEE VOCs Fre W& UF Bty A4 et
| A dAslEAE o E TY FYPLAA
&9 WA Ui % 2ol d+8 Flachsbart
et al.(1987)9] Axs} dxgch, F Aaol|
W VOCs 5% Aol AwWstrl a3 583
ok W2 Rz 37§49 A Fo| Aojrt o]&d
o}, TRAJOIAY A7 £ WA vlEiM 837 |
A BT WEE VOCsk 5830 84 Zol wEd
o}, webA 2ok HEE w83 WRAA gD
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AR flEAN A AF A =2 155
7] dgel WA JEET 543 YEE 5 729
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g e AF S8 Ee AF AA deda shie o
& Ee 84 P Hirge 4319 1 B
&3 w71 2e wolzb M2 HE £83 T #9
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PA 82 B A 57 A WA QR
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Fig. 1. Comparison of mean in-auto concentrations

(#g/m®) of aromatic VOCs between previous
studies and present study: NJ, Weisel et al.
(1992); Boston, Chan et al.(1991b); LA, SCA-

QMD (1989)
500
450 | -
"2 400 :i: g
S 3s0 | & .
fd @
g 300 | R -
s &
S 250 % A
R
8 200 K .
> %
% 150 | X
a K3
L 100 |- pd -
= kY
50 |- &S -
"o}
0 1

benzene foluene ethyl~ m,p- o-Xylene
benzene Xylene
[ Taegu Hayang B Taipei

Fig. 2. Comparison of mean in-bus concentrations
(#g/m°) of aromatic VOCs between previous
winter study and present study: Taipei, Chan
et al.(1993)

VOCs9 24 A% 53 7o) 583
2% VOCs 550 98¢ vlAE oz
Q) A& 7|9)eE AoE FHEY,

a9 20M e Bl& Y 371 F 9EE VOCs 5%
of thated H A-zel tivke Ay Azsh vaEch o
AN e VOCs Ha 559 Toll 24 of 2H&
A g waoA e weE VOCs ¥R diukel 1/1g

AU HASGE A A 128 A2 E

A2 ey, divolr e Fadgel wEE VOCs
ko] 35% (Chan ef al., 1993)¢]5, W F&f9
wakE VOCs 3ol 30°ﬂ*1 40% HHY A (T A

f 93, 1994)¢ AT o HAHe] YIS

ol £ ArelMe Aol2 4BIE Fo WrE of
U Aoz Azt med 839 4%
Fusk diw @7 A Hole $87 Uy 3
WHE VOCs 520l 9% vHe o axse ¥
;5-,]0

Fo

S~
>
ob
=

§hajol o 719lskeE Ao FHHh
5 e 3 4 &2
B odTE ofg g 2ol & ‘45]; A& Aojth,
1. HEAQ i Fgalg A9 AYQ &S Aol
2 25922 4, 24 £ 53 dgAEe
FE VOCso) 22d9e Are F3 =49 A3
o] &0 e} 24 Yelxd
2. ol¥ ¥ F2a T FE e g wWEE
VOCso =29He Any 22 A7 g2 A7t

2

= & Aol7t glor} T dA wet xjo]7}

A8 Aoz ey

ZEaks A A9 SRS BHY o 2o
A A9 Ol FAAE AT O ¢ B2
& VOCsol| =284,

4, ZE Z5a4E o4 7] BEE VOCs 5 toluene

w
e

°ﬂ N e ¥EE =E9rh

B AT A 2AZ 0 §2 =42 3PHoR
7}236} 2824 2o v £3 gstlSo) was
VOCsdll =5+ 3=& 3—017] AHME S LE o

$3he AuThE MAE olgeld FEIhe Aol 24
g0, a2y ae3el % 9} 4% Az me §]
957 9AR 4 903 o2 1 584 UYEel U
% VOCsel ¥ Axvt g2t & gloug WAl ¢
87te] o] go] W2 o] Yro H2 LS VOCs =
2 FUNAG L BAsIE 44 ek wEA 2 o
T ARE AP e v G FRHe &

$28 olgshe 4 977} FAA

ZAte 2
Age A9 BAE o F dTFRAYIEY UG
o] Bt} qigrelAy (AAste FAaY)H - A

SellA AA="YT



@

gt 4§13 (1994), A998, #4 34 ML,

Bevan, M.A.J., C.J. Proctor, J.B. Roger, and
N.D. Warren (1991) Exposure to carbon
monoxide, respirable suspended parti-

culates, volatile organic compounds while

commuting by bicycle, Environ. Sci.
Technol. 25, 788-791.

Black, F. and L. High (1980) Passenger car
hydrocarbon emission spectation, U.S.
Environmental Protection Agency, EPA-
600/2-80-085.

Bruetsch, R.1.(1981) Carbon monoxide and nob-
FTP ambient temperature, Office of
Mobile Source Air Pollution Control, U.
S. Environmental Protection Agency,
Ann Arbor, MI.

Chan C.C., S.H. Lin and G.R. Her (1993) Stu-
dent’s exposure to volatile organic com-
pounds while commuting by motorcycle
and bus in Taipei city, J. Air Waste
Manage. Assoc. 43, 1231-1238.

Chan C.C., H. Ozkaynak, J.D. Spengler and
L. Sheldon (1991a) Driver Exposure to
volatile organic compounds, CO, ozone,
and NO, under different driving condi-
tions, Environ. Sci. and Tech. 25, 964-
972,

Chan C.C., J.D. Spengler, H. Ozkaynak and
M. Lefkopoulou (1991b)
exposure to VOCs in Boston,
Massachusetts, J. Air & Waste Manage.
Assoc, 41, 1594-1600,

Flachsbart, P.G., J.E. Howes, G.A. Mack and
C.E. Rodes (1987) Carbon monoxide of
Washington commuters, J. of Air Poll,
Assoc. 37(2), 135-142,

Commuter

b

A {712 W A% @eA =F 157

King R.W_(1992) Automotive gasoline: Its com-
position and manufacture-past, present,
and future, J. of Expos. Anal. and

Env. Epi. 2(1), 9-22.
P.J.(1992) General summary and reco-

mmendations of the workshop on general

Lioy,

population exposures to gasoline, J. of
Expos. Anal. and Env. Epi, 2(1), 5-8.
SCAQMD. (1989) South Coast Air Quality Man-
agement District, in-vehicle characteriza-
tion study in the south coast air basin,
Final Report,
Tancrede, M., R. Wilson, L. Zeise and E.A.C.
Crouch (1987) The carcinogenic risk of
a theoret-
ical survey, Atmos. Environ, 21, 2187,
G.H.(1990) Reformulated gasolines
will challenge product-quality maintena-
nce, Oil and Gas Journal, 88, 43-48,
U.S. EPA (1990) Cancer risk from outdoor
EPA-450/1-90-

some organic vapors indoors :

Unzelman,

exposure to air toxics,
004a.

Wallace, L.A.(1987) The TEAM study . Sum-
mary and analysis: Vol 1, U.S. EPA,
EPA 600/6-87/002a, NTIS PB 83-100060,
Washington, DC.

Weisel, C.P., N.J. Nicholas and P.J. Lioy (1992)
Exposure to emissions from gasoline
within automobile cabins, J. of Expos.
Anal. and Env. Epi. 2(1), 79-96.

Winberry, W.T., Jr., N.T. Murphy, and R.M.
Riggin (1988) Compendium of methods for
the determination of toxic organic com-
pounds in ambient aiv, EPA/600/4-89/
017, U.S. EPA, Research Triangle Park.

Wixtrom, R.N. and S.L., Brown (1992) Indivi-
dual and population exposures to gaso-
line, J. of Expos. Anal. and Env. Epi.
2(1), 23-78.

J. KAPRA Vol 12, No. 2(1996}



