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Abstract

Hazardous volatile organic compounds (HVOCs) have been increasingly getting concern in urban air chemistry
due to photochemical smog as well asits toxicity or potential hazards. In this study, we investigated their concentra-
tions and the properties in tunnel, urban roadside and residential area. As a result, among 36HV OCs measured in
this study, BTEX (benzene, toluene, ethylbenzene, xylene) and dichlorodifluoromethane, 1,2,4-trimethylbenzene,
trichlorofluoromethane were detected above the concentration of 1 ug/me in every sampling site and the most abun-
dant compound was toluene. The other compounds were detected at trace level or below the detection limit. In addi-
tion, we found that three CFCs (chlorofluorocarbons), such as CFC-12, CFC-11, CFC-113, were persistently detected
because of the emission in the past. Toluene to benzene ratio (T/B) at tunnel and roadside were calculated to be 4.3~
5.3 and at residential area 15.4, suggesting that the residential area had several emission sources other than car exhaust.
The ratio of X/E (m,p-xylene to ethylbenzene) ratio was calculated to be 1.8~ 2.1 at tunnel, 1.7 at roadside and 1.2
at residential area, which means this ratio reflected well the relative photochemical reactivity between these com-
pounds. Good correlation between m,p-xylene and ethylbenzene (r>>> 0.85) were shown in every study sites. This
indicated that correlation between C,-alkylbenzenes were not severely affected by 3-way catalytic converter. In this
study, it was demonstrated that the concentration of benzene was very low, compared with national air quality
standard (annual average of 5pg/m®). Its concentration were 2.52 ug/m?® in roadside and 1.34 pg/m?® in residential
area. We thought this was the result of persistent policy implementation including the reduction of benzene content
in gasoline enforced on January 1, 20009.
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Fig. 1. Map showing the 4 sampling sites in Seoul city. NT and HT indicate the Namsan Tunnel No. 3 and the Hongjimun
Tunnel, respectively. RS is the roadside at Yeomgok crossroads, and GJ is Gwangjin-gu, the residential area.
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147}~ (1 umol/mol)S- gastight syringe (Hamilton Co.)
ol $A F AHE FARU A4rkas 9100

mLE E2F0A AA5 ARz Fysten.

2.3 EMET S

AEAR o148 FAFES ARAH D AR
+0F Ao o] g §8] FA1E (blank tube)
gl 82 A& (field blank) 242 3lgjon, ©4e]
& ST e Hze R w7
FA o] B Ze AlgE T, AV|H ez oxY
B43=7 (SIBATA, BF-05)2 o] 43le] =3
ol AL fAsk
A 2F3HA) (IDL)E= 0.24ng (methyl chloride) ~ 1.91ng
(1,24-trichlorobenzene)e] W)= velyton], by
1ng o]s}l= el (carbon tetrachloride 1.08 ng, tri-
chloroethane 1.49ng, hexachloro-1,3-butadiene 1.81ng).
FA] 9 2} (Xmw 100/Xi, Xm: FF=R7, Xi: 71A]9) %=
x7)et A % (SD+100/Xi, SD: FH =}, Xi: 7]%] 9]
=x7h)+= BTEX (benzene, toluene, ethylbenzene, xyl-
ene)e] 7% 5% oWl 2, YA £4E2 10% o
2 Yepgdo) Ao 2344 (1)E BTEX7) 0.999
olfolglom, A= 0.990 o]ifoz Ao F
Z3HA el

A

)

:10£é§$>«

3. dn o nE

3.1 HAEEE HVOCs ERe sETF

£ 1004 B uksh o] B @FelA AT 36
7 HVOCs 7}-¢-9] vinyl chloride, ethyl chloride, 1,1-
dichloroethylene, 1,1-dichloroethane, cis-1,2-dichloroe-
thylene, cis-1,3-dichloropropene, trans-1,3-dichloropro-
pene, 1,1,2-trichloroethane, 1,2-dibromoethane, chloro-
benzene, m-dichlorobenzene, p-dichlorobenzene, o-
dichlorobenzene, 1,2,4-trichlorobenzene, hexachloro-
1,3-butadiene & 157) 22 RE HA BHZE
= et
=7} lugm® oo Ao 3
=5l E2-2 bhenzene, toluene, ethylbenzene, xylene
(m,p,o-xylene), 1,2 4-trimethylbenzenez} =& 7}~
¢l dichlorodifluoromethane (CFC-12), trichlorofluoro-
methane (CFC-11) o]l ow, A& w|=F &=

T 71832 A 27 A A 55

FEoTh Aoz AEHE £2 S/ M
AR ZA Fol7h g Ao vehdon, mE
Ao A 7HE A HE:E B toluenee]HH
1,2,4-Trimethylbenzene2 El'd 2 == WA =9k
T, o) e Aol fAT Aoz ks
(Ho et al., 2004; USEPA, 1994), ]'d HTx= 7§ =}
ZFol 53 wFo] wol Bl NTel| nls] cha v
AEE Aoz Held.

B, P AFT F Az ks 9 112
trichlorotrifluoroethane (CFC-113) = 71 &wl =7} =)

£, ol 242 2008~2009Lﬂ_7,} ol 4] AFLE
ze & skae] g RS AA SR ek (R4 A

2009) 2 QoA d%% HVOCs & =& 7}
e BEES FAAA YA 16.7%, =21
W 133%745011 gapodet. Z 2 Tkae v 2
AFAIZEe = ]3] o—%—iﬁ}%l oA eEFE
Feh= Edolw =F A7 233} ATt W
< 22174 (of], CFC-129] x]l,l 33124 19,500)
2 o2lA gloh(Colin, 1995). o] & o]$-2 199811
o] & AHAE o]5 EAo| odxpH 7tEA 3 _/;_
3l Alssla )3z, 20104 o] FHE|= = Al
A 24E A FAs o wEkA 2010“1
TAIEA o] Fe] d7] F =l 7k x w3
E A&Hoz AR Jovt gle Aoz AdEd

3.2 =28 B9 9 FHxR|He BTEX o
st nE
°W AR npe} Zre] BE XA FHAHOR
TR EAse B BTEX|th o] & BAE
= Ak w7k Bk ohdzl AsA) o) 2o gl
el Fidel o3 7] Foll EAF 5 Sl
BTEX 3ol 4] toluene, m,p-xylene, benzene, ethyl-
benzene, o-xylene?] <o 2 ZZaFe] Wk, F74|
o G| A4t benzeneol] v]sl ethylbenzene 3 =71 %
= ¥ AEFIdH(2H 2). AE" & HVOCs &
BTEX+= B]'d NT, HTel|A] Z+2}; 76.0, 78.4%, ==
RSol|A] 76.4%, AR Glo|A 74.3%= 2}=|8hsd
o}.
NTel A 2] BTEX =7} HTol wls] o4 ¥
© g Aepe] Falo] NT7} Aoz o
d 7195k o gekdh Sold Ae F7
tol

B
A
A9 toluene®] w7k o A el vl wi¢ w2
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Fig. 2. Average concentrations of BTEX at 4 sampling sites in this study.

Table 2. Comparison of the concentrations of > HVOCs
and >Y_BTEX at 4 study sites in case with and

without toluene concentration. Unit: ug/m®

NT HT RS GJ
2 _HVOCs 4398 3479 2925 3433
>_HVOCs(without toluene) 2490 18.83 1578 14.55
2> BTEX 3343 2728 2236 2552
> BEX 1435 1132 889 574

N

A", FAA Y Gl2 toluene 3=+ Eld HTE] 1.2
W, =2 RSO 152 A= & 2% 7k AA
g 7Z%3% HVOCsd BTEX ¥x°] 2 toluenes
EFG ASe) 294 ghe A= ehd Soleh

Tolueneg =33t 79, HVOCs ¥ BTEX
T B, FAA Y, =2 Forx =it
FAAGe] o A vebdAw, toluened: A <] 8HH
= Zol B, =2, FAA Y] o7 F=r}
T o] A2 & dAFelA] FAA G oz A7 G
AN ApgAPA A 7]18HA] ok At £F2
toluenenlj Z-o] lehe= AL o]v] 3o}

Z+ AW B:T:E:X+E= NTAA 1.3:59:1.0:2.2,
HTX]A 1.6:6.9:1.0:2.2, RSx]A 1.3:7.0:1.0:2.3,
GJAA 0.8:11.8:1.0:1.622 el Bds =
WA 2g9lo] AFAtelme Frulzl fAks)
A whehdeh Wi FAA el gt e
w2s} ol7h ghed, oS F7A4| 9 BTEX7
A5A ks A% Sl AEHEe) TR, TG
gAlsh e 9= 5 TE WD A ol B
L g AL BelFoh(Harley et al., 1992; Aronian

Fx

et al., 1989). GIA AN =77t = ZA A Ao
A oF 350m "Wojzl o] mEX AL TA7} 213
o9l m, Aae) BN T AL

3.3 X|H4 toluenez} benzene2| H|E
(T/B Ratio)

gh, toluene} benzene- Ag.2o] Fo AdR-eo]AT,
OHzlo)Ze] b3l ul-2-Al-2 tolueneo] benzeneol] ®H]
3 5 A= Z Aoz oA gl (Semadeni etal.,
1995; Atkinson, 1994). u}2}A toluenex} benzene2] ¥]
(TB)Z olgai4 of BdEe] AhHel A5e H7t
3 4 ¢l (Gdencs et al., 1997), =2 2] z}EA} wl
Tpz Qg 7] 2qde] §-88 X AR (marken) = B
£33 4 9lt}(Kelessiset al., 2006; Rappengluck et al.,
2005; Brocco et al., 1997; Gelencsr et al., 1997).

B AFoA AArE T/BZES NT 5.1, HT 4.3, RS
5.0, GJ 1542 vepgt (& 3). whr A5z NH
&= W 7] 7kxe] TBRES Blda =2 X<l
43~51 A% $Foleta Fhxlv). Gee and Sollars
(1998)+= o8] v}t =A1E2] 7] 5 T/B3E 20~
4002 ®313}9] 37, Sweet and Vermette (1992) 2!
Scheff and Wadden (1993)-2 =53}l 7}20)) 4 <)
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Table 3. Toluene/Benzene ratios in study period compared
with summer season average ratios at 4 sampling

sites.

T/B ratio NT HT RS GJ
T/B 51425 43+22* 50+24% 154+6.8°
T/B® 4.2 4.2 4.4 16.0

%ave.+s.d.

bratio in summer season (NT, HT in August and RS, GJin July).

T/B% 2 200= RIslylth o3 $2&= £ A7

o )¢} vlaa| A s getar & 4 9l of
A7 =Alel wet dse] Fiel £ A
2] F77F G2 olfr= AR #AA ATelx
AgAL w717k SR} A2 23]

= 4 =

l
R A
A

S 2Jujsi} Ho et al. (2004) 9] QoAM= F29¢
of AFA s ARE gow s, T
Zrel A¢Ael 3~8, 4B AE 5~142A B
S13hA vekstele

8, Qo) Wk Aelo] )3 TR
Moz B, w2, FAX G $oz A, A
o2 £x7b ¥, OHE| B $=7} 2 o
Hol g Aoz ANHUAT, ol Q7Ate
ol AsE HE St glolth 05 FHew
FAR o] A A, o)A FAA 7]
AgA 7k o)sle] e dUES] ek w7 )
A ENCEEREE
o] TRz =3 ¥/ A=Igeh Bk o182 B
93t m2HelA ) TGS Q5] vla
A Ak siet.

[y

Ky
B
Pl

3. 4 C,-Alkylbenzene (xylene 2 ethylbenzene)
H| =1t Azt

Nelson and Quigley (1983)-2- xylene(m,p-xylene) =}
ethylbenzene?| w]&-o| A-g2} w7k, AfA 44 2
A2 T 5 EAde] 2= vgo] AT
< ¥.9l37, Monod et al. (2001)2 o] ExE2] OHz}
Hzel gt b= A7t AN =A] d719 Azt
of w2 A3hH AxE A Ahd  glon, vx
AR[A =3 2 oz ¥wd bk gl

[

lo

T 71832 A 27 A A 55

Table 4. Correlations of concentrations between C,-alkyl-
benzenes at 4 study sites.

m,p-Xylene/ o-Xylene/ m,p-Xylene/
Ethylbenzene Ethylbenzene o-Xylene
Slope r? Slope r2 Slope r?

NT 2.09 0.85 0.76 0.84 2.69 0.99
HT 1.38 0.70 0.45 0.63 2.84 0.99
RS 141 0.95 0.50 0.91 271 0.96
GJ 1.15 0.91 041 0.86 2.65 0.97

B oA el X/E (m,p-xylene/ethylbenzene)
= NT 21+04, HT 1.8+04, RS1.7+04, GJ 1.2
+0302 vehdth Bds} =2 e vls F
A9 G}t w4 Bl AAE Qe o] & xylene?]
WA o] v AX B oz RE He HojAps

37 o whe] dodt Adfely B 4 glvh Hoet
al. (2004)= &7 EdelA X/Ev]Z 3.2, 4Ht o
71| 1.5~228A E A7l Hls] ozt A By
st 2=y 7] F AFAE 2|z g w7
Foll 4] X/Em|S) Wstepde 2 ATs) FYshelnt

# 4= Cydklybenzenezte] A& ®olFa1 ¢)
o}. Monod et al. (2001)2] <1+l x| xylenez} ethylben-
zene®] AL A Hl7)vt =2 WA rPgke] 0.98
2 YePdA] e m-xylene?] =7} 1,200 pptv o]3}=
Al =A 7]l e 0.70 o2 ebdidh
Jevh, 2 AFellA 8] mp-xylene 5=+ 1,200 pptv
He} A= $Fo)A|R rPghe] 0.70~095% o <F
s3}A el om, Monod et al. (2001)2] ¢} &
o o] Fug Aol AdZNAA} R
A= Fadt ARAE neleh

I3} benzenes} toluene Y o] EAE3} Crakly-
benzene7te] AroHA]-S- r’ghe] 0.1~05 A== wj$
4 ol dhebaeh oA w7k SulgH A )
el 3} (dealkylation) g3} Bede] 9le Ao
==} Crakylbenzenee- o] AdAA Eo| 1, £3] Ab3t
Aol EL 3714 xylene 913 o] AdAA =A ekl
3} Foll= vl go] A FAEHE Aoz Baldh
& AFellAe] mp-xylenezt o-xylened| A2 H
g, =2 T2y FAXY 2R A rPghe] 0.96 o
Aoz WS okssle] o, 7]L7] (dope)FE 2.7+
0.12A A3 dAT 7oz velyd. o]& 53
=AY7] & m,p-xylenez} o-xyleneo] 2.7:1 A =9]
FEHE B Aoz AT 4 Qo

Ml
0.
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Fig. 3. Monthly variations of BTEX concentrations at 4
study sites. (a) NT and HT, (b) RS, (c) GJ.

3.5 Al®d BTEX s£®3
2 A7 AHEAM BTEX 550 94 s=w
o 29 339 2k Edel NT, HTAA (23 3(a)
73 AlmAH AAA el Bl olfz ¥H =
3} =24 4 Zlow daglod, F HYA =
T BAGY) MY B2 vEE Hylon, Unx
A-ANME NTAHL 29 w7t Aoz o
A& ALt FEAl 2fo| S HoelA| ostrt. o]
3t Az= 2AA 59 2folr} FA|TH AL o=
Hde Halos 22 7] (24,59, 7~8Y)d =
Agk Naet al. (2002)9] 72k} Aheds] d=]3he),
=2 RSAA (23 3(0) 3 FA19d GIAA
(7" 3(0)2 A4 B 7He 2 Al vlE 5
o F=7F Gt oz vedd 3 f71EEHE

nrﬁi&ﬁ
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Fig. 4. Mean atmospheric concentrations of benzene at 4
study sites. The bars in the figure represent stan-
dard deviation.

o] AEAQ] HE2 AFAel we 2 A RyEs
ek ALl A 4713 w2l AR W
ke F2 Agel 3, o Bl %S A4S nelAa,
ek 3gEQl BTEXS] Hisir: o|9} de] %
A 7P 2 s Hel: Aoz ByE ={o
2137 (Nguyen et al., 2009; Na and Kim, 2001), BTEX
of WA AgHol ¥x, oA FHe] e AnT B
ql AF= ¢loh(Hoque et al., 2008; Brocco et al., 1997).
2 Ao 22} FAX e o154 BTEX
7 ) ekt ol RS akelAl whe} o] g

A ke A2 OB g, ] &
3 Aol &0 BN RS} B A5 B9
W 27 FH 24 mEare) B M %

3l gqlo] 243t Aoz AckHo

w3k w2y FEo] oA, Ao, YAzt Atw
ZE T Azl Aoz sg=E el
< %3 (pml:00)o] A== Ho| glvh. Hoetal.
(2004) 2] AFAM= o]23 AFHE & 5 e, o
AAl ZE A} vlwg Ao 73] wEF 7
9 7] E3tx 7t ooz Atg

o, rlr

Bt

3.6 Benzene sk ==
Benzene> ub A 7]e|A E3HA] EA)3HAI L,
A= A3 Hakel Eot Ben
zene?| w713H77)1%-2 Sugm’e= 2010 A4 9
ohool A7} Bd AAHQl NTe} HTelA Zhzh
4.09ug/m?, 3.74ug/m®, £ 2l RSeAME= 252ug/md,
ZAX 4] GlHE 1.34ugme 2 Jehgoh

37 4ol|A B npe} o] ARt e EAS 5
=7t B2 By =W Jisert TEE

WESE 2L vle nEA Aol & 4 oleh

L
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Y =2l A 2] gk 37715 50% A=
2 dehdeh =2 AlgfHA-e] Ax 634 =
29 Foboldar, ==k A0 B3 1mal HE
b o] 4AE vl e sFoz Pk
Vo et al. (2007)2 W Ed s}lxo] (Hanoi)?] wEF
o] W =2WI} mFgo] AL =2l ben-
zenes = (7519 2 77} 65pg/m’s} 30pgimie.
2 B33y, Chan et al. (2002)2 F39] 47 #H
o] =aMdA 26.7ugm*ez B ki), 3l Tana
kaet al.(2001)2 dE2] 27 =2 XA z+z+
18.95ug/m® 2 1354 ug/m*ez H wsleich g
o) Bug £Ax B A7ud Hd3 ¥ YL
ehi s gl o)A AT A1Fe) Abols} 7 et
Wz A ke QA 2 ds A A,
25738 5ol vh27] w&e|th Voetal. (2007)¢]
T vlad ZZe] AFo|A|Eh o] A W E A
o7k AL dukEEA] gkl 7R
A8 F benzeneTrHE 5%= Ak SUs7] w#
o ¥ FxE vell oz gudEl
39, Anthwal et al. (2010)2 A& 4l FAA Y
2] benzenex =5 1.78~2.30ug/m® (20094 1~6%Y
HH)E B3k 37, Nguyen et al. (2009)-2 20041 A
20 AR el S g DTN 2.86ug/m’ e
2 Naand Kim(2001)2 FAR] A5} AR ol A
1998~ 1999137+ =A sl 3.49ug/m*S B 73k}
o3t v)7] % benzenes 2] Haglele Ayr}
Axpgoz AYstn Qe /M6 A8 % benzenest
G2k 374 (20024 ©] 3 1.5% o] 3}, 20061 ©] 3 1%
o131, 2009 o) % 0.7% o|3h)e] &} & Aoz
¥}l Simon et al. (2004)2] A= o]9} FA}
AE JePIQITh o] Q7= ZafaelA 20004
19 o] %F Z3td benzenedt-fi-gF 1Al (5% o] 3ol A
1% o3&tz 733 &3= H7] 98 199913 2001
Jel] BTXS] =2 xA}sl9, 7 A3} benzenes
%7} 45% 7HAastel o 2HelElsl k(19999 2.0ug/n,
2001 1.1pg/md).
= e AAPe B718771Fe) Ser A4
& 53 PAslor & T=AYe wefs, 4AE
2307k Mgl W71 el AFgAel g 3744
A77t Besths Aol ol Al o w
NEAH AR Sk 2 % Aol A
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1.8 B

EAAY B, 228 B FAXGE gilozw 2
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benzene, trichlorofluoromethane (CFC-11) &.2 eyt
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P

Toluenee == AHelA 714 ¥ sz A%
993, ZHLF F F APl B CFC12,
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