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Abstract

The atmospheric concentrations of 56 hydrocarbons at an up wind site(Gangseo), urban
site(Jongno) and downwind sites(Songpa and Jungrang) in the Seoul metropolitan area were
continuously analyzed on an hourly basis during May to September 2007 to examine the
contributions of NOx and VOCs to ozone formation. It was found that paraffin consisted of
36.8~65.6% total VOCs. The monthly average paraffin and aromatics concentrations at urban
sites were highest during September and June, respectively, while at the up wind sites the
highest concentrations for paraffin and aromatics were July and June, respectively. The
hourly average ozone and NOx concentrations tended to increase after 10 A.M. and were
highest during daytime. The contribution rate towards ozone formation, when considering
photochemical ozone creating potentials(POCP), showed that toluene had the highest
contribution rate, followed by m/p-xylene, n-butane, propane and ethylene, in that order. In
addition, these 5 compounds accounted for 48.8~60.2% of the total contributions to ozone
formation due to total VOCs. [VOCs]/[NOx] ratios of less than 4and from 4 to 15
accounted for 17.2~43.0% and 56.7%~82.5% of the total ozone formation, which suggested

that VOCs and NOx source controls are important in the reduction of ozone formation.

Key words : volatile organic compounds, ozone precursor, POCP, [VOCs]/[NOx]
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56%F9 VOCsZ alkynesF(13), olefin®(10

%), aromaticF(16%), paraffinF(29F)o2 +
2ot ¥ ity HES W a9 13 2o] F
2% paraffini7F A2 49.6~60.6%% =%
™, o] aromaticH(31.5~43.8%), olefinft
(4.8~6.1%), alkyne¥(1.2~1.8%)9] £o.& 1}
Ebth. 84212 paraffinfizh 2419 45.3~1.9%

Table 1. The analytical conditions of automatic thermal deserver(ATD)/GC for VOCs

ATD-400
Oven Temp. 100C Split(inlet) no(zero)
Cycle Time 60 min Min psi 42 psi
Trap Low Temp. -15T STD Inj. Time 40 min
Trap High Temp. 325 Nafion Drier Flow 250 mL/min
GC/FID
Oven Temp. (intitial) 46°C(hold : 10 min) Oven Temp. (final) 170C
Detector Temp.(1) 250TC Detector Temp.(2) 250°C
Midpoint Pressure 17 psi Column flow 1.8 mL/min

Column Type

Alumina PLOT(0.32 mm x 50 m), BP-1(0.32 mn x 50 m x 1m)

May Jun. Jul. Aug. Sep.

A Olefin W Alkyne E Paraffin ElAromatic

Jongno(a)

May Jun. Jul. Aug. Sep.
A Olefin W Alkyne El Paraffin Bl Aromatic
Myeonmok(c)

May Jun. Jul. Aug. Sep.

A Olefin W Alkyne EIParaffin B Aromatic

Hwagok(b)

May Jun. Jul. Aug. Sep.

A Olefin W Alkyne E Paraffin ElAromatic

Bang-i(d)

Fig. 1. The monthly variation of VOCs concentration in ambient air on May ~Sep., 2007.
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Fig. 2. The diurnal variation of VOCs concentration.
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Fig. 3. The diurnal variation of NOx and O; concentration.
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Table 2. Photochemical ozone creation potentials(POCP) and atmospheric lifetime of target VOCs
as ozone precursors listed in the USA and UK

Life Life Life
VOCs POCP”  time VOCs POCP?  time" VOCs POCP? time
(days) (days) (days)
Ethylene 100 3.6 | 2-Methylpentane 50 5.5 | Ethylbenzene 60 4.4
Acetylene 15 34.5 | 3-Methylpentane 45 5.4 | m-Xylene 95 1.3
Ethane 10 116 | 1-Hexened) 50 0.8 | p~Xylene 95 2.2
Propylene 105 1.2 | n-Hexane 40 5.5 | Styrene 60 N.A.
Propane 40 27.0 | Methylcyclopentane 50 N.A. | o-Xylene 65 2.3
ol 2.4~
[sobutane 30 N.A. . 55 6.1 | n-Nonane 45 3.0
Dimethylpentane
1-Butene 95 1.0 | Benzene 20 25.3 | Isopropylbenzene 55 4.8
n-Butane 40 12.2 | Cyclohexane 25 4.1 | n-Propylbenzene 50 5.2
trans-2-Butene 100 N.A. | 2-Methylhexane 50 N.A. | m-Ethyltoluene 80 1.6
cis-2-Butene 100 N.A. | 3-Methylhexane 50 N.A. | p-Ethyltoluene 75 2.6
2.3~ 1.3.5-
Isopentnae 30 NA Dimethylpentane 50 N.A. Trimethylbenzene 115 0-5
2,24~
1-Pentene 70 1.0. . 60 8.4 | o-Ethyltoluene 65 2.5
Trimethylpentane
-Pent 40 7.9 -Hept 55 4.3 12,4 120 1.0
fnrrentane ' nrheptane ' Trimethylbenzene '
Isoprene 100 0.3 | Methylcyclohexane 50 3.0 | n-Decane 45 2.7
2.3.4- 1.2.3-
trans-2-Pentene % NA Trimethylpentane 60 44 Trimethylbenzene 15 0.9
cis—2-Pentene 95  N.A. | Toluene 55 5.2 | m-Diethylbenzene 656 N.A.
2'.27 25 13.4 | 2-Methylheptane 45 N.A. | p-Diethlybenzene 656 N.A.
Dimethylbutane
Cyclopentane 50 6.0 | 3-Methylheptane 40 N.A. | n-Undecane 45 2.4
2.3~ ~ ~
Dimethylbutane 40 4.9 | n-Octane 50 3.6 | n-Dodecaned) 40 2.2

¥ POCP data were taken Derwent and Jenkin(1991).

» Atmospheric life-times data were taken Derwent(1993).

9 N.A. : data not available.

¥ These two compounds have been added as calibration and retention time standards for the verification of
retention time.
3% Total NMOC : Total non-methane organic compounds.
% PAM HC : The sum of 58 compounds reported from Photochemical Assessment Monitoring(PAM).
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Table 3. Contribution rate to the photochemical ozone creation

(Unit : %)
No. Jongno Hwagok Myeonmok Bang-i
1 toluene toluene toluene toluene
(27.8) (20.3) (19.2) (31.5)
2 m,p-xylene m,p-xylene n-butane m,p-xylene
(10.0) (14.4) (11.4) (9.8)
3 propane ethylbenzene m,p-xylene n-butane
(7.9) (9.4) (7.8) (7.3)
4 n-butane n-butane propane propane
(6.7) (6.7) (6.6) (6.2)
5 ethylbenzene propane ethylene ethylene
(3.8) (5.5) (4.8) (5.4)
6 ethylene 1,2, 4-trimethyl isobutane ethylbenzene
(3.1) benzene  (3.7) (4.5) (4.6)
7 isobutane ethylene 1,2,4~trimethyl isopentane
(2.8) (3.5) benzene  (3.9) (3.5)
8 isopentane o-xylene ethylbenzene propylene
(2.4) (3.2) (3.5) (2.9)
9 cis—2-butene isobutane isopentane isobutane
(2.3) (2.8) (3.3) (2.8)
10 1,2,4-trimethyl isopentane propylene n-pentane
benzene  (2.2) (2.0) (2.8 (2.5)
2. =M [0{E ®I} HOo7 49.8~60.2%% o3| o] FEo g+ &
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Fig. 6. Distribution VOCs and NOx concentration of photochemical pollutants station.
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