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Abstract

The PAMS data collected at four sites in Seoul metropolitan area in 2004 were analyzed using the positive
matrix factorization (PMF) technique, in order to identify the possible sources and estimate their contributions to
ambient VOCs. Ten sources were then resolved at Jeongdong, Bulgwang, Yangpyeong, and Seokmo, including
vehicle exhaust, LPG vehicle, petroleum evaporation, coating, solvent, asphalt, LNG, Industry & heating, open
burning, and biogenic source. The PMF analysis results showed that vehicle exhaust commonly contributed the
largest portion of the predicted total VOCs mass concentration, more than 30% at four sites. The contribution of
other resolved sources were significantly different according to the characteristics of site location. In the case of
Jeongdong and bulgwang located in urban area, various anthropogenic sources such as coating, solvent, asphalt,
residual LPG, and petroleum evaporation contributed about 40% of total VOCs mass. On the other hand, at
yangpyeong and Seokmo located in rural and remote area, the portion of these anthropogenic sources was reduced
to less than 30% and the contribution of natural sources including open burning and biogenic source clearly
observed. These results were considerably corresponding to the emission inventory investigated in this region.
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Fig. 1. Selected four PAMS in Seoul metropolitan area.

Table 1. Quality control methods for VOCs measurement
in PAMS.

Item Method (EPA TAD*)

usd humidified N, gas 10 ppbc

System blank analysis per each column

Multiple point cal.
linearity test

MDL test (Method Detection
Limit)

R,220.995 at least three points

2ppbc as propane, benzene

within +£25% RPD (two times

Precision test with 5ppbv)

*Technical assistance documents for sampling and analysis of ozone
precursors



Table 2. List of VOCs compound measured in PAMS.

No.  VOC species No. VOC species
1 ethane 22 benzene
2 ethylene 23 cyclohexane
3 propane 24 2-methylhexane
4 propylene 25 3-methylhexane
5 isobutane 26 2,2,4-trimethylpentane
6 n-butane 27 n-heptane
7 acetylene 28 methylcyclohexane
8 trans-2-butene 29 toluene
9 l-butene 30 2-methylheptane
10 cis-2-butene 31 n-octane
11 cyclopentane 32 ethylbenzene
12 isopentane 33 m,p-xylene
13 n-pentane 34 stylene
14 trans-2-pentene 35 o-xylene
15 1-pentene 36 n-nonane
16 2-methylpentane 37 m-ethyltoluene
17  3-methylpentane 38 o-ethyltoluene
18 isoprene 39 1,2,4-trimethylbenzene
19 I-hexene 40 n-decane
20 n-hexane 41 1,2, 3-trimethylbenzene
21 methylcyclopentane 42 n-undecane
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Table 3. Mean concentrations of ten highest VOC species.

(Unit: ppbV)
Order Jeongdong  Bulgwang  Yangpyeong  Seokmo
1 propane ethane propane ethane
(7.37) (5.89) (3.05) (1.95)
5 toluene toluene toluene ethylene
(6.04) (4.52) (2.87) (0.86)
3 ethane propane ethane propane
(5.90) (4.42) (2.16) (0.84)
4 ethylene n-butane ethylene toluene
(4.29) (2.72) (1.29) (0.69)
5 n-butane ethylene n-butane acetylene
(3.51) (2.22) (1.05) (0.66)
6 acetylene acetylene acetylene n-butane
(2.57) (1.51) (0.74) (0.34)
7 isobutane isobutane  m, p-xylene isopentane
2.0 (1.49) (0.66) (0.32)
8 m, p-xylene m, p-xylene isobutane benzene
(1.58) (1.19) 0.61) (0.27)
9 isopentane  isopentane benzene isoprene
(1.22) (1.18) (0.51) 0.23)
10 n-hexane n-pentane isopentane  isobutane
(1.02) (0.73) (0.47) (0.16)
Total 46.4 31.6 16.3 7.10
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Fig. 2. Diurnal variations of six representative VOCs at Jeongdong, Bulgwang, Yangpyeong, and Seokmo in 2004.
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Fig. 3. Seasonal variations of six representative VOCs at Jeongdong, Bulgwang, Yangpyeong, and Seokmo in 2004.
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Table 4. Source contributions of VOCs at four monitoring sites.

Emission Na Bong Han

This study inventory® (2000)°  (2003)° (2005)°

Contribution (%)
Seokmo Jeongdong Bulgwang Yangpyeong

Gyeon-
g/m* (%) g/’ (%) pghm® (%)  pg/m’ (%) Incheon Seoul cgi Seoul Seoul Others Seoul Others

Vehicle exhaust 1.82(21.7) 153(34.9) 9.35(29.8) 3.81(212) 1329 343 153 558 503 535 359 309
Gasoline vehicle 1.60(19.1) 13.0(29.7) 7.80(24.9) 3.44(19.1) 644 898 7.28 513 480 51.1 285 266

Diesel vehicle - - - - 540 207 715 353 218
LPG vehicle 0.22(2.6) 228(5.2) 155(49) 0372.1) 145 459 083 450 230 240 3.85 2.19
Petroleum vapor 02327y 3.10(7.1) 2.83(9.0) 191(10.6) 276 4.14 - 720 152 11.1 269 224
Asphalt 0.16(2.0) 2.81(64) 231(74) 026(1.4) - - 372 - - - - -
Solvent usage 1.98(23.7) 13.8(31.6) 10.9(34.6) 5.96(33.1) 3829 518 449 356 173 21.0 21.8 274
Coating 1.98(23.7) 8.44(19.3) 6.18(19.7) 3.70(205) 31.90 357 373 - 17.3 21.0 218 274
Dry cleaning - - - - 202 552 242 - - - - -
Solvent - 5.36(12.3) 4.68(14.9) 227(126) 437 106 521 356 - - - -
Energy consumption 2.87(34.3) 8.72(20.0) 6.00(19.2) 3.65(202) 2695 1.04 359 140 151 125 170 21.7
Residual LPG - - - - 002 0.04 003 - 690 6.00 3.85 2.19
LNG 023(2.8) 2.97(6.8) 191(6.1) 0.33(1.8) 025 085 026 140 820 650 6.01 833
Industry & heating 2.64(31.5) 5.74(13.2) 4.09(13.1) 3.32(184) 26.69 0.16 331 - - - 7.12 112
Open burning - - - 242(1341) - - - - - - - -
Biogenic 1.32(15.7) - - - 328 078 17.76 - - - 043  0.63

*Clean air policy support system (CAPSS), 2003

®Na (2000); ambient data were averaged for all day of summer season of Seoul.

‘Bong (2003); ambient samples were collected at 09 :00-11:00 in the middle of summer in Seoul.

Han (2005); ambient data were averaged for all day from June 2002 to March 2003 at 7 sites of PAMS in Seoul metropolitan area.
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Fig. 10. Seasonal variation of source contribution at Jeongdong and Seokmo.
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Fig. 11. Diurnal variation of source contribution at Jeongdong and Seokmo.
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