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Odorous Pollutant Concentration Levels in the Ban-Wall Industrial Area
and Its Surrounding Regions

Ye-Jin Choi, Ki-Hyun Kim* and Eui-Chan Jeon
Department of Earth & Environmental Sciences, Sejong University, Seoul 143-747, Korea

Abstract: In this study, the distribution patterns of major odorous compounds in ambient air were investigated in the
areas surrounding the Ban-Wall industrial complex of Ansan, Korea (Aug. 2004 to Sep. 2005). The results indicated the
environmental significance of several major odorous compounds which include carbonyl compounds, reduced sulfur
compounds (RSC), and volatile organic compounds (VOC). When the results were compared on a diurnal basis, the
afternoon time concentration of most odorous compounds were notably higher than their moming time counterparts. It
also indicated that the odor concentrations differed greatly, in terms of spatial grouping scheme of data sets, such as
between industrial area and non-industrial area. The comparison of spatial patterns indicated that the concentrations of
most of the compounds at the industrial area were maintained at high concentration levels, compared to the surrounding
areas. The overall results of this study thus suggest that the distribution of odorous compounds in a large industrial
complex can exhibit a unique pattern of their own.

Keywords: odor compounds, Ban-Wall industrial complex area, RSC, VOC, carbonyl compounds

2 ok ¥ ATdNE oHRde] WEH Byl el Ae wATUe) FAXGTH FUAL 5L FYOR F
£ PHRGOE AYE YRS O BEU/] F FERL 5L 240 05U exelel 24 2,
1B AFE olalsi] s, NTA@AH 0F) % FHAGFT Y AA) JlEon BES gl g
Amsgieh. 2 Ask, LA Hsl LFAzel TEE Bk @AsH] 22 202 vt oldk A1
B J1E0R WA AHE T OWTAN B2 A chREe] AR TEEE FAsE AT 9T
S YTk B AT Ase A FH o A9 840 o S aEEel N0E B 508 )
ZoR DUY RIS AATE 23S nolFan
F201 o, MAFR, BUY, ALY AIATE, 7l B0E
N B ol olgeliz o] e WA AYE FA

of vehta Qlth(Davoli et al, 2003; Emerson and
gz Fgow <3 4o dd oig e Rajagopal, 2004). 53] A&3PdclA] vepte o3

Sk 7HEA A vk oleigt WA A o} 7 FAE (W Fui) $87H Tl B
& Al Al wFske el sl a9
olefgt wlgo] tiEA] Qo] AA|E diE A

*Corresponding author: khkim@sejong.ac.kr = i Sy

Tel: 82-2-499-9151 A QEAge] FRIE o) Fr AT AR

FPAX: 82.2:499-2354 of 723 Barh ArhePT AHS, 2005). 44



B o4ts 399 Ee uigiga) go] Fa o 3 I 2 FAXGY 7] & HAEEY F
FAEEES] EAlske IS SHoE FAXY TAZ 2L 3] FAAGE FHeE Fa oFFHA
o] FoHE E= 19t fAKE Ao EAT AL 2o digh 221 Wae AEAF A T
olgfdh wigdo] e FAEAR LA IS ghehe AtE Y3

oA@A] A AT = AUrkKim et al., 2005). A= EREAME A7l vEd 7] #§39 AR
7 o]l EAES oldlldhed] EFol 71ast Z A9 7 7123 AFEHE AN, ol
WM ] SEll, o 7 By m=4e] Bz @47 Fo EAlshe Fo dHAEEES]
v SRRl AFHAFo] T FPoE ARG A5S Agstaat st SAY #&2 95t} 7t
o gy ojget wEiT Bydly, A7 2 A WA FARAG wrgaide) 9FE - okt
HHoR AANE tao] AFARE A A ANE dgez TS AR, v 4 km ol

M AE-E0] WO} RYEEANLS YBHoT A
sP7lol= FEgh AAoltk(Na and Kim, 2001; &
A &, 2003). EEEAEE 20043904 2005E7E] 22Bd ol

Mgt eto] AAlgh ML Q1A &4 o 63 FHRAE AAske WAoR ZARSISITH
AAG T3} 3 T o Aoz dEA (Fig. 1, Table 1). & 6xdloll 44 FH3 2 AR

i
Al
1:

ATHEAA 5, 2002). £ A7 QR A e & ol&ste], AR gtk Bl FAA A Y
HEAE Fast] %f& =8 deow AR 7lo EAlshe Fo FHAEES] 104 3 A
£l gk 7171715 B Sl 71x31, 200437 ELET EXNS oY 714 7)Ee 240w BB
o 89 e 719 9 ARSIk (1] A aach. 2L o8] thE AlEe BAE B3, o
‘ﬁ%ﬂ %ﬂ HH%%BE* MulE s HYEA 2o MIEAS Orbe e AWaka) 51Tt

Al 7]

Fig. 1. A geogaphical map showing 10 sampling points selected in Ansan city, Korea. *Note that 4 sampling points (4, 6, 7,
and §) changed after the 3rd field campaign.
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Table 1. A summary of field measurement durations for the
6 field campaigns. Information of sampling duration is given
for each of the selected sites. The selected measurement

points have changed at the 3rd field campaign (refer to
Table 1)

Experiment Number

The order of
field campaign
Site

1 2
04-8-11 04-8-12
1 19:30 7:50
2 20:00 7:45
3* 20:30 7:05
4 19:10 9:00
5* 21:05 8:20
6 19:30 6:50
7% 21:35 8:40
8 19:50 9:25
9% 20:15 9:30
10* 21:15 10:05

Experiment Number

The order of field campaign

Site 3 4 5 6
05-1-11 05-7-27 05-8-4 05-9-27
1 15:30 19:20 10:35 16:00
16:15 20:40 9:45 17:30
3 15:51 20:50 10:00 15:39
4N 15:47 19:50 11:47 17:00
5 15:00 20:00 11:00 16:23
6N 15:26 19:15 10:30 14:30
N 17:00 21:17 9:40 16:00
8N 15:30 19:40 10:00 14:50
9 16:12 20:30 11:16 14:10
10 16:02 19:20 10:21 15:40

*Industrial (I): 3, 5, 7, 9, 10 and non-industrial (NI): 1, 2, 4,
6, 8.

*¥4 sampling points (4, 6, 7, and 8) changed after the 3rd
field campaign.
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Table 2. A full list of odorous pollutants investigated in this study

Pollutatn name . Regulation
Order Full nanfz (or ill:gllrtlical form) Structural formula crite%iz type*
Formaldehyde Form-A HCHO
Acetaldehyde* Acet-A CH;CHO I
Acrolein Acrolein CH;=CHCHO
Acetone Acetone CH;COCH;
Propionaldehyde* Propion-A CH;CH,CHO I
A crotonaldehyde Croton-A CH;CH=CHCHO
Carbony] Butyraldehyde* Butyr-A CH;CH,CH,CHO I
compounds Benzaldehyde Benz-A C6H;CHO
[sovalerldehyde* Isovaler-A (CH;),CHCH,CHO Jis
valealdehyde* Vale-A CH;(CH,);CHO i
o-Tolualdehyde o-Tolu-A CH;C¢H,CHO
m-Tolualdehyde m-Tolu-A CH;C¢HsCHO
p-Tolualdehyde p-Tolu-A CH;C¢H4sCHO
Hydrogen sulfide* H,S H,S I
B. Methyl mercaptan* CH,;SH CH;SH I
Reduced Dimethyl sulfide* DMS (CH3).S I
S compounds Carbon disulfide CS; CS,
Dimethyl disulfide* DMDS (CH3)S: I
Total VOC TVOC
Benzene B CeHs
Toluene T CeH5CH;
Ethylbenzene E CeHsC:Hs
m,p-Xylene MPX (CH3CsH:
C. Styrene* STY CeH5CH=CH, I
Total and
individual VOC o-Xylene 0x (CH:nCotls
Bromobenzene BB CsHsBr
1,3,5-Trimethylbenzene 1,3,5-TMB (CH;):CeHs
1,2,4-Trimethylbenzene 1,24-TMB (CHs):CeHy
p-Tsopropyltoluene p-IPT CioHiyy
n-Bultylbenzene n-BB CioHua
D. Ammonia* NH; NH; I
E. Trimethyl amine* TMA (CH;:N I

*Type 1 and II denote malod or compounds regulated from prior to and after Feb. 2005 by the Korean Ministry of Environ-

ment (KMOE), respectively.
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Table 3. Results of basic analytical parameters for the
determination of odorous compounds in this study (DL and
precision)

Odorous DL’ Precision”
compounds (ppb) (RSE in %)
Form-A 0.37 1.54
Acet-A* 0.33 1.79
Acrolein 0.30 237
Acetone 0.31 1.91
Propion-A* 0.32 1.67
Croton-A 0.30 1.55
L Carb;’nyls Butyr-A* 033 199
(ppb) Benz-A 029 1.52
Isvaler-A* 0.35 226
Valer-A* 0.34 2.36
o-Tolu-A 0.24 2.67
m-Tolu-A 0.32 122
p-Tolu-A 0.31 2.30
H,S* 16.6 1.95
CH:SH* 7.65 1.69
2. Reduced S DMS* 568 138
pp0) Cs, 2.04 0.54
DMDS* 4.24 3.83
B 0.14 1.55
T 0.11 5.54
E 0.11 3.82
MPX 0.04 2.83
STY* 0.12 3.78
3@\;8C 0X 0.08 325
BB 0.24 295
1,3,5-TMB 0.15 0.50
1,2,4-TMB 0.21 1.06
p-IPT 0.16 1.75
n-BB 0.23 1.56
4. Ammonia* 80 10
N-compounds TMA* 0.1

*Malodor compounds regulated by the Ministry of Environ-
ment in Korea.

a: DL = detection limit

b: RSE =relative standard error
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) 7P S8 08 delstegy A%, A8 A
e gzl GC/PFPD(Donam Instruments,
Model DS 6200, PFPD: O.I. Co., Model 5380)l] &
22179 (thermal desorption unit(TDU)-UNITY, Markes,
Ltd.y& 28394718 5, 2004; A 5, 2004).

ol& 3, U7 FolM (0150 *‘Xﬂi EAsh)
ppt T FE7HA 24E 748 AAETE GC
AN Alg 22lE 9e AP o 2= BP-1(60m x
0.32 mm, 5um, SGEAF AIZHE AR&-s5itt.

2) Z2HEF 72 VOCEe] AHAES GC-FID
(Varian 3400, Varian) ®A3 $A] A5$E UNITY
e (thermal  desorption  unit:  TDU-UNITY,
Markes, Inc)& Z§e H2o2 A chH AR
9], 2003). =g ¥4L2 DB-VRX column

(Length: 60m, ID: 0.32mm, Film thickness: 1.8
um, JEWAE AHE ol gstsit.

3) ddjslo|= AR £42 DNPH 7HEZAS o]
43t MEg3 HPLC(Lab alliance, Model 500)2 =&
sk wAoR AH 2 BAE FsIthEed S
7‘471%, 2005). dHjsto|= Alde] HEES g3pFo

2 A8 8, 25emx4.6mm D HlEA
(reversed phase) Z#H<! Hichrom 5 Cx& AF-&IIT).

4) Effolrde(TMAYS] 4%, A F2AE
o] 8- 214 (SPME: polydimethylsiloxane/dicinyl-
benzene, 65 um filmyel 7]x3lad, di7] 29 TMA
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Table 4. A statistical summary of odorous pollutant measurements (all concentrations in ppb unit) with their respective odor
strength. All data obtained from 10 locations (N for all parameters = 60)

[1] Carbonyl compounds

Form-A Acet-A Acrolein Acetone Propion-A Croton-A Butyr-A Benz-A Isovaler-A Vale-A o-Tolu-A m-Tolu-A p-Tolu-A

Mean 193 1952)* 024 15.6 19.02) 041 12425 377 040(1) 037 0.21 0.20 0.96
SD 10.1 10.6 0.18 152 232 0.78 19.5 6.62 0.39 0.31 0.12 0.13 2.50
Med 20.6 15.7 0.21 134 15.0 0.22 5.26 1.99 0.24 0.25 0.23 0.22 0.23
Min 2.15 5.94 0.09 0.21 1.43 0.07 0.07 0.04 0.07 0.06 0.04 0.04 0.04
Max 422 46.8 1.44 96.9 166 5.58 120 36.4 1.71 1.68 0.42 0.65 12.72
[2] Individual and total VOC (TVOC =ppbC)
135 124
TvVOC B T E MPX STY 0X BB T™B T™B pIPT  n-BB
Mean 842 0.75 13.0 4.90 495 242 1.58 0.29 1.13 4.47 0.40 041
SD 1079 0.80 12.6 11.67 13.0 5.79 4.61 0.09 571 242 0.88 0.46
Med 388 0.46 9.08 1.68 1.62 1.23 0.50 0.24 0.18 0.42 0.22 0.23
Min 143 0.07 1.26 0.17 0.15 0.12 0.08 0.10 0.08 0.08 0.15 0.17
Max 4664 3.58 68.6 719 89.3 42,6 343 0.66 442 185 6.67 336
[3] Reduced S compounds and others
H,S CH;SH DMS CS; DMDS NH; T™MA
Mean 106(1) 0.12(1) 024(1) 084 036(1) 262() 1.02(1)
SD 2.07 0.23 0.83 0.54 1.21 238 0.92
Med 0.26 0.02 0.04 0.82 0.01 179 1.08
Min 0.01 198E-03 424E-03 0.01 1.05E-03 10.0 0.10
Max 10.34 1.18 6.24 223 7.85 896 2.58
*Numbers in the parenthesis denote malodor intensity.
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Table 5. Comparison of the mean concentration levels of odorous pollutants (all concentrations in ppb unit) measured across
‘Moming’ and ‘Afternoon’ period in the study area (N for Morning parameters =20 and for Afiernoon parameters = 40)

[1] Carbonyl compounds

Form-A  Acet-A  Acrolein Acetone Propion-A Croton-A Butyr-A  Benz-A Isovaler-A Vale-A  o-Tolu-A m-Tolu-A p-Tolu-A

Moming
Mean 240 2312 021 195 31.02) 019 11.2(25) 301 0.681) 044 0.17 0.16 0.73
SD 6.88 13.3 0.01 203 357 0.03 7.78 4.66 0.55 029 0.07 0.06 0.68
Med 243 16.6 0.21 13.5 245 0.19 7.54 1.59 0.24 0.25 0.17 0.16 0.30
Min 103 832 0.20 321 2.55 0.16 2.58 0.10 0.17 0.15 0.10 0.09 0.23
Max 377 46.8 0.22 96.9 166 0.22 24.4 20.8 1.71 1.08 0.24 022 2.78
Afternoon
Mean 169 178@2) 025 136  13.01) 052 13.025 415 026(1) 033 0.23 0.23 1.08
SD 10.6 8.53 0.22 11.7 9.18 0.94 233 7.43 0.14 0.32 0.13 0.15 3.03
Med 13.6 154 0.21 10.5 14.1 0.22 441 2.15 0.24 0.25 0.23 0.22 0.23
Min 2.15 594 0.09 021 1.43 0.07 0.07 0.04 0.07 0.06 0.04 0.04 0.04
Max 422 36.3 1.44 412 482 5.58 120 36.4 0.46 1.68 0.42 0.65 12.7
t 0.83 0.37 0.88 0.58 0.73 1.03 1.01 1.06 0.16 0.29 0.00 0.37 1.94
P 0410 0716 0385 0562 0467 0308 0317 0295 0.871 0772 099 0716  0.057
[2] Individual and total VOC (TVOC = ppbC)
TVOC B T E MPX STY 0):¢ BB ]T’i/f]; %’;&4]3 p-IPT  n-BB
Morning
Mean 453 0.62 6.87 1.09 0.93 1.79 0.88 0.27 0.18 0.42 023 035
SD 769 0.50 5.05 0.81 0.92 2.58 1.61 0.09 0.03 0.34 0621 023
Med 281 0.48 5.93 0.77 0.70 1.03 0.45 024 0.16 0.29 0.19 0.23
Min 152 0.07 1.50 0.32 0.15 0.22 0.08 0.10 0.15 0.08 0.16 0.17
Max 3704 1.39 22.6 2.81 4.28 12.1 7.51 0.37 0.23 1.27 1.12 0.95
Afternoon
Mean 1036 0.82 16.1 6.81 6.96 2.74 1.94 0.30 1.60 6.50 049 044
SD 1166 0.92 14.1 139 155 6.87 5.52 0.10 6.97 29.6 1.06 0.54
Med s 0.46 13.1 2.54 240 1.34 0.56 0.24 0.19 0.55 0.22 0.23
Min 143 0.14 1.26 0.17 0.16 0.12 0.08 0.13 0.08 0.18 0.15 0.23
Max 4664 3.58 68.6 71.9 89.3 426 343 0.66 442 185 6.67 336
2.02 0.91 2.83 1.83 1.73 0.60 0.84 1.17 091 0.92 1.08 0.72
P 0.048 0368 0006 0073 0089 0554 0405 0247 0368 0364 0285 0476
[3] Reduced S compounds and others
HS CHSH DMS CS;, DMDS NH; TMA Temp” RH”
Moming
Mean 147(1) 0.03 0.02 1.02 0.03 226(1)y  0.681) 329 54.4
SD 245 0.02 0.02 039 0.09 196 0.59 3.39 9.90
Med 041 0.03 0.02 0.90 0.01 164 0.68 329 53.4
Min 0.12 0.01 0.01 0.53  4.64E-03 171 0.10 279 36.5
Max 10.3 0.07 0.08 1.87 0.42 599 1.26 43.8 70.0
Afternoon
Mean  0.86(1) 0.16(1) 0341y 075  052(1) 286(1) 125(1) 225 49.8
SD 1.85 0.27 1.00 0.59 1.46 262 1.04 13.0 15.0
Med 022 0.02 0.11 0.70 0.01 189 1.08 28.6 483
Min 001 1.98E-03 424E-03 0.01 1.05E-03 10.0 0.10 -2.30 252
Max 7.73 1.18 6.24 223 7.85 896 2.58 344 76.8
t 1.08 2.13 1.42 1.85 1.49 0.87 222 3.48 1.21
P 0.285  0.037 0.160 0069  0.141 0387  0.031  0.001 0.232

**Numbers in the parenthesis denote malodor intensity. ”Temperature (°C) and *Humidity (%).
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Fig. 2. Temporal variations patterns of odorous components are compared across 10 measurement points between AM and PM

period.
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Table 6. Comparison of the mean concentration levels of odorous pollutants measured between industrial (I) and non-industrial
(NI) locations (N for All parameters = 30)

[1] Carbonyl compounds

Form-A  Acet-A  Acrolein Acetone Propion-A Croton-A Butyr-A Benz-A Isovaler-A Vale-A  o-Tolu-A m-Tolu-A p-Tolu-A

Mean 182 19.1Q)* 022 168 168@2) 030 14925 287 041(1) 038 021 0.20 0.35
SD 10.1 10.2 0.09 18.4 13.0 0.33 249 3.36 0.40 0.34 0.12 0.12 0.35
Med 17.2 16.5 0.21 14.8 13.7 0.22 5.39 226 0.24 0.25 0.23 0.22 0.23
Min 2.15 5.94 0.09 0.21 2.34 0.07 0.22 0.04 0.07 0.06 0.04 0.04 0.04
Max 342 46.8 0.38 96.9 482 1.76 120 174 1.56 1.68 0.42 041 1.53

Mean 204 2012 026 145 212(2) 051 9.86(2.5) 4.67 039(1) 035 0.21 0.21 1.57
SD 10.1 11.0 0.24 11.3 30.3 1.05 11.9 8.72 0.38 0.29 0.12 0.14 344
Med 21.6 154 0.21 12.9 15.1 0.22 5.09 1.64 0.24 0.25 0.23 0.22 0.23
Min 433 832 0.09 0.64 143 0.07 0.07 0.04 0.07 0.06 0.04 0.04 0.04
Max 422 46.1 1.44 412 166 5.58 39.7 364 1.71 1.27 041 0.65 12.7
t 0.83 0.37 0.88 0.58 0.73 1.03 1.01 1.06 0.16 0.29 0.005 0.37 1.94

P 0410 0716 0385 0562 0467 0308 0317 0295 0.871 0.772 099 0716  0.057

[2] Individual and total VOC

1.3.5- 1,24

TVOC B T E MPX STY 0X BB p-IPT  n-BB

Mean 855 0.84 13.8 6.23 6.06 2.77 1.92 0.29 1.92 7.95 0.28 045
SD 1072 0.95 14.1 15.8 17.1 7.59 6.28 0.10 8.05 34.1 0.26 0.59
Med 387 0.46 104 1.88 1.49 1.65 0.47 0.24 0.17 0.44 0.19 0.23
Min 183 0.07 1.26 032 0.15 0.12 0.08 0.10 0.08 0.08 0.15 0.23
Max 4664 3.58 68.6 71.9 89.3 426 343 0.66 442 185 1.47 336

Mean 829 0.66 12.3 3.58 3.84 2.07 1.25 0.29 0.34 0.99 0.53 0.37
SD 1105 0.62 11.0 4.90 6.72 3.20 1.86 0.09 0.37 1.51 1.21 027
Med 411 0.44 7.24 1.56 1.62 1.03 0.52 0.24 0.19 0.40 0.22 0.23
Min 143 0.09 1.80 0.17 0.20 0.12 0.08 0.10 0.15 0.10 0.16 0.17
Max 4085 2.95 434 20.2 317 12.1 7.51 0.49 1.63 7.16 6.67 1.26

t 0.09 0.89 0.48 0.88 0.66 0.46 0.57 0.20 1.08 111 L12 0.66
P 0927 0375 0636 0383 0512 0644 0574 0841 0286 0270 0269 0511

[3] Reduced S compounds
H,S CHSH DMS €S, DMDS NH;, TMA Temp’ RH”

Mean  099(1) 0.13(1) 0341) 084 0531 2341 1.021) 260 517
SO 180 026 115 049 166 202 093 120 147
Med 031 002 004 085 001 171 108 299 533
Min 001 198E-03 424E-03 001 1.05E-03 100 010 280 252
Max 773 LI8 624 177 785 597 258 438 768
NI
Mean L13(1) 010 013) 085 0.8  2891) 1.02(1) 259 509
SD 233 019 024 060 042 270 093 119 127
Med 023 002 004 08 001 184 108 294 492
Min 001 198E-03 424E-03 005 1.05E-03 100 010  -130 289
Max 103 096 121 223 167 896 258 366 760

t 027 045 0.97 0.09 1.14 0.89 0.00 0.02 0.22
P 0.788  0.654 0336 0928 0261 0376 1000 0984  0.824

*Same as Table 5. "Temperature (°C) and Humidity (%).
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Fig. 3. Comparison of the mean concentrations of odorous

pollutants measured between industrial (I) and the sutround-
ing non-industrial (NI) locations investigated during this

study.

o] vttt

Aol

1o°
To

JH

fite]

1
R

k!

A et 2az WA o

o Zwe]
A% v}

xET 24 77kl

LSopuy

VOC AEE FoM = 4
[e1 e}

3} sk 284

20

3

[e]
.

Aee)

oji

olJ

= A

o8 Hgeri=

HEAl =

).
=k

HAIEA 1271%)9]

=]
Ea

99, o

g Qo etk FeAeo

e I e



AFE HY gl 9 %HHHEJ ’\]
Je ASAE

Oiﬁaqﬂ} ;1%41, SR FehE Hm]*o
AR A3 SedeAT] AARI (KRF-
2005-201-C00045)° %= AFlE FEdh= wigiYTh.

ANE, A%l HoAR, 2004, 7] F 4T AHBE
g GC ¥A9 FA. IFEMH88IA, 17(2), 145-

Qb F4 %, 2005, AHDANAM S @
Vb eE) ], 14(1), 81-89.

o} 41012

WA, o aﬂ_ AYA, 2003, AAE2Z) o 2 vOCs
9 %H@ EAe] &% A7, AEety FEAT, 34,
93-97.

A7, )R, A, EE, 2004, QEZPLES o]

£ A 712 U Ass g3ldtee] #30) g
A, =718 818, 202), 195-204.

HAAR, QAkl, A71E, 2003, T3E J2A F7i3HHEY]
Aed ?iﬁ:— A& AT dupBEEIA, 19(5),
491-502.

Hoj2, Az 718, 2005, wHEEH] pHEAEAE
ges o oA FsitEY 243 wWiEsAd o
g A7 A7, 21(5), 515-524.

T84, A4, 2005, 7] F hRE AL AR 47
Be] A7 TEY sl =dDNPHY HH- XS
Ao, FAlseks], 18(1), 43-50.

Davoli, E., Gangai, M. L., Morselli, L. and Tonelli, D.,
2003, Characterisation of odorants emissions from land-
fills by SPME and GC/MS. Chemosphere, 51, 357-368.

Emerson, C. W. and Rajagopal, R., 2004, Measuring toxic
emissions from landfills using sequential screening.
Computers, Environment and Urban Systems, 28, 265-
284.

Na, K. and Kim, Y. P, 2001, Seasonal characteristics of
ambient VOC in Seoul, Korea. Atmospheric Environ-
ment, 35, 2603-2614.

Kim, K.-H., Choi, Y. J, Jeon, E. C. and Sunwoo, Y.,
2005, Characterization of malodorous sulfur com-
pounds in landfill gas. Atmospheric Environment, In
Press.

ol

20061 2¥ 2d H
2006 3Y 22¢ AR HE
20061 39 239 97 A9



