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ABSTRACT

This study was carried out to evaluate the temporal, spatial, and seasonal variations of VOC, and to
characterize the VOC concentrations in two large industrial complexes located in Pohang and Gumi cities.
Twenty—four hours continuous sampling of selected VOC was made with STS 25 sequential tube samplers and
double-bed adsorbent tubes. Air samples were collected every three hour interval for 7 consecutive days in
each site during summer and winter. VOC were determined by thermal desorption coupled with GC/MS. A
total of 27 VOCs of environmental concern were determined, including aliphatic, aromatic and halides.
Generally, concentrations of toxic VOC were higher in Gumi than Pohang, and VOC levels in industrial areas
were typically several-fold higher than those in residential areas. The most abundant VOC appeared to be
toluene for both cities. However, chlorinated VOC were higher in Gumi than Pohang, while aromatic VOC
were more abundant in Pohang than in Gumi. Two cities showed relatively different variations of VOC
concentrations within a day. It is likely that traffic related sources are major factors affecting the VOC in
Pohang, and industrial solvents usages are important sources in Gumi. These results imply that the occurrence
and levels of atmospheric VOC are strongly dependent on the type of industries in each city. Therefore, in
order to develop any control strategies or to establish the priority rankings for VOC in large industrial
complexes, the type of industries and the occurrence of VOC in the atmosphere should be taken into

consideration.
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Table 1. Operating conditions for ATD and GC/MS for VOC analysis

ATD 400 (Perkin Elmer, UK)

GC/MSD (HP6890/5973, Hewlett Packard, USA)

Parameter Value Parameter Value
Cold trap packing E g:uagog;p%mn%g GC Column 032 mit,xl 05503{,2 1.8 m)
Desorb time and flow 10 min, 90 mL/min Initial temp. 50°C (10 min)
Cold trap holding time 5 min Oven ramp rate 5°C/min
Cold trap high temp. 350°C Final temp. 250°C (20 min)
Cold trap low temp. -30°C Column flow 1.8 mL/min
Oven temp. 320°C Detector type Quadropole
Min. pressure - 20psi Q-pole temp. 150°C
Inlet split No MS source temp. 230°C
Outlet split 10 mL/min Mass tange 35~300amu
Valve and line temp. 200°C Electron energy 70eV
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Fig. 1. Cumulative distributions of VOC concentrations in industrial areas of Pohang and Gumi.
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Fig. 2. Cumulative distributions of VOC concentrations in residential areas of Pohang and Gumi.
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Table 2. Summary of VOC concentrations in Pohang and Gumi (Unit : ppb)
Pohang Gumi
Site Industrial area Residential area Industrial area Residential area
voC (n=112) (n=112) (n=112) (n=112)
Mean Median Max*  Mean Median Max. Mean Median Max Mean Median Max
Isopentane 0.21 0.15 0.86 050 032 523 0.51 041 3.25 048 039 272
1, 3-Butadiene N.D. ND. 040 ND.** ND. 054 N.D N.D. 0494 N.D. N.D. 086
Dichloromethane N.D. ND. 040 N.D. N.D. 0.38 N.D. ND. 049 N.D. N.D. 027
n—Pentane 021 015 126 034 026 145 1.69 1.00 17.36 043 025 1.96
3-Methylpentane N.D. ND. 037 N.D. ND. 034 0.15 N.D. 0.87 0.11 N.D. 0.78
n-Hexane 021 0.13 1.67 0.19 ND. 1.12 0.31 020 1.73 023 N.D. 208
Methylcyclopentane 0.10 N.D. 0.66 0.10 N.D. 048 040 022 299 032 N.D. 441
n-Heptane N.D. ND. 023 N.D. N.D. 034 025 ND. 1.63 N.D. ND. 034
Benzene 083 058 629 044 035 434 0.62 041 1.96 0.68 037 292
Trichloroethylene N.D. ND. 097 N.D. ND. 06! 249 046 32.80 024 N.D. 2.13
n-Octane N.D. ND. 0.19 N.D. ND. 029 N.D. ND. 030 N.D. N.D. 0.22
Toluene 3,50 233 1591 1.59 092 11.11 7.81 625 33.65 228 1.14 15.81
Tetrachloroethylene N.D. N.D. N.D. N.D. N.D. ND. 0.11 ND. 172 N.D. N.D. 1.69
n—Nonane N.D. N.D. 0.28 N.D. ND. 034 0.14 ND. 171 0.10 N.D. 033
Ethylbenzene 1.67 0.66 13.70 0.29 0.18 3.15 0.55 031 456 030 021 1.21
m, p—Xylene 450 152 34.60 078 053 8.13 129 059 12.63 0.68 049 297
o—Xylene 151 051 11.88 0.23 N.D. 225 0.38 020 353 023 0.18 1.00
Styrene 0.15 N.D. 238 ND. ND. 0.79 0.33 022 3.17 0.15 N.D. 1.17
n-Decane 0.15 0.12 051 0.13 N.D. 0.66 0.31 028 1.67 0.15 N.D. 0.85
n-Propylbenzene 0.11 N.D. 220 N.D. N.D. 0.11 N.D. ND. 0.15 N.D. N.D. ND.
m, p—Ethyltoluene 048 011 1313 ND. ND. 051 0.12 ND. 073 0.10 N.D. 043
1,3,5-Trimethylbenzene 0.44 N.D. 12.16 N.D. ND. 044 0.10 N.D. 0.63 N.D. N.D. 033
o-Ethyltoluene 0.15 N.D. 3.58 N.D. ND. 0.15 N.D. ND. 022 N.D. N.D. 0.13
1,2,4-Trimethylbenzene 1.71 0.37 4198 036 026 1.65 034 015 243 0.30 0.19 1.27
n—Undecane 0.14 N.D. 0.50 0.15 N.D. 1.04 129 075 9.74 0.20 N.D. 1.17
1,2,3-Trimethylbenzene 0.44 N.D. 835 0.10 ND. 046 0.11 N.D. 0.67 N.D. N.D. 0.38
n-Dodecane 0.31 N.D. 1.59 0.50 N.D. 3.68 350 1.03 4280 0.65 N.D. 474
*Maximum, **Not Detected.
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Table 3. Seasonal average concentrations of VOC in Pohang and Gumi (Unit : ppb)
Pohang Gumi
Site
voC Industrial area Residential area Industrial area Residential area
Summer Winter Summer Winter Summer Winter Summer Winter

Isopentane 0.13 0.29 0.42 0.58 0.24 0.78 0.21 0.76
1, 3-Butadiene N.D.* N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Dicholromethane N.D. N.D N.D. N.D. N.D. 0.24 N.D. N.D.
n-Pentane 0.17 0.25 0.28 0.41 0.83 2.56 0.13 0.74
3-Methylpentane N.D. N.D. N.D. N.D. N.D. 0.25 N.D. 0.16
n-Hexane 0.23 0.18 0.20 0.17 N.D. 0:57 N.D. 0.38
Methylcyclopentane N.D. 0.13 N.D. 0.11 0.11 0.69 N.D. 0.54
n-Heptane N.D. N.D. N.D. N.D. N.D. 0.44 N.D. 0.12
Benzene 0.64 1.02 0.39 0.49 0.21 1.03 0.25 1.10
Trichloroethylene N.D. 0.13 N.D. N.D. 0.23 474 N.D. 0.38
n-Octane N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.10
Toluene 3.99 3.01 1.47 1.71 385 11.78 091 3.65
Tetrachloroethylene N.D. N.D. N.D. N.D. N.D. 0.15 N.D. 0.10
n-Nonane N.D. N.D. N.D. 0.12 N.D. 0.24 N.D. 0.16
Ethylbenzene 2.64 0.70 0.34 0.23 0.18 0.93 0.16 0.44
m, p—Xylene 6.72 2.28 0.84 0.71 0.40 2.19 0.41 0.96
o—-Xylene 2.24 0.77 0.26 021 N.D. 0.67 0.12 0.34
Styrene 0.14 0.15 N.D. N.D. 0.13 0.53 N.D. 0.22
n-Decane 0.13 0.17 N.D. 0.18 0.16 0.47 N.D. 0.25
n-Propylbenzene 0.12 N.D. N.D. N.D. N.D. N.D. N.D. N.D
m, p—Ethyltoluene 0.56 0.39 N.D. 0.12 N.D. 0.19 N.D. 0.15
1,3, 5-Trimethylbenzene 0.50 0.38 N.D. 0.12 N.D. 0.15 N.D. 0.12
o-Ethyltoluene 0.18 0.13 N.D. N.D. N.D. N.D. N.D. ND
1,2,4-Trimethylbenzene 1.89 1.54 0.28 044 N.D. 0.60 0.12 0.48
n-Undecane N.D. 0.19 N.D. 0.25 0.41 2.17 N.D. 0.35
1,2, 3-Trimethylbenzene 0.39 0.49 N.D. 0.14 N.D. 0.17 N.D. 0.15
n-Dodecane N.D. 0.56 N.D. 0.93 0.35 6.64 N.D. 1.24

*Not Detected.
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Fig. 3. Variations of VOC concentrations collected every 3 hour interval in Pohang and Gumi.
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Table 4. Comparison of VOC concentrations in large industrial complexes in Korea (unit: ppb)
A Pohang Gumi Ulsan" Yeocheon®
rea
vOoC Industrial dl:i?'nstli-al Industrial dl:relfilz_il Industriat d%ﬁfi;l Induls trial Induzstrlal Indl;strla
Vinyl chloride N.A*  N.A. N.A.  N.A. N.A. NA. 0.78 2.07 4.95
1, 3-Butadiene N.D.**  N.D. N.D. N.D. 1.53 N.D. N.A. N.A. N.A.
Chloroform N.D. N.D. N.D. N.D. 042 0.07 0.13 0.10 0.79
Benzene 0.83 0.44 0.62 0.68 1146  1.31 1.88 1.32 2.70
Trichloroethylene 0.10 N.D 2.49 0.24 0.18 0.10 0.08 0.08 0.07
Toluene 3.50 1.59 7.81 2.28 10.09  5.20 2.85 4.55 3.20
Tetrachloroethylene N.D. N.D. 0.11 N.D. 0.02 0.03 0.08 0.09 0.05
Ethylbenzene 1.67 0.31 0.56 0.32 2.40 0.49 0.39 0.27 0.48
m, p—Xylene 4.50 0.79 1.30 0.79 10.69  1.51 0.30 0.27 0.71
o-Xylene 1.52 0.27 0.40 0.25 3.39 0.46 0.27 0.25 0.38
Styrene 0.17 N.D. 0.34 0.19 11.59 0.16 0.30 0.89 0.15
1,3, 5-Trimethylbenzene 0.48 N.D. N.D. N.D 0.17 0.10 0.12 0.07 0.12
1,2, 4-Trimethylbenzene 1.70 0.35 0.14 0.13 0.52 0.37 0.12 0.08 0.20

*Not available, **Not Detected. "7 3-(2000), »

A&7 (2004)
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