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Abstract

Concentrations of volatile organic compounds (VOCs) measured from the local industrial sources in Wanju indus-
trial complex during June 2007 ~ January 2008. The samples were collected from the primary sources (6 emission
points) in 4 major factories in Wanju industrial complex as well as two general sources in Wanju County to eluci-
date the abundances of speciated VOCs and their spacial and temporal distributions depending on source bases.
Industrial sources are as follows; fabricated metal manufacture, motor vehicle manufacture, rubber and plastic
manufacture, and chemical manufacture factories. Two general source samples were collected from gasoline gas
station and dry cleaning shop in urban area. In order to understand the near source influence at receptor, samples
from the two receptor sites (one is at center of the industrial complex and the other site is at distance residential area
downwind from the center) were collected with sample canister, and analyzed by using GC/MSD. The concentra-
tions from different sources were compared and discussed. The mass contributions of the speciated VOCs to total
VOCs measured from industrial sources and ambient air at two receptors were presented and discussed.
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Table 1. Sampling sites information for source emission.

Season Manufacturing Site .D. Source Numbe.r of Products Remark
Sampling
Rubber and plastic Vi-la  Manufacturing | Plastic film LocaFed in tbe south from
manufacture (1) the industrial center
Fabricated metal Vi-2a  Manufacturing 1 Other treatment and Located in the east from
manufacture (2) Vi-2b  Stack 1 coating of metals the industrial center
Motor vehicles Vi-3a  Manufacturing 1 1 Parts and accessories Located in the west from
Warm manufacture (2) Vi-3b  Manufacturing 2 | for motor engines the industrial center
season Chemical Vi-d4a  Stack 1 Chemical manufacture Loca'ted mn the west from
manufacture (1) the industrial center
Gas station (1) Vg-1 Near gasoline pump 1 - LocaFed n t,he south from
the industrial center
Dry cleaning (1) Vg-2 Cleaning 1 - Loca.ted m t_he north from
‘the industrial center
Rubber and plastic Vi-la  Manufacturing | Plastic fil Located in the south from
manufacture (2) Vi-1b  Stack 1 astic film the industrial center
Fabricated metal . Other treatment and Located in the east from
Vi-2a  Stack 1 . X .
manufacture (1) coating of metals the industrial center
Motor vehicles Vi3a  Manufacturin 1 Parts and accessories Located in the west from
Cold manufacture (1) £ for motor engines the industrial center
season  Chemical Vi-4a  Stack 1 Chemical manufacture Located in the west from
manufacture (2) Vi-4b  Stack 1 the industrial center
Gas station (1) Ve-1 Near gasoline pump 1 - LocaFed n [.he south from
the industrial center
. i fi
Dry cleaning (1) Vg-2  Cleaning 1 - Located in the north from

the industrial center

Note: Viand Vg denote industrial and residential source point, respectively. (

Table 2. Receptor sites information for ambient VOCs sampling.

) indicates number of sampling point.

Sampling

Sampling point

Remark

Roof at the top of
office building

Site Location Number of sampling days
area
. 12 days
lndusrtli'lal Vr-1 ind SCte‘n:erO(;fq lex (3 for June; 3 for August
pa faustnial comp 3 for November; 3 for January)
. . . 12 days
Residential Vr-2 D.own‘wmd (3 for June; 3 for August
area residential area

3 for November; 3 for January)

Roof at the top of
APT administrative
offices

Located in the north
from the industrial center
(downwind)

Note: Vr denotes receptor site for ambient VOC sampling.
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Table 3. Information of sample canister and GC/MSD
operating condition for target VOCs analysis.

~ STLONITE (Fused silica, 61.)
~ Tenex & Glass bead Trap
(Cryo: —150. Desorb: 20°C)

~Tenex Trap{Cryo: — 10°C, Desorb: 180°C)
- Focuser (Cryo: —160°C, Desorb: 80°C)

Canister

Pre-concentrator

~Column: HP-1 capillary column
(60 m X 0.32 mm X 5 um)
~ Column temp.: 50°C (5 min)—

GOMSD 80°C (5 min) —220°C (20 min)
~ Ramp rate: 5°C/min to 220°C
= Column flow: 1.8 mL/min
ZF13le] A kA 7] (Agilent MSD 5973N) & A-8-3}
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Table 4. VOCs measured in ppb at source sampling sites in Wanju industrial park during warm and cold season.

{unit in ppb)
Species Rubber and plastic Fabricated metal Motor vehicles Chemical
Vi-la Vi-1b  Vi-2a Vi-2b Vi-3a Vi-3b Vi-4a Vi-4b

Season Warm Cold Cold Warm Warm Cold Warm Cold Warm  Warm  Cold  Cold
chloromethane 054 153 192 0.42 9.60 111 040 069 0.75 tr. 0.90 1.00
freon-11 tr. 0.22 1.27 n.d. n.d. . n.d. tr. n.d. n.d. ir. n.d.
methylene chloride nd. nd 774 64.1 167 15.0 084 212 1.62 n.d. n.d. tr.
chioroform nd. n.d. n.d. n.d. n.d. 5.79 1.05 nal. tr. nd. n.d. n.d.
[.2-dichloroethane n.d. n.d. n.d. n.d. n.d. 44.6 n.d. n.d. n.d. n.d. n.d. n.d.
1.1, 1-trichloroethane 4.84 nd. n.d. n.d. n.d. 4.84 n.d. n.d. n.d. n.d. n.d. n.d.
benzene 1.04 088 1.76 1.06 096 812 1.44 1.68 2.37 80.0 1.74 tr.
trichloroethylene nd. nd  nd n.d. n.d. 4.08 nd. n.d. nd. nd. nd. 318
toluene 1.83 311 676 89.0 146 1153 14.3 106 9.58 988 34.5 490
ethylbenzene n.d. 1.8 242 57.2 54.4 538 162 213 110 217 19.1 19.8
p-xylene 1.76  2.10 291 339 220 401 104 207 6.35 174 17.4 17.2
styrene n.d. tr. 4.23 tr. 1.67 6,46 0.70 n.d. 1.22 70.9 16.1 1,179
o-xylene nd. 205 286 180 133 550 6.41 2.01 401 96.4 19.4 nd.
1.3.5-trimethylbenzene nd. 188 2.5 14.0 12.2 n.d. 2.63 1.92 1.64 nd. n.d. n.d.
1.2 4-trimethylbenzene nd. 266 3.80 419 33.1 n.d. 506 244 1.06 239 253 2.04
n-butane 227 6.63 331 n.d. n.d. tr. tr. tr. tr. n.d. n.d. n.d.
n-hexane nd. 527 1.08 n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd n.d.
Total 123 419 595 787 718 2732 595 253 39.6 1.865 134 1,295.84

*n.d.: not detected, tr.; traceable
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Fig. 1. Average mass contributions of species to total VOCs from industrial source samples.
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Table 5. VOCs concentrations in ppb at the general sour-
ce sampling sites in urban area of Wanju.
(unit in ppb)

Warm season Cold season
Species Ve-1 Vg-2 Vg-1 Veg-2
(gas (dry (gas (dry
station) cleaning) station) cleaning)
chloromethane 2.65 0.24 1.64 1.25
freon-11 n.d. n.d. tr. 0.32
methylene chloride 1.01 n.d. 1.79 20.35
chloroform n.d. 0.89 n.d. 0.77
benzene 1.13 0.59 2.23 1.84
toluene 5.04 9.32 10.20 21.88
chlorobenzene n.d. n.d. n.d. 7.05
ethylbenzene 241 2.35 247 3.98
p-xylene 2.33 2.34 241 3.96
styrene 1.72 3.52 0.48 1.67
o-xylene 2.31 n.d. 2.17 n.d.
1,3,3-trimethy!- 2.02 1.95 2.00 2.15
benzene
1,2 4-trimethyl- 3.17 n.d. 2.77 n.d.
benzene
n-butane 2.77 2.79 342 5.29
n-hexane 4.92 n.d. 5.22 n.d.
Total 31.48 23.99 36.8 70.51

*n.d.: not detected, tr.: traceable
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Fig. 2. Average mass contributions of species to total VOCs from general source samples.
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Table 6. VOCs concentrations in ppb at receptor sampling sites.

{a) Warm season

(unit in ppb)

June, 2007

August, 2007

Vr-1 (center of

Vr-2 (downwind

Vr-1 (center of

Vr-2 {downwind

Species industrial park) residential area} industrial park) residential area)

Ist 2nd 3rd Ist 2nd 3rd Ist 2nd 3rd ist 2nd 3rd
chloromethane 066 076 373 075 063 094 0.49 1.57 1.74 0.28 0.43 0.36
methylene chloride tr. tr. tr. tr. 252 256 n.d. n.d. n.d. n.d. nd. nd.
benzene 1.31 tr. 1.49 098 075 097 1.25 {.04 0.65 tr. ir. 1.02
toluene 24.74 1.67 6.38 5.27 201 2.41 8.7 9.98 37.8 1.83 1.56 6
ethylbenzene 574 181 2.78 2.6 202 231 6.94 3.16 4.95 tr. 1.91 3.07
p-xylene 768 1.84 209 286 194 198 8.96 5.52 10.78 1.76 1.78 295
styrene 114 0.41 2.1 0.6 tr. 0.76 0.74 0.88 nd. nd. n.d.
1,12 2-tetrachloroethane nd.  nd n.d. n.d. n.d. nd. nd nd. n.d. n.d. n.d. n.d.
o-xylene 480 185 246 2.48 192 194 5.74 3.82 6.69 nd. n.d. 2.5
1.3 S-trimethylbenzene 238 tr. 1.97 tr. n.d. 2.53 2.31 2.31 n.d. n.d. n.d.
1.2 4-trimethyibenzene 469 . tr. 2.79 tr. 2.54 5.2 429 475 nd. nd. 2.74
1,3-dichlorobenzene nd.  nd n.d. nd n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
1.4-dichlorobenzene 288 nd. nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
1,2-dichlorobenzene nd.  nd n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd.
n-butane 204  nd n.d. 257 232 248 tr. 2.31 2.43 2.27 2.34 2.38
n-hexane 537  nd n.d. tr, n.d. n.d. n.d. nd. n.d. n.d. n.d. n.d.
cyclohexane nd  nd n.d. 138 nd n.d. 1.16 nd. n.d. n.d. n.d. n.d.
Total 63.43 793 19.34 2575 1471 18.13 51.73 3474 7298 6.14 8.02 21.02

(b) Cold season

November, 2007

January, 2008

Vr-1 (center of

Vr-2 (downwind

Vr-1 (center of

Vr-2 (downwind

Species industrial park) residential area) industrial park) residential area)

lst  2n0d 3rd Ist 2nd 3rd Ist 2nd 3ed Lst 2nd 3rd
chloromethane 0.50 1.37 1.63 0.39 1.57 1.14 0.73 2.66 0.6 1.09 1.11 1.17
methylene chloride tr. 1.19  0.86 tr, 071 10.02 n.d. 2.5 n.d. 1.2 n.d. 1.33
benzene 0.92 333 2.35 0.65 3.1 1.92 1.26 1.48 1.96 1.55 1.28 1.33
toluene 1.75 553 2.96 357 449 231 5.64 5.86 3.65 2.55 8.45 3.75
ethylbenzene 1.80 246 303 190 232 220 2.15 2.25 1.91 1.99 2.21 3.02
p-xylene 1.81 235 3.26 184 247 219 22 2.46 1.84 1.93 221 2.38
styrene tr. 1.58 447 nd 063 04! 5.08 0.79 0.40 043 n.d. 0.43
1,1,2.2-tetrachloroethane nd. 225 3.77 n.d. n.d. 2.09 n.d. 2.25 n.d. nd. nd. n.d.
o-xylene 1.86 254 355 tr. 207 222 2.1 2.26 1.83 1.94 nd. 2.16
1.3.5-trimethylbenzene 194 226 470 n.d. LI0 129 n.d. n.d. n.d. n.d. n.d. 2.00
1,2.4-trimethylbenzene 233 295 7.68 240 204 177 2.58 3.08 2.39 n.d. n.d. 313
1.3-dichlorcbenzene nd. 140 303 n.d. 1.10 1.31 n.d. n.d. n.d. 1.97 n.d. n.d.
1.4-dichlorobenzene nd. 187 4.26 n.d. 1.68 1.83 n.d. n.d. n.d. 2.89 n.d. nd.
1,2-dichlorobenzene n.d. 1.97 5.18 nd. 1.12 1.39 n.d. n.d. n.d. n.d. n.d. n.d.
n-butane 359 277 2.40 230 248 271 2.39 2.7 2.31 2.53 2.38 2.82
n-hexane nd.  nd n.d. nd. nd. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
cyclohexane nd.  nd nd. n.d. nd. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Total 16.5 358 53.13 13.05 2689 348 24.13 2829 1689 3007 17.64 2352
*n.d: not detectable, tr: traceable
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Fig. 3. Average mass contributions of species to total VOCs in ambient air at center receptor and downwind receptor.
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