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The purpose of this study is to measure composite odor and designated odor in 33 emission sources at 11
business sites generating odor in the Wanju Industrial Complex, examine characteristics and problems of major
odor substances for each odor emission source, and establish an optimal means to reduce odor according to
characteristics of the site. As a result of assessing odor emission characteristics in this study, major odor sub-
stances were found to be ethylbenzene, toluene and xylene for automobile parts manufacturing business, sty-
rene, ethylbenzene and toluene for synthetic resin and other plastic materials manufacturing business, and
styrene, trimethylbenzene, ethylbenzene, nitric acid and formic acid for other manufacturing businesses. Apart-
ments located closest in the northern and southern boundaries of the industrial complex were predicted to be
surrounding regions receiving greatest effect of odor emitted by business sites, and increase in apartment floor
was predicted to show greater effect of odor.
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Fig. 1. Trends on odor civil appeals in Wanju.
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Table 1. Sampling points of business odor sources

. Name of . . Designated
Site business Type of industry Type of facility offensive odor
Os-1 A business Manufacture of Basic Organic Chemicals RTO outlet analysis
Os-2 . . scrubber outlet analysis
0Os-3 B business Manufacture of Synthetic Resin ackaging process of product analysis

and Other Plastic Materials packaging p P ‘ .
Os-4 wastewater treatment plant analysis
Os-5 . . shipment site of product -
Os-6 C business Manufacture of Synthetic Resin I;eaction roce§s 1 analysis
and Other Plastic Materials . p Y
0s-7 reaction process 2 -
Os-8 Fabric filter outlet analysis
. Manufacture of Other Parts and Y .
0Os-9 D business . . scrubber outlet analysis
Accessories for Motor Vehicles .
Os-10 cutting process -
Os-11 C tower outlet 1 analysis
. Manufacture of Other Parts and A 4
Os-12 E business Accessories for Motor Vehicles scrubber outlet -
Os-13 A/C tower outlet 2 -
Os-14 F business Manufacture of Other Parts and scrubber outlet analysis
Os-15 Accessories for Motor Vehicles cutting process -
Os-16 .. C tower outlet analysis
. Manufacture of Medicinal i v
Os-17 G business . . scrubber outlet -
Chemicals and Antibiotics .
Os-18 production process -
0Os-19 H business Manufacture of Diodes, Transistors scrubber outlet analysis
0s-20 and Similar Semi-conductor Devices A/C tower outlet -
Os-21 C tower outlet -
. Manufacture of Surface-Active i W |
Os-22 I business . L. wastewater treatment plant -
Agents and paint additive .
0Os-23 scrubber outlet analysis
Os-24 C tower outlet 1 analysis
. Manufacture of General Paints A W ‘ .
0s-25 J business . A/C tower outlet 2 analysis
and Similar Products .
0Os-26 mixing process -
0s-27 RTO outlet -
0s-28 K business Manufacture of Synthetic Resin A/C tower outlet 1 analysis
0s-29 and Other Plastic Materials factory floor -
0s-30 A/C tower outlet 2 -
0Os-31 A business Manufacture of Basic Organic Chemicals dewatering -
0s-32 C business Manufacture of Synthetic Resin reaction process outlet 1 analysis
0s-33 and Other Plastic Materials reaction process outlet 2 analysis
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Fig. 2. Sampling points of business odor sources in the Wanju Industrial Complex.
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Fig. 3. Sampling pictures of major odor source.
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Table 2. Modeling domain information
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Item

Contents

Grid Origin

. Business sources
(reference point)

X (Easting)
Y (Northing)

UTM coordinate: 327.5
UTM coordinate: 3,976.5

Grid spacing (dX) 500 m
. Nx (no. x grid Cell) 12
Domain Size Ny (no. y grid Cell) 12
Projection Universal Transverse Mercator (UTM)
UTM zone 52 (Northern)

NO. of Vertical layers 6
Cell face heights (m) 0, 20, 50, 100 ,300 ,500 ,1000
Time Zone UTC+0900
Modeling period 2013.01.01~2013.12.31
Continent/Ocean Asia
Geoid-Ellipsoil Korean Geodetic System 1995: WGS 84
Region South Korea
Datum KGS
Table 3. Terrain input data
Item File name Contents
Land Use eademla.img USGS Land Use File
Terrain E100N40.DEM GTOPO30 30-sec datda (~900)
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Table 4. Input data of sources
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Name of business Site Stack Ht. (m) Stack Diam. (m) Exit vel. (m/s)
A business Os-1 6 0.6 3.2
B business Os-2 9 0.3 6.4
C business 0s-32 15 0.6 7.1
0s-33 35 0.5 4.2
. Os-8 18 1.2 6.2
D business 0s-9 13 05 8.9
Os-11 15 1.2 10.3
E business Os-12 8 0.5 5.5
Os-13 10 0.3 5.7
F business Os-14 7 0.6 8.5
G business Os-16 10 0.8 9.3
Os-17 10 0.8 16.7
. 0Os-19 11 0.9 9.9
H business 0s-20 5 0.7 3.0
I business Os-21 32 0.7 6.1
0Os-23 30 0.7 4.5
T business Os-24 8 0.8 17.3
0s-25 11 0.8 17.8
0s-27 15 1.1 12.7
K business 0Os-28 29 1.1 9.7
0s-30 10 0.6 12.4
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Fig. 4. Annual wind rose on Wanju (2013 year).
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Table 5. Seasonal frequency of wind speed (100%)
Wind (m/s) 0.5~20 20~3.0 3.0~-40 4.0~5.0 50~6.0 6.0~7.0 7.0~
Spring 48.23 20.02 14.27 7.79 2.67 1.13 0.45
Wind speed Summer 49.55 24.64 12.18 4.76 1.63 0.63 0.72
(%) Autumn 48.03 17.99 9.75 4.21 1.60 0.78 0.23
Winter 50.82 18.13 11.68 5.17 1.97 0.18 0.05

Table 6. Measurement results of Designated offensive odor substances emitted oder from business sources (Unit; ppb)

Methyl . . .
Division Toluene Xylene Styrene ethyf Ammonia Tnmgthyl- Hydrggen Methyl D1m§thyl D}methyl
Ketone amine sulfidle mercaptan sulfide disulfide
Os-1 5.96 80.4 710.48 LoQ 1,054 N.D. N.D. N.D. N.D. N.D.
Os-2 9.86 LOQ LoQ N.D. 2,972 N.D. N.D. N.D. N.D. N.D.
0Os-3 79.01 LOQ LoQ N.D. 460 N.D. N.D. N.D. N.D. N.D.
Os-4 73.38 49.92 257.0 LoQ 1,627 N.D. N.D. N.D. N.D. N.D.
Os-6 127.6 0.98 1,038 LoQ 541 N.D. N.D. N.D. N.D. N.D.
0s-8 8.16 LOQ LoQ N.D. 1,254 N.D. N.D. N.D. N.D. N.D.
0Os-9 6.48 9.02 86.86 N.D. 1,172 N.D. N.D. N.D. N.D. N.D.
Os-11 142.2 59.48 2.46 LOQ 1,434 N.D. N.D. N.D. N.D. N.D.
Os-14 90.52 38 LoQ N.D. 1,440 N.D. N.D. N.D. N.D. N.D.
Os-16 21.42 LOQ N.D. N.D. 617 N.D. 2.51 3.36 N.D. N.D.
0Os-19 51.80 1.33 N.D. N.D. 527 N.D. N.D. N.D. N.D. N.D.
0s-23 26.29 5.52 N.D. N.D. 250 N.D. 1.66 1.38 N.D. N.D.
0s-24 1,168 561.6 10.52 6.39 590 N.D. N.D. N.D. N.D. N.D.
0s-25 1,219 747.7 17.63 14.50 347 N.D. N.D. N.D. N.D. N.D.
0Os-28 1173 467.1 1,572 32.19 195 N.D. 2.82 2.94 N.D. N.D.
0s-32 772.9 223.6 1,653 27.51 534 N.D. 2.72 3.16 N.D. N.D.
0s-33 562.2 128.4 1,421 15.97 298 N.D. N.D. N.D. N.D. N.D.

N.D: No-detection, LOQ: limit of quantitation.
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Table 7. Conversion results of oder intensity by Designated offensive odor substances emitted from business sources
(Step 6 notation) (Unit; ppb)

Division Toluene Xylene Styrene Ammonia stlrf(i)dg:n ml\c{[ri;l;};n
Os-1 0 0.42 2.89 242 0 0
Os-2 0 0 0 3.17 0 0
0s-3 0 0 0 1.82 0 0
Os-4 0 0.08 2.26 2.73 0 0
Os-6 0 0 3.12 1.93 0 0
Os-8 0 0 0 2.54 0 0
Os-9 0 0 1.59 2.50 0 0

Os-11 0 0.21 0 2.64 0 0
Os-14 0 0 0 2.64 0 0
Os-16 0 0 0 2.03 1.67 2.90
0Os-19 0 0 0 1.92 0 0
0Os-23 0 0 0 1.37 1.50 241
Os-24 1.14 1.82 0.29 2.00 0 0
0Os-25 1.17 2.03 0.61 1.61 0 0
Os-28 1.15 1.69 3.38 1.19 1.72 2.83
0s-32 0.89 1.16 341 1.92 1.70 2.86
0Os-33 0.70 0.76 3.32 1.50 0 0

Table 8. Evaluation of major offensive odor substances emitted from business sources

Division Major offensive odor substances
Os-1  Styrene, Trimethylbenzene, Ethylbenzene, Ammonia
Os-2  Nitric acid, Cyclohexane, Formic acid, Ammonia
Os-3  IPA, Cyclohexane, Toluene, Ammonia

Os-4

Os-6

Os-8

0Os-9

Os-11
Os-14
Os-16
Os-19
0Os-23
Os-24
0Os-25
Os-28
0s-32
0Os-33

IPA, Styrene, Naphthalene, Xylene, Ammonia

Styrene, Toluene, IPA, Acetone, Ammonia

Nitric acid, Ammonia

Styrene, Ethyl benzene, 1,2,4-Trimethylbenzene, Cyclohexane, Ammonia

Toluene, Xylene, Ethyl benzene, 1,2,4-Trimethylbenzene, MIBK, Ammonia

Toluene, Xylene, Ethyl benzene, 1,2,4-Trimethylbenzene, Acetic acid, Ammonia

Methylene Chloride, Acetic acid, MIBK, Toluene, Ammonia, Hydrogen sulfide, Methyl mercaptan
Methylene Chloride, Toluene, Heptane, Acetic acid, Ammonia

Chloroform, Toluene, Heptane, Decane, Hydrogen sulfide, Methyl mercaptan

Toluene, Methyl ester, Xylene, Ethyl benzene, Benzene, Ammonia

Toluene, Ethyl benzene, Xylene, Benzene, Ammonia

Styrene, Toluene, Methyl ester, Xylene, Ethyl benzene, Butyl alcohol, Hydrogen sulfide, Methyl mercaptan
Styrene, Toluene, Xylene, Ethylbenzene, Butyl alcohol, Ammonia, Hydrogen sulfide, Methyl mercaptan
Styrene, Toluene, Xylene, Ethyl benzene
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Fig. 5. Gas Chromatogram of gases emitted from business sources.
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Fig. 6. Concentration curves of the surrounding area by complex odors emitted from business sources.

Table 9. Effect results on the surrounding area by complex odors emitted from business sources (Unit; air dilution)

. Distance from Reception height 1 hour 24 hour annual
Site . .
the industrial park (m) average average average

1.5 2.71 0.59 0.16

a APT 25 m from the southern 10 2.30 0.48 0.15

boundary 20 2.25 0.43 0.12

30 2.42 0.44 0.11

b park 30 m from the southeast 15 178 0.36 0.10
boundary

15 2.52 0.46 0.15

¢ APT 30 m from the western 10 3.21 0.53 0.16

boundary 20 3.55 0.54 0.16

30 3.71 0.54 0.16

15 1.55 0.36 0.12

4 APT 130 m from the southeast 10 1.87 0.45 0.15

boundary 20 3.16 0.57 0.18

30 4.64 0.70 0.20

e APT 130 m from the northern 15 134 0.33 0.08
boundary

f village 45 m from the eastern boundary 1.5 1.91 0.29 0.06

g village 300 m from the eastern 15 2.15 0.34 0.05
boundary

h golf driving range 00 ™ from the southern 15 143 0.46 0.07
boundary

i village 65 m from the southeast 15 1.69 0.34 0.06
boundary

j village 850 m from the western 15 1.56 0.28 0.05
boundary
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