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s gE-2YI
AN ERABRA AT, "ed
(20061 59 18Y 4=, 20074

Kyung-Ho Na*, Yong-Chul Bak and Young-Gi Jang”
Gyeonggi-do Institute of Health and Environment,
YDepartment of Environmental Engineering, Suwon University

(Received 18 May 2006, accepted 13 February 2007)

Abstract

This study was carried out to evaluate the applicability of the odor source tracking using wind field and
fingerprint as a solution tool. First of all, CALMET and HYSPLIT modeling system, and database of odor
discharge companies were utilized to track odor from industrial complexes. Secondly, industrial odor fingerprint
was made by listing on the 19 domestic industries, and compared with foreign data to assess the representative, and
thus the similarity was 86.7%. On the modeling experiment, Sihwa industrial complex did not show any difference
because the matching rates of day and night were 49.5% and 50.0%, respectively. However, the Banwol and Sihwa
industrial complexes did show some differences due to odor facility density.

Separately, in this study, odor samples were obtained from 10 odor discharging companies, located in the Sihwa
and Banwol industrial complexes, They were compared with the results of odor tracking modeling. The matched
companies were 4 of 10 by three cases of tracking, while the fingerprint and industry of odor monitoring networks
and companies matched each other. Therefore, this study confirmed the approach applicability of source tracking
system using the fingerprint.
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Fig. 1. Flowchart of the system.

Table 1. Analytical Instruments of odor monitoring sta-

Table 2. Quality control of the odor components used for

tion. this study.
Instrument L Analytical Analyzer Linearit Precision (%) MDL
name Analytical item per>i/od mogilel No. Component (3~5 poir?ts) 3~5 poiilts; (ppb)
TD+GCl Photochemical | hour 1 Toluene 0.999 2.69 0.04
(FID/FID) VOCs Makers 2 m,p-Xylene 0.988 6.88 0.03
TD+GC2  Aldehyde, Ketone, Unity 3 Styrene 0.997 1084 0.04
(FID/FID)  Aliphatic acid our Varian 4 o-Xylene 0.998 (219 004
- - CP3800 5 Propion aldehyde 0.999 443 0.07
TD+GC3  Organic chloric | hour 6 n-Butyr aldehyde 0.999 12.75 0.05
(FID/ECD)  compounds 7 i-Valeric aldehyde 0.999 19.45 0.04
. SRI 8 n-Valeric aldehyde 0.999 12.27 0.04
GC4 (FPD) Sulfur compounds 30 min 3610C 9 Butyl acetate 0.999 2452 0.03
Ammonia and so OPSIS 10" MEK 0999 0.66 003
DOAS . 10 min 11 MIBK 0.999 0.29 0.03
on |1 species ARS00 15 n-Butanol 0.999 0.62 0.03
Meteorology WiD, W/Si and so S min OPSIS 13 Propion acid 0.999 1.86 0.08
on 7 species ARS500 14 n-Butric acid 0.999 2.87 0.04
15 n-Valer acid 0.999 3.59 0.05
16 DMS 0.998 3.4 0.65
e S PR WU - B
dpe] Agelnt A ¥A47) "W A FHENE (9 CHSH 0.999 54 033
E 13 Zow &47)¢ Y3 AxAe) 4= = 2 200 NH; 0.998 0.81 2.40
21 TMA 0.999 2.60 2.00
sk 2 22 Acetaldehyde 0.999 5.21 2.40
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Fig. 2. Odor fingerprint by industry.
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Aslg o AaAFe 20Y tAo = 339 g Table 3. Modified lists of KSIC.
A s Ale A H 2 ul &t AN A A KSIC Ltarge Middle category No. of
e _ category company
T A7k 1734 AHste] Wy 3 A Bast A -
AA 48A1ZF ool RAYE Al EGE. A FEL 15 Manzllf)a)cture Food and drink manufacture 31
Y A HA A A7 127) 2oz g} 17 ” Fiber dyeing manufacture 100
19 ” Leather manufacture 40
21 ” Pulp and paper manufacture 50
3. 4 ﬂl- a 7 =l » . Publication and press 2
manufacture
. . 23 ” Petroleum refining manufacture 11
3.1 Fingerprint =M
gerp e 24 ” Chemicals manufacture (the etc) 171
3.1.1 === 24 ” Chemicals manufacture (paint) 46
_ 24 Chemicals manufacture 41
T FARG ol o2 HdEE ERE A3 Ak ” (pharmacy)
I 7l egmEgdAs Plez 92y »e 25 ” Rubber and plastics manufacture 111
2 AAFE. dF2ies St e PALT R 8| B 26 ” Non metal manufacture 19
5 o= e ol = o 27 ” The first metalworking 132
el HEE FEHE 1870 HE T A= D) 28 ” Assembly metal (the etc) 146
71eb ¥ S AAMEAY] R)el A8 285 28 ” Assembly metal (plating) 273
(o .‘_,:_x].a])s].gau} o]8 7|Fo = 3ol Al ki RE| Rl 28 ” Assembly metal (painting) 87
W RS A 166N AMe) Mg 29, Machite and cquipmen 82
EFE o AT dASot B2 28 FE) e 31 ” Electrics manufacture -
A2 HEFsI 217 2oz 57 Bes) 32 ” Electronics manufacture 190
A= = 337 7} o] e ok B ESAE RS 34 ” Automobile manufacture 63
36 ” Furniture manufacture 28
Sh= Bzlg 2 3aslal
Fedl 71k 2835t 90 Theetc  Waste treatment 12
3.1.2 Z4 o3 Fingerprint &4 92 service(R)  Equipment repairs 12
= Total 22 1,666
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Table 4. Geometric mean concentration of odor by industry. (unit : ppb)
: Electric . .
No Compoment Assembly Chemicals Flb.er & Elec-  Fertilizer First FISh‘ FOOd. Furniture Inorganics
metal dyeing tronics metal processing processing
1 TOL 263.6 429.1 36 103.9 759 11.4 4 46.8 456.6 60.1
2 m,p-XY 100.2 1354 9.6 10.1 19.7 45 1 65.3 306.6 9.1
3 STY 17.7 282.7 6 1.7 39 12 1 2.6 20.7 8.9
4 oXY 32.6 63.1 3 6.7 34 12 1 1.7 i1 2.1
5 Propion A 1 6 26.3 9.2 238 10.4 1.7 12.4 68.2 4.5
6 n-Butyr A 1.2 10.5 18 30.3 2.3 49 32 76.5 13.2 7.8
7 i-Valer A 1 0.7 0.7 0.5 8.3 0.7 1 12 1 0.7
8 n-Valer A 1 1.5 2.4 2.6 12.4 0.6 1 39 5.8 1.8
9 Butyl Acet 1 1 31 258.5 132 21.8 1 1 1 i
10 MEK 1 1459 10271 11 437 10.6 1 1187 1 396.8
11 MIBK 1 357.1 31 1 119 1 11.2 11 11.8 13.4
12 n-Butanol 1 1 0.2 21.8 1 1 1 195.2 i 1
13 Propion Ac 1 32 1 1 8.2 1 1 28.6 1 253
14 n-Butric Ac 1 0.2 1 1 31 1 1 2.8 1 0.6
15 n-Valer Ac 1 1 0.5 1 1.7 1 1 1.1 1 0.2
16 DMS 1 169.7 34.8 91.8 335 7.9 35 88.5 1 1539
17 H,S 1 1759 256.4 64.2 64.5 20.3 237 84 1 67
18 DMDS 34 53.1 28.1 427 16.4 9.6 1.7 52 1 114.5
19 MM 1.7 40.3 418 172 61.3 5.1 34.7 334 1 61.4
20 NH, 1 110.2 293.9 418 209.2 927 99.8 133.1 10.2 St
21 TMA 23 1.7 0.9 1 11.3 10.2 14.7 0.9 1 0.3
22 AcetA 144.9 33 56.6 11.6 78.3 17.1 12 351.6 29.8 30.1
No Component Leather Meat. Paint Paper Pharmacy  Plastics Plating Petrol'eum Waste
processing & wood refining  treatment
1 TOL 56.4 1 726.7 21.1 76.9 256.4 48.2 498.7 247.6
2 m,p-XY 7.1 1 140.7 5.8 45.1 40.7 7.4 4447 739
3 STY 34 1 22.5 3.8 2.4 10.7 4.6 48 11.5
4 oXY 1.1 1 187.9 0.9 5.1 2.1 1.3 3710 14.1
5 Propion A 112 1.6 46.2 22.7 5.4 6 5.4 11.5 8.5
6 n-Butyr A 8.2 2.2 322 7.3 57.9 34.4 5.6 31.1 11.8
7 i-Valer A 0.5 1 0.4 0.5 10.7 0.7 0.5 1 1
8 n-Valer A 0.6 1 7.3 1.1 1.3 0.9 1.8 18.9 1.7
9  Butyl Acet 1717 2 71.4 5.6 1 1 1 36.2 11.9
10 MEK 472.1 1 4174 71.6 36.9 6717 1 1070 3359
11 MIBK 1 1 53.2 1 11 471.1 1 16 2823
12 n-Butanol 1 1 379.5 1 855.7 1 1 19.1 722
13 Propion Ac 13.2 1 8.1 14 1 1.5 1 43 17.9
14  n-Butric Ac 1.7 1 2.5 0.4 1 04 1 22 0.4
15 n-Valer Ac 1 0 04 1 1 0.2 1 1.6 0.3
16 DMS 20.3 1.6 0.5 2.1 256 46.1 5.9 1.1 115.9
17 H,S 11783 3.1 0.8 63.7 631.7 92.6 479 2.4 353.9
18 DMDS 15.9 1 0.1 10.7 49 11.8 22 18.6 45.1
19 MM 201.6 1.9 0.2 6.2 179.9 153 3 1.8 89.5
20 NH, 1079 187.2 131.8 260.2 837.8 219.7 601.8 18 2414
21 TMA 1 4.5 10.3 0.4 0.3 2 10.2 13.4 0.7
22 AcetA 417 0.9 26.2 50.2 439 67.8 19.8 249 56
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No Industry No.of No.of No.of No.of o} = = . Ao
sample company sample company o2 e} etk 5 AF4E 3]"”1 o] ] w4
1 The first metal 3 2 - - 157“ A% F 130 AE87.6%)°] 50% o] FA
2 Leather oo 10 2 e ez Qo] e 93D A e
3 Rubber & plastics 26 11 30 2 vl & A o
4 Fumniture 2 1 5 1 LR
5 Paint 22 8 36 4
6 Meat processing 4 2 1 4 Table 6. Similarity of fingerprint between domestic and
7 Inorganic chemicals 15 8 - - foreign industry.
8 Fertilizer & feed 10 7 12 3
9 Petroleum refining 11 6 3 1 Similarit No.of - p et Name of industry
i ¥ industry
10 Fiber dyeing 19 7 4 1
11 Fish processing 4 2 11 3 Less than . ;
2 13.3% D , pharmaceutic
12 Food 19 9 19 5 50% ’ yeme. p
13 Pharmaceutic 21 7 7 1 Assembly metal,
14 Electric & electronics 5 2 - - fertilization, food,
15 Assembly metal 2 2 2 2 30~70% 7 46.7% meat proces_sing, paint,
16 Metal plating 10 4 - - paper, refining, waste
17 Paper & wood 11 8 7 3 Chemicals, fish
18  Waste treatment 57 22 44 4 70~ 100% 6 40.0% processing, furniture,
19 Chemical 54 14 27 4 leather, meat, plastics
Total 329 133 228 40 Total 15 100%
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Fig. 3. Result of a wind field and a backward trajectory
modeling at Case 1.

% Red : Matching company, Blue : Non Matching company

Fig. 4. Searched companies from the backward trajec-
tory line within 200 m of width at Case 1.
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Table 7. Matched results of odor fingerprint by industry
and odor monitoring station at Case 1.

Industry o Bl MER  Result
acet
Assembly metal ) -
Chemicals ] o) Match
Fiber dyeing @) -
Electric & electronics o) ] Match
Food processing o) -
Furniture o -
Inorganics o) -
Leather o) o) Match
Butchery processing -
Paint o o Match
Paper & wood -
Pharmacy -
Plastics o o) Match
Plating -
Petroleum refining o) o) Match
Waste treatment O O Match
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Table 8. List of matched companies by width at Case 1.
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Table 9. Final expectation discharging companies at Case 1.

o Yarom %o
I 8e] Ad} RO
Avtow FEEd o
Az a1 A
58 = 99 AR,

pok=a

3342 9) Al AL B ok

1A

ZF_
BEE - AFAAel

FA2A7Y BeobsA Hh 9

i} % &4 fingerprint 3] 72} ¢
21 o3 fingerprinte] FI| =} 50% oA} LAF
A% EUNFeE AT ol A

43 U9

21 WA 50% o] GAMAEE Mal
: A A} oA ol T T
1 o] 23 =171 98] AXE)e ol AL
EJ =2 §2AM

AEE
°z~.

Zaret
of 9 13 28R QAS
R A3k E 83} R
s} 95 YFFolh v}
H qAE AENE
o Hg HEuEA

\~> F-iﬂ

OXL

0to
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178856.14  423009.41 001135 Leather products manufacturing Leather manufacturing
179590.74  423080.81 001198 Leather products manufacturing Raw hide process industry
179959.34  422789.11 001185 Leather products manufacturing Raw hide process industry
179005.04  423033.61 001115 Rubber & plastic products manufacturing The ect plastics manufacturing
17735894  422764.81 001105 Pubric & individual service industry Special waste treatment industry
177500.14  422715.81 001019 Pubric & indjvidual service industry Special waste treatment industry
177231.14  422774.11 000876 Pubric & individual service industry Special waste treatment industry
180537.84 42261711 000863  Electric & electronic products manufacturing > itch board & Automatic control

manufacturing

179516.54 42312541 001001 Electric & electronic products manufacturing Transformer manufacturing
178318.44  422969.71 001501 Electric & electronic products manufacturing Printing circuit board manufacturing
178318.44  422969.71 000146 Electric & electronic products manufacturing Printing circuit board manufacturing
178323.24 42298541 000021 Electric & electronic products manufacturing Printing circuit board manufacturing
178290.64  422933.41 001159 Electric & electronic products manufacturing Printing circuit board manufacturing
178318.44  422969.71 001539 Electric & electronic products manufacturing Printing circuit board manufacturing
178318.44  422969.71 001258 Electric & electronic products manufacturing Printing circuit board manufacturing
179026.74 42305891 000450 Electric & electronic products manufacturing Printing circuit board manufacturing
179028.74  423044.51 001317 Electric & electronic products manufacturing Printing circuit board manufacturing
180313.94  422589.71 001356 Electric & electronic products manufacturing Printing circuit board manufacturing
179038.94  423084.31 001352 Electric & electronic products manufacturing Electronic condenser manufacturing
178866.94  422996.21 000671 Assembly metal manufacturing Painting & membrane treatment
179319.64  423091.61 001364 Assembly metal manufacturing Painting & membrane treatment
179053.94  423122.31 000352 Publication & printing industry Plate making & typesetting
180087.54  422941.11 001192 Compound & chemicals manufacturing Surfactant manufacturing
180417.54  422651.71 000598 Compound & chemicals manufacturing Surfactant manufacturing
17967494  422918.51 000504 Compound & chemicals manutacturing Not classified chemicals manufacturing
17872744  423165.11 000954 Compound & chemicals manufacturing Petrochemistry manufacturing
178143.94 42297571 001423 Compound & chemicals manufacturing Adhisives & gelatin manufacturing
177441.64  422840.01 001439 Compound & chemicals manufacturing Synthetic rubber manufacturing
177547.04  422805.41 001109 Compound & chemicals manufacturing Synthertic resin manufacturing
179871.44 42282741 001203 Compound & chemicals manufacturing Cosmetics manufacturing
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Table 10. Meteorological status at Case 1,2,3.
Wind Wind Temper- Humid-

No ]a?rt;’ direc- speed  ature ity Site
tion (m/s) (°C) (%)
Casel 06.5.17.15 W 246 244 31.0 Banwol
Case2 06.5.17.15 W 246 244 31.0 Sihwa
Case3 06.7.1422 W 0.8 28.8 79.7  Sihwa
Table 11. Matching rate by case and width.
Width
Case
200m 100 m 50m Average
1 0.667 0.654 0.688 0.669
2 0.441 0.588 0.455 0.495
3 0.522 0.533 0.444 0.500
Average 0.543 0.592 0.529 0.555
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Fig. 6. Sampling site in this study.
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Table 12. Geometric mean concentration of odor samples.

3 Fingerprini o] % AFATY FEA4SA Hh 1

(unit : ppb)

Sampling site NH; CH,SH H,S DMS DMDS TMA

Styrene  Acetal Propional Butirical i-Valeral n-Valeral

PL-1 13.8 0.0 0.3 0.0 0.0 0.2
R-1 67.4 0.0 02 0.0 0.0 0.1
L-1 556.6 0.1 487 0.0 0.0 2.7
C-1 52.6 0.0 0.1 0.0 0.0 0.2
C-2 88.5 0.0 02 0.0 0.0 0.7
PL-2 335 0.0 0.1 0.0 0.0 0.0
C-3 222 0.0 0.1 0.0 0.0 103
PA-1 12.9 0.0 0.0 0.0 0.0 0.1
PL-3 58.9 0.0 0.8 0.0 0.0 0.1
PH-1 71.5 0.0 0.7 0.0 0.0 0.0

28.4 7.6 0.8 0.1 0.1 0.1
10.9 5.1 0.3 0.1 0.1 0.0
13.1 33 0.3 0.1 0.0 0.1
50.1 8.1 0.0 0.7 0.0 02
73.7 11.6 1.1 0.3 0.0 0.8
36.5 7.3 1.7 0.0 0.0 0.1

9.9 1.3 0.1 0.1 0.1 0.0
39.1 1.4 0.7 0.9 0.0 0.1
119 4.1 0.1 0.1 0.0 0.4

8.6 73 0.2 0.0 0.0 0.1
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Fig. 7. Searched companies after modeling.
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