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Abstract

In this study, we investigated the emission concentrations of 31 odorous compounds from various emission

sources of 37 individual companies located within the Ban Wal industrial complex of Ansan city, Korea. In the

course of our study, we attempted to evaluate emission characteristics of different industrial activities and relative

significance of different odorous components. Based on our measurements of odorous compounds, we were able to

find a line of evidence to draw a conclusion that a number of odorous compounds can be used as indices to

specifically point out the influence of certain industrial activities. It was found that hydrogen sulfide and trimethy]

amine record the highest contribution from leather industry. Likewise, acetaldehyde showed its maximum

contribution from food—beverage sector, while ammonia for paper-mill, pulp production sector. On the other

hand, the results of styrene and most VOC including BTEX were not useful, as their concentrations were not

significantly high enough to judge from such respect.
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Fig. 1. A picture shot taken from a high-elevation park area in the center of Ban Wal industrial area (11 Jan. 2005). The
picture shows that emissions from industrial area heads toward a large residential complex located in the
eastern part of the Ansan city.
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Tablel. A classification list of companies investigated for odor emission study. Classification is made based on a
standard industrial classification code. A total of 37 companies are classified.

(évlir g 02r ;iogdites) Type of industry No. (év{ir ésljtozr (Cﬁogdifs) Type of industry No.
15 Food and beverage 2 20 Wood and its product 1
17 Textile 3 29 Miscellaneous machine and instrument 1
19 Leather, bag, and shoes production 3 31 Electronic machine and convertor 1
21 Pulp, paper, etc. 3 34 Automobile and trailer 1
24 Compound and chemical product 13 36 Furniture 1
28 Metal assembly and production 2 40 Electronics, gas, and vapor 1
90 Sewage, waste treatment, and cleaning 5

Number of companies investigated
Electronics, gas,‘ and vapor [}
Furniture ::_:]
Automobile and trailer _:|
Electronic machine and convertor :':I
Miscellaneous machine and instrument ;_“'J
Wood and its product ::_—]
Sewage, waste treatment, and cleaning 5 ]
Metal assembly and production [ ]
Compound and chemical product i ]
Pulp, paper, etc. :"""'"'—__—_]
Leather, bag, and shoes production :::]
Textile j_l
Food and beverage :]
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Table 2. Types of odorous pollutant emission systems for 37 companies investigated in this study and their brief

statistics.
“f;‘gl‘;r Sector C-NO* WC” AE WD  SC MF SR ST  Et
A 15  Foodandb 9 9A 9B, 9D 9C
ood and beverage 19 19A
28 28B 28A
B 17  Textile 29 29A 29B
30 30B 30A
5 5A, 5B
c 19 Leathg” :’_ag’ and shoes 11 11A 1B 1IC 11D
procuction 31 31A  31C 3IB 31D
8 8A, 8B
D 21  Pulp, paper, etc 33 33A
35 35A,35B
2 2A
6
7 TA D 7C 7B
12 12C, 12D 12A, 12B
13 13A 13B
14 14A 14B
E 24 Coml()jourtxd and chemical 16 16A 16B
produc 17 17A
20 20B 20A
23 23A
24 24A, 24B
25 25B 25A
27 27B
. 10 10B, 10D 10A, 10C
F .28  Metal assembly andproduction 15 15B I5A
1 1A 1C,1D 1B
3 3A,3B  3C 3D
G 90 S;\:&agféav:?;te treatment, 4 4A, 4B
¢ 18 18A, 18C 18B
34 34A  34B
20 Wood and its product 32 32A
Miscellaneous machine
2 and instrument 36 36A, 36B
H 31  Electronic machine and convertor 26 26B 26A
34 Automobile and trailer 22 22A,22B
36 Furniture 21 21A,21B
40  Electronics, gas, and vapor 37 37A,37B 37C

* implies the arbitrary number for 37 companies investigated.

' Abbrebiations: WC (waste collection), AE (aeration), WD (waste deposition), SC (scrubber), MF (manufacturing), SR (storage), ST (stack), etc.
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Table 3. Target odorous compounds investigated in this study.

Pollutatnts .
Order Short name Structural formula R::gplattlon*
Full name (or chemical form) criera type
Formaldehyde Form-A HCHO
Acetaldehyde Acet-A CH,;CHO I
Acrolein Acrolein CH;=CHCHO
Acetone Acetone CH,COCH;
A. Propionaldehyde Propion-A CH;CH,CHO 1I
Carbonyl crotonaldehyde Croton—-A CH;CH=CHCHO
compounds Butyraldehyde Butyr-A CH;CH,CH,CHO 11
Benzaldehyde Benz-A C¢H;CHO
Isovalerldehyde Isovaler-A (CH;),CHCH,CHO il
valeraldehyde Vale-A CH; (CH,);CHO 1T
o-Tolualdehyde o-Tolu-A CH;C¢H,CHO
m-Tolualdehyde m-Tolu-A CH;C,H,CHO
p-Tolualdehyde p-Tolu-A CH,C¢H,CHO
Hydrogen sulfide H,S H,S 1
B. Methy! mercaptan CH;SH CH;SH 1
Reduced Dimethyl sulfide DMS (CH3),S I
S compounds Carbon disulfide CS, CS,
Dimethyl disulfide DMDS (CH,),S, I
Total VOC TVOC
Benzene B C¢Hq
Toluene T CH;CH;
Ethylbenzene E CiH,,
C. m,p~-Xylene MPX (CH3),C4H,
Total and Styrene STY C¢H;CH=CH, 1
individual VOC o-Xylene 0X (CH;),C¢H,
Bromobenzene BB C¢H;sBr
1,3, 5-Trimethylbenzene 1,3,5-TMB (CH,):C¢Hg
1,2, 4-Trimethylbenzene 1,2,4-TMB (CH;),C¢H,
p-Isopropyltoluene p-IPT CioHyy
n-Bultylbenzene n-BB CioH)4
D. Ammonia NH;, NH,; I
E. Trimethyl amine TMA (CH;:;N I

*Type I includes those subject to the current regulation, while type 1I to be added after Feb. 2005 by the Korean Ministry of Environment (KMOE).
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71.385 J(a) vOC 1 VOCs Table 4. Basic QA/QC parameters for odorous pollutants
5 146—: Ansan 2-2-A investigated in this study.
' 3 (40 mL/min- [0 min) Odorous DL Precision
38.908 — compounds (ppb) (RSE in %)
- MPX Form~-A 0.37 1.54
22,669 — TY  1.2.4-TMB Acet-A* 0.33 1.79
A8 oX 4 5_{@ o-1PTn-BB Acrolein 030 237
6'430? o Acetone 0.31 1.91
2 Propion—A 0.32 1.67
_9.80910 7(; ” |14I31' s I17‘9; H ‘21|5; H |25|1; H l28 78 Croton-A 0.30 155
’ - ' ’ ' ' 1. Carbonyls Butyr-A 0.33 1.99
Benz-A 0.29 1.52
39365 1B) S gas S o Isvaler-A 035 226
208733 Cs, Anson 22 A Valer-A 0.34 2.36
: 7] (40 mL/min—5 min) o-Tolu-A 0.24 2.67
z CH;SH m-Tolu-A 0.32 1.22
p-Tolu-A 0.31 2.30
] H,S** 16.6 1.95
E CH,SH** 7.65 1.69
- 2. Reduced S DMS*? 5.68 1.38
E Cs, " 2.04 0.54
—3897 =TT i1 Jviti 1t i1t q |17t} DMDS**# 4.4 3.83
474 6.84 8.94 11.04 13.14 1524
B 0.14 1.55
13512 T 0.11 5.54
J(C) Aldehydes  puye-a  Aldehydes E 0.1 3.82
10.455 Ansan 2-2-A MPX 0.04 2.83
- (1 L/min—1 min) STY* 0.12 3.78
7.398 —} 0OX 0.08 3.25
. 3. voc BB 0.24 2.95
4.342—: 1,3,5-TMB 0.15 0.50
SlIForm-A  Acctone 1,2,4-TMB 0.21 1.06
12855 (A Acel=A Ppopoin-A Benz—A p-IPT 0.16 1.75
] n-BB 0.23 1.56
_1772 - Pt | [ l [ l [N l [ ‘ Ammonia* 80 10
4.02 5.62 7.22 8.82 10.42 12.02 4. N-compounds TMA* o1

Fig. 2. Chromatograms of VOC, S, and aldehyde analysis
from samples collected in a sweage treatment
plant.
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Table 5. An overall summary of emission concentration measurements of odorous pollutants from 37 companies

investigated in this study.

(1) Carbonyl compounds

Form  Acet . Propion Croton Butyr Benz Isovaler Vale o-Tolu m-Tolu p-Tolu
“A _A  Acrolein  Acetone A A “A “A “A —A —A A A
Unit  ppb  ppb ppb ppb ppb ppb ppb  ppb ppb ppb ppb ppb ppb
Mean 474 371 1.44 368 29.0 172 397 2717 229 610 093 0.83 0.57
SD 3472 1698 342 867 65.8 406 1675 405 8.07 163 278 2.25 1.06
Med 342 222 0.32 70.5 12.1 340 195 134 033 137 034 0.33 0.32
Min 027  3.85 0.21 0.31 0.33 027 014 019 0.1 028  0.14 0.18 0.17
Max 32057 11255 187 4782 532 311 12427 246 60.4 104 221 173 7
N 85 85 85 84 85 82 85 83 80 80 80 80 80
(2) Reduced S compounds (3) N-compounds
H,S CH,SH DMS cs, DMDS SO,* NH, TMA
Unit ppt ppt ppt ppt ppt ppt Unit ppb ppb
Mean 141086 2362 1038 31276 576 35288 Mean 3278 1.38
SD 1117143 8441 3198 157983 1198 77329 SD 22659 4.80
Med 796 59 171 1068 41.6 957 Med 423 0.10
Min 0.08 0.04 0.08 0.51 0.01 50.0 Min 0.00 0.09
Max 10468617 59412 26215 1276586 5409 173612 Max 210619 31.7
N 88 88 88 88 88 5 N 86 62
4y voc
TVOC B T E MPX STY OX BB 1,3,5-TMB 1,2,4-TMB p-IPT n-BB
Unit  ppbC  ppb ppb ppb ppb ppb ppb ppb ppb ppb ppb  ppb
Mean 8859 212 526 86.5 54.7 29.7 351 357 458 7.85 512 575
SD 16348 75.4 1700 375 157 102 125 122 114 30.8 146 193
Med 2338 .. 1.53 479 9.89 8.77 484 364 037 097 1.56 097 045
Min 417 0.27 4.55 0.76 0.86 027 019  0.09 0.12 0.2t 0.10  0.06
Max 83704 515 11659 3341 1074 855 751 81.8 82.9 277 116 112
N 85 85 85 85 85 85 85 85 85 85 85 85
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