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A Study of Control Efficiency for Odorous Pollutants in Various
Emission Control Units in the Ban-Wall Industrial Complex

Hofq-®e @Yo @
AF AN LALAE, VASHEL A7 ek}
2006\ 69 4 H <4, 20074 2€ 21 A &)

Y.-J. Choi, E.-C. Jeon” and K.-H. Kim"*
Siheung Environmental Technology Development Center,

YDepartment of Earth & Environmental Sciences, Sejong University

(Received 4 June 2006, accepted 21 February 2007)

Abstract

In this study, the control efficiency of odorous compounds was measured from diverse control process units of
14 individual companies located within the Ban-Wall industrial complex of Ansan city, Korea (January to July
2005). To quantify the control efficiency levels of major odorous compounds, we collected odor samples from both
the front and rear side of 17 control process units (N=17 x 2=34). If the control efficiency is compared for each of
32 compounds between different process units, wet scrubber (WS) was found to be the most effective unit in terms
of the sum of pollutants showing the positive control signals. Although the WS system shows generally a good
control pattern for VOC, it is not the case for most index odorous pollutants; only 3 out of 12 index compounds
were found to show positive control efficiencies. The results of the study also indicated that the control efficiency
differ greatly between different industrial sectors and/or control process types. In the case of leather industry,
carbonyl compounds were found to exhibit the highest control efficiency with its values varying from 19 to 90%.
On the other hand, in the case of metal production sector, VOC recorded the maximum control efficiency with
values varying from 18 to 79%. According to this study, most air pollution control facilities operated in most
companies show fairly poor control efficiencies for most malodor compounds. Hence, to obtain best control
efficiency of odorous pollutant emission, acquisition of better information on source characteristics and
establishment of effective control technologies are highly demanding.
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Fig. 1. A geographical map of the study site in Ansan
city, Korea.
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Table 1. A list of companies investigated for the measurements of the emission concentration of odorous compounds
in control process units. Classification is made based on a standard industrial classification code of Korea.

A. Classification information

Industry classification Major code Type of industry Number of Number of units

Order (Modified) (First 2 digits) (Full name) company o, olfnzgfft‘r’fﬁ‘;focess)
1 L 19 Leather, bag, and shoes production 4 5
2 M 28 Metal assembly and production 3 4
3 P 21 Pulp, paper, etc. 2 2
4 T 17 Textile 2 2
5 X 31 Automobile and trailer 1 1
6 34 Electronic machine 1 2
7 22 Print 1 1

i} Sum 14 v

B. Details of facilities investigated

Industry classification Control unit
Order : Company code _
(Modified) Acronym (Number)**

1 L L1 WS/AC (1)

2 L2 WS/AC(2)

3 L2 WS/AC (3)
4 L3 AC(1)
5 L4 WS (1)
6 M M1 WS(2)
7 M1 WS (3)
8 M2 WS )
9 M3 FF(1)
10 P Pl CY (1)
1 P2 FF(2)
12 T T1 CY(2)
13 T2 WS (5)
14 X X1 AC(2)
15 X2 AC(3)
16 X2 AC(4)
17 X3 AC(5)

** AC=activated carbon, CY =cyclone, FF=fabric filter, WS=wet scrubber, WS/AC=wet scrubber+activated
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Table 2. A full list of odorous pollutants investigated in this study.

oz @ kAR A age] HG AF--

Pollutatnts

Regulation Analytical
Odor type oo n 2
Full name Short name Structural formula critena type method
Formaldehyde Form-A HCHO
Acetaldehyde Acet-A CH,CHO 1
Acrolein Acrolein CH;=CHCHO
Acetone Acetone CH,;COCH,
Propionaldehyde Propion-A CH,CH,CHO i
A. crotonaldehyde Croton-A CH,CH=CHCHO
Carbonyl Butyraldehyde Butyr-A CH;CH,CH,CHO I DNPH/HPLC
compounds Benzaldehyde Benz-A C¢H;CHO
Isovalerldehyde Tsovaler-A (CH,),CHCH,CHO I
valealdehyde Valer-A CHj; (CH,);CHO 1I
o-Tolualdehyde o-Tolu-A CH,C,H,CHO
m-Tolualdehyde m-Tolu-A CH,C,H,CHO
p-Tolualdehyde p-Tolu-A CH,CH,CHO
Hydrogen sulfide H,S H,S I
B. Methyl mercaptan CH,SH CH,SH I
Reduced Dimethyl sulfide DMS (CH3),S I GC/PFPD
S compounds Carbon disulfide CS, CS,
Dimethyl disulfide DMDS (CH;),S, I
Total VOC TvVOC
Benzene B C¢Hg
Toluene T C¢HsCH,4
Ethylbenzene E CH;C,H;
C. m,p-Xylene MPX (CH;),C¢H,
Total and Styrene STY C¢H;CH=CH, I GC/FID
individual VOC o-Xylene (0),¢ (CH,),CeHy
Bromobenzene BB C¢H;Br
1,3,5-Trimethylbenzene 1,3,5-TMB (CH;);C¢Hq
1,2,4-Trimethylbenzene 1,2,4-TMB (CH;),C¢H,
p-Isopropyltoluene p-1PT CigHyy
n-Buitylbenzene n-BB CioHyy
D. Ammonia NH; NH,4 I uvs
E. Trimethyl amine TMA (CH;);N I GC/FID

' Pollutant type: Chemicals of type I and 1J were designated as 12 criteria odorous pollutants before (N=8) and after the new regulation (N=4)
started in Feb. 2005 by the Korean Ministry of Environment (KMOE), respectively.

? Sampling and analytical method: DNPH=sampling by a DNPH-cartridge, HPLC=analysis by HPLC method, GC=gas chromatography,
PFPD=pulsed flame photometric detector, FID=flame ionization detector, and UVS=UV spectrometer.
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Table 3. Results of basic analytical parameters for the
determination of odorous compounds in this
study (DL and precision).

Odorous DL? Precision”

compounds (ppb)  (RSEin %)
Form-A 0.37 1.54
Acet-A* 0.33 1.79
Acrolein 0.30 237
Acetone 0.31 1.91
Propion-A* 0.32 1.67
Croton-A 0.30 1.55
L. C(a;;;’)“yls Butyr-A* 033 1.99
Benz-A 0.29 1.52
Isvaler-A* 0.35 2.26
Valer-A* 0.34 2.36
o-Tolu-A 0.24 2.67
m-Tolu-A 0.32 1.22
p-Tolu-A 0.31 2.30
H,S* 16.6 1.95
CH,SH* 7.65 1.69
2 Reduced § DMS* 5.68 1.38
(pp) cs, 2.04 0.54
DMDS* 424 3.83
B 0.14 1.55
T 0.11 5.54
E 0.11 3.82
MPX 0.04 2.83
STY* 0.12 3.78
3. VOC (ppb) 0X 0.08 3.25
BB 0.24 2.95
1,3,5-TMB 0.15 0.50
1,2,4-TMB 0.21 1.06
p-IPT Q.16 1.75
n-BB 0.23 1.56
Ammonia* 80.0 10.0

4. N-compounds TMA* 0.10

* The malodor compounds is regulated by the Ministty of environment
in Korea.

a: BDL=below detection limit.

b: RSE=relative standard error.
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Table 5. A comparison of the basic statistical values of removal efficiency of different treatment units investigated in
this study. Comparison is made among five individual different categories of control process sectors
investigated in this study (Unit in %).

A. Basic statistics of control efficiency

All AC CcY FF ' WS/AC
Form-A 28.0+60.9 20.94+91.7 86.4+12.3 —5.69+379 22.0%55.5 3324338
—141~95.0(17) —141~85.3(5) 77.7~95.0(2) —-325~21.1(2) —697~689(5) —2.79~64.2(3)
Acet-A —1000£2730 ~31804£4620 —301 483 —55.84+63.9 -29.2+107 —85.8+120
—10200~66.3(17) —10200~22.0(5) —643~40.4(2) —101~-10.6(2) —172~66.3(5) —186~47.2(3)
Acrolein 7334452 60.1+55.2 99.7 - - -
21.1~99.7(3) 21.1~99.1(2) 99.7(1) - -
Acetone —5880+£22100 —18400 40800 —-306+196 —2710£3720 —146+318 -391 4537
=91300~87.7(17) —91300~21.1(5) —444~—168(2) —5340~—80.6(2) —616~87.7(5) —987~545(3)
Propion-A —86.1+180 —-15.1£399 —115+132 —68.2+123 —98.31+228 —177£329
- —549~82.0(17) —742~350(5) —208~-21.4(2) —155~187(2) —476~82.0(5) —549~76.9(3)
3
% Croton-A —82.7+143 -311 -171 - —80.1+133 19.3+102
g —=311~93.6(9) =311 (1) =171(1) - —-238~73.3(4) —96.4~93.6(3)
E Butyr-A -87.3+137 —353+31.6 —-133+126 88.0 —142+194 -76.2493.7
? —437~88.0(14) —66.7~-3483) —222~—-443(2) 83.0(1) —-437~70.0(5) —164~225(3)
% Benz-A —82.7+383 —50.3+89.3 —650+803 - 77.6%+23.1 59.8+20.4
: —-1220~974(11) ~113~129(2) —1220~-81.7(2) - 53.6~97.4(4) 37.7~77.8(3)
Isovaler-A 89.5 - - - - 89.5
89.5(1) - - - - 89.5(1)
Vale-A —180042870 —6490 —1350+1860 94.3 87.4
—6490~94.3(5) —6490(1) —2670~—-29.9(2) 94.3(1) 87.4(1)
o-Tolu-A 82.1 - — - - 82.1
82.1(1) - - - - 82.1(1)
m-Tolu-A 90.5 — — - - 90.5
90.5(1) - - - 90.5(1)
p-Tolu-A —1860+3120 =7510 —184 =5090 - —-107+328
=7510~97.6 (7) =7510(1) —184(1) =5090(1) - —485~97.6(3)
H,S ~3194969 27.7+143 92.2+4.68 -585+£797 53.5+69.6 -1620£1930
2 —3830~98.6(17)  —229~96.5(5) 88.8~95.5(2) —1150~-21.4(2) —67.9~98.6(5) —3830~—272(3)
% CH,;SH —7650+27100 ~526+736 —266+432 -65.3 —20500£45400 —905+422
g‘ ~102000~95.8(14) —1050~ —5.61(2) —572~39.2(2) —102000~75.7(5) —2530~95.8(3)
E DMS —622+1110 —898 1660 -303+296 —59.24+283 ~ 1524204 -1380+1290
2 —3820~48.6(16) —3820~48.6(5) —513~-944(2) —-79.2~-39.2(2) —-402~456(4) —2660~—72.4(3)
—é CS, -17.9+140 34.6+42.5 —268+352 —-421+4.88 55.5+36.8 -69.6+21.2
53
~ =517~88.7(17) -33.1~709(5) -517~-19.7(2) —-7.66~-0.76(2) 6.69~88.7(5) —883~—-46.6(3)
= DMDS —535+1070 —62.24253 —879+929 - 156213 -260%519 —1460+2110
—3900~99.9(14) —439~948(4) —1540~—222(2) —306~-551(2) —855~999(3) —3900~—209(3)
8 TVOC —2954+1270 —265+114 —2560+3730 —-8.26+14.8 15.8+55.5 61.0+284
> =5200~91.0(17)  —228~36.2(5) —5200~76.4(2) —18.7~222(2) —448~865(5) 34.6~91.0(3)
_é B —-460+1390 2914733 —274+73.0 —60.3+132 9.55+56.3 —2900£3300
2 —5240~95.7(14) —838~957(4) —325~-222(2) —154~334(2) -53.6~543(3) —5240~-570(2)
=
é T —=317+£1330 6.52+49.2 ~2690+ 3930 33.1+59.0 154£43.0 —64.1£222
; =5470~92.7(17)  —66.7~69.0(5) —5470~927(2) —8.63~749(2) —328~60.8(5) —320~714(3)
Fo: E ~156+526 —345+826 ~570+887 -97.1+122 29.6+55.5 84.8+13.3
© —1820~99.3(17) —1820~87.9(5) —1200~57.9(2) —183~-11.0(2) —-250~955(5) 73.3~99.3(3)
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Table 5. Continued.

All AC CY FF WS WS/AC
MPX —-117+397 —288+673 —322+541 -9.87+30.8 30.2+49.5 —-1324+71.6
—1490~89.5(17) —1490~89.5(5) —705~60.7(2) -31.6~11.9(2) —-11.6~857(5) —934~442(3)
STY —8.661+98.9 28.5+233 -187+72.6 —452+131 204+64.5 36.3+110
—238~99.9(16) 1.92~58.7(4) —238~-135(2) —138~47.6(2) —-42.6~93.8(5) —90.7~99.9(3
8 0X —2220+5800 —353+679 —436+679 41.9 -6.84+117 —10400 £ 10500
Z —21000~95.7(15) —1370~182(4) —917~44.0(2) 41.9(1) -201~95.8(5) —21000~69.2(3)
E BB ~293%107 - - - 18.0496.5 ~124
._.E —124~86.2(3) - - - -50.3~86.2(2) —124(1)
'_E 1,3,5-TMB —345+845 —-1200+£1730 -915 - 31.3+91.3 60.8
g —2430~98.3(9) —2430~21.6(2) -915(1) - ~123~98.3(5) 60.8 (1)
§ 1,2,4-TMB —695+1380 —183+64.8 —2390£1950 394 31.5+59.1 —1470+1910
U —-3770~96.4(13) —64.1~275(2) -3770~—-1010(2) 39.4(1) —46.5~96.4(5) —3610~392(3)
p-IPT —2250+5430 - —1610 - 79.1+32.7 —4790+ 8400
—14500~98.9(7) - —-1610(1) - 413~989(3) —14500~96.2(3)
n-BB —95.3+£309 - - 56.9+64.1 —552
—552~96.8 (4) - - -17.1~96.8(3) -552(1)
§ NH, —370+869 1824333 —2010+ 1480 —341 —117%306 3254353
. é —3050~68.1(13) —5.35~41.8(2) —3050~-969(2) =341 (1) ~658~68.1(5)  —7.27~60.3(3)
o)
% T™MA —355+143 —22.1+202 - - -60.7 —198
Z, —255~97.0(7) —255~97.0(3) - - -60.7(1) —198(1)
B. A simple comparison of absolute frequency between positive and negative control efficiency values
All AC CY FF A WS/AC
Reduction 5 8 3 4 16 12
Increase 27 18 23 15 11 19
No change - 6 6 13 5 1
Total 32 32 32 32 32 32
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Table 6. comparison of the basic statistical values of removal efficiency of different treatment units investigated in
this study. Comparison is made among five individual different categories of industrial sectors investigated in

this study (unit in %).

A. Basic statistics of control efficiency

All L M P T X
Form-A 28.0+60.9 4324285 —2.26+59.7 49.4440.0 56.4+54.6 143105
—141~95.0(17) —2.79~689(5) —69.7~619(4)y 21.1~77.7(2) 17.8~95.0(2) —141~85.3(4)
Acet-A —-100042730 -338£112 —129+71.5 —372+383 —-65.6+£150 —3980£4920
—10200~66.3(17) —186~663(5) —110~61.4(4) —643~—101(2) —172~404(2) —10200~5.354)
Acrolein 7331452 - - - 99.7 60.1+552
21.1~99.7(3) - — - 99.7(1) 21.1~99.1(2)
Acetone —5880+22100 ~224+444 —-64.5+£197 —2760+ 3660 =530%121 ~23000£45600
—91300~87.7(17)  —987~64.9(5) —337~87.7(4) —5340~—168(2) —616~—444(2) —91300~21.1(4)
Propion-A —86.1 %180 -97.8+£257 —104+95.2 —182+375 —2494322 —182+£453
- —549~82.0(17) ~549~769(5) —143~82.0(4) —208~—155(2) —476~-214(2) —742~350(4)
<
=] Croton-A —82.7+143 19.3£102 -27.5499.0 - —204+47.4 =311
é- —311~93.6(9) -96.4~93.6(3) —124~733(3) - —238~—171(2) =311 (1)
E) Butyr-A -87.3+137 —55.1+72.8 —433+142 -222 —2414278 —35.1%447
%“ —437~88.0(14) —164~225(5) —182~88.0(4) —-222(1) 437~ —-443(2) —66.7~-3.48(2)
'sg Benz-A —82.7£383 69.24+25.1 5794598 —1220 7.80+127 -50.3+89.3
:? —1220~97.4(11) 37.7~97.4(4) 53.6~62.1(2) —1220(1) —-81.7~973(2) —113~12.9(2)
Isovaler-A 89.5 89.5 - - - -
89.5(1) 89.5(1) - - - -
Vale-A —1800£2870 87.4 - —2670 3224878 —6490
~6490~94.3(5) 87.4(1) - -2670(1) —29.9~94.3(2) —6490 (1)
o-Tolu-A 82.1 82.1 - - - -
82.1(1) 82.1(1) - - - -
m-Tolu-A 90.5 90.5 - - - -
90.5(1) 90.5(1) - - - -
p-Tolu-A —1860+3120 —56.1+286 —5090 —184 - =7510
—=7510~97.6(7) —485~97.6(4) ~5090(1) —184(1) - —7510(1)
H,S —3194969 — 10001610 —218+620 37.1+82.6 105111 91.8+5.09
“ —3830~98.6(17)  —3830~59.8(5) —I1150~986(4) —214~955(2) —-679~888(2) 84.6~96.5(4)
§ CH;SH =7650+27100 =743+ 1100 —25400 450900 - —8124£339 -5.61
g‘ —102000~958 (14} —2530~95.8(5) —102000~75.7(4) - — 1050~ —572(2) =5.61(1)
US] DMS ~622+ 1110 2101110 —1674+194 —-276+335 -579451.6 —9471 1920
= —3820~48.6(16) —2660~—72.4(4) —402~456(4) —513~-392(2) —94.4~-21.4(2) —3820~48.6(4)
:é CS, ~17.9+140 ~225+68.2 61.1+41.6 —263+360 —6.49+18.6 25.5+43.1
& —=517~88.7(17) —-883~709(5) —0.76~88.7(4) —517~-7.66(2) —19.7~6.609(2) —33.1~67.9(4)
A« DMDS —-5335+1070 — 1080+ 1890 —2724424 —771+ 1080 -222 —-109+289
~3900~99.9(14)  —3900~76.8(4) —855~99.9(4) —1540~-551(2) —222(1) —439~94.8(3)
8 TVOC —295+1270 37.0+38.8 26.2£59.1 28.8+67.3 —2610£3670 -35.2+130
> —5200~91.0(17) —6.16~91.0(5) —448~865(4) —18.7~764(2) —5200~—17.8(2) —228~56.2(4)
o
g B —460+1390 ~1470+2520 -31.34+93.8 —-94.14+181 —325 31.8455.3
Z —5240~95.7(14) —5240~—1.59(4) —154~543(4) —=222~334(2) =325(1) —-0.45~95.7(3)
=]
'—é T -317+1330 —354+162 20.0+48.0 83.8+12.6 —2740+ 3860 4.25+56.5
= =5470~92.7(17) =320~71.4(5) —32.8~60.8(4) 74.9~927(2) —5470~—-11.1(2) —66.7~69.0(4)
<
S E - 156%526 39.9465.7 356624 —62.6£170 —602 £ 841 —417+£936
J —1820~99.3(17)  —57.3~993(5) —25.0~955(4) —183~57.9(2) —1200~-8.00(2) —1820~87.9(4)
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Table 6. Continued.

All L P T X
MPX —117+397 —22.3£58.7 422+495 14.5+£65.3 —356+493 —342+764
—1490~89.5(17) -93.4~442(5) -11.6~857(4) ~-31.6~60.7(2) —705~-7.81(2) —1490~89.5(4)
STY —8.66+98.9 28.4+79.0 46.7+589 -137£1.85 —1404+138 2884285
-238~99.9(16)  —90.7~99.9(5) =—367~93.8(4) —138~-135(2) —238~-42.6(2) 192~58.7(3)
8 (0):¢ —2220+5800 —62301+9340 —9.00+166 429+1.46 —462+643 —446+800
> —21000~95.7(15) —21000~69.2(5) —201~958(3) 419~440(2) -917~-7.80(2) -1370~18.2(3)
<
g BB -293x107 —124 18.0£96.5 - - -
;g ~124~86.2(3) —124(1) ~503~86.2(2) - - -
E 1,3,5-TMB —345+845 39.4+30.3 87.01+9.89 - —519£561 —1200+1730
§ —2430~98.3(9) 17.9~60.8(2) 80.1~98.3(3) - -915~-123(2) —2430~21.6(2)
§ 1,2,4-TMB —695+1380 —890+1570 4271642 -3770 —-508+715 215
U —3770~96.4(13) —3610~39.2(5) -46.5~96.4(4) -3770(1)  -1010~-2.83(2) 2715
p-IPT —2250+5430 —4790 £ 8400 79.1+32.7 —-1610 - -
—14500~98.9(7) —14500~96.2(3) 41.3~989(3) -1610(1) - -
n-BB —95.3+309 —552 56.9+64.1 - - -
—552~96.8(4) =552(1) —17.1~96.8(3) - - -
€ NH; —370+869 41.5+294 —245+324 —969 —1530+2150 -5.35
. é —3050~68.1(13) —727~68.1(5) —658~62.6(4) =969 (1) —3050~-12.2(2) -5.35(1)
a
E TMA —35.5+143 —-126+178 —60.7 - - 94.613.45
Z. —255~97.0(7) —255~76.9(3) —60.7(1) - -~ 92.1~97.0(2)
B. A simple comparison of absolute frequency between positive and negative conrol efficiency values
All L M P T X
Reduction 5 12 12 6 5 9
Increase 27 19 15 16 19 17
No change - 1 5 10 8 6
Total 32 32 32 32 32 32
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Fig. 2. Evaluation of malodor intensity of major odorous compounds between the front and rear side of control
process units. Comparison is made among 5 different categories of control process sectors investigated in this

study.
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Fig. 3. Evaluation of malodor intensity of major odorous compounds between the front and rear side of control
process units. Comparison is made among 5 different categories of industrial sectors investigated in this

study.
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