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Abstract

This study was carried out to investigate the characteristics of fourteen odor compounds from a total of 10 sam-
pling sites in residential areas around Banwol-Sihwa industrial complex. The measurement data are analyzed and
compared with sensation of odor unit.

Only a hydrogen sulfide out of four sulfur compounds was quantified above the detection limit (0.06 ppb) in the
residential area around Banwol industrial complex with leather companies and a sewage treatment plant. The con-
centrations of VOCs were higher than those measured from a big city, and styrene showed the relatively high con-
centration from all sampling sites (2.1 ~37.8 ppb). In the case of carbonyl compounds, acetaldehyde was found most
frequently with the mean of 3.97 ppb, and its concentration difference was not significant between Banwol and
Sihwa industrial complex. Of the nitrogen compounds, ammonia was measured at the relatively high concentration
from all the sampling sites (12~ 707 ppb), and a trimethylamine was found at the odor threshold level (0.1 ppb).

The concentrations of styrene and ammonia showed relatively seasonal variation, the concentration of styrene in
summer was five times higher than that in autumn, the concentration of ammonia in autumn was two times higher
than that in summer. However other odorous compounds did not show such strong seasonal variation.

Odor-concentration relationship between odor unit and H,S concentrations from industrial sources was examined
and used as odor sensation evaluation, and thus the neighbourhood odor complaints maybe caused during the four
seasons from the results.
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Table 1. Description of sampling sites and periods.

Sampling period

Samplin L A

site £ Location Spring Summer Autumm Winter glfrl:rtrl\?r?
(10:00~1500)  (10:00~1500)  (1000~1500)  (10:00~15:00) | e

B-1 Y Apt. (608)
B2 P Apt. (120) | 1 ] !
B3 T Apt. (1106) 04/0720 07/052 5 10/0 jtz 05 10/ 072006 0 /oljtzoos
B-4 J Apt. (1409) 05 0o 5/20 ! 7/05
B-5 5 Apt. (1804) 2nd 2nd 2nd 2nd 2nd
S-1 S Apt. (108) 04/14/2005 07/13/2005 10/12/2005 10/18/2006 07/13/2005
5-2 M Apt.(111) 3rd 3rd 3rd 3rd 3rd
53 Y Apt. (608) 04/21/2005 07/19/2005 10/19/2005 10/25/2006 07/19/2005
S-4 1 Apt. (108)
5-5 D Apt. (105)

Table 2. Summary of analytical method.

Target compound Instrument

Analytical conditions

Column: C18 column (Xterra MSC18 3.5 um, 2.1 X 150 mm, Waters)
Injection volumn: 5L
Column Flow: 0.2 L/min

LCMS

Aldehydes (Waters, Micromass ZQ)

Mobile phase: gradient flow (acetonitrile and water)

Analysis mode: SIR (Selected Ton Record)
Analysis ions: [M-H]- Source temperature : 120°C
Desolvation temperature: 300°C

Column: CP-volamin (60 m X 0.32 mm)
Column Flow: 2 mL/min

GC/NPD

T™MA (Varian, CP-3800)

Oven Condition: 40°C (5 min) — 10°C/min— 200°C (4 min)

SPME

Combi PAL (CTC Analysis)
adsorption at 30°C, 15min
desorption at 260°C, 3min

Column: CP-Sil 5CB (60 m X 0.32 mm X 5 um)

GC/PFPD

Sulfur compounds (Varian, CP-3800)

Column flow: 1.5 mL/min
Oven condition: 80°C (5 min)— 8°C/min— 250°C (10 min)

Sample volume: 200 mL (50 mL/min X 4 min)

Column: CP-Sil 5CB (60m X 0.32mm X 5 pm)

Styrene GC/FID Column flow: 1.5 mL/min
y (Varian, CP-3800) Oven condition : 80°C (5 min) — 8°C/min— 250°C (10 min)
Sample volume : 50 (50 mL/min X 10 min)
Ammonia UV/VIS Wavelength range 640 nm

(Beckman, DU-800)
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Table 3. Basic QA/QC parameters for odorous pollutants
investigated in this study.

Odorous MDL(n=7) Precision Linearity *Recovery

compounds  (ppb) (ng) (RSDin%) () (%)
H,S 0.06 0.02 0.5 0.999 94.1
MESH 0.06 0.02 1.9 0.999 95.4
DMS 0.06 0.03 1.0 0.998 94.8
DMDS 0.03 0.02 1.3 0.997 94.2
Styrene 0.10 0.08 04 0.997 -
Acetaldehyde 0.76  0.06 0.2 0.999 -
propionaldehyde  0.17 0.02 1.0 0.999 -
Butyraldehyde 035 0.04 0.3 0.999 -
i-Valeraldehyde  0.12 0.02 0.6 0.999 -
n-Valeraldehyde 0.21 0.03 0.6 0.999 -
TMA 0.14 0.11 2.0 0.999 -
NH; 8.0 - 6 0.997 -

*N, (RH=10%)
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Table 4. Trend of meteorological data during sampling periods.

Season Spring Summer Autumn Winter
Item mean £s.d mean=+s.d mean*s.d mean+s.d
Temperature (°C) 13.2£2.15 27.24245 16.1£2.54 -1.2+£1.25
Atmospheric pressure (hpa) 1015+13.28 1012+ 11.05 1016£9.12 [012+10.25
Wind speed (m/s) 2.73+£043 2.3210.55 1.641+0.48 2.3440.74
Humidity (%) 49+8.81 78+4.25 65+7.82 41x5.21
Wind direction SW SwW SW NwW

Table 5. A statistical summary of odorous compounds made from a residential area around Banwol industrial complex

(ppb).

Parameter H,S Tolu p-Xyl Styr A-alde P-alde B-alde l-alde N-alde TMA NH;
Mean 0.40 2.80 2.76 7.92 2.29 1.93 0.22 0.16 0.01 0.08 200.70
SD 0.17 3.61 1.40 6.62 3.09 3.21 0.34 0.18 0.02 0.08 192.61
Med 0.43 5.81 2.34 5.18 1.58 0.09 0.03 0.09 0.01 0.06 110.50
Min 0.05 3.21 1.33 2.12 0.00 0.00 0.00 0.00 0.00 0.00 24.30
Max 0.72 17.12 6.23 26.36 14.01 14.09 1.18 0.55 0.05 0.34 707.00
N 15 15 15 15 12 12 12 12 12 12 12

st2d7j@d e sA] A 2340 A2
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Table 6. A statistical summary of odorous compounds made from a residential area around Sihwa industrial complex

(ppb).

Parameter H,S Tolu p-Xyl Styr A-alde P-alde B-alde [-alde N-alde TMA NH;
Mean 0.29 9.36 3.00 12.14 397 4.30 0.29 0.16 0.04 0.10 161.30
SD 0.24 2.87 1.59 10.96 4.32 4.92 0.46 0.21 0.06 0.11 181.53
Med 0.27 9.20 2.73 6.74 2.76 2.34 0.02 0.07 0.01 0.08 88.50
Min 0.00 4.79 1.02 2.62 0.00 0.00 0.00 0.00 0.00 0.00 12.00
Max 1.32 18.54 8.25 37.75 16.68 17.95 1.69 0.69 0.20 0.43 678.60
N 15 15 15 15 12 12 12 12 12 12 12

Table 7. Seasonal concentrations of odorous compounds (Spring) (ppbv).

Site Banwol Sihwa Total
Item B-1 B-2 B-3 B-4 B-5 M S-1 S-2 S-3 S-4 S-5 M M
H,S 0.44 0.33 0.55 0.38 037 041 0.23 0.14 0.23 0.35 042 027 0.34
MESH <0.06 <006 <006 <006 <0.06 <006 <006 <006 <006 <006 - -
DMS <0.06 <006 <006 <006 <006 - <006 <0.06 <006 <006 <006 - -
DMDS <0.03 <0.03 <003 <003 <003 - <0.03 <0.03 <003 <003 <003 - -
Toluene 8.21 3.24 3.21 4.01 325 4.38 7.24 1345 9.25 9.16 6.08 9.04 6.71
p-Xylene 321 2.01 1.54 1.45 143 193 1.62 5.21 2.62 3.02 213 292 2.43
Styrene 5.23 5.02 6.27 4.18 382 490 6.50 4.67 6.21 8.72 6.88 6.60 5.75

Table 8. Seasonal concentrations of odorous compounds (Summer) (ppbv).

Site Banwol Sihwa Total
Item B-1 B-2 B-3 B-4 B-5 M S-1 S-2 S-3 S-4 S-5 M M
H,S 0.40 0.52 0.47 0.35 042 043 0.12 0.13 0.21 0.35 0.49 026 035
MESH <0.06 <0.06 <006 <006 <006 - <0.06 <0.06 <0.06 <006 <0.06 - -
DMS <0.06 <0.06 <006 <006 <006 - <0.06 <0.06 <0.06 <006 <0.06 - -
DMDS <003 <003 <003 <003 <003 - <0.03 <0.03 0.07 <0.03 <0.03 - -
Toluene 4.56 4.64 3.79 3.73 4.14  7.65 761 1854 1172 11.03 670 11.12  7.65
p-Xylene 2.33 2.75 1.40 1.36 133 2.50 1.69 6.85 260 2.84 1.82 316 2.50
Styrene 1865 21.26 1927 1933 2199 2636 2205 3775 3531 3592 3208 3262 2636
A-alde 2.12 361 <0.76 450 <076 205 <076 424 <076 <0.76 <0.76 085 145
P-alde <0.17 305 <0.17 323 <017 126 <0.17 586 <0.17 <0.17 <0.17 117 1.21
B-alde <0.35 039 <035 1.04 <035 029 <035 008 <035 <035 <035 002 0.15
I-alde <0.12 0.07 0.22 0.55 021 021 <012 <0.12 0.12 <0.12 0.17 0.06 0.13
N-alde <021 <021 <021 <021 005 001 <021 <021 0.15 <021 <021 003 0.02
TMA <0.14 <0.14 0.03 <0.14 007 002 <014 <0.14 0.04 <0.14 <0.14 0.01 0.01
NH; 3242 98.5 2255 3753 139.7 2326 92.8 2744 1829 2501 1150 1738
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Table 9. Seasonal concentrations of odorous compounds (Autumn) (ppbv).

Site Banwol Sthwa Total
Item B-1 B-2 B-3 B-4 B-5 M S-1 S-2 S-3 S-4 S-5 M M
H,S 0.72 0.69 0.54 0.31 0.11 047 0.05 0.02 007 037 132 037 042
MESH <006 <006 <006 <006 <006 — <006 <0.06 <006 <006 <006 - -
DMS <006 <0.06 <006 <006 <006 — <006 <0.06 <006 <006 <006 - -
DMDS <003 <003 <003 <003 <003 - <0.03 <0.03 0.07 <0.03 001 - -
Toluene 15.12  10.14 1324 825 1002 1136 6.83 7.02 6.85 11.23 11.12 861 998
p-Xylene 245 2.35 6.23 3.54 402 372 3.03 3.60 402 825 423 463 417
Styrene 3.61 212 3.38 3.20 350 316 8.93 3.88 3.31 5.51 262 485 401
A-alde <0.76 4.09 6.31 1.68 305 3.02 6.34 5.55 7.66 643 6.69 6353 478
P-alde <0.17 2.64 594 <0.17 417 255 7.84 586 1046  6.09 350 675 4.65
B-alde <0.35 0.57 0.26 0.17 072 034 1.05 0.11 1.27 <035 026 034 044
I-alde <0.12 0.10 003 <0.12 <0.12 003 0.02 <0.12 <0.12 <0.12 007 0.02 002
N-alde <021 0.04 0.01 <021 0.05 0.02 0.20 0.07 0.17  0.08 0.04 011 007
T™A <0.14 0.17 0.17 0.09 034 016 <0.14 0.13 013 0.09 022 011 013
NH, 3315 707.0 593 4438 6102 4304 3586 4419 1244 574 6786 3322 3813

Table 10. Seasonal concentrations of odorous compounds (Winter) (ppbv).

Site Banwol Sihwa Total
[tem B-1 B-2 B-3 B-4 B-5 M S-1 S-2 S-3 S-4 S-5 M M
H,S 0.45 0.59 0.54 0.48 033 048 0.31 0.24 0.32 0.41 0.54 036 0.42
MESH <006 <006 <006 <006 <006 — <006 <006 <006 <006 <0.06 - -
DMS <006 <006 <006 <006 <006 - <006 <006 <006 <0.06 <006 - -
DMDS <003 <0.03 <003 <003 <003 - <003 <003 <003 <003 <003 - -
Toluene 6.20 6.68 5.42 5.00 505 7.56 1284 1169 1198 596 479 945 756
p-Xylene 1.50 1.69 1.93 1.67 1.83  1.72 1.57 245 2.97 1.95 1.69 213 193
Styrene 5.18 2.69 4.66 4.73 5.60 4.57 7.85 5.37 5.98 5.26 5.87  6.07 5.32
A-alde 040 <0.76 1.47 0.53 021 052 <076 0.44 0.35 1.27 0.75 0.56 0.54
P-alde 0.08 0.05 0.16 0.10 0.03 0.08 0.02 0.03 0.02  0.09 0.10 005 007
B-alde <0.35 0.02 0.05 0.01 0.03  0.02 0.02 001 <035 <035 <035 001 001
I-alde 0.04 0.36 0.34 0.35 036 029 <0.12 <0.12 0.35 0.36 0.35  0.21 0.25
N-alde 0.01 0.03 0.01 0.01 0.01 0.01 0.03 0.02 0.01 0.01 0.01 0.0l 0.01
TMA 0.14 0.11 0.11 0.06 0.14 0.1 0.17 0.10 0.27 0.07 0.23  0.17 0.14
NH; 475 1235 1225 97.0 945 970 38.5 12.0 61.5 84.5 275 5438 759
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Table 11. Concentrations of odorous compounds for nighttime in summer (ppbv).
Site Banwol Sihwa Total
Item B-1 B-2 B-3 B-4 B-5 M S-1 S-2 S-3 S-4 S-5 M M
H,S 0.19 <0.06 0.08 <0.06 005 0.06 <006 <0.06 012 035 046 0.19 0.12
MESH <0.06 <006 <006 <006 <0.06 - <006 <0.06 <006 <006 <006 — -
DMS <0.06 <0.06 <0.06 <006 <006 - <0.06 <0.06 <006 <006 <006 - -
DMDS <0.03 <0.03 <0.03 <0.03 <0.03 - <0.03 <003 <003 <003 <003 - -
Toluene 525 364 6.75 842 17.12 824 6.85 10.12 924 10.54 6.25 860 842
p-Xylene 337 412 5.21 3.62 6.02 447 334 3.24 1.62 1.02 1.62 217 332
Styrene 7.56 7.32 8.42 7.82 7.45 7.1 542 12.24 12.25 1054 1232 10.55 9.13
A-alde 0.02 0.01 14.01 3.81 0.01 3.57 6.29 6.54 10.20 <0.76 16.68 794 576
P-alde 001 001 14.09 4.99 001 3.82 8.24 910 1028 065 1795 924 653
B-alde <035 <0.35 1.18 <035 <035 024 0.12 0.50 0.61 <0.35 1.69 058 041
I-alde <0.12 <0.12 051 <012 <012 010 <0.12 0.25 069  0.12 065 034 022
N-alde <021 <021 <021 <021 <021 <021 <021 <021 <021 <021 <021 <021 -
TMA 0.03 0.05 0.05 <0.14 <0.14 0.03 0.43 0.06 0.05 0.02 0.07 0.13  0.08
NH; 62.1 377 39.6 50.3 243 42.8 4903 20.8 22.6 23.5 244 1163 796
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Fig. 2. Concentration fractions of each compound for
day/night in summer.
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Fig. 3. Seasonal concentration fractions of each com-
pound.
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Table 12. Seasional variation of Odor Unit (ou/m?).
Site Banwol Sihwa Total
Season B-1 B-2 B-3 B4 B-5 M S-1 S-2 S-3 S-4 S-5 M M
Spring 1.86 2.23 1.99 1.44 1.76 1.81 0.45 0.49 0.83 1.45 2.09 1.04 1.45
Summer 1.67 2.23 1.99 144 1.76 1.81 0.45 0.49 0.83 1.45 2.09 1.04 1.45
Autumn 3.18 3.04 2.32 1.26 0.41 1.99 0.17 0.06 0.25 1.54 6.18 1.54 1.77
Winter 1.90 2.56 2.32 2.04 1.35 2.04 1.27 0.96 1.31 1.72 2.32 1.49 1.77
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