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Odorous Emissions from Household-related Sources:
A Case Study on a Sewage Treatment Plant
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Abstract

In this study, to describe the basic characteristics of strong odorous sources, the emissions of odorous com-
pounds from a large-scale sewage treatment plant in K city were investigated. According to this study, the emission
patterns of major odorous compounds were distinguished clearly by several factors such as treatment processing
types, chemical compositions of odors released, and temporal changes (e.g., seasonal variations). For the purpose
of this study, emission rates of odorous compounds were quantified using a dynamic flux chamber (DFC) method
from three major treatment (T) processes including T'1 (Grit sedimentation basin), T2 (Aeration tank), and T3 (Final
sedimentation). When the relative strengths of each emission source were compared, the strongest one was seen
from T1 with the maximum of NH; (34.5 ug/m%min) followed by H,S (20.4 ug/m*min). While the strongest
emissions of most odorous compounds were seen commonly from T1, those seen from T2 and T3 were
significantly reduced relative to the ones found in T1. Considering the general patterns of odorous emission, it is
concluded that control of odors from T1 unit is most important because of its considerably high emission strengths.
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Table 1. General information of the sewage treatment plant investigated in this study.

A. Operation condition

Processing method Activated sludge method

Operation size 600,000 ton/day
B. Study site
Order Process Short name Active area (m?)
1 Grit sedimentation basin T1 614
2 Aeration tank T2 33,600
3 Final sedimentation basin T3 25,598
C. Study period
Process Summer (1st) Fall (1st) Fall (2nd) Winter (1st) Winter (2nd)
T, T2, T3 2003. 08. 20 2003. 10. 27 2003.11.02 2004, 01. 07 2004. 02. 09
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Fig. 1. A schematic diagram of dynamic flux chamber (DFC) used in this study.
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Fig. 2. A plot of field operation conditions for DFC and
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Table 2. A brief summary of sampling and analytical methods for odor measurements.

A. Methods
Chemical Sampling Analysis Instrumentation
H,S Lung sampler GC/PFPD plus TD GC/PFPD plus TD (Markes, Ltd)
CH;SH Lung sampler GC/PFPD plus TD GC/PFPD plus TD (Markes, Ltd)
(CH;),S Lung sampler GC/PFPD plus TD GC/PFPD plus TD (Markes, Ltd)
(CH3;),S, Lung sampler GC/PFPD plus TD GC/PFPD plus TD (Markes, Ltd)
CgHy Lung sampler GC/FID plus TD GC/FID plus SPIS TD (Donam)
(CH;3);N Lung sampler GC/NPD plus SPME GC/NPD (Shimadzu 17A)
NH;, Absorption Indo-phenol UV/VIS (Shimadzu UV-160A)
CH,CHO DNPH cartridge HPLC method HPLC : Yong-Lin M720

B. Basic analytical parameters

DL in concentration Sampling volume

precision (RSE, %)

Chemical Concentration (L) 5 replicate analysis Accuracy™

H,S 10.9 ppt 4 7.38 Uncertainty of +5%

CH;SH 2.4 ppt 4 5.96 Uncertainty of+5%
(CH3),S 1.6 ppt 4 1.96 Uncertainty of+5%
(CH3)-S, 0.8 ppt 4 1.52 Uncertainty of +5%

CgHg 1.1 ppb 4 5.47 Uncertainty of+0.05 ug/mL
(CH;3):N 0.1 ppb 10 3.89 Uncertainty of +5%

NH; 10 ppb 20 2

CH,CHO 0.01 ppb 2.25 1.61 Uncertainty of £ 5%

All of accuracy information is based on the primary standard gas offered by the manufacturers.
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Table 3. A statistical summary of emission concentration and flux related parameters measured during the entire

study period.

H,S CH,SH (CH;)-S (CH;),S- CyH; (CH;);N CH;CHO NH;
[1] Concentration (ppb)
Mean 123 1.7 348 3.08 8.08 1.86 8.39 738
SD 326 23.8 441 11.4 412 2.40 6.40 790
Min 0.05 0.01 0.31 0.01 0.57 0.06 2.50 9.85
Max 1339 95.3 15.8 59.9 17.6 8.95 27.5 2479
N 25 25 26 27 17 24 25 27
{2] Concentration (ug m™)
Mean 186 25.1 9.65 12.7 375 490 16.5 560
SD 496 511 12.2 47.0 19.2 6.33 12.6 600
Min 0.08 0.02 0.86 0.06 2.63 0.15 4,92 7.48
Max 2037 205 44.0 247 82.0 23.6 54.1 1881
N 25 25 26 27 17 24 25 27
{3] Odor Degree (OD)
Mean 4.85 2.54 1.80 2.03 0.13 2.10 1.75 2.16
SD 5.38 2.79 1.90 2.60 0.29 2.20 1.63 221
Min 0.62 2.43 0.80 -0.28 -1.51 0.73 1.22 -0.97
Max 6.15 5.61 243 331 0.61 2.71 2.27 3.04
N 25 25 26 27 16 24 25 27
[4] Odor Intensity (OI)
Mean 70878 350 63.8 108 1.34 126 56.6 145
sSD 240788 612 79.8 394 0.52 158 43.1 162
Min 1.00 270 1.00 0.52 0.03 1.00 16.7 0.11
Max 1407285 408806 269 2019 4,07 518 188 1092
N 27 25 27 27 17 25 25 27
[5] Flux (ug m~2 min™)
Mean 7.42 1.00 0.38 0.51 1.49 0.19 0.66 22.3
SD 19.7 2.03 0.49 1.87 0.76 0.25 0.50 239
Min 0.003 0.001 0.03 0.002 0.10 0.01 0.20 0.30
Max 81.1 8.15 1.75 9.82 3.27 0.94 2.15 74.9
N 25 25 26 27 17 24 25 27
[6] Emission rate (mg min")
Mean 6.74 0.85 2.19 2.23 13.9 2.02 8.48 336
SD 14.7 1.16 2.64 4.19 16.7 3.57 9.22 520
Min 0.06 0.02 0.17 0.03 0.49 0.02 0.26 1.47
Max 49.8 5.00 13.6 15.9 45.0 13.272 30.8 1815
N 25 25 26 27 17 24 25 27
[71 Emission factor (kg/Ativity-ton)
Mean 1.5E-08 1.9E-09 4.8E-09 4.9E-09 3.1E-08 4.5E-09 1.9E-08 7.4E-07
SD 3.3E-08 2.6E-09 5.9E-09 9.3E-09 3.7E-08 7.9E-09 2.0E-08 1.2E-06
Min 1.3E-10 4.1E-11 3.8E-10 7.0E-11 1.1E-09 4.5E-11 5.7E-10 33E-09
Max 1.1E-07 1.1E-08 3.0E-08 3.5E-08 1.0E-07 2.9E-08 6.8E-08 4.0E-06
N 25 25 26 27 17 24 25 27
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Fig. 3. Comparison of emission concentration and flux data sets measured during the entire study period.
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Table 4. A statistical summary of concentration and fluxes for each sewage treatment processing.

A. T1 process

H-S CH;SH (CH;)-S (CH3),S, CgHy (CH;);N CH,CHO NH,
[1] Concentration (ppb)
Mean 337 32.1 8.35 8.06 10.1 3.40 13.5 1143
SD 488 31.0 431 19.5 3.96 3.13 7.09 992
Min 1.59 1.24 2.51 0.31 4.31 0.31 5.31 79.3
Max 1339 95.3 15.8 59.9 17.6 8.95 27.5 2479
[2] Flux (ug m™> min™")
Mean 204 2,75 0.92 1.32 1.87 0.36 1.05 345
SD 29.5 2.65 0.48 3.19 0.73 0.33 0.56 30.0
Min 0.10 0.11 0.28 0.05 0.80 0.03 0.42 2.40
Max 81.1 8.15 1.75 9.82 327 0.94 2.15 74.9
N 9 9 9 9 9 9 9 9
B. T2 process
[1] Concentration (ppb)
Mean 3.07 0.14 1.06 0.66 2.16 1.19 5.66 649
SD 8.16 0.12 1.00 1.10 2.26 1.47 3.28 693
Min 0.09 0.03 0.31 0.01 0.57 0.07 2.86 9.85
Max 233 041 3.67 2.88 3.76 3.76 10.7 1788
N 8 8 9 9 2 9 8 9
[2} Flux (ug m™ min™")
Mean 0.19 0.01 0.12 0.11 0.40 0.13 0.44 19.6
SD 0.49 0.01 0.11 0.18 0.42 0.15 0.26 20.9
Min 0.01 0.003 0.03 0.002 0.10 0.01 0.22 0.30
Max 141 0.04 041 0.47 0.70 0.39 0.84 54.0
N 8 8 9 9 2 9 8 9
C. T3 process
[1] Concentration (ppb)
Mean 0.45 0.16 0.72 0.54 6.99 0.54 5.43 424
SD 0.78 0.10 0.45 0.84 2.31 0.30 4.58 512
Min 0.05 0.01 0.32 0.02 2.98 0.06 2.50 23.1
Max 2.36 0.31 1.74 2.63 9.49 0.86 154 1552
N 8 8 8 9 6 6 8 9
[2] Flux (ug m™ min"")
Mean 0.03 0.01 0.08 0.09 1.29 0.06 0.43 12.8
SD 0.05 0.01 0.05 0.14 043 0.03 0.36 15.5
Min 0.003 0.001 0.04 0.003 0.55 0.01 0.20 0.70
Max 0.14 0.03 0.19 0.43 1.76 0.09 1.20 46.9
N 8 8 8 9 6 6 8 9
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Fig. 5a. Seasonal pattern of emission concentration data
sets for different treatment processing.
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Table 5. Seasonal patterns of odor concentration and flux for each processing unit.

A. T1 process

H,S CH,SH (CH,),S  (CH;hS, CgHy (CH,;N  CH,CHO NH,
[1] Concentration (ppb)
S Mean 6.64 135 7.03 3.05 8.95 311 27.5 1302
ummer N I 1 1 1 1 I i I
Mean 734 40.8 8.71 0.83 12.8 4.46 15.4 2083
SD 506 17.5 424 0.54 430 473 3.68 384
Fall Min 129 23.2 4.68 0.31 9.00 0.31 10.0 1558
Max 1339 62.7 14.1 1.44 17.6 8.95 18.3 2479
N 4 4 4 4 4 4 4 4
Mean 233 28.1 8.32 16.5 7.76 241 7.98 162
SD 17.7 44.9 5.55 29.0 2.51 1.01 3.08 81.8
Winier Min 1.59 1.24 2.51 0.85 431 1.03 531 79.3
Max 41.7 95.3 15.8 59.9 9.83 3.40 10.6 268
N 4 4 4 4 4 4 4 4
[2] Flux (ug m™ min™")
S Mean 0.40 1.15 0.78 0.50 1.66 0.33 2.15 39.34
ummer N 1 1 | 1 1 1 1 1
Mean 44 46 3.49 0.96 0.14 2.36 0.47 1.21 62.9
SD 30.6 1.50 047 0.09 0.80 0.50 0.29 116
Fall Min 7.81 1.98 0.52 0.05 1.67 0.03 0.79 47.1
Max 81.1 5.36 1.56 0.24 3.27 0.94 1.44 74.9
N 4 4 4 4 4 4 4 4
Mean 1.41 241 0.92 2.71 1.44 0.25 0.62 4.90
SD 1.07 3.84 0.61 474 0.46 0.11 0.24 247
Winter Min 0.10 0.11 0.28 0.14 0.80 0.11 0.42 2.40
Max 2.53 8.15 1.75 9.82 1.82 0.36 0.83 8.09
N 4 4 4 4 4 4 4 4
B. T2 process
[1] Concentration (ppb)
S Mean 233 3.67 2.23 3.76 3.17 426 195
ummer N 1 I 1 i 1 1 |
Mean 0.29 0.11 0.66 0.06 1.56 9.52 1338
SD 0.07 0.05 0.25 0.05 1.79 1.10 348
Fall Min 021 0.06 0.31 0.01 0.07 8.53 1004
Max 0.35 0.16 0.89 0.13 3.76 10.7 1788
N 3 4 4 4 4 3 4
Mean 0.11 0.17 0.81 0.86 0.57 0.33 3.10 72.8
SD 0.03 0.17 0.24 1.36 0.30 0.28 118
Winter Min 0.09 0.03 0.51 0.06 0.57 0.17 2.86 9.85
Max 0.16 0.41 1.06 2.88 0.57 0.78 335 249
N 4 4 4 4 1 4 4 4
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Table 5. To be continued.

B. T2 process

H,S CH,SH  (CH,S  (CH)),S, CsHq (CH),N CH,CHO  NH,
[2] Flux (ug m™ min™")
S Mean 1.41 0.41 0.37 0.70 0.33 0.33 5.89
ummer N 1 1 i 1 ] 1 1
Mean 0.02 0.01 0.07 0.01 0.16 0.75 40.4
SD 0.004 0.004 0.03 0.01 0.19 0.09 10.5
Fall Min 0.01 0.01 0.03 0.002 0.01 0.67 303
Max 0.02 0.01 0.10 0.02 0.39 0.84 54.0
N 3 4 4 4 4 3 4
Mean 0.01 0.01 0.09 0.14 0.10 0.04 0.24 2.20
SD 0.002 0.01 0.03 0.22 0.03 0.02 3.56
Winter Min 0.01 0.003 0.06 0.01 0.10 0.02 0.22 0.30
Max 0.01 0.04 0.12 0.47 0.10 0.08 0.26 7.54
N 4 4 4 4 1 4 4 4
C. T3 process
[1] Concentration (ppb)
S Mean 2.36 2.63 2.71 138
ummer N | ) | 0
Mean 0.28 0.21 0.86 0.14 8.08 0.27 10.1 863
SD 0.16 0.08 0.59 0.23 1.36 0.30 4.54 483
Fall Min 0.12 0.15 0.56 0.02 6.80 0.06 7.25 456
Max 0.43 0.31 1.74 0.48 9.49 0.48 15.4 1552
N 3 4 4 4 4 2 3 4
Mean 0.09 0.11 0.58 0.41 4.80 0.67 2.60 55.9
SD 0.05 0.11 0.29 0.38 2.57 0.22 0.11 323
Winter Min 0.05 0.0t 0.32 0.05 2.98 0.45 2.50 23.1
Max 0.16 0.23 0.88 0.94 6.61 0.86 2.70 939
N 4 4 4 4 2 4 4 4
[2] Flux (ug m™ min™")
S Mean 0.14 0.43 0.21 4.17
ummer N | | 0 )
Mean 0.02 0.02 0.10 0.02 1.50 0.03 0.79 26.1
SD 0.01 0.01 0.06 0.04 0.25 0.03 0.36 14.6
Fall Min 0.01 0.01 0.06 0.00 1.26 0.01 0.57 13.8
Max 0.03 0.03 0.19 0.08 1.76 0.05 1.20 46.9
N 3 4 4 4 4 2 3 4
Mean 0.01 0.01 0.06 0.07 0.89 0.07 0.20 1.69
SD 0.003 0.01 0.03 0.06 0.48 0.02 0.01 0.98
Winter Min 0.003 0.001 0.04 0.01 0.55 0.05 0.20 0.70
Max 0.0t 0.02 0.10 0.15 1.22 0.09 0.21 2.84
N 4 4 4 4 2 4 4 4
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