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Emission Characteristics of Odor Compounds from a Sewage Treatment
Plant Near an Industrial Complex Area in Daegu City

Myeong-Sug Lee, Dong-Hoon Kang, Jong-Lok Keum, Byoung-Youne Kwon, Hang-Wook Jo,
Chan-Hyung Lee, Eun-Deok Kim, Ho-Jin Lim*, and Hee-Bong Song'
Public Health and Environment Institute of Daegu Metropolitan City
*Department of Environmental Engineering, Kyungpook National University

ABSTRACT

Objectives: This study evaluated the odor emission characteristics from a sewage treatment plant near an
industrial complex area in Daegu City.

Methods: Odor samples were collected from March 2017 to December 2017 and analyzed for specified
offensive odor substances. The odor quotient and the odor contribution were calculated.

Results: Ammonia, methyl mercaptane, hydrogen sulfide, dimethyl sulfide, acetaldehyde, propionylaldehyde,
toluene, xylene, and methylethylketone were detected in all samples for monitoring the specified odor
compounds. The result of contribution analysis is that hydrogen sulfide made the highest contribution in all
processes, followed by acetaldehyde.

Conclusion: The major components of odor can be determined by evaluating their degree of contribution to the
odor intensity and the concentration of the individual odor component. To increase the effectiveness of odor
reduction, rather than addressing high-concentration odor compounds, policies focused on materials with a high
odor contribution are necessary.

Keywords: Contribution, sewage treatment plant, major odor compounds, odor quotient
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Table 1. Properties of specified offensive odor substances
Compounds Cfg:;ﬁ:l \I:/Ae(i):;lctuég thres}g) (lic(l)r(ppb) Odor character
Ammonia NH; 17.03 100 irritating, pungent
Methyl mercaptane CH.,S 48.11 0.1 garlic, rotten cabbage
Hydrogen sulfide H.S 34.08 0.5 rotten egg
Dimethyl sulfide C,H¢S 62.14 0.1 decayed, gasoline, repulsive
Dimethy! disulfide C,HeS, 99.14 0.3 unpleasant, putrid, garlic
Acetaldehyde C,H,0 44.05 fruity, pungent
Propionylaldehyde C;HO 58.05 irritating, pungent
Butylaldehyde C,H0 72.12 0.3 irritating, pungent
n-Valeraldehyde CsH,,0 86.13 0.7 irritating, pungent, stench
iso-Valeraldehyde CsH,,0 86.13 0.2 pungent, apple like
Trimethylamine C;HoN 59.11 0.1 fishy, pungent, ammonia
Styrene CgHyg 104.14 30 sweet, pungent
Toluene C,Hg 92.14 900 benzene like, paint
Xylene CsHy 106.17 479 sweet, benzene like
Methylethylketone C,H0 72.12 440 sweet, minty
Methylisobutylketone CeH;,O 100.18 200 sweet, pleasant, irritant
Butylacetate C¢H,,0, 116.16 8 fruity, irritant
iso-Butylalcohol C,H,,0 74.12 10 irritating, slighty musty
Propionic acid C;H,0, 74.08 2 irritating, pungent
n-Butyl acid C,H;0, 88.11 0.07 unpleasant, putrid
n-Valeric acid CsH,00, 102.13 0.1 unpleasant, putrid
iso-Valeric acid CsH,,0, 102.13 0.1 unpleasant, cheese
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Grit Ist Reaction 2nd
Influent = | pamber | 7| clarifier tank | | clarifier | — Effluent
|
Thickener
|
Dehydrator

Fig. 1. Sewage treatment process.
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Table 2. Quality control (QC) of analytical methods
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Odor compounds MDL (ppb) Precision (RSD%) Calibration curve (R%)
Ammonia 0.180~1.430 0.006~0.063 0.994~1.000
Sulfur 0.120~0.159 0.457~2.622 0.999~1.000
Aldehyde 0.297~0.607 0.069~1.370 0.998~1.000
Amine 0.050~0.271 0.040~2.289 0.992~0.999
VOCs 0.586~5.329 0.049~8.515 0.995~1.000
Fatty acid 4.478~8.666 0.795~9.282 0.998~0.999
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Table 3. Concentrations of complex odor (unit: dilution value)

Water processing

Sludge processing

Grit chamber Ist clarifier ~ Reaction tank  2nd clarifier Thickener Dehydrator
Spring 45 11.8 3.7 55 8.2
Summer 55 144 3.7 3.7 4.5
Fall 4.5 11.8 55 5.5 144
Winter 6.7 10.0 3.7 3.0 10.0
Mean£SD 5.3+1.0 12.0+1.8 4.6£1.0 4.2+0.9 44+1.3 9.3+4.1
Spring Summer
144
118
5.5
45 a 7 I J 37 37 37 45
Grit 1st Reaction nd Thlckener Dehydrator Grit 15t Reaction nd Thickener  Dehydrator
chamber clarifier tank clarifier chamber clarifier tank clarifier
Fall Winter
144
118
10.0 10.0
5.5 55 55 87
Grit 1st Reaction nd Thickener  Dehydrator Grit 1st Reaction nd Thlckener Dehydrator
chamber clarifier tank clarifier chamber clarifier tank clarifier

Fig. 2. Seasonal variations of complex odor.
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Table 4. Concentrations of odor compounds (unit: ppb)
Water processing Sludge processing
Grit chamber 1st clarifier Reaction tank 2nd clarifier =~ Thickener =~ Dehydrator
Spring 11.48 16.60 29.43 16.23 40.36 20.31
. Summer 47.56 29.03 28.05 12.75 41.05 31.42
Ammonia
Fall 53.48 50.99 63.93 28.29 40.07 49.64
Winter 67.02 98.15 32.76 25.33 29.95 94.62
Spring 0.00 2.26 0.00 0.00 0.00 1.93
Methyl Summer 0.00 2.57 0.00 0.00 0.00 0.00
mercaptane Fall 0.00 1.05 0.00 0.00 0.00 1.48
Winter 0.00 0.00 0.00 0.00 0.00 1.95
Spring 1.61 41.97 1.68 0.00 3.23 5.65
Hydrogen Summer 17.34 84.32 2.02 1.90 1.84 3.32
sulfide Fall 2.54 32.51 5.23 2.79 2.17 233
Winter 2.59 11.45 0.00 0.00 0.00 2.17
Spring 0.00 0.00 0.00 0.00 0.00 1.02
Dimethyl Summer 0.00 0.00 0.00 0.00 0.00 0.00
sulfide Fall 0.00 0.00 0.00 0.00 0.00 1.30
Winter 0.00 0.00 0.00 0.00 0.00 0.00
Spring 7.24 9.44 3.84 9.44 6.45 5.73
Summer 7.62 6.61 5.18 471 6.50 5.24
Acetaldehyde
Fall 4.42 473 4.69 6.06 6.44 7.24
Winter 2.40 0.60 2.70 0.70 0.00 0.40
Spring 0.00 2.40 0.00 2.57 0.00 0.00
Propionyl- Summer 0.00 2.58 0.00 2.76 0.00 0.00
aldehyde Fall 0.00 0.00 0.00 0.00 0.00 0.00
Winter 0.00 0.00 0.00 0.00 0.00 0.00
Spring 10.54 9.93 9.61 9.32 9.47 9.31
Summer 1591 23.54 15.98 15.85 16.27 16.35
Toluene
Fall 18.54 17.66 34.51 73.14 61.01 53.24
Winter 19.95 19.70 19.97 19.16 20.00 21.77
Spring 0.00 0.00 0.00 0.00 0.00 0.00
Summer 0.00 0.00 0.00 0.00 0.00 0.00
Xylene
Fall 14.66 14.50 15.06 15.61 15.44 15.23
Winter 0.00 0.00 0.00 0.00 0.00 0.00
Spring 0.00 0.00 0.00 0.00 0.00 0.00
Methylethyl- ~ Summer 0.00 0.00 0.00 0.00 0.00 0.00
ketone Fall 7.53 6.85 10.86 21.35 17.79 14.80
Winter 0.00 0.00 0.00 0.00 0.00 0.00
Hedaole, dugto] =/ (2F)%] oM ELH St R A A AEEA U ol 9T
=, ZEyedrstel =, 223 VOCs 331 =F of et AENEE T 243 348 F Rl =
o, A, ML AE F 950l HEHUL, of Flle BF 100%((243)=E, Fslpiel o EYT
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Table 5. Odor quotient (OQ) on the processes (mean unit: ppb)

Grit 1st

Reaction

2nd

chamber clarifier tank clarifier Thickener Dehydrator

Mean OQ Mean OQ Mean OQ Mean OQ Mean OQ Mean OQ

Ammonia 4488 04 4869 05 3854 04 2065 02 378 04 4900 05
Methyl mercaptane 0.00 0.0 147 147 0.00 0.0 0.00 0.0 0.00 0.0 1.34 134
Hydrogen sulfide 6.02 120 4256 85.1 223 45 1.17 23 1.81 3.6 337 6.7
Dimethy! sulfide 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.58 58
Acetaldehyde 542 27 534 27 410 20 523 26 485 24 465 23
Propionylaldehyde  0.00 0.0 125 06 0.00 00 133 07 0.00 0.0 0.00 0.0
Toluene 1623 00 1771 0.0 2002 00 2937 00 2669 0.0 2517 0.0
Xylene 3.67 0.1 363 0.1 3.77 0.1 390 0.1 386 0.1 3.81 0.1
Methylethylketone  1.88 0.0 1.71 0.0 271 0.0 534 0.0 445 0.0 370 0.0
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Table 6. Sum of odor quotient (SOQ) on the processes
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Water processing

Sludge processing

Grit chamber Ist clarifier ~ Reaction tank  2nd clarifier Thickener Dehydrator
Spring 7.0 112.6 5.6 6.2 10.1 43.9
Summer 39.0 199.3 6.9 7.7 7.4 9.6
Fall 82 78.8 13.9 9.4 8.4 37.0
Winter 7.1 242 1.7 0.6 0.3 25.0
Mean+SD 15.3£15.8 103.7£73.4 7.0£5.1 6.0£3.8 6.6+4.3 28.9+15.0

Table 7. Odor contribution rate (%) on the processes

Water processing

Sludge processing

Grit chamber  1st clarifier Reaction tank 2nd clarifier ~ Thickener Dehydrator

Ammonia 4.7 1.2 8.3 12.1 26.9 22
Methyl mercaptane 0.0 11.6 0.0 0.0 0.0 40.5
Hydrogen sulfide 67.6 84.1 48.5 272 413 31.2
Dimethy! sulfide 0.0 0.0 0.0 0.0 0.0 14.6
Acetaldehyde 26.4 2.5 42.0 438.7 28.6 11.1
Propionylaldehyde 0.0 0.4 0.0 9.7 0.0 0.0
Toluene 0.2 0.0 0.5 1.2 2.0 0.1
Xylene 1.1 0.2 0.7 1.0 1.1 0.3
Methylethylketone 0.0 0.0 0.0 0.1 0.1 0.0

Total 100.0 100.0 100.0 100.0 100.0 100.0

J Environ Health Sci 2018; 44(2): 178-187
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PA(Propionylaldehyde), AA(Acetaldehyde), MEK(Methylethylketone), X(Xylene), T(Toluene)

Fig. 3. Odor contribution rate (%) of odor compounds.
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Table 8. Correlation coefficient (n=24)
Ammonia Hydrogen sulfide  Acetaldehyde Toluene SOQ Complex odor
Ammonia (1.000)
Hydrogen sulfide -0.068 (1.000)
Acetaldehyde -0.511* 0.280 (1.000)
Toluene 0.147 -0.086 0.052 (1.000)
SOQ -0.068 0.979** 0.319 -0.062 (1.000)
Complex odor 0.324 0.677** 0.140 0.173 0.770** (1.000)

£p<0.05, **p<0.01

T B3erF el SOQ (A, 0.790)H= f-<]
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