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ABSTRACT

Odor management is significantly concerned with sustainable livestock production because odor nuisance
is a primary cause for complaint to neighbors. This study was conducted to measure the concentration of
odorous compounds, odor intensity, and odor offensiveness at unit process in animal waste treatment
facility combined composting and methane fermentation process by an instrumental analysis and direct
olfactory method. Ammonia, sulfur-containing compounds, and volatile fatty acid were analyzed at each
process units and boundary area in summer and winter, respectively. Higher concentration of odorants
occurred in the summer than in the winter due to high ambient temperature. The maximum concentration
of odorants was detected in composting pile when mixed manure was being turned followed by inlet,
curing, outlet, and screen & packing process. Highest concentration of detected odorous compounds was
ammonia ranging from 3.4 to 224.7 ppm. Among the sulfur-containing compounds measured, hydrogen
sulfide was a maximum level of 2.3 ppm and most of them exceeded reported odor detection thresholds.
Acetic acid was the largest proportion of VFA generated, reaching a maximum of 51 to 89%, followed by
propionic and butyric acid at 1.9 to 35% and 1.8 to 15%, respectively. Malodor assessment by a human
panel appeared a similar tendency in instrumental analysis data. Odor quotient for predicting major
odor-causing compounds was calculated by dividing concentrations measured in process units by odor
detection thresholds. In the composting process, hydrogen sulfide, ammonia, dimethyl sulfide, and methyl
mercaptan were deeply associated with odor-causing compounds, while the major malodor compounds in
the inlet process were methyl mercaptan, hydrogen sulfide, and butyric acid.
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Fig. 1. Main process of the livestock waste treatment system with methane fermentation and

composting.
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Table 1. Analysis GC conditions for measuring volatile sulfur compounds and fatty acids

Instrument Analytical condition
Detector : Flame Photometry Detector
Column : HP-5 capillary

GC-FPD Column flow : 2.5 ml/min — 5.0 ml/min
Temp. : Oven [—10°C(4 min), 20°C/min to 2007 ]
Carrier gas : He 1.3 ml/min
Detector : Flame lonization Detector
Column : glass packed column

GC-FID Temp. : Oven [50°C(1 min), 20°C/min to 195C]

Injector (240°C), Detector (2507C)
Carrier gas : He 1.0 ml/min
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Table 2. Concentrations of odorous compounds measured at animal waste treatment

processes in summer

Category Ammonia Volatile Sulfur Compounds Volatile Fatty Acids

Site NH3 H,S MeSH DMS DMDS AA PA BA
PPM  seseeeeesssemiiiniineen, PP reereenees e

Composting Composting pile 224.7 2,301.3 125 321 7.1 9.8 6.7 2.8
process Curing 26.9 254.6 2.8 8.8 51 1534 113 9.2
Screen & Packing 4.9 9.2 0.9 1.9 1.3 15.6 3.0 11

Methane Inlet 13.1 499.0 1083 454 102 4704 176 156
process Outlet 5.0 375 211 3.6 44 433 49 0.9

MeSH : Methyl mercaptane, DMS : Dimethyl sulfide, DMDS : Dimethyl disulfide

AA : Acetic acid, PA : Propionic acid, BA : Butylic acid
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Table 3. Concentrations of odorous compounds measured at animal waste treatment
processes in winter

Category  Ammonia Volatile Sulfur Compounds Volatile Fatty Acids

Site NH; H,S MeSH DMS DMDS AA PA BA

PPM  ereeerererererenniiees PPb «eerrenrree e

Composting  Composting pile 96.6 1,9380 127 432 5.6 308 86 17

process Curing 9.7 844 25 17.4 2.0 90.0 65 16.1

Screen & Packing 3.4 6.4 0.7 1.6 1.9 88 26 0.9

Methane Inlet 10.2 2343 83.0 92.2 9.0 3791 83 41.1

process Outlet 51 50.1 13.8 6.9 35 337 51 6.4
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Table 4. Comparison of odor intensity and offensiveness in animal waste treatment
processes using direct olfactory method
Summer Winter
Season
Site ~ Odor n Qdor _ Odor Odor
intensity offensiveness2) intensity offensiveness

Composting Con_wpostlng pile 5.0 4.0 5.0 4.0
roce Curing 3.3 3.2 2.3 2.0
PrOCESS sereen & Packing 17 2.0 18 13
Methane Inlet 4.8 4.0 4.5 3.7
process Outlet 2.8 2.7 1.8 20

Y Odor intensity : 0~5 scale
2 Odor offensiveness : 0~4 scale
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Table 5. Determination of major odor-causing compounds in animal waste treatment
processes using odor quotient”
Rank Summer Winter
Site st 2nd 3rd 4th 5th SOQ? 1t 2nd 3rd  4th  5th  SOQ?
Composting ¢\, DMS Mesh BA 7343 HS NH; DMS MeSH BA 5433
Com-  pile 2 s ’ z s '
posting Curing HS NH; BA DMS AA 1070 BA DMS H,S NH; MeSH 724
process ?ﬁlﬁﬂg& NH; DMS HS BA MeSH 116 NH; DMS HS BA DMDS 90
Inlet HS MeSH DMS BA NH; 2835 DMS MeSH BA HS  NHs 2,872
Methane
process Outlet MeSH H,SS NH; DMS DMDS @ 375 MeSH H,S BA DMS NHs 447
Y Odor quotient = odor concentration/odor threshold
9 S0Q = Sum of odor quotient
7] Fom WEHAL gv]eh BAEo] olFet I APEARS obMELRe] 4.0~4.1 ppbE 7}
o 4] HPolA QI FHEddA vkgste] A %2 kR SAHJT dsvel o3
WAs frdetA |k webd JpEAe 3 FAAAMGNA e R e ZEOM 3=
N MAEE OB RN ohjet F WeR ZHHAT, o BAwt 2% slge
e o FHE =/A & de AgAd 2 AU
A AN E] oFF B77F Waste] o w3k FAZAL AN 71 SAHE E =4
ol o} @}, 5 hed AiHoz ofdl o] ohHgele
Table 69 Al=AHH Al FFF] FAAALN 2 7]star YA tig s dolr izt
AolA EAE N oAEAL v R B A HEEASE FREEASE
37 Aas vEiglth ¢ EH ol ¥-X4A a1, 1 AWE Fig. 20 YERAATE Aol
Aol A stAISE sAl 27 18 2 16 ppm  FEEAFO] 7P 58 7loES Bl v F
o] Fr® HEHU g‘fﬂ B oHFH=He Arlde Fsthde] 7MY S slow vk
F3}piE 92 2 113 ppbE ﬂﬁ}% 7hedl th EF Ao Adglel Sskeray, wlEmRt
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Table 6. Odor measurement using instrumental analysis and human panels on the boundary

of animal waste treatment facilities

Ammonia Volatile Sulfur Compounds Volatile Fatty Acids Direct Olfactory
Odor Odor
Seaso NH; HS MeSH DMS DMDS AA PA BA intensity offensiveness
CUPPM ee e ppb ..............................
Summer 1.8 9.2 2.2 14 1.6 41 2.3 16 2.8 2.3
Winter 1.6 11.3 12 3.9 0.5 4.0 20 07 2.0 1.8
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Fig. 2. Relative odor contribution on boundary of animal waste treatment facilities.
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