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ABSTRACT

To comply with stricter regulations provoked by increasing odor nuisance, it is imperative to practice
effective odor control for sustainable livestock production. This study was conducted to assess odor and
odorous compounds emitted from liquid animal manure with different treatment methods such as Fresh
Manure(without treatment, FM), Anaerobic Digestion(AD) and Thermophilic Aerobic Digestion(TAD) and
their application to soil. Air samples were collected at the headspace of liquid manure, upland and paddy
soil, and analyzed for odor intensity and offensiveness using an olfactometry; odor concentration index using
odor analyser; nitrogen-containing compound such as ammonia(NHs) using fluorescence method; and sulfur
containing compounds such as hydrogen sulfide(H.S), methyl mercaptan(MeSH), dimethyl sulfide(DMS) and
dimethyl disulfide(DMDS) using gas chromatography-pulsed flame photometric detector, respectively. Odor
intensity, offensiveness and concentration index from TAD liquid manure was statistically lower than those
from FM and AD(p<0.01). Mean concentrations of H,S, MeSH, DMS, DMDS and NH; were 65.93 ppb,
18.55 ppb, 5.26 ppb, 0.33 ppb and 10.57 ppm for liquid manure with AD; and 5.15 ppb, 0.97 ppb, 0.80 ppb,
0.56 ppb and 1.34 ppm for liquid manure with TAD, respectively. More than 60% of malodorous compounds
related to nitrogen and sulfur were removed by heterotrophic microorganisms during TAD treatment. When
liquid manure was applied onto upland and paddy soil, NH; removal efficiencies ranged from 51 to 94%
and 22 to 91% for AD and TAD liquid manure, respectively. The above results show that liquid manure
with TAD is superior to AD and FM with respect to the odor reduction and odor problem caused by land
applied liquid manure is directly related to the degree of odor generated by the manure treatment method.
(Key words : Olfactometry, Odor intensity, Odor offensiveness, Ammonia, Sulfur containing compounds, Liquid

manure)
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Table 1. Description of experimental design

Treatment method Soil type Replication

upland 5
Fresh manure
paddy 5
o upland 5
Anaerobic digestion
paddy 5
Thermophilic aerobic upland 5
digestion paddy 5
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Table 2. GC-PFPD and UNITY conditions used for determining the concentration of Sulfur

containing compounds

Instrument Analysis condition
Detector PFPD
Column CP-5(60 m x 0.25 um x 1.0 um)
Carrier Gas He 1.0 ml/min
GC.PEPD Air-1 Flow Rate 17 ml/min
Air-2 Flow Rate 10 ml/min
H, Flow Rate 13 ml/min
Oven Temp 60°C (5min)-10"C/min-200C
Detector Temp 220C

Sampling Time
Cold trap Temp
Hold Time
Outlet split
Flow path Temp

Thermal Desorption Unit

25 ml/min x 4 min

low : -15C high : 280C
5.0 min

10.0 ml/min(10:1 split ratio)
100°C
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Table 3. Comparison of odor intensity, offensiveness and concentration index emitted from

different liquid manure treatments

Treatment Odor intensity Odor offensiveness Odor concentration index
Fresh manure 35° 4.0° 1,308
Anagerobic digestion 40° 5.0° 1,651°
Thermophilic aerobic digestion 1.0° 1.0° 343°

abc

Mean values with different superscript letters are significantly different (p<0.01)
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Table 4. Mean concentrations of ammonia and sulfur containing compounds emitted from
different liquid manure treatments

Treatment T 4 o o
(ppm) (ppb)

Fresh manure 29.94° 108.63° 312 0.88" 0.49°

Anaerobic digestion 1057° 65.93" 18.55° 5.26° 0.33°

Thermophilic aerobic digestion 1.34° 5.15° 0.97° 0.80° 0.56°

4P Mean values with different

superscript letters are significantly different (p<0.01).
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Fig. 1. Comparison of GC-PFPD chromatogram of sulfur containing compounds emitted from

different liquid manure treatments
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Table 5. Comparison of odor intensity, offensiveness and concentration index from upland

soil spreaded different liqguid manure

Liquid manure Odor intensity

Odor offensiveness  Odor concentration index

Fresh manure 2.5
Anaerobic digestion 40°
Thermophilic aerobic digestion 1.0°

3.0° 449°
4.0° 602°
1.0° 102°

abc

Mean values with different superscript letters are significantly different (p<0.01).
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Odor intensity Odor offensiveness
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Fig. 2. Comparison of odor intensity and
offensiveness emitted from different
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Table 6. Mean concentrations of ammonia and sulfur containing compounds from upland soil

spreaded different liquid manure

Ammonia** Hydrogen Methyl Dimethyl Dimethyl
Liquid manure sulfide* mercaptan* sulfide disulfide
(Ppm) (ppb)
Fresh manure 5.60" 227 0.87° 1.08° 0.56"
Anaerobic digestion 2.72° 2,58 158 0.81° 0.43
Thermophilic aerobic digestion 0.08° 0.75" 0.32° 0.93° 057"

abc

* Significant at p<0.05, ** Significant at p<0.01.

Mean values with different superscript letters are significantly different (p<0.05).
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Table 7. Comparison of odor intensity, offensiveness and concentration index from paddy

soil spreaded different liquid manure

Liquid manure Odor intensity

Odor offensiveness  Odor concentration index

Fresh manure 2.0°
Anaerobic digestion 3.0°
Thermophilic aerobic digestion 1.0°

3.0° 494°
3.0° 817°
1.0° 132°

abc

"~ Mean values with different superscript letters are significantly different (p<0.01).
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Table 8. Mean concentrations of ammonia and sulfur containing compounds from paddy soil

spreaded different liquid manure

. Hydrogen Methyl Dimethyl Dimethyl

L Ammonia - . .

Liquid manure sulfide mercaptan sulfide disulfide
(ppm) (ppb)

Fresh manure 16.31° 4.39° 0.89° 1.71% 0.67°
Anaerobic digestion 8.18" 151° 0.54% 1.28° 052°
Thermophilic aerobic digestion 0.12° 1.35° 0.36" 0.84° 0.50°
P¢ Mean values with different superscript letters are significantly different (p<0.01).
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