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ABSTRACT

The 22 designated odorous compounds as well as particulate matters have
been analyzed from four swine facilities in Jeju Island, in order to investigate
the emission characteristics and odor contribution by different ventilation
systems and manure treating types. From the study, the mass concentrations
of TSP and PM;, were high in the enclosed ventilation/slurry type swine
facilities for winter time, meanwhile those of PMss and PM; were high in the
enclosed ventilation/scraper type during winter season.

The concentrations of major odorous nitrogen compounds, i.e., NHs and
TMA were high in the enclosed ventilation/scraper type swine facilities for
winter time. Not only the odorous sulfur compounds, ie., CHsSH, DMS, and
DMDS, but also the volatile fatty acids, ie., PA, n-BA, and 7so-VA showed
high concentrations in the enclosed ventilation/scraper type swine facilities
during winter time. However, the concentrations of H»S and n-VA were high
in the enclosed ventilation/slurry type swine facilities.

The concentrations of all aldehyde compounds, i.e., acetaldehyde, propion
—aldehyde, butyraldehyde, n-valeraldehyde, and iso-valeraldehyde were lower
than the limit values of odor emission standard in all swine facilities.
Furthermore, VOCs showed lower concentrations than the limit values of odor
threshold as well as odor emission standard in all swine facilities.

Based on study of the manure treatment system, the concentrations of
odorous nitrogen and sulfur compounds were high in slurry type swine
facilities. However, the concentrations of volatile fatty acids (VFAs) were
relatively high in the scraper type swine facilities.

The odor quotient (OQ) of n-BA was the highest among the odorous
compounds, whereby the odor contributions by volatile fatty acids were high

in all swine facilities. Consequently, the volatile fatty acids might be

_Xi_



considered as the major odor causing compounds to be controlled. In addition,
the sum of odor quotient (SOQ) showed high values in the enclosed
ventilation/scraper type swine facilities.

From the dosing test of the fed-type odor reducing agents, the
probiotics/anticoagulant mixture agents showed high removal effect as 68.9%
for NHj, but the probiotics/amino acid mixture agents were relatively suitable
as the range of 525~785% of removal effect for the odorous sulfur
compounds. On the other hand, for the spray-type odor reducing agents, the
probiotics/extractant mixture agents showed high removal effect for both
ammonia and odorous sulfur compounds. Meanwhile, the microorganism
removal system was useful for reducing the odorous sulfur compounds, and

physical removal system was suitable for the removal of nitrogen compounds.
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Table 1. Odor characteristics by major substances.

Compound Odor characteristic Substance
sharp pungent Ammonia (NHj3)
Ethyl amine (CH3;CH,NH-)
N-Class
ammonical, fishy Methyl amine (CH3NH,)
Trimethylamine [(CHj)sN]
rotten eggs Hydrogen sulfide (H»S)
decayed cabbage, Methyl mercaptan (CH3SH)
sulfidy
S—Class
decayed vegetables Dimethyl sulfide [(CHz3)2S]
vegetable sulfide Dimethyl disulfide (CH3SSCHj)
putrid, garlic
pungent fruity Acetaldehyde (CH3CHO)
Propionaldehyde (CH;CH>CHO)
n-Butyraldehyde [CH3(CH2)-CHO]
7so-Butyraldehyde [(CH3).CHCHO]
Carbonyl n-Valeraldehyde [CH3(CH2)3;CHO]
1so-Valeraldehyde [(CH3);CHCH;CHO]
ungent thinner Ethyl acetate (CH3CO-CoHs)
pung Methyl iso-butyl ketone
[CH3;COCH,CH(CHs)-]
Toluene (CeHsCHs)
Hydrocarbon solvent, rubber Styrene (CsHsCH=CH>)
Xylene [CgH4(CHj)s]
irritant, pungent Propionic acid (CH3;CH,COOH)
) sweaty rancid, n-Butyric acid [CH3(CH»)>COOH]
Fatty acid srritant
wet shoes n-Valeric acid [CH3(CH);COOH]
iso—Valeric acid [(CH3):CHCH>-COOH]
Halogen pungent Cl, Fo




Table 2. Threshold limit values of 22 designated odorous substances.

Compound Substance TLV (ppm)
Ammonia 0.1
Nitrogen compound
Trimethylamine 0.000032
Hydrogen sulfide 0.00041
Methyl mercaptan 0.00007
Sulfur compound
Dimethyl sulfide 0.003
Dimethyl disulfide 0.0022
Acetaldehyde 0.0015
Propionaldehyde 0.001
Aldehyde compound Butyraldehyde 0.00067
n—Valeraldehyde 0.00041
1so—Valeraldehyde 0.0001
Styrene 0.035
Toluene 0.33
Xylene 0.16"
Volatile organic
Methyl ethyl ketone 0.44
compound
Methyl iso-butyl ketone 0.17
Butyl acetate 0.016
1so—Butyl alcohol 0.011
Propionic acid 0.0057
n-Butyric acid 0.00019
Volatile Fatty acid
n—Valeric acid 0.000037
1so—Valeric acid 0.000078

* — Xylene®] 4% o-, m-, p-#& AhEH A 3
0.

- o-Xylene : 0.38 ppm, m—Xylene :

ko)
041 ppm, p—-Xylene : 0.058 ppm.



Table 3. Limit values of odor emission standard of odorous compounds.

Concentration (ppm)

General standard

Compound i _ : Strict standard
Residential Industrial (Industrial area)
area area
1 Ammonia 1 2 1 ~ 2
2 Trimethylamine 0.005 0.02 0.005 ~ 0.02
3 Hydrogen sulfide 0.02 0.06 0.02 ~ 0.06
4 Methyl mercaptan 0.002 0.004 0.002 ~ 0.004
5 Dimethyl sulfide 0.01 0.05 0.01 ~ 0.05
6  Dimethyl disulfide 0.009 0.03 0.009 ~ 0.03
Acetaldehyde 0.05 0.1 0.05 ~ 0.1
8  Propionaldehyde 0.05 0.1 0.05 ~ 0.1
9 Butyraldehyde 0.029 0.1 0.029 ~ 0.1
10 n-Valeraldehyde 0.009 0.02 0.009 ~0.02
11  sso—-Valeraldehyde 0.003 0.006 0.003 ~0.006
12 Styrene 04 0.8 04 ~ 08
13 Toluene 10 30 10 ~ 30
14 Xylene 1 2 1 ~ 2
15 Methyl ethyl ketone 13 35 13 ~ 35
16  Methyl iso—butyl ketone 1 3 1 ~3
17 Butyl acetate 1 4 1 ~14
18 iso-butyl alcohol 0.9 4.0 09 ~ 40
19 Propionic acid 0.03 0.07 0.03 ~ 0.07
20  n-Butyric acid 0.001 0.002 0.001 ~ 0.002
21  n-Valeric acid 0.0009 0.002 0.0009 ~ 0.002
22 iso—-Valeric acid 0.001 0.004 0.001 ~ 0.004
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Table 4. Class and summary of odor control techniques.
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Table 5. Characteristics of odor removal systems in livestock industry.
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Q
AAA, HeFEA, 252, vkAaF A, sk, pH WA So] vk 22 =
Al R EE ofHE ARely] fskel o TR HIRAIVE ol &L

Ath(o]E= 2011; L3k 2010).

(1) A

At Al (Probiotics) = 1822 o949l ‘for life’ 2n e AtS onstH,
NAE #ydd ERs Fv "AER #F7F Adg gAMbzl 2EE (A
& 5, 2002; Berg, 1998). 1¥]i W AE #AE HAATOEA HAE] #H]s)
B2a, F714E bR, FEA e 24 sl o FW #Fo] ZAs,
Azl o AV M FHoR AAAHAD -, 1999). A= SA4
Holo &= Direct Fed Microbials (DFM)o]et11% 3tw, a4 thgoz ALg
Ha vk 2ea Aoy Thsel Folste] AU wF o] Wstel S st
aL, A o] AWl FASAY Aokl g IS WATeRN ZHE
& FEf Ak, "9 Eaes weknh gk A A 9
FQ EAL 55 A =R (Kaur et al, 2002), A5 E& F7HScheuermann,
1993; Collington et al, 1998; Mollgaard, 1946), ® =& kA (Fuller, 1989; Kato
et al, 1983), fralAlx A (Jin et al, 1996), AL a, Fo 542549 A
AAA(AAE 5, 2002) 5o &dHA Aok

A A2 AV EE = T Lactobacillus spp.2y 22 M5, Saccharomyces

—~
o,

s

o

<
o
=
rlr
AV
e
kA
rir
Jz

E ¥%el= 85T, Aspergillus 55 X #3olF o] Ak olFEA U}
AE ATAE ZA ATFA A

al THolA AA, e ¥wg
T Ha 9l
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(2) 8AFsas JAA
o]

A A (Urease inhibitors)y A3FA 71224 n| Ay E o] A 3}37]

(214
Aol s, Exol T 1¥8 =S Folv Z97F Avk(Shah et al, 2007). ©]
o eafdasr JAAe FFEE phenyl phosphorodiamidate (PPDA),
cyclohexyl phosphoric triamide (CHPT), n-butyl thiophosphoric triamide
(NBPT)s°] vt ©] & PPDAE= ¥&a\ A% &= UAARE 7Aool =1 A5
o] oz AgHo)x 3k Aor HuE i JrHMcCrory and Hobbs, 2001).
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PN

Biwol AALEUES A58 ATl A guyo} B

ge Az AgdRe AnEse Ad AEREe

e

% phenolic compounds,

alcohols, aldehydes, ketones, ethers, hydrocarbons & °] %t (Dorman and Deans,

2000; Charai et al, 1996). ©] & 7}F¢ Eo] A8y = ASFZLUd=ZE HE3
}

1

o

=9l Thymol¥} Carvacrole] At} o] T+ =2 2]E 9| 2%

Hefs BEHFEAS ekl TR GF, L%, FA

ME



SOl AREEH AL Stk ol HEFEedS =2 Folshd drixziel v
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(4) 2=A

GERER FHE AAC T2 AEEHE A5AZ+= ortho di-chlorobenzene,
chlorine, hydrogen cyanamide (H.NCN), formaldehyde, paraformaldehyde 5 ©I
At ©] F ortho di-chlorobenzene®} chlorine =it xZFEH 2AsE FHE
AZEAI7I = BaA ol ARt 7pA Fdo]l A ARG ol go] e Aow g
¢l ¥ A tH(Warburton et a/, 1980). 722 i hydrogen cyanamide (HoNCN)+= 9F=
oA dAlE il WS Fol= Aog AdyA YH(McCrory and
Hobbs, 2001). %3 formaldehyde®t paraformaldehydet® HEZS Al st=
nAEe] RS wafstel dhEuolel sshaie] WAS FHAAZITH(Ritter,
1981). 28y o2k AFAlE2 o Aztels ZIA AN AAAAA 137
Aol =of AA14
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ofN
Jo
)
N
=)
M
=

of
K
N
)
N
Ip
X
o,
X,
"
ot
e
X
o,
%o,
v
kA
ro
N

golatAnt Al gH Rl ofd ¥ EIHE o &3 Flo|7] wie] EHE
W7F 2] =A fvh Y vl AlEe] 25 &l oA AY =

_19_



= u
A o]

=

e
=

7}

=N

I A HWilliams
o] ]

3

o} =

713kol &t vaA
[e)

Az AN

= Rausa gl 23y

o

al

A

Lo

i 7] ol

I

LN

(7) pH W3}

(6) Ak3tA

1A
and Schiffman, 1996).

0

1
R

e g R e R

o YL

e

st

=13
=

A%

k= o

pH

329)

i

o

o}

IS

7t

=

o

pHol A= hE Yo} Ay o

o

T

ZEAIZY o] wig- ml@A A el &

!

=
T

]

=

ol

st ARG g

-

5

=

T

I

7(—5]]1 Z 0]

7t=2 ot

=
T

9
12| I s

o
1

T

o]

=
=

[e]
_20_

e

2 TH(McCrory and Hobbs, 2001).



L A=

P B2 AGFAEZA22F)S S8 flste]l A E e A2 o]
Zy7] o2 47 =ARE AASER A, =AE AlYES Table 6 2 Figure 19 U ER]

ATE AN AFEAA 7HE Bol 9HE Ade dor AAsAr. F34E
>34 9 (Enclosed Ventilation and Scraper, EnSc) %], %3 <] g](Enclosed
Ventilation and Slurry, EnSl) %2, 713 2~ 3 8 3 (Winch-curtain and Scraper,
WiSc) WA S AFA] ofds nAdeldd 91A% J 53, N 5%, K 5% =AE
AAREATE = e <L e (Winch-curtain and Slurry, WiSl) 3218 A FA]
5 rteld 91A1% S v =AE AAsd gl ob 3 AlEe dolE
of A FHE A #we E 2 AIZH10:00~12:00041 A FH 5k T

Table 6. Types of four swine facilities selected for the study.

Swine Facilities Pig Farm Manure Collection Ventilation Mode
Type System

Enclosed Ventilation Manure removal Forced ventilation
and Scraper J Farm b

(EnSc) Y Scraper (enclosed type)
Winch-curtain Manure removal Mechanical ventilation
and Scraper K Farm b . .
(WiSe) Y scraper (winch—curtain)
Enclosed Ventilation Deep-pit manure Forced ventilation
and Slurry N Farm “h sl

(EnSl) with slats (enclosed type)
Xglcshluil;tam S Farmn Deep*'pit manure Mechanical ventilation
(WiS]) with slats (winch—curtain)

_2’]_



<N Farm>

<S Farm>

<K Farm>

Figure 1. Photographs of four swine facilities selected for the study.

2) =74 7171

(1) Low Volume Air Sampler
At HEAD T Rl Egw oyl

Air Sampler (Sibata, KP-100, Japan)& A}-83}¢]

SPC24, Japan)7} 23 A& &3 AIFS 7 MFC (Mass Flow Control)

S gelm 2 Abgslel Y Bzl F

A AAE A5 = Low Volume

AH Ak d¥A (Sibata,

£S5 10 L/min® %439t}

(2) Mini Volume Air Sampler

drstol =} A FIEE AEE
(Sibata, MP->100H, MP->30, Japan)E A}-&3lo] =3 skt
=2 24-dinitrophenylhydrazine (DNPH)o] X ¥ J}E2]*](TopTrading ENG,

Z+7} Mini  Volume Air Sampler
. Gl etol =5kt
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TS-300, Korea)¢} 3124 7131852 w4 &2 & (Supelco, Tenax-TA, USA)
S AREste] AFHSATE o W FE AlZEE MFCSF ElolME AM&3ste] &4

gro] fdol dulsel=aFEe 1 Lmin, SMAH71892E 0.1 Limin 5

F3tsts A8 JFE A4 (Supelco, 10642, USA)E AL-&3te] Polyester
aluminum sampling bag (TopTrading ENG, 10 L, Korea)2. 2 x| 3}dt}. o]
ANFH FA+= Al&E7F Bagell APAE Asoz AFEE AAHo Qom F9

o fr42 2 L/mine] ¥ =5 24ds3ith

o
[

(4) Dust mate

QA 2 (TSP, PMy,, PM,s, PM;)¢ #HZF&%+= Direct Reading Fume
and Dust Detector (Turnkey Instruments Ltd., DustMate, UK)E A}-&3}e] =
S

(5) UV-Visible Spectrophotometer
gFEUol FRE AndEYoR BASAm, B ARge FFEE UV-

Visible spectrophotometer (Sinco, S-3100, Korea)Z AF-&3lo] 640 nm 3} A
A sttt

(6) Gas Chromatography
ARHA=A T FsteE, Eguldolnl, g AEAh A 7] sheHE
sx= 22 GC/FPD (Shimadzu, 2010, Japan), GC/FTD (Shimadzu, 2010 plus,
Japan), GC/FID (Shimadzu, 2010plus, Japan), GC/MSD (Agilent Technologies,
GC-7890A, MSD-5975C, USA)E Al-&-3te] 43+

(7) High Performance Liquid Chromatography (HPLC)
oy dlo]= Al 83 HPLC (Waters, Module €2695, USA)E A}-&3to] B3}
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&Gtt o] Wl HAE7]+ Photodiode Array Detector (Waters, 2998, USA)E A}-&-3}
A1, A& 342 360 nmolth. ok HElE AP dE ShiseidoAte] CAPCELL
PAK(CI8)E A}-&-3F% Tt

(8) Thermal desorber System

3131352 Polyester aluminum sampling bagl 2 A FH 3 A 5=
%] (Markes International, Unity2™-Air Server, UK)7} 2% GC/FPDZE 4]
st =3 A FIIstdES GC/MSD= 2438133, Alse AsdeEz%

=] (PerkinElmer, Turbomatrix 650, USA)E Ab&3te] A3 & GCol FH3stAtt

(9) Solid Phase Micro Extraction (SPME) System
Egudelylzt FHugd AWat Al GCE #A4389i, SPME system
(Shimadzu, AOC-5000 plus, Japan)= Al&3le] Al8& Al & GColl FU3}
AT

_24_



AAd EH (TSP, PMy, PM.s, PMy)e] A &&= Direct Reading Fume
and Dust Detector (Turnkey Instruments Ltd., DustMate, UK)S A}-&3}o] =
AR U S AW o 1 m EolddlA F 103 S s th(Figure 2).

Figure 2. Dust mass concentration measurement

in swine facilities.

2) gEol AHH 8 Y
el gAFrHor Mo 200 mL JAA Yol F5E
(0.5% Boric acid) 20 mL& ¥eol 2709 duAE Ad= AdA7a, FAHE=
(Sibata, KP-100, Japan)E AH&3te] 10 L/min fr& & 5% 3k % 50 L9 &7
AgE AFET F5EdE P EgaadA 50 mLE 843 § olE &4
& AEE AEeAh o 59 10 mLel HEAEA ol EZA I
ba®

F3h AlIAMUERS 47 5 mLE Jbshe] 147 B A F 640

ki
il
B\
oxl
_0|L
&
ox
ol
M
1%
_0|L
32
i)

nmeoll A &3
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T8 FsgE ST A (H.S), WEHIEH(CH;SH), &3 E(DMS), ©] 83}
2(DMDS)2 Polyester aluminum sampling bag (TopTrading ENG, 10 L, Korea)
I A FE A2 (Supelco, 10642, USA)E o] &3lo] FFHEAWA o2 FH s

I, 2 L/min®] 402 58 7H & 10 Lo F7IA 8RS ¥33A0. o u #HXA

g3}etE 228 Thermal desorber System (Markes International, Unity2™
-Air Server, UK)o|] H##¥ GCE o]&3le] Table 79 77|20 2 A3

2 15CoA SHA7 = o]2 dwAAA GCo T,

En)
ot
ot
i
1
>
ki
il

BE23 e A4E7]7F 329 GC-FPD (Shimadzu, 2010 plus, Japan)ES A}&3}o] &

24 3+9 tH(Figure 3).

Figure 3. Gas Chromatograph equipped with Flame

Photometric Detector.
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Table 7. Instrumental conditions for the analysis of sulfur compounds.

Instrument Operation Conditions
Thermal Desorber Sampling flow 50 mL/min
(Unity2™-Air Server) Sampling time 10 min

Coldtrap Hydrogen Sulphide

Coldtrap low temperature -15TC
Coldtrap high temperature 250TC

Coldtrap hold time 5 min
GC/FPD Column info Varian CP-SIL 5CB
(GC-2010 plus) (60 m x 0.32 mm x 5 pm)
Initial temperature 50C (7 min)
Temperature Rate 10C/min to 280TC
Final temperature 280°C (5 min)
Detector temperature 300C

4) Edugolul a3 2 FA

Eeligolnl Ant §AFFHO

Asd & FYHX(Sibata, KP-100, Japan)& 23] 10 L/min #5202 58
k, F 50 LY A53F7]E SHAFHT oA 2719 dAA AFHT S5-&A

TMAE SPME (Solid Phase Micro Extraction)= A2 & GC-FTDZ &
Astleh FellA EAFFHOE AHAT F5Y 4 mLE vloldel &7, 50%
KOH 5 mLE F¢3t] PTFE/Silicone septum®® UE3th 1832 SPME
(Shimazu, AOC-5000 plus, Japan) WolA] 35C&E 108 7F wwkslgich. o] 5 Ak
Fo 7144 TMAE SPME Fiber (carboxen/polydimethylsiloxane, Supelco,

ol

75 um, USA)Z 15% 1+ #2171 3 GC-FTD (Shimadzu, 2010 plus, Japan)e©l
F8te] A FEA A HFigure 4). ©] Wl SPME system¥ GC-FTD #4z=#

S Table 83} 7t}
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Figure 4. Gas Chromatograph equipped with Flame

Thermionic Detector.

Table 8. Instrumental conditions for the analysis of trimethylamine.

Instrument

Operation Conditions

SPME System
(AOC-5000 plus)

Preincubation time
Incubation temperature
Extraction time

Agitator speed

Desorption time

10 min
35T
15 min

500 rpm

8 min

GC/FTD
(GC-2010 plus)

Column info

Injector temperature
Initial temperature
Temperature rate

Final temperature

Detector temperature

Varian CP-Volamine
(60 m x 0.32 mmx 0.45 pm)

250C

50C (5 min)
10C/min to 230C
230C (3 min)

310C
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5 &Hstel=stetE AHH B +A4

Acetaldehyde (ACHO), propionaldehyde (PCHO), n-butyraldehyde (2-BCHO),
n-valeraldehyde (n-VCHO), iso-valeraldehyde (iso-VCHO)¢] & t|slo] =3} &
Al 8+ 24-Dinitrophenylhydrazine (DNPH)7} X% JIEE RS AF&35Fo] 1%
sttt o] w ddstol=setEe] ¢S F= wajacls AAsH] $18te] KI
7h SE o 2 E o] At ol#A 2" DNPH 7HE 2 4]
Q13 = (Sibata, MPX10)el 12438} 1 L/min® #+£o % 58 7+ % 5 L9
SN EE FHANA AEE AHSHAH

AHAE dosto] =3 gES DNPH ZFEE Ao ofH Euo] E & (Acetonitrile)

ool
|

£ 5 mLE FYste] FE3 5 F5% A8+ Evaporation system (Zymark,
TurboVap 500, USA)E ©o]&3}o] 0.1 mL7} ¥ =% A7t} o€ A 53
NaE dAAazreE 189 (Waters, Module €2695, USA)E o]&3to] 360 nm
g} o A #4514 oW (Figure 5), 4 %212 Table 99} 2t}

Figure 5. High Performance Liquid Chromatograph

equipped with Photodiode Array Detector.
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Table 9. Instrumental conditions for the analysis of aldehyde compounds.

Instrument Operation Conditions

Column info Shiseido CAPCELL PAK(C18)
HPLC (4.6mm LD. x 250 mm x 5 um)
(Separations Module e2695)

Detector Photodiode Array Detector 2998

Wavelength 360 nm
Injector volume 20 pL
Flow 1 mL/min

Mobile Phases A: ACN
B: ACN/Water/THF (50/45/5)

6) AT E AHH R EH

Styrene, toluene, xylene, methyl ethyl ketone (MEK), methyl iso—butyl
ketone (MIBK), butyl acetate (BuAc), 7so-butyl alcohol (iso-BuAl)<¢] 3| ¥HAd
171383 = (VOCs) > 114§ 2 (PerkinElmer Inc., Tenax-TA, USA)S <14
3 (Sibata, MPX30, Japan)oll 23 & < 0.1 L/min®2 5% &< % 05 L
o] FVIANEE FHAA AAGSA. o W nAFHARLS AFZAFH el 300Cel
A 407 Fet I A (Thermal cleaning) 942 A% & AFg319lth.

A 713k E B4S Thermal desorber (PerkinElmer Inc., Turbomatrix
650, USA)7} 2% GCE o]&3te Table 109 77|27 o2 #4383 th VOCs
A F 2ol 300TolA 102 &<t E2A171 5, tA] Cold Trap (-307TC)
oA &= & o]5 dEHAAH GC/MSD (Agilent Technologies, GC-7890A, MSD
-5975C, USA)Z 4] st A th(Figure 6).

Al

b

-
.

K
oy

il
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Figure 6. Gas Chromatograph equipped with Mass Selective Detector.

Table 10. Instrumental conditions for the analysis of volatile organic compounds.

Instrument

Operation Conditions

Auto Thermal Desorber
(Turbomatrix 650)

Desorption temperature
Desorption time

Coldtrap

Coldtrap low temperature
Coldtrap high temperature

Coldtrap hold time

300C

10 min
Tenax-TA
-30TC

320C

5 min

GC/MSD
(7890A, 5975C)

Column info

Initial temperature

Temperature rate

Final temperature

Detector

Agilent HP-1MS
(30 m x 025 mm x 1 pm)

40C (4 min)

8C/min to 200 (2min)
to 10C/min to 280C

280C (5 min)
Mass
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7) 3 A AE A F A
3] X HFAE propionic acid (PA), n-butylic acid (n-BA), n-valeric acid

(n-VA), iso-valeric acid (iso-VA) 9A] dE Yo}l Eudolulz} wlzrix| 2

atlal, Fgds Ae dAACN F4HZ(Sibata, KP-100, Japan)E 1743}
10 L/min &2 2 5% %F & 50 Lo #7715 Esdrh 18la 2719 3 A
FaEepade &1 F HFTHo® 50 mLE 345}

»
2AE Anz AgSd o W 5 UrE §548

2

o= Hof AR X3

g A Hkak A TMASH pRa7kx| 2 SPMEZE 2% GC-FIDZ 43}
Atk SAEFFHoRE AHT T4 5 mLE vlo|dol &A FIJUEF 1.78 g,
A3 HCl 100 pLE 7}8te] pH 1.02® %43 & PTFE/Silicone septumC &
DE-skd ek 28)al SPMECIA 90CZ 104 3+ wdksk & njo]d & 3o] 7]A)
2 AAkS SPME Fiber2 #4171 GC-FIDol F<) 89 th(Figure 7). o] o
A7 9] SPME system % GC-FID #41%7A& Table 113 72t}

Figure 7. Gas Chromatograph equipped with Flame Ionization Detector
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Table 11. Instrumental conditions for the analysis of volatile fatty acids.

Instrument Operation Conditions
SPME System Preincubation time 10 min
(AOC-5000 plus) ) .
Incubation temperature 90T
Extraction temperature 15 min
Agitator speed 500 rpm
Desorption temperature 8 min
Column info Agilent HP-FFAP

GC/FID

(GC-2010 plus) (30 m x 053 mm x 1 pm)

Injector temperature 250

Initial temperature 100°C(2 min)
Temperature rate 10C/min to 220C
Final temperature 220C (8 min)
Detector temperature 300C

8) A dleolE A% R@7t

24 dlo]g o A EE WA E3H (Method detection limit, MDL)S -3}

o P@ristAtt. MDL2 =Yoo}, &313tE, Egd oty doslo]l =33E, 3]
WA §-7) 85 E ) 31 A A WAke] 04 pg/mL, 1.0 nmol/mol, 1.0 ng/mL, 0.1 u

ug
/mL, 1.0 nmol/mol, 0.1 pg/mL %8 2472hs 73] W& FA8te] TFAAE
ekal o] grel Student-t (3.143)E #shel 98% Al o= SAS AT B3
dolg e Add &l 73] whE BAE dHolH 2R
variation, CV)& F38Fo] &Rl i, oA F3 4 dolge W AdEcA <}

HEAGFZE Table 12¢] =23k}

4
E
o
2
>
@)
@]
D
£:
e
@
=)
—+
o
S,
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Table 12. Method detection limit (MDL) and coefficient of variation (CV) for the

analysis of odorous compounds (n=7).

Compounds MDL CV(%)
Ammonia (NH3) 0.036 ppmv (1.24 ug) 2.0
Trimethylamine (TMA) 0.070 ppbv (8.42 ng) 5.1
Hydrogen sulfide (H,S) 0.475 ppbv (0.33 ng) 9.7
Methyl mercaptan (CH3SH) 0.541 ppbv (0.53 ng) 9.8
Dimethyl sulfide (DMS) 0.644 ppbv (0.82 ng) 9.9
Dimethyl disulfide (DMDS) 0.266 ppbv (0.54 ng) 4.5
Propionic acid (PA) 0.014 ppmv (2.15 ng) 11.2
n-Butyric acid (n-BA) 0.003 ppmv (0.47 ng) 2.6
7so-Valeric acid (7so-VA) 0.005 ppmv (0.99 ng) 55
n-Valeric acid (n-VA) 0.006 ppmv (1.24 ng) 7.8
Acetaldehyde (ACHO) 0.011 ppmv (0.10 ng) 6.2
Propionaldehyde (PCHO) 0.010 ppmv (0.12 ng) 7.0
n-Butyraldehyde (2-BCHO) 0.006 ppmv (0.08 pg) 5.0
iso-Valeraldehyde (7so-VCHO) 0.007 ppmv (0.12 ug) 7.0
n-Valeraldehyde (n-VCHO) 0.005 ppmv (0.09 ng) 5.6
Methyl ethyl ketone (MEK) 0.237 ppbv (0.12 ng) 7.1
7so-butyl alcohol (7so-BuAl) 0.214 ppbv (0.11 ng) 6.3
Methyl iso-butyl ketone (MIBK) 0.124 ppbv (0.06 ng) 3.7
Toluene 0.240 ppbv (0.12 ng) 7.1
Butyl acetate (BuAc) 0.125 ppbv (0.06 ng) 2.8
m,p-Xylene 0.215 ppbv (0.11 ng) 6.3
Styrene 0.126 ppbv (0.06 ng) 3.7
o-Xylene 0.072 ppbv (0.04 ng) 2.3
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TES Tl FYEHE A =4S HAo] o 50 um HvolH, F944
A o= HAZRA Edste TFA dAeE dWbH o 50 um oldkeltt
(QUARG, 1996). &719984 27l 10 ym o] 4A=L 39 Bl7, 5~10 um
Hele] A2 TF7] ol AYAAR, 5 pm olste] AAE2 Hel
7] el s57] #E AW fidte QAR dEA vk (Maraziotis et al,

2008; Paoletti et al, 2002; Berico et al, 1997).

Gustafsson, 1999), ©] T T A& A5 Aoz By v (Schaefer et
al, 1974). =3k A} 2 A HAE = B3R 2L {715 o] A9
R1%% AA3HH, 2w A (24%), AW (4~5%), 2 7(3~5%) o= A4 %]

ATHHeber et al, 1988). FAe] 49 &7 Ay Abm £ Aol we} Aol

=

s

UARE 5 um o]t YAES AA YA 7o 70~95%E AA gtk AT
W7} dvk(Iversen et al, 1988; Mackie et al, 1988).
FEAIA L] WA me} B]SEAF R ATl JAE B TSP

PMy, PMys, PM 9] A &Fs=E SAHAN L, 1 A3+= Table 13, Figure 8~11

2

3 ek 4 TSP AdE HawEs ALl 18785 pg/m’E 7 =90
M TS o B 16334 pg/m’, 7HS 11488 ng/m’, 45 H 4615 ng/m® £o =
=A deEbgTh B =4 FEEE QA BH wRE v 2 Ay 7
F&e 2 A (EnSD) > ¥4 =338 (EnSc) > /MEE &2 g2(Wish >
MNEP 23 A2 (WiSc) T2 2 =5 Yot ag8a Adg= 7}
AP A Y] FEE gk Aol A= A, 4%, 7FEE EnSl > EnSc > WiSI

> WiSc +olil, ol &&= EnSl > EnSc > WiSc > WiSl 22 TSP+ AHA|
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Table 13. Seasonal mass concentrations (pg/m®) of particulate matter in four

swine facilities.

Season EnSc WiSc EnSI WiSlI Overall

TSP  Winter 1716.8£86.3 1174.9+834.9 2871.2+665.2 1687.4£551.2 1878.5+848.0
Spring  1679.0+791.9 1021.6+305.4 2280.6+215.6 1552.3+142.3 1633.4+671.6
Summer  544.6+86.4 265.1+#54.7  885.0+336.4  151.2+14.3  461.5+3304
Fall 1640.7+86.4  449.7+349.2  1829.8+344.2 675.2+142.3 1148.8+660.1
Overall 1395.3+617.3 727.84569.2 1966.6+839.8 955.5+753.9

PMyy Winter 75052179 397.9+217.9 1831.5+1476.2 661.8+516.0 933.0+912.6
Spring  606.0£225.8  286.5+225.8  721.5+108.4 634.7£5.0 562.2£240.9
Summer  170.0+4.1 120.0+4.1 299.8+122.1 59.3+13.5 162.3+107.1
Fall 549.4+27.8 166.3+27.8  551.2+110.2 246.91£5.0 378.4£190.0
Overall 519.0#261.1 242.7+#261.1  851.0+881.7  376.9+341.0

PMys Winter  331.0+35.1 107.1£35.1 170.8+136.1  153.1£153.8 193.9+131.4
Spring 33.3£2.0 27.0£2.0 71.2+£80.6 102.6+30.0 58.5+62.6
Summer  28.5%14.8 29.61£14.8 63.5+19.3 16.4+15.8 34.5+23.2
Fall 25.7+11.7 28.0£11.7 39.9+24.5 40.2+30.0 33.5+21.8
Overall 10461376  47.9%137.6 86.4186.4 71.2+84.9

PM;  Winter 117.4+3.9 44.6+3.9 56.3+48.9 75.2+65.9 73.2+48.2
Spring 11.9+3.7 10.5+3.7 31.2+44.0 34.6+11.5 22.1£27.0
Summer 11.3+6.5 15.6+6.5 28.8+8.7 7.5%8.1 15.8+11.1
Fall 6.6£7.0 11.6%7.0 15.5+12.0 15.6+11.5 12.3£110.6
Overall 36.8+48.9 20.6+48.9 32.9+32.6 29.4+36.7
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Figure 8. Seasonal comparison of TSP mass concentrations

in four swine facilities.
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Figure 9. Seasonal comparison of PM;y mass concentrations

in four swine facilities.
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Figure 10. Seasonal comparison of PMss mass concentrations

in four swine facilities.
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317 &, 1982). tiF-E9 oHEHe] o ppb Y FH|FHelA A7 7k sl
$= oWt ¥ % 01~05 ppm A=Y HAHow =& 7
A S AE YERAITH(A7]E 5, 2005). olHd dEUYols AALHAEH 22F F

w, 329 T A5E do7iH,) 400 ppmeol ] FRelA e AV =F Al
of &<, 5, HFE So A4S . 28l 2,500~6,000 ppm

(A7 5, 1997, Muehling, 1970). o A= SEYolrl 15 EE wE%+=
287 o 4 TWA (Time Weighted Average Concentration) 25 ppm (18 mg/m®)
= A&stal k. olfol = R UYolE Al W] T FVIA wFAE
SOx, NOx &9 AHd71Aet whg-ste] 234 oojm&s st 82 oA
=3tkel ol A E, 2000). oA ® VA EUoF FENES doT|H dEFE o
S @A Sk, BE 25 pm oldte] vl mAg YA BEHS AAsHA En
H

(Luo et al, 2007). o] w A4 = EH=S 1=

o
1z
o
T
fol
i
N
Y

Fruobs FEAAAA B = FF oA M F veE AAEH, 9
B FEolx FAAHR S A7 wiel A7l tidelv(Hayes et
7hs Al Aol A G E o] A 2
22 g, AWol & AR HEE HW She el EAsE Al
& AgE. B3 gEols Fo EAdts vl
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g HjAE HA S o8 wkso] k(o] 2010). FA=olA TSt A
A A2rBE T 3% 7HEe Aol RHAN Um A 66%= AR wEY
w, o] T AR 36%v X, UHA 30%c o2 HlE ¥ H(Klarenbeek
and Bruins, 1998; CIGR, 1994).

AFA G o] Fmaldol A =4 7 B A ] & 47149 H|
FEA YR A A3 kR ol %2 Table 14, Figure 129 YRt =
AL dEYol EE ALl 261 pmol/molZ 7MY =i, thgo® #(19.1
umol/mol), 7FS(14.6 pmol/mol), 412 (86 umol/mol) =l 181 EALY
AR PP A A A 222 pmol/mol®E FX=7F E%kaL, A E S
20.3 umol/mol, FFd<&elg] 185 umol/mol, /H¥&E =393 7.0 pmol/mol 2
2 F&7F =4 e

AdHZ = AL EnSc > EnSl > WiSl > WiSc o], Fol&= WiSl >
EnSc > EnSl > WiSc o]t} &2 EnSc > EnSl > WiSc > WiSl 9] a1,
7bF&# ol WISl > EnSc > EnSl > WiSc 22 E3ith o]Hd dRYol=
A& AFH FRI=A2dgH RN 0 & =5 HolAvt w3 7Fe3

e MEFEee gl FHHeR & TEE e o u FHd
KR
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Table 14. Seasonal concentrations (umol/mol) of ammonia in four swine

facilities.
Season EnSc WiSc EnSl WiSl Overall
Winter 35.2+6.9 7.8+3.3 31.9+9.6 31.0£12.2 26.1£13.8
Spring 21.7£5.7 7.8+2.7 17.1+£14.8 29.6£9.3 19.0+11.8
Summer 12.2+2.5 7.7£55 9.1+04 5.6+2.1 8.6+3.9
Fall 19.5%6.6 4.7+1.3 15.7+7.4 18.7£9.8 14.6£8.9
Overall 22.2£10.0 7.0£3.6 18.5£12.3 20.3+x13.2 16.9£11.9
60
I EnSc
XXX WiSc
I EnSl
= _ £z wisl
£ 4 =
o]
£
5
3
o ]
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Season

Figure 12. Seasonal comparison of ammonia (NH3) concentrations

in four swine facilities.
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CH3;SH A9 AdYE Ad-sEs AL 19.762 nmol/molZ 7} =4 YEL
Wil B 11.871 nmol/mol, 7}S 10.244 nmol/mol, &3 9.030 nmol/mol 2o =
= H(Figure 14). 18] ZAREAE Wladste] A= EnSc > EnSl > WiSl >
WiSc ¢o 2 FRP=aduiyo =2 w25 Yeddr & AddE= Z
wA A Y] s s Hae] B A, AMAE BT AP el i
Apg el Hla] Fid o ¥ w2 =5 Yl

DMS+ AdYE w527l A% 853 nmol/mol, 7F& 6.88 nmol/mol, & 6.32

nmol/mol, &3 3.35 nmol/molZ DMS A& AA] AL 7MY =2 AT¢S

rit

H gk Aol A= DMS w27 A& F3Psaq
7H&

N oe 4

=

rlr
-
o
ol
[
i)
Ak
o
i
1o,
t
>
=2
o)
off
k1
)

i
X
W
iul
i
)

DMDS A&& 470 i Al A -2 "= vnke] sE5 YEhS]
b aelv AEH FRE a3l m el A HESA o4 F
g YeRddeh a8y o 5H Pz, teE FAE A s
AEEee Bl = vlZe] DMDS7F AE3A o4 F=E2 vehhdd
(Figure 16). °o]#l3t DMDS+ v & FE2 GHFTAGAIELHA A|AgE 9

ppbve] HiEF&VES EA e FEoE A



Table 15. Seasonal concentrations (nmol/mol) of sulfur compounds in four

swine facilities.

Season EnSc WiSc EnSl WiSl Overall

S Winer 015 3147 173410 2511 505.22
£4710  +1480 45372 +1034  +801.99

spring 14513 40.80 543.09 5121 195.06
£13094  +1172  +26674  +1123 25121
T 10.45 515.73 40.96 157.94
+99.97 +452 £7543  £3242 21561

ol 7970 12.82 626.11 19.73 18459

+37.80 4189 +63086  +10.08 39416

Overa] 8990 23.89 854.76 35.08 25550
+7562  +1585 64703 2214 +479.80

. 40.944 6.880 20513 6.190 19.762

CHSH - Winter 170 45983 +1477  +0713  +17.045
spring 21757 8,029 7.947 9.751 11.871
£14397 2837 <5781 #4237 0621
18331 7,645 7.850 2.097 9.030
+7738  +4811  +1688 1718 7501

al 19.474 4128 7.308 10068 10.244

£0456  +1.064 4450  +9908  +8.920

overay 22176 6.670 10.904 7102 12577
£15217 3948 +6696  +6345  +11.792

. 12.36 111 958 12.35 853

DMS - Winter 15 gg +195 +452 +7.97 +6.16
spring 59 327 350 9.82 6.32
+550 +1.07 +359 +4.39 +4779

- ' 7.66 0.20 0.12 335
161 +6.60 +0.49 +0.28 4,62

al 6.70 5.19 10,67 497 6,88

+159 +1.91 +1654 +387 +8.34

overa) B2 431 599 6.31 6.2
+4.10 +4.12 +9.09 +6.14 +6.34

T S
Spring - - - - -
S i 0.642 i i 0.161
+1.010 +0.550

el 0.287 i . 0.894 0.295

+0.703 £1394 0818

veray 0312 0.161 i 0.244 0.173
£0655  +0550 20793 +0.580
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Figure 13. Seasonal comparison of hydrogen sulfide (H,S)

concentrations in four swine facilities.

75

I EnSc
RXX] WiSc
I EnSl

—~ rZ3 wisl

£

= 50 A

o

1S

£

c

RS

=

@

O 25 4

c

o

O

. f A
Winter Spring Summer Fall Total

Season

Figure 14. Seasonal comparison of methyl mercaptan (CH;SH)

concentrations in four swine facilities.
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Figure 15. Seasonal comparison of dimethyl sulfide (DMS)

concentrations in four swine facilities.
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Figure 16. Seasonal comparison of dimethyl disulfide (DMDS)

concentrations in four swine facilities.
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4) EgHEopnl Fk

EWEol(TMA)S T 54 7taz §3=7t £ Edolt), o)y
g Egjuldoll e otryjole] 37 F47F wWlg ]2 upHl 3xF opwle] FE|E N,
N-ttolrergtolwl = N-Egudoiiiont wojv. Egudotile 39
Aom ofFHE BAs= A olgdn F& F4, A tE ASdE Ad

s

IAle] w=Fo] FHEEHe AGEAolA AdrHdR A e TWA 100 ppm
(24 mg/m®), STEL 15 ppm (36 mg/m®)< 2 -&3laL glth.

47 EALol A A3 TMA %= Table 16, Figure 179 A A3tk TMA
AR AdY Fxi= AL 52983 nmol/molZ 7HE =dth 1Ela tgo=s
& 32512 nmol/mol, 7F& 31.063 nmol/mol, 413 13598 nmol/mol =22 =
gom, FAdG i ALY dRYotet FAEE AMME FAE e &=
g =AY s v 2 23, I =AY H(EnSe) > A E S
(WiSD) > F3d<¢2(EnSD) > MBP2AHH(WiSe) ¢22 T3P =49

&7 =A dEbgth = AEER RSkl 72 EAMYA Y] sEE ]
we) By, TMAS A, o5, 7Hedd FEdaadydar 27 wa, ¥4
e MEE sy BN =& AFES B 28 wHel MARE st

vAGaIN FARG FEF B A4S 2 daADY gL ole} Eelv]
Bl
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o
()
()
(@)
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Table 16. Seasonal concentrations (nmol/mol) of trimethylamine in four swine

facilities.
Season EnSc WisSc EnSl WiSI Overall
Winter 34.708 20.491 41.202 71.805 52.983
+29.301 +9.333 +25207  +38.041 +35.770
Sprin 30.521 18.609 16.624 64.296 32.512
pring +£10.728 +8.339 £14.168  +19551 23403
Summer 23.773 16.863 6.670 7.087 13.598
£2.717 +£14.145 +1.335 +2.574 +10.015
Fall 45.117 16.207 25.327 37.602 31.063
+25.731 +6.208 +7.362 £32999  +23014
Overall 46.029 18.043 22.456 42.779 32.104
+30.654 £9.424 +19.017 +34.971 +27.785
120
— I EnSc
XX WiSc
I EnSl|
= 90 Z1 Wisl
E _
[}
£
g 60
§ 30 A
O a
Winter Spring Summer Fall Total

Season

Figure 17. Seasonal comparison of trimethylamine (TMA)

concentrations in four swine facilities.
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dHstol =gt et=2 AA, HHAA o ATy AFortE HF wE

)

tH(Morrison and Nazaroff, 2002; Kelly et al, 1999). 1&] il tit}+= 33}st
3ol ogt FalEs A E o 1A e 23 g7 dER EAEHA . ol &
3}3HE2 ozone, peroxy acetyl nitrates (PANs), peroxycarboxylic acidsE 338+
st ASE I JtE RPN FA AAdA AR AEeky, A S E ) &
714 oo 29 wjE Yol 7| %= st (Grosjean et al, 1996; Carter, 1995; Satsum
—abayashi et al, 1995). &3k 33E3), hydroxyl radical (OH-) %+ nitrate radical
(NOs)#He] wkg, z2ejar A-54 Aol o8] t7] FolA AA, 2EE7= T
o wepA th7] Soll ppb Y AFER EAcke dHlstol=s g Ee] S
7] 5 €344 9 cycles, PANsS 233 oxidante] A, dlojg2% A 2
el o3k {712 A7 FAHS oldfdt=tl FLI oJo|E Adrk(e|BA,

2007). gk ddlstol =8k etES AT E, A, stE A wkeAd, 54 Seol &

it

dH A JATHWHO, 1995).

=3, olMESH G EE Mgy AR wWeAo] ug =] o

£, £57 F 5L fU9T ARFAAE 4B ARA
At 5 W RAARE AEE] W] wks F

oA EdHslol =9 w%=7t F7Fsta 9 tH(Zhang and Lioy, 1994; Williams and

SRR AAH 2F GARA F dejstelsgFgRe 5 HE E dY,

SE7EA A=e T, R, V1, deF, AEgA eE et e
A ATER =F A ZF7IEE vHIAA ARl olE ik e 54 3% T

4 EARE Baudo] gukeldd &, 2012). ol drlstol=st =S WA o
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(PCHO), n-butyraldehyde (n2-BCHO), 7iso-valeraldehyde (iso-VCHO), n-valeral
-dehyde (n-VCHO) &< &4ste] 1 Z3E Table 17, Figure 18~22¢] A
Aletth WA ACHO A9 Al HisEs AL 1623 nmol/mol= 7H4
=A YEtgoH, tgo 2 B 1354 nmol/mol, 7HS 9.73 nmol/mol, ¢ 3% 6.64
nmol/mol Fol et EFF =APEAE 2= 3P 2499 (EnSc) > B E S 2
(WiSD) > #Z €< 2(EnSD) > /W¥PF =283 (WiSe) £o22 52 55 U
gt AdEzs Ay oAFEd FRE=AdAgA A4 ACHOZE B =
i

wyzele A Jgo R Frrt

s

v}
dlo

o
u

=X 7FS9] 3.83 nmol/mol® 7 =Skt
B 2.76 nmol/mol, /1< 2.24 nmol/mol, 9JEZ 2.00 nmol/mol £ % H2 F&%
5 YERA T 3 =AREA R vl we| A= EnSl > EnSc > WiSl >

S8 F2 FEE UL ®E AEEE 7 AP wERSE ¥ g 4ol
M= PCHOZF As, A5, 7Fedd F3Iaaddqd4els 27t a1, 532
o= MEE S & Ao FAEHJAY. o] Wl PCHOE &2 %
P92 %A (432 nmol/mol) ¥ 7HeH ] FAEH A9 H W 4(454 nmol/mol) S

ALl BE EAA HARAFERD 3.7 ppby ©lFte] FEE HAATH I H

rr

AAFES

P

It =AM HATAFR A 2, ol AyE KB
ol PCHO+= =Abel| WX&= ko] 18] A4 & 542 FHHETH

n-BCHO+= AdY¥ Hyts%7F 7F& 2911 nmol/mol, &
2 2226 nmol/mol, A& 1915 nmol/mol® 7+&He] 714 =& AL B
o EAbA 2 v ws] 2 Aol A= EnSc > EnSl > WISl > WiSc 2

SE7F =on aga AAEE FEste] 24 =ARA Y s E vas] B
n-BCHO® A%, o1&, 7Fedd FEAI=addolr =& v55 EAAW &
He= FAYEH FAAA w5271 o =4 JERS

iso-VCHO A9 Add HisEs 7FEo 2473 nmol/mol= 7Hd #11,
oz oF 1.992 nmol/mol, & 1.350 nmol/mol, /<2 0.924 nmol/mol =2

3 =AREAE vl wo] A= WISl > EnSc > EnSl > WiSc €2

2 ¥ FEE YA = AEE vl A3 jso-VCHO+= A2 3 7HSE o
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FAEEdYdA =2 v E YEAY. a8y 5Hd = RIS, dF
Aol BRPaads PAM FUHoR FEs} o 2o 54 By
n-VCHOS #1849 sxi o2 2299 nmol/mol® 7Fd %A vhebyt
a8 3 ggoe® 7FS 2251 nmol/mol, ¥ 1.294 nmol/mol, &3 0.829 nmol
/mol O ¥ X FAE HATh £ EApFAME VCHO §5EE v
B A3t A= EnSc > EnSl > WiSl > WiSc 22 ¥ 43S Jelfdch
S22 A we 7t =AY FReAE VCHOZF ASw dgdd 73

s

o]z & <H o] =335 (ACHO, PCHO, n-BCHO, iso-VCHO, n-VCHO) =
| HFTAAA GG HAA A W E8] &7 T o8t FEE
Bl Aoz ZAEQY. weld o5 LhHslo]=3tgtEo] dEA| Ao 1]

= dge 444ew 27 TAY 14 S Ao

td
[t
ox
A

o

it
el
e
it}
)
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Table 17.

Seasonal concentrations (nmol/mol) of aldehyde compounds in four

swine facilities.

Season EnSc WiSc EnSlI WiSlI Overall
ACHO Winter 21.39£345 953£3.94 16.19+2.99 18.12+498 16.06+5.58
Spring 14.73+3.21 12.46+2.10 11.72+298 15.25+4.34 13.54+3.39
Summer 858+2.78 7.24+2.82 596+1.06 4.78+0.56 6.64+2.41
Fall 10.08+0.95 7.86x1.26 9.53+2.66 11.42+4.49 9.73+2.86
Overall 13.00£5.34 9.25+3.19 10.62£4.37 11.25+591 11.02+4.89
PCHO Winter 3.03x048 1.36x0.80 255043 1.99£063 2.29£0.84
Spring  2.43£058 2.41+0.87 4.32+3.14 188046 2.76x1.82
Summer 2.20+1.14 2.05+0.80 1.84+091 192+1.06 2.00+0.93
Fall 454+0.83 3.39+1.26 3.83+0.72 357025 3.83x0.91
Overall 3.05x1.24 2.39+1.15 316191 241+1.00 2.77£1.41
n- Winter 2.217 1.767 1.968 1.806 1.959
BCHO £0.404 +0.784 +0.535 +0.304 +0.537
Spring 2.275 1.939 3.340 2.173 2.432
+0.511 +0.516 +2.123 +0.651 +1.220
Summer 2.655 2.249 1.902 2.100 2.226
£1.124 +0.281 £0.371 £0.301 £0.649
Fall 3.331 2.605 2.715 2.992 2911
£0.298 £0.776 £0.270 £0.567 +0.564
Overall 2.656 2.175 2.504 2.360 2.426
£0.785 £0.644 £1.221 £0.645 £0.870
1s0- Winter 1.178 0.642 0.751 1.147 0.889
VCHO £0.375 +0.548 £0.312 +£0.340 +0.434
Spring 0.938 0.808 2.254 1.399 1.350
£0.386 +0.532 £1.375 £0.462 £0.941
Summer 2.429 2.361 1.371 1.808 1.992
£0.946 +1.591 £0.475 £1.020 £1.102
Fall 2.228 2.004 2.342 3.317 2473
+0.767 +0.688 £0.541 +1.485 +1.018
Overall 1.740 1.528 1.720 2.072 1.757
£0.925 +1.177 +0.997 £1.289 £1.098
n- Winter 0.897 0.984 0.935 0.573 0.890
VCHO +£0.343 +0.604 + 0.363 £0.299 +£0.406
Spring 1.039 0.972 2.157 1.009 1.294
+£0.255 £0.314 + 1.498 £0.542 £0.920
Summer 2.839 2.565 1.728 2.064 2.299
+1.548 £0.990 +0.442 £0.673 +1.034
Fall 2.229 2.060 2.154 2.560 2.251
+0.674 +0.982 +0.612 £0.916 +0.780
Overall 1.829 1.705 1.779 1.747 1.766
+1.180 +1.019 +0.950 +0.990 +1.021
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Figure 18. Seasonal comparison of acetaldehyde (ACHO)

concentrations in four swine facilities.
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Figure 19. Seasonal comparison of propionaldehyde (PCHO)

concentrations in four swine facilities.
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Figure 20. Seasonal comparison of n-butyraldehyde (n-BCHO)

concentrations in four swine facilities.

I EnSc
BXX WiSc
T I EnSl|
= 71 wisl
[<]
E 4.
o
1S
£
c
xel
=
c
8 2
c
o
(&)
0
Winter Spring Summer Fall Total

Season

Figure 21. Seasonal comparison of 7so-valeraldehyde (iso-VCHO)

concentrations in four swine facilities.
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Figure 22. Seasonal comparison of n-valeraldehyde (2-VCHO)

concentrations in four swine facilities.

6) ARV FE v=
7] T dEH FaE22 FuAF7]33E (Volatile organic compounds,

VOCs) w7874 ¢ 4o FE Adsts w83 7Tz F&9. VOCse

dol AP A BRI O wEsk Frhshe

o
X
=
30
—
s
c
j=)
Q
D
~
&

o
1998). & AP ST o] Augdd g #A=7F F7FstH A, VOCs A
Adast=d 23 AxE &85 JH(Bernstein et al,

2008; Haghighat and Huang, 2003; Bodalal et al, 2000). o]} St7A] wZ:o] wuj A8
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= e oY A AEAss &I
VOCs Aol 7149438tar JQtH(Su et al, 2008; Leff and Fierer, 2008; Celebi and
Vardar, 2008). Isoprene (CsHg), monoterpemes (CioHig) 52 VOCse= 2] Eo ¢
3 AAEH dFor oyl Fow wiEErh(Komenda et al, 2001). AAA A o
of ¢J& VOCs¢ A4 H &2 AA VOCse 86% AE=E A sk
A h(Fedele et al, 2007).

al
E7, AU 5L T BF 3

s

AAdel MEQE dg PHow

R

=3 wAl, I VOCs s 34
gAow Fagk guE zta Qv oA A v VOCsEeol ek <1Al 3]
Aol Wats] dEA A kgl 13y benzene, 1,3- butadiene 53 #& ©H
AEES AU A= 4" A9, A7 &4, o 2 T Zo] <

A7 AAd S A F de Aem Busa Juk(Liu et al, 2008;
Hoshi et al, 2008). Z12]32 BTEX (benzene, toluene, ethyl-benzene, m-—xylene)
v Edoly Astr o4, A FFAA AN FEFE vAE T8 AR OE
A& lvh(Sarafraz-Yazdi et al, 2008).

B4 7] dF VOCsv= #E td IHEZH oI (Kim et al, 2008; Liu
et al, 2000). 74 F-ol A= 20053 H-E styrenes A GetHA R o= AHdto] T
star otk 23l 20089l toluene, xylene, methyl ethyl ketone, methyl
isobutyl ketone, butyl acetate, 20101 ¢9ll3= jso-butyl alcohol AES A AotFH &
Aol F7}at ot

AT dE SR FAA ol & 4] =AM A RS eHE
S =A3Fdtr. 28 32 methyl ethyl ketone (MEK), 7so-butyl alcohol (iso-BuAl),
methyl iso-butyl Ketone (MIBK), toluene, butyl acetate (BuAc), styrene, xylene
o] =2 A¥E Table 18, Figure 23~29°] YeE At 4 MEKS =5 B
Mo AL 6.02 nmol/mol®Z 7FY =i, tSo =2 B 463 nmol/mol, 7S 4.02
nmol/mol, 1 &% 1.77 nmol/mol 22 ¥ AIFS BAT 28 EApTAE
© FZEEH(EnSD > MEEEdd(Wish > 5382243 (EnSc) > i

238 ¥ (WiSe) o= FAIE A s=7F 3o &= AHdE=R 7}
o] TE Hus 2 A3 MEKE Aed F2Hd /igdEsdeedr sx7t

, AE% The Aol FREs Y WA ddHoR FEVF =2 Ao

rit OEHU
S
-

Hi
R
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ZALE

iso-BuAl= A& 214 nmol/mol, 7F= 1.28 nmol/mol, & 1.25 nmol/mol,
o] &3 078 nmol/molZ ALHd 714 = AWRE Yey e 18 a =44
= EnSc > EnSl > WiSl > WiSc o2 H3gxadgy WA 527t &
k. Aol wep g EAPEAE FRE vugh Ao A= A HA A

BEedddy =2 8 EAv a2y 53 e dee FAIAAUY,
=
[}

MIBK®] A4dYE sX+= AEel 058 nmol/mol® 7 =4 el o, o
o2 7FS 0.39 nmol/mol, & 0.37 nmol/mol, &% 0.28 nmol/mol <02 &2

FAE B w3 =AEEE EnSc > WiSc > WISl > EnSl 202 ~37
¥ WA A FE7F EA UERE T e MIBKS] AlEW, EAAE R E ]
wal ¥ A, MIBK= A 7Hedds FFaaddeds s=7F =341
B e ANEz=ady, d5dde FRISH HAAA FdeR o &
& FEE YeEhidTh

Toluene w2 AldE Fxt 7Fol 1.64 nmol/molZ =131, S22 AE
155 nmol/mol, & 1.02 nmol/mol, (096 nmol/mol) o]t} oA H

Toluene= ©& ARSI 27 AHo] old 7FSHo & EAS BTt

32

aga =ARE vl Ao A= WiSce > EnSc > EnSl > WiSl o2 7|93
zAag oA TRt =A vetwn =3 AdE R Z) =AF A o] whet vl
FEE ALl A SHdA Ex, B b AWY 2add, oF
dol= TS LA 0 52 Aow AT

BuAc? AldY Hr:x= AL 061 nmol/mol®Z 714 =11, t}&o® ofE
0.54 nmol/mol, & 0.50 nmol/mol, 7} 0.36 nmol/mol 2o & =k}, Edk =A}

WAEE BuAce w25 Hlud] ¥ Ao A= WiSc > EnSc > EnSl > WiSl
ToZ AP Ay =AM 27 2 dEse AdERs Al F
AP 3y, 52 tEEAE MEEaady, d5HdAE FREEYY w4
AA F=7F = e

Styrene?] T%+ 7F2°] 0.71 nmol/mol, A& 0.56 nmol/mol, o1& 0.45

nmol/mol, &3 043 nmol/molZ 7}&Hd & AgS By 1gx g =
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4

A
WiSc > EnSc > WiSl >
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i)

o]
Al
iz

X0

0

E O EAPEAEE S
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KeR
|

H] 23k Ao A styrene
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A

xylene?] AAYE FEE AL 1.35 nmol

ki3

=
=

Farel ATt ol = Al Ab

/molZ 7} Eokow I thSo = v}

A BEE

=
=]

0.66 nmol/mol, <]

H
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KeX
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Table 18. Seasonal concentrations (nmol/mol) of VOCs in four swine facilities.

Season EnSc WiSc EnSI WiSI Overall

MEK  Winter 6.35#3.94 318163 6.61+4.39 891+3.37 6.02+3.81
Spring  3.39%£0.86 3.92+1.43 515455 6.08+2.13 4.63+2.69

Summer 1.88+0.53 1.59+0.40 2.20£0.67 1.40+0.87 1.77+0.67

Fall 421+2.04  3.09+1.23 497+3.18 3.82£2.47 4.02+2.29

Overall 3.96+2.68 294146 4731369 470341 4.07£2.97

iso- Winter 251+1.16 1.41+0.36 2.20£0.98 2.61+0.20 2.14+0.90
BuAl Spring  1.48+0.60 1.08£0.23 1.16£0.53 1.26+0.26  1.25+0.43
Summer 0.53t0.42 0.83+0.17 1.07£0.15 0.67£0.16  0.78+0.31

Fall 1.71+1.00 1.26£0.63 1.28+0.80 0.87£0.73  1.28+0.81

Overall 1.56+1.07 115042 1.43+0.79 1.24+0.80 1.34£0.81

MIBK ~ Winter 0.82+0.34 0.39£0.22 0.45+0.17 0.68+0.02  0.58+0.28
Spring  0.35£0.07  0.50+0.43  0.27+0.10 0.37£0.08  0.37+0.23

Summer 0.25£0.16 0.26£0.04 0.38+0.18 0.24£0.07  0.28+0.13

Fall 0.47£0.22 041+0.20 0.31£0.14 0.36x£0.27 0.39+0.21

Overall 047+0.30 0.39+£0.26 0.35+0.16 0.39£0.21  0.40+0.24

Toluene Winter 1.72+1.14 1.48+0.73 1.05£0.56  2.14+0.27 1.55+0.82
Spring  0.56+0.28 1.90+2.30 0.61+0.25 0.78£0.35 0.96+1.23

Summer 1.00£0.54 0.58+0.34 1.99+1.20 0.51£0.38 1.02+0.89

Fall 1.89+£1.75 3.26+2.36 0.80£0.24 0.63x0.22 1.64+1.75

Overall 1.29+1.15 1.81+1.86 1.11+0.84 0.91+0.67 1.29+1.25

BuAc  Winter 0.67+0.17 0.61+£0.09 0.56+0.11 0.61£0.03  0.61+0.12
Spring  0.48+0.03  0.66£0.35 0.43+0.03  0.44£0.02  0.50+0.19

Summer 0.53£0.19 0.52+0.17 0.60+0.16  0.52£0.17  0.54+0.16

Fall 0.34+0.11  0.52+0.31 0.30£0.13  0.26%£0.12  0.36+0.20

Overall 0.50+0.18 0.58£0.24 0.47+0.16 0.45+0.16  0.50£0.19

Styrene  Winter  0.62+0.19 0.52£0.05 0.572£0.22 0.53+0.04  0.56£0.15
Spring 0.48+0.06 0.39£0.04 0.40+£0.02 0.45+0.13  0.43+0.08

Summer 0.48+0.16 0.43+0.14 0.44+0.18 0.43£0.17  0.45+0.15

Fall 0.66+0.37 1.06£0.54 054025 0.58+0.42 0.71+0.44

Overall 0.56+0.23 0.60£0.38 0.49+0.19 0.50+0.24  0.54£0.27

Xylene  Winter 1.42+0.82 1.33x0.54 1.21+0.65 1.51£0.22 1.35%0.59
Spring  0.56+0.12  0.79+0.38  0.52+0.03 0.76£0.46  0.66+0.31

Summer 0.56£0.19 0.52+0.12 0.72+0.27 0.53£0.15  0.58+0.20

Fall 1.14%1.22 249+166 0.63£0.33 0.63+0.53 1.22+1.27

Overall 0.92+0.79 1.28+1.14 0.7/+0.45 0.80+0.51  0.94+0.79
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Figure 23. Seasonal comparison of methyl ethyl ketone (MEK)

concentrations in four swine facilities.
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Figure 24. Seasonal comparison of 7so-butyl alcohol (iso-BuAl)

concentrations in four different type swine facilities.
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Figure 25. Seasonal comparison of methyl iso-butyl ketone

(MIBK) concentrations in four swine facilities.
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Figure 26. Seasonal comparison of toluene concentrations in

four swine facilities.
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Figure 27. Seasonal comparison of butyl acetate (BuAc)

concentrations in four swine facilities.
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Figure 28. Seasonal comparison of styrene concentrations in

four swine facilities.
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Figure 29. Seasonal comparison of xylene concentrations in

four swine facilities.

FAAAE WA F7F C2~C6%) ARAge] shzuatew o7l A
A FJA 7135 7] W&ol volatile acidsgtal® E#Th o5& Zo tidk &%
=3l =

H

A AARET] ditel st AEE, &Y A, 27 MEd JEF, sEY A
E, 7149 Fu, 3LHAF FolA F= wlEEH(Yun and Ohta, 2005; Lie
and Welander, 1997, Narkis et al, 1980). ©] < formic, acetic, propionic acid+

A=Al WA, butyric acid®} valeric acidt HAL WAE s,

A
ol

butyric acide= F3 ¥ WEo|A WA= o FH =A o|tHSawyer et al, 2003). ©|

< propionic acid, n-butyric acid, iso-valeric acid, n-valeric acid 4% <H=

Fasl= i EA S 39k xHF A (volatile fatty acid, VFA)°]H, 201058 A

o

JATAZ AFH] BAL Uk olE FWA AL ARGAFES} v

3 stobd GAFANEUAM WMEHEIFE F ppby AEolTh I B3
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stHo g ngogr HOAS Feles
=AM A A E A A =2
A olm| = Ake] Erolw] -3} (deamination) HH-S-oll ]3] WA 18] il ol A

HAEHE FEA AWake 60% FE7E ol EAtel i, YHx] JRELS L2y

o

b, FEEAE o] AFEEAL o]y EAE o delA Qlth o] F ofA|EAL

ol Hayo] AAFHIL, ofAFEHEA oLty
2hkap e o)A AHAbe: FE o duwldo] why A A A E (o] 3
ol A= 2010; o1& 5, 2012; Spoelstra, 1980; Cooper and Cornforth, 1978;
McGill and Jackson, 1977).

2 A A= 20100 AEA A ALHA = EFE propionic acid (PA),
n-butyric acid (n-BA), iso-valeric acid (iso-VA), n-valeric acid (n-VA) 4% <]
3 AWAHVEA)S #4893, 21 Z3E Table 199 Figure 30~33¢] YE}l
W AT

WA PA A9 AldE s=5 A&EHel 502.149 nmol/molZ 74 =4
Elyth o ® E 493794 nmol/mol, 7}S 297.076 nmol/mol, & 194.082
nmol/mol T£O2E =2 FTE FAHAE HAT E3 =AMREEZE FEY~ady
(EnSc) > F3ZF<22(EnSD) > /I &2 (WiSh) > 7B8d 2= 3 (WiSc)
ToR FRYPaAdE WAAAN =L d3ds HEAY = AdEE T
=AM E

doll= FAI Ay BAolA A er =2 =5 eI

So=® B 24391 nmol/mol, 7}& 200.99 nmol/mol, ©1& 2 99.46 nmol/mol <2
2 vEsth 2Ea EAREAREE S vas] 2 A7 A= EnSe > WISl >
WiSc > EnSl £22 %2 L5 YEtWAh £33 2 Aded wep 24 &
L5 Hugk AioM s AMAE BT FRE=AdH7E 8 =ApEA o v g

HEsb o w3, o u p-BAE CHySHS 598 wwws 23S mal.

iso-VA+= AlZdY HtFE7F AE 34.237 nmol/mol, 7} 33.731 nmol/mol
& 31.165 nmol/mol, 1% 21.874 nmol/mol T2 AL 7t w2 T&E

YEF T =3 =ARPEE vl A3+ EnSc > WISl > EnSl > WiSc o=

_65_



Ho
ol
He

=) 3 of] A

<
o

o

=}

A

o
el &

w0

ol
ot

mp

)

e

3 F&=7F ¢

10.6866 nmol/mol

ol #]
EnSl > WiSl > EnSc >

]

=

=N

A
=]

ks

.

-

g0l 20.0833 nmol/mol® 7H& = kL,
NEES

&
=
L

11.5247 nmol/mol,

2=
=
A=

[¢]
A=

=

j=}

&

74

1
T

3| oﬂ

=

X

2 2AE A
b AT 2 A

e AT 22

tggo® 7kS 17.7355 nmol/mol,

=

=

“@O
~
0

I

t}. 53] n-VA

B
el
.UO
ﬁo

M

S

A

"
ifat

A

7

il

w3 o

3

VFAs %

=
R

dehfel o

)

A

p S

g Um X PA, n-BA, iso-VA A&

Hel n-VAE A9

)

il

=
=

#7 o]

-

s

A]

X

7

=

=

&l

[

UM

=]

714

o] o]3}2F-&(catabolism) ¥}
S, 2008; Rappert and Muller, 2005).
- 66 -

=

Biar

al

(

A

g

A

M2 Y=,

=
T



Table 19. Seasonal concentrations (nmol/mol) of volatile fatty acids in four
swine facilities.

Season EnSc WiSc EnSl WiSl Overall

PA Winter 605.228 331.415 617.607 430.443 502.149
£229.014 +68.613 £420.169  £257586  £285.085

Spring 742.382 473.355 271.943 487.495 493.794
£206.006  £332.146  £130.219 +98.825 +£260.955

Summer 304.127 185.293 167.028 119.879 194.082
+51.418 +70.596 +46.172 +30.868 £84.471

Fall 392.867 211.701 295.179 288.558 297.076
£157.411 +33.944 £120.208  £139573  £131.637

Overall 511.151 300.441 337.939 322.607 369.001
£240.159  £199.758  £274.421 < £196.788  +242.254

2 BA  Winter 349.09 118.17 282.42 248.88 249.71
+175.62 +37.95 +212.69 +255.81 +189.41

Spri 373.43 215.15 112.80 274.28 24391

PHNE 410914  +14308  +4453  +11585  +140.33

Summer 169.90 11854 63.94 45.48 99.46

+24.25 +38.13 +35.56 +17.57 +57.13

Fall 229.40 196.59 179.26 198.72 200.99

+86.56 £64.88 £97.74 +112.51 +87.82

Overall 280.45 162.11 159.61 186.65 197.43
+135.66 £89.65 +140.04 +155.88 +139.19

iso-VA  Winter 44.627 14.769 39.398 40.116 34.237
+19.548 £6.300 +25.879 +35.375 +24.330

Spring 36.284 20.597 22.553 45.225 31.165

+10.936 +10.454 £8.425 +20.953 +16.356

Summer 38.160 19.759 16.565 13.013 21.874

+3.129 £7.010 £1.750 £2.808 +10.648

Fall 40.715 22.553 32.459 39.198 33.731

+17.532 £4.902 +17.100 +18.111 +16.139

Overall 39.946 19.419 27.744 33.867 30.167
+13.719 +7.542 +17.496 +23.237 +17.818

A VA Winter 21.0339 10.6966 28.1783 20.5949 20.0833
£11.7391 +8.7107 £19.9353  £17.0157  £15.2009

Spring 3.5921 9.2996 12.4128 17.4418 10.6866
+5.6650 £14.6487  £10.9819  £14.2349  £12.2559

Summer 16.0848 12.0935 13.7299 4.1908 11.5247
+4.2554 +6.4592 +6.4944 +5.5126 +7.0420

Fall 14.4483 20.2756 20.5326 15.6856 17.7355

+4.9187 +4.0034 +9.8493 £10.5942 +7.8658

Overall 13.7898 13.0913 18.7134 13.9222 14.8995
+9.4040 +9.7298 £135624  £127880  £11.5257
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Figure 30. Seasonal comparison of propionic acid (PA)

concentrations in four swine facilities.
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Figure 31. Seasonal comparison of n-butyric acid (2-BA)

concentrations in four swine facilities.
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Figure 32. Seasonal comparison of 7so-valeric acid (iso-VA)

concentrations in four swine facilities.
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Figure 33. Seasonal comparison of n-valeric acid (72-VA)

concentrations in four swine facilities.
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Table 20. Concentrations and their ratios of odorous compounds in accordance

with the ventilation system.

Concentration (nmol/mol)

Compound Er_lclgsed Wipch— E/W Ratio
Ventilation (E) curtain(W)
Ammonia (NHs) 20,311.8 13,366.0 1.5
Hydrogen sulfide (H.S) 472.3 29.2 16.2
Methyl mercaptan (CH3SH) 18.0 6.9 2.6
Dimethy! sulfide (DMS) 7.1 5.3 14
Dimethyl disulfide (DMDS) 0.2 0.2 0.8
Trimethylamine (TMA) 34.2 29.9 1.1
Propionic acid (PA) 4245 311.0 14
n-butyric acid (7-BA) 220.0 173.8 1.3
iso-valeric acid (iso-VA) 338 26.3 1.3
n-valeric acid (n-VA) 16.3 135 1.2
Methyl ethyl ketone (MEK) 4.3 3.8 1.1
Butyl acetate (BuAc) 05 05 1.0
Iso-butyl alcohol (7so-BuAl) 15 1.2 1.3
Methyl iso-butyl ketone (MIBK) 04 04 1.1
Xylene 0.8 1.0 0.8
Toluene 1.2 14 0.9
Styrene 0.5 0.6 1.0
Acetaldehyde (ACHO) 11.8 10.2 1.2
Propionaldehyde (PCHO) 3.1 2.4 1.3
n-butyraldehyde (n-BCHO) 2.6 2.3 1.1
1so-valeraldehyde (7so-VCHO) 1.7 1.8 1.0
n-valeraldehyde (7-VCHO) 1.8 1.7 1.1
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Table 21. Concentrations and their ratios of odorous compounds in accordance

with the manure treatment system.

Concentration (nmol/mol)

compound Slurry SCEAPEr o1 /SC Ratio
(SL) (SC)
Ammonia (NHs) 19,356.4 14,571.0 1.3
Hydrogen sulfide (H.S) 462.7 56.9 3.1
Methyl mercaptan (CH3;SH) 9.1 15.9 0.6
Dimethyl sulfide (DMS) 6.1 6.3 1.0
Dimethyl disulfide (DMDS) 0.1 0.2 0.5
Trimethylamine (TMA) 32.2 32.0 1.0
Propionic acid (PA) 330.6 405.8 0.8
n-butyric acid (n-BA) 172.5 221.3 0.8
1so-valeric acid (iso-VA) 30.7 29.7 1.0
n-valeric acid (n-VA) 16.4 13.4 1.2
Methyl ethyl ketone (MEK) 47 3.5 14
Butyl acetate (BuAc) 05 0.5 0.8
7so-butyl alcohol (7so-BuAl) 1.3 14 1.0
Methyl iso-butyl ketone (MIBK) 04 04 0.9
Xylene 0.8 1.1 0.7
Toluene 1.0 1.6 0.7
Styrene 0.5 0.6 0.8
Acetaldehyde (ACHO) 10.9 11.1 1.0
Propionaldehyde (PCHO) 2.8 2.7 1.0
n-butyraldehyde (n-BCHO) 2.4 2.4 1.0
1so-valeraldehyde (7so-VCHO) 1.9 1.6 1.2
n-valeraldehyde (n-VCHO) 1.8 1.8 1.0

_72_



S 7IEow o Vo E Fofstrldl e ofewe] mET(HER F, 2005 &
55 5, 2004). weEbM 2471716 oM AEE HE A=A vEE 4 =
do HArfgAsER Yol £ o435 EA5(0dor Quotient, OQ)E ©]-&3h=
Aol frefstth. 28 G FEATE o]&std o FRHow GFHI|AEE I}
obgk 4 Qlar, Fa o YdEAERE FEste HrkeE £ gk o # 0Qrt

a e AA AZIE Brbskr]l A7 PHem S A (sum of odor

quotient, SOQ)E A &3 4 9, 24 (3)& o83l o]E +& 4 Q. & A
TAM= 7 EAF WA ERE FQ o F AJEAY JV|qdRE o9 T2 HWHo=
Fehol WS of W oF H2AAFEE BRRIA AT NEE A8
SFATHEHE - 2007).
. _ Odor concentration ( ppbv)
Odor Quotient OQ) = Threshold value( ppbv) (1)
o _ 09
Contribution of Odor( CO) = ST00 100 (2)
> of Odor Quotient(SOQ) = > Odor Quotient( OQ) (3)

o ATdAM =

Nz 7t EAPE o

R

Aol Mz g 4] =AM SA-E oF sE
EAF0Q) % FHAFEAF(SOQ)E s, 1 4
5 Table 220 FE3tATt 1e]al o7 % A& A¥E Table 23, Figure
340 AASALE 4 7 =ApEAEE SOQE Wadt A¥E wi, £33y ~

e

f
Y
Hl

x

A H A (EnSe) > F438 S92 (EnSD > /MWd S8 8] 9W2(WisSh) > 7

By 23 g (WiSe) 2.2 2 A3E Yeldeh 28 733 ~39

<
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HgA 2 thE WA e] mAbe] HlE] b =2 FF s E=AF(C0Q)E HEHRL
U R A A (0Q)S oFFHVIAES 4 EApTAE R v & A3, FEd
238 92 (EnSc)ol = n-BA > jso-VA > TMA > PA > CHs;SH > NHj
> HyS > n-VA > DMS > BCHO > iso-VCHO > ACHO > n-VCHO >
PCHO > DMDS > iso-BuAl > BuAc > Styrene > MEK > Xylene > MIBK
> Toluene £ 2 ¥ FA 5 YEUAT ojAd dHYEE FTolAM= LA

AP pBA el thE HEEA Wa HAFA A Be BFE nol

© Aor ARG old Ayt= AAY 5(2012)0] A& AFolME n

= F 7 =& oz Baud dyets 2 dA g,

Ha 3gE F7HE GFH7dEE VFAsZF 809% =2 74 %3, tgog Ak

< (NHz, TMA) 10.6%, 33}3t& 8.0%, &¢Hlsto]l=33E 04%5 YEFAT

g} VOCs9 4% o371 =7k 0% 383 Ao dIS
7 AT

FAFEHY LA (EnSDAA FHAERZY FHAAFTE nBA > H.S > iso-VA

=)

2] A e A

> TMA > n-VA > NH; > PA > CH;SH > DMS > jso-VCHO > BCHO >
ACHO > n-VCHO > PCHO > iso-BuAl > BuAc > Styrene > MEK >
Xylene > MIBK > Toluene > DMDS =22 n-BA Aol 71 =4 el
ot 283 GHVAEE FFgE TFEE v W, VFAs7F 58.0% =2 71
=3l o R FegE 34.1%, AaAlgoe]l 74%, dHstel=sEE 0.5%°]

th 183 VOCsE F3F2ad w9 nirtxz o 3r)o =
S Yehdeo] A9 ddo] gl Ao HuMEHAY 53]

T FFE] IRt 341%E T EARIA 10%0]38kel el HlE EA
= 54S Uedddth ol Md FEAFEEe A o2 e EAbe] HlE

Ao Fatgtee] ol AA dehd FpghEel tid derh dAsH
_?__

of 43 gk

7} 0%
FREdeE A elA

A oF

W =g A (WiSc)dl A ZF o H=4d9 o4HAF(0Q) = nBA >
iso-VA > TMA > PA > n-VA > NHs > CHsSH > HxS > DMS >
1s0-VCHO > BCHO > ACHO > n-VCHO > PCHO > DMDS > iso-BuAl >
BuAc > Styrene > Xylene > MEK > Toluene > MIBK <922 =7 Jtelyt

_74_



= ZAF

e

th ool ¥ s PE A A 0] EAF Al VFAs A& 5o Ui
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g of mp7EA R A9 JFS AR = AoRE G

ME &2 (WisSDe 3 A= nBA > iso-VA > TMA > NH; >

PA > n-VA > CH;SH > H,S > DMS > iso-VCHO > BCHO > ACHO >
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Xylene > MIBK > Toluene =2.& /&2 o] =AF AA] 3k A
A nBAZF Vg =E AEFS BAU I NHz9 O FAFE o A ¥
& HAAFE Hel vl ARFE S dAE =& A B 18 n
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Table 22. Odor quotient (OQ) and sum of odor quotient (SOQ) of 22 designated

odorous compounds in four swine facilities.

EnSc

WiSc

EnSl

WiS]

compound OQ

compound 0OQ

compound OQ

compound 0OQ

1 n-BA 4006 n-BA 2316 n-BA 2280 nBA 2666
2 1so-VA 799 iso-VA 388 HoS 1710  iso-VA 677
3 TMA 460 TMA 180 1so-VA 955  TMA 428
4 PA 256 PA 150 TMA 225 NH;3 203
5 CH3SH 252 n-VA 131 n-VA 187 PA 161
6 NHs 222 NHj3 70 NH; 185 n-VA 139
7 HoS 180 CHsSH 67 PA 169 CHsSH 71
8 n-VA 138 HaS 48 CH3SH 109 HoS 70
9 DMS 83 DMS 43 DMS 60 DMS 63
10 BCHO 9 iso-VCHO 8 1s0o-VCHO 9 iso-VCHO 10
11 7s0-VCHO 9 BCHO 7 BCHO 8 BCHO 8
12 ACHO 6 ACHO 5 ACHO 5 ACHO 6
13 n-VCHO 3 n-VCHO 2 n-VCHO 3 n-VCHO 2
14 PCHO 2 PCHO 1 PCHO 2 PCHO 1
15 DMDS 1 DMDS 1 iso-BuAl 0 DMDS 1
16 7so-BuAl 0 1so-BuAl 0 DBuAc 0 1so-BuAl 0
17 BuAc 0 BuAc 0 Styrene 0 BuAc 0
18 Styrene 0 Styrene 0 MEK 0 Styrene 0
19 MEK 0 Xylene 0 Xylene 0 MEK 0
20 Xylene 0 MEK 0 MIBK 0 Xylene 0
21 MIBK 0 Toluene 0 Toluene 0 MIBK 0
22 Toluene 0 MIBK 0 DMDS 0 Toluene 0

SOQ 6425 SOQ 3417  SOQ 5505  SOQ 4508
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Table 23. Odor contribution (%) of 22 designated odorous compounds in four

swine facilities.

Compound EnSc WiSc EnSl WiSI
N-Class NHj3 3.4 2.0 3.3 45
TMA 7.2 5.3 4.1 9.5
Total 10.6 7.3 7.4 14.0
S—-Class HyS 2.8 14 31.1 1.5
CHsSH 3.9 19 19 16
DMS 1.3 1.3 1.1 14
DMDS 0.0 0.0 0.0 0.0
Total 8.0 4.6 34.1 45
VFAs PA 4.0 4.4 3.1 3.6
n-BA 62.4 67.8 414 59.1
1s0-VA 124 114 10.1 15.0
n-VA 2.1 3.8 3.4 3.1
Total 80.9 87.4 58.0 80.8
Aldehyde ACHO 0.1 0.1 0.1 0.1
PCHO 0.0 0.1 0.0 0.0
n-BCHO 0.1 0.2 0.2 0.2
1s0-VCHO 0.1 0.2 0.2 0.2
n-VCHO 0.1 0.1 0.0 0.1
Total 0.4 0.7 0.5 0.6
VOCs MEK 0.0 0.0 0.0 0.0
1so-BuAl 0.0 0.0 0.0 0.0
MIBK 0.0 0.0 0.0 0.0
Toluene 0.0 0.0 0.0 0.0
BuAc 0.0 0.0 0.0 0.0
Styrene 0.0 0.0 0.0 0.0
Xylene 0.0 0.0 0.0 0.0
Total 0.0 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0
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Figure 34. Comparison of odor contributions by 22 designated odorous

compounds in four swine facilities.
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Table 24. Correlation coefficient between the odorous compounds in the swine facilities equipped with enclosed ventilation

system.

TSP PMyy, PMzs PM; NH; H,S CH:SH DMS DMDS TMA PA n-BA iso-VA n-VA

TSP 1.00
PM; 0.77 1.00
PM35 0.27 0.24 1.00

PM; 0.23 0.21 0.98 1.00
NH3 0.57 0.64 0.62 0.63 1.00
HoS 0.56 0.42 0.22 0.22 0.29 1.00

CHsSH 017 020 052 053 074 -0.09 1.00

DMS 013 005 024 021 0.30  -0.04 0.38 1.00

DMDS 0.03  0.01 047 051 052 -0.22 0.74 0.26 1.00

TMA 032 042 058 059 084 -0.10 0.86 0.32 0.82 1.00

PA 043 042 046 045 064  0.16 0.58 0.20 0.30 0.59 1.00

n-BA 038 042 041 0.41 0.66  0.02 0.66 0.20 0.44 0.72 0.96 1.00

1so-VA 033 042 030 031 064  0.03 0.66 0.08 0.49 0.77 0.77 0.86 1.00

n-VA 046 055  0.32 030 036 035 029  -0.08 0.33 0.46 0.34 0.42 0.62 1.00
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Table 25. Correlation coefficient between the odorous compounds in the swine facilities equipped with winch-curtain system.

TSP  PMy PM:s PM; NH; H.S CH:SH DMS DMDS TMA PA n-BA iso-VA n-VA

TSP 1.00
PM; 0.93 1.00
PM:s 065  0.75 1.00

PM; 063 072 099 1.00
NH; 067 077 050 049 1.00
HyS 046 038 017 010 027 1.00

CHsSH 029 024 026 023 055  0.20 1.00

DMS 043 056  0.33 035 079 -0.07 0.46 1.00

DMDS -0.19 -014 000 000 028 -0.15 0.72 0.35 1.00

TMA 066 076 054 053 097  0.23 0.63 0.80 0.35 1.00

PA 044 029 019 016 040 026 0.56 0.23 0.10 0.40 1.00

n-BA 022 004 -005 -006 033 011 0.55 0.23 0.21 0.35 0.86 1.00

1so-VA 022 011 -006 -0.07 056  0.20 0.62 0.37 0.36 0.52 0.67 0.87 1.00

n-VA 016 004 -005 -003 036 -0.05 0.59 0.35 0.30 0.39 0.64 0.82 0.81 1.00
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Table 26. Cross correlation between the odorous compounds in the swine facilities equipped with scraper manure treatment

system.

TSP PMyy, PMzs PM; NH; H,S CH:SH DMS DMDS TMA PA n-BA iso-VA n-VA

TSP 1.00
PM; 0.93 1.00
PM:s 047 061 1.00

PM; 044  0.97 0.99 1.00
NH3 0.71 0.81 0.66 0.63 1.00
HoS 0.67 0.62 0.03 0.01 0.59 1.00

CHsSH 062 074 057 056 093 066 1.00

DMS 038 031 039 037 077 04 0.77 1.00

DMDS 012  0.22 039 043 059  0.10 0.57 0.70 1.00

TMA 0.61 073 068 067 092 0.43 0.90 0.70 0.72 1.00

PA 0.61 0.68 031 0.31 063  0.51 0.60 0.41 0.20 0.54 1.00

n-BA 056 066 030 031 0.68  0.52 0.68 0.95 0.32 0.66 0.92 1.00

1so-VA 049 057 029 029 077 0.8 0.82 0.64 0.48 0.79 0.66 0.79 1.00

n-VA 0.08  0.11 0.33 038 031 0.04 0.45 0.38 0.47 0.51 0.20 0.39 0.4 1.00
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Table 27. Correlation coefficient between the odorous compounds in the swine facilities equipped with slurry manure

treatment system.

TSP PMy, PMzs PM; NH; H,S CH:SH DMS DMDS TMA PA nBA iso-VA n-VA

TSP 1.00
PM; 0.79 1.00
PM35 0.44 0.36 1.00

PM; 0.37 0.30 0.97 1.00
NH3 0.59 0.64 0.53 0.54 1.00
HoS 0.61 0.45 044 034 029 1.00

CHsSH 049 054 041 033  0.71 0.65 1.00

DMS 026 014 025 024 042 003 0.19 1.00

DMDS -022 -012 -0.02 -0.03 019 -015 0.44 0.04 1.00

TMA 036 045 043 045 089 -0.08 0.50 0.44 0.35 1.00

PA 052 050 056 047 060 042 0.62 0.15 0.11 0.49 1.00

n-BA 034 037 028 021 0.51 0.21 0.54 0.07 0.24 0.49 0.92 1.00

iso-VA 027 031 0.09 005 054 011 0.55 0.05 0.33 0.54 0.82 0.95 1.00

n-VA 046 048 008 000 039 031 0.51 0.00 0.21 0.39 0.74 0.81 0.82 1.00
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Table 28. Specification for the fed-type odor reducing agents.
No. Sample Components No. of samples
1 A B, C D Probiotics 4
2 E Probiotics/Amino acid 1
3 F Probiotics/Anticoagulant 1
4 G Probiotics/Enzyme 1
5 H Probiotics/Flavor 1
6 LJ Probiotics/Extractant 2
7 K, L, M, N, O Probiotics/Silicate 5
9 P, Q R, S, T Probiotics/By-product 5
Total 20
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Table 29. Excretion quantities by farm animals.

(kg/head/day, hen; g/head/day)

Cattle Cow Pig LZ}ilYH'lg Broiler
en
Fecal matter 10.1 24.6 1.6 1274 90.5
Urine 45 11.0 2.6 - -
Water 0.0 10.0 44 - -
Total 14.6 45.6 8.6 127.7 90.5

Notified number by Ministry of Environment, 1999-109, July 1999.
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Table 30. Weekly variation of ammonia concentrations by dosing with the

fed-type odor reducing agent.

Concentration (pmol/mol)

Sample 7909 3rd  4th  5th  6th  7th Mean
Week  Week Week Week Week Week  Week

A 60.4 97.1 98.8 10.6 18.8 35.0 18.3 48.4
B 37.6 55.6 51.9 28.0 51.9 81.4 60.3 02.4
C 54.8 96.7 47.3 62.4 40.1 38.0 98.5 62.5
D 14.5 97.5 39.2 6.9 36.6 15.7 96.9 43.9
E 17.0 3.9 7.2 24 6.0 176 18.9 10.4
F 12.7 11.3 35.5 0.2 1.0 24 19.3 11.8
G 7.1 46.3 20.1 19.3 31.4 30.2 64.0 38.3
H 63.2 156 39.2 25.0 36.6 28.8 88.1 42.4
I 43.6 159 14 4.3 18.1 22.1 18.0 17.6
J 11.1 174 9.1 213 44.7 50.9 2.7 23.3
K 194 15.0 11.2 3.5 19.2 35.8 12.0 16.6
L 7.0 46.6 13.7 12.6 23.1 21.5 57.5 26.0
M 35.5 36.5 8.1 3.7 2716 45.0 28.9 26.5
N 30.7 514 3.2 1.0 3.7 7.0 33.2 18.6
O 14.0 31.1 16.5 5.9 9.4 26.4 23.D 18.1
P 6.1 43.2 5.5 1.9 3.1 13.7 24.5 14.0
Q 25.8 39.6 22.2 4.2 56 36.2 254 22.7
R 66.2 354 8.1 21.0 2.1 10.0 4.3 21.0
S 77.8 18.3 6.6 8.0 6.9 33.4 73.3 32.0
T 49.9 8.9 94.3 18.8 74.5 33.6 99.3 66.3

Control  21.7 63.9 37.3 11.8 155 35.3 62.1 35.4
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Table 31. Removal effect of ammonia by dosing with the fed-type odor

reducing agent.

Removal effect (%)

Sample "7 9nd  3rd  4th  5th  6th  7th  Mean
Week Week Week Week Week Week Week

A 0.0 0.0 0.0 10.0 0.0 0.9 70.5 11.6
B 0.0 13.0 0.0 0.0 0.0 0.0 2.9 2.3
C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
D 33.3 0.0 0.0 411 0.0 55.6 0.0 186
E 21.7 93.8 80.7 79.8 61.3 50.0 69.6 65.3
F 41.8 82.4 4.8 98.2 93.3 93.2 63.9 68.9
G 67.2 275 46.1 0.0 0.0 144 0.0 22.2
H 0.0 75.6 0.0 0.0 0.0 18.3 0.0 134
I 0.0 75.2 96.1 63.1 0.0 37.3 71.0 49.0
J 49.1 72.8 75.6 0.0 0.0 0.0 95.6 41.9
K 10.6 76.5 70.1 70.2 0.0 0.0 80.7 44.0
L 67.7 217.0 63.2 0.0 0.0 39.2 7.3 29.2
M 0.0 42.8 78.3 68.8 0.0 0.0 53.4 34.8
N 0.0 195 91.5 91.5 76.4 80.3 46.5 57.9
O 35.7 51.3 55.9 49.5 39.3 25.2 62.1 45.6
P 71.8 32.4 85.3 83.7 79.9 61.1 60.5 67.8
Q 0.0 38.0 40.6 64.7 63.7 0.0 59.0 38.0
R 0.0 44.6 78.2 0.0 86.2 1.7 93.1 53.4
S 0.0 71.4 82.5 32.0 55.8 5.4 0.0 35.3
T 0.0 0.0 0.0 0.0 0.0 0.0 4.5 0.6
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Figure 35. Weekly variations of ammonia concentrations by dosing with the

fed-type odor reducing agent.
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Table 32. Weekly variation of H»S concentrations by dosing with the fed-type

odor reducing agent.

Concentration (nmol/mol)

Sample ¢ 2nd 3rd 4th 5th 6th 7th ~ Mean
Week Week Week Week Week  Week  Week

3.5 33.1 04 1,766.7 34823 5150 30.6 8331
1,760.5 117 12718 1,82677 6526 1,0575 2405 9745
1,227.0 29752 23140 22206 71000 13283 3,021.0 2,883.7

281.0 733 1,709.2 20255 84698 81159 1,800.9 3,210.8
672.1 13.8 45.1 149 3384 7443 11752 4291
7827 30787 68388  980.5 2,039.2 1,850.0 85831 2,514.7

26257 20834 22717 15587 1255 66323 6,566.1 3,123.3

T O = = O o w o>

6.7 24786 1151 15855 142577 59464 4482 17152

—

2458 23234 14301 6074 5670 1,599.9 1340.7 1,159.2
23076 25153 16138 1411 414 2879 50683 1,710.8
340.6 29605 79377 21603 8946  653.6 51390 1,849.6
1,4109 2291 5622 11,7711 19792 16924 39024 1,649.6
840.1 1,839.0 1,899.2 2296.6 4020 35615 9271.7 28729
24511 30264 2,051.7 15761 42280 76541 82419 41756
3,096 23320 16450 1968 1,7098 8669 7,207.0 2,436.1
20373 24591 1,339.7 32108 48729 1,7682 5671.8 3,0514
3741 1,0525 1,3954 18641 2476 59522 30936 1,997.1
1,211.7 7639 16317 2777 50668 3811.8 59724 26766

nw =" O " O ZzZ 2 & XN —

281 4566 5637 1,033.0 470577 105162 1,650.6 2,707.7
T 991.6 1,5505 3963 1951.8 61079 78691 2091 27252

Control 2,274.8 4776 18720 1509.7 75686 7,133.8 1,149.3 3,140.8
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Table 33. Weekly variation of CH3SH concentrations by dosing with the

fed-type odor reducing agent.

Concentration (nmol/mol)

Sample "y ond  3rd  4th  5th 6th  7th  Mean
Week Week Week Week Week Week  Week

A 19.3 79.6 3.8 1269 370.7 3965 1064 1576
B 631.4  109.0 83.1 151.6 2386 3511 1193 2477
C 4131 4885 3038  228.0 451.0 3059 2045 3493
D 724 11677  109.2 1005 6358  692.0 442.3  309.8
E 229.9 37.1 139 454 1354 108.6 3134 1263
F 4979 8316 60.2 83.0 2752 6381 1,18.1 510.2
G 629.0 4731 3000 1154 1820 321.8 1,027.3 4355
H 399 2444 84.3  120.7 3139 6422 256.4 2431
I 1679 3185  131.0 89.0 1452 932.6 3956.6 3058
J 2965  263.6 92.9 81.9 56.6 1536 29713 1775
K 3575 4213 629 2788 216.1  581.1 808.0 3894
L 316.4 68.4 535  262.3 1629  353.7 2711.3 2126
M 1515 410.7 60.8 4145 146.7  187.6 332.1 2434
N 4271 5751 110.9 98.8 4937  266.6 6471  374.2
O 668.8  145.1 1099  107.1 1972 110.0 4779 2594
P 5309 5792 3948 4928 1383 4685 985.7  691.0
Q 1645 2040 1173 2789 1557 252.7 190.5 1948
R 2243 1915 1304  137.1 3047 3541 305.8 2354
S 116.3 86.5 1847 1146 5889 7737 149.2 2877
T 44177 6262 1546  259.6 5971 6816 159.3 4171
Control 486.2  189.1 2259 1284 3286 2484 2125 2599
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Table 34. Weekly variation of DMS concentrations by dosing with the

fed-type odor reducing agent.

Concentration (nmol/mol)

Sample {5 2nd 3rd 4th 5th 6th 7th ~ Mean
Week Week Week Week Week Week  Week

A 31.6 23.7 20.7 82.0 75.3 54.8 53.4 48.8
B 9.3 18.3 31.1 39.0 1039 36.5 46.7 40.7
C 167.5 343 1076 78.5 46.5 23.7 39.1 71.0
D 176 19.7 42.6 32.9 63.6 32.9 26.0 33.6
E 32.2 9.8 6.2 15.0 31.0 8.5 52.4 22.1
F 445 1274 8.6 14.6 8.9 31.0 484 40.5
G 30.3 21.0 10.7 92.5 484 53.0 96.9 447
H 65.2 46.0 172 25.2 48.5 45.7 56.6 43.5
I 159 13.7 7.4 154 38.2 48.4 32.9 24.6
J 17.3 30.5 179 63.0 30.5 50.2 25.9 33.6
K 29.2 51.6 10.5 182 36.8 154 62.5 32.0
L 20.4 134 6.1 02.1 70.8 53.4 62.3 39.8
M 36.3 1047 187  100.2 46.1 35.8 52.5 56.3
N 26.7 69.5 11.5 15.0 28.1 20.3 34.3 29.3
O 42.6 207 385 234 25.6 16.4 152 271
P 81.2 69.1 25.9 o84 92.8 28.8 60.9 99.6
Q 219 48.0 36.1 72.6 79.1 86.2 32.3 53.7
R 116 13.3 171 37.2 19.6 194 45.4 23.4
S 88.9 185 30.3 76.2 1092 1412 23.8 69.7

T 16.8 174 31.0 526 1143 1500 1769 79.9

Control  40.5 26.5 485 38.1 70.7 42.9 22.5 41.4
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Table 35. Weekly variation of DMDS concentrations by dosing with the

fed-type odor reducing agent.

Concentration (nmol/mol)

Sample {5 2nd 3rd 4th 5th 6th 7th ~ Mean
Week Week Week Week Week Week  Week

A 26.7 13.2 1.8 2.9 2.5 6.1 4.3 8.2
B 20.8 33.3 2.1 2.9 3.9 4.4 2.6 10.7
C 178 6.5 4.1 3.5 2.6 3.1 2.0 0.7
D 6.6 15.2 2.6 1.9 5.1 4.9 3.9 5.7
E 10.6 11.2 2.3 6.5 2.5 1.2 4.6 5.6
F 185 9.6 2.0 4.0 2.8 54 5.8 6.9
G 7.0 9.4 3.0 3.1 0.1 3.1 10.8 0.9
H 114 3.1 3.8 2.8 4.1 3.3 4.0 4.6
I 7.7 2.8 2.0 2.2 2.0 5.5 3.2 3.6
J 4.1 3.0 2.2 3.4 1.8 3.0 2.2 2.8
K 155 4.6 2.9 45 2.9 6.4 7.0 6.3
L 6.9 3.9 2.4 0.2 1.8 3.9 24 3.8
M 46 9.3 1.6 5.6 2.5 1.5 2.9 4.0
N 6.4 6.5 1.8 2.7 5.3 2.8 4.3 4.2
O 8.1 2.6 2.5 85 2.0 1.3 3.0 4.0
P 13.3 9.4 6.5 104 14.1 4.2 6.6 9.2
Q 9.0 6.1 2.5 6.3 4.2 1.9 1.7 4.5
R 5.9 4.9 2.3 4.0 2.8 2.9 2.1 3.5
S 19.1 3.8 4.3 3.5 44 4.6 1.8 5.9

T 21.5 174 5.5 4.7 55 6.2 44 9.3

Control  15.1 9.0 4.3 3.2 2.9 2.3 2.2 5.6
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Figure 36. Weekly variations of H>S concentrations by dosing with the

fed-type odor reducing agent.
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Figure 37. Weekly variations of CH3SH concentrations by dosing with the

fed—-type odor reducing agent.
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Figure 38. Weekly variations of DMS concentrations by dosing with the

fed-type odor reducing agent.
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Figure 39. Weekly variations of DMDS concentrations by dosing with the

fed—-type odor reducing agent.
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Table 36. Removal effect of HoS by dosing with the fed-type odor reducing

agent.
Removal effect (%)
sample "7 ond 3rd  4th  5th  6th  7th  Mean
Week Week Week Week Week Week Week

A 99.8 93.1  100.0 0.0 54.0 92.8 97.3 76.7
B 22.6 97.5 32.1 0.0 914 85.2 79.1 58.3
C 46.1 0.0 0.0 0.0 6.2 381.4 0.0 19.1
D 87.6 84.6 8.7 0.0 0.0 0.0 0.0 25.9
E 70.5 97.1 97.6 99.0 95.5 89.6 0.0 78.5
F 65.6 0.0 63.2 61.5 73.1 74.1 0.0 48.2
G 0.0 0.0 0.0 0.0 98.3 7.0 0.0 15.1
H 99.7 0.0 93.9 0.0 81.2 16.6 61.0 50.3
I 89.2 0.0 23.6 59.8 92.5 77.6 0.0 489
J 0.0 0.0 13.8 90.7 99.5 96.0 0.0 42.8
K 85.0 0.0 57.6 0.0 38.2 90.8 0.0 459
L 38.0 52.0 70.0 0.0 73.8 76.3 0.0 44.3
M 63.1 0.0 0.0 0.0 94.7 50.1 0.0 29.7
N 0.0 0.0 0.0 0.0 44.1 0.0 0.0 6.3
O 0.0 0.0 12.1 87.0 774 87.8 0.0 37.8
P 10.4 0.0 284 0.0 35.6 75.2 0.0 214
Q 83.6 0.0 25.5 0.0 96.7 16.6 0.0 31.8
R 46.7 0.0 12.8 81.6 33.1 46.6 0.0 315
S 98.8 4.4 69.9 31.6 37.8 0.0 0.0 34.6
T 56.4 0.0 78.8 0.0 19.3 0.0 81.8 33.8
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Table 37. Removal effect of CH3sSH by dosing with the fed-type odor reducing

agent.

Removal effect (%)

Sample 7 9nd  3rd  4th  5th  6th  7th  Mean
Week Week Week Week Week Week Week

A 96.0 57.9 98.3 1.1 0.0 0.0 49.9 43.3
B 0.0 42.4 63.2 0.0 274 0.0 43.8 20.3
C 15.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1
D 85.1 38.3 o1.7 21.7 0.0 0.0 0.0 28.1
E o2.7 30.4 93.8 64.6 58.8 56.3 0.0 58.1
F 0.0 0.0 73.3 35.3 16.2 0.0 0.0 17.8
G 0.0 0.0 0.0 10.1 44.6 0.0 0.0 7.8
H 91.8 0.0 62.7 6.0 4.5 0.0 0.0 23.6
I 65.5 0.0 42.0 30.6 55.8 0.0 0.0 21.7
J 39.0 0.0 58.9 36.2 32.8 38.2 0.0 36.4
K 26.5 0.0 2.2 0.0 34.2 0.0 0.0 19.0
L 34.9 63.8 6.3 0.0 50.4 0.0 0.0 32.2
M 68.8 0.0 73.1 0.0 554 24.5 0.0 31.7
N 12.2 0.0 50.9 23.1 0.0 0.0 0.0 12.3
O 0.0 23.3 51.3 16.6 40.0 55.7 0.0 26.7
P 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Q 66.2 0.0 48.1 0.0 52.6 0.0 10.3 25.3
R 93.9 0.0 42.3 0.0 7.2 0.0 0.0 14.8
S 76.1 4.3 182 10.7 0.0 0.0 29.8 217.0
T 9.2 0.0 31.6 0.0 0.0 0.0 25.0 9.4
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Table 38. Removal effect of DMS by dosing with the fed-type odor reducing

agent.
Removal effect (%)
sample "7 ond 3rd  4th  5th  6th  7th  Mean
Week Week Week Week Week Week Week

A 22.1 10.4 57.3 0.0 0.0 0.0 0.0 12.8
B 76.9 30.9 35.9 0.0 0.0 15.0 0.0 22.7
C 0.0 0.0 0.0 0.0 34.3 445 0.0 11.3
D 56.5 256 12.1 13.6 10.0 23.3 0.0 20.2
E 20.6 62.8 87.2 60.5 56.2 80.3 0.0 52.5
F 0.0 0.0 82.3 61.8 874 207 0.0 37.0
G 25.3 20.6 78.0 0.0 31.6 0.0 0.0 22.2
H 0.0 0.0 64.6 33.9 314 0.0 0.0 18.6
I 60.7 48.1 84.7 59.7 459 0.0 0.0 42.7
J 97.3 0.0 63.1 0.0 56.9 0.0 0.0 25.3
K 279 0.0 78.3 52.2 479 64.2 0.0 38.6
L 49.7 49.3 87.3 0.0 0.0 0.0 0.0 26.6
M 10.4 0.0 61.5 0.0 34.8 16.7 0.0 17.6
N 34.0 0.0 76.2 60.6 60.2 52.7 0.0 40.6
O 0.0 0.0 20.6 38.5 63.9 61.7 32.4 31.0
P 0.0 0.0 46.5 0.0 0.0 329 0.0 11.3
Q 46.1 0.0 25.5 0.0 0.0 0.0 0.0 10.2
R 71.4 49.6 64.7 2.3 72.2 54.8 0.0 45.0
S 0.0 30.1 375 0.0 0.0 0.0 0.0 9.6
T 98.5 34.1 36.0 0.0 0.0 0.0 0.0 18.4
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Table 39. Removal effect of DMDS by dosing with the fed-type odor reducing

agent.

Removal effect (%)

Sample 7 9nd  3rd  4th  5th  6th  7th  Mean
Week Week Week Week Week Week Week

A 0.0 0.0 584 10.8 16.0 0.0 0.0 122
B 0.0 0.00 50.7 11.5 0.0 0.0 0.0 8.9
C 0.0 279 4.2 0.0 10.9 0.0 7.3 7.2
D 56.2 0.0 40.2 42.7 0.0 0.0 0.0 19.9
E 30.9 0.0 46.3 0.0 15.0 50.6 0.0 20.3
F 0.0 0.0 52.6 0.0 3.4 0.0 0.0 8.0
G 4.0 0.0 29.0 4.3 0.0 0.0 0.0 125
H 24.9 65.8 10.7 139 0.0 0.0 0.0 16.5
I 49.4 69.1 53.3 33.1 31.1 0.0 0.0 33.7
J 73.2 66.8 49.3 0.0 37.9 0.0 0.5 32.5
K 0.0 49.0 31.8 0.0 1.0 0.0 0.0 11.7
L 4.4 56.9 44.9 0.0 40.3 0.0 0.0 28.1
M 69.5 0.0 63.3 0.0 164 35.6 0.0 26.4
N 57.8 28.2 57.2 18.0 0.0 0.0 0.0 23.0
O 46.4 71.8 42.5 0.0 30.4 43.8 0.0 33.6
P 12.3 0.0 0.0 0.0 0.0 0.0 0.0 1.8
Q 40.7 33.0 41.6 0.0 0.0 20.2 23.9 22.8
R 61.2 46.1 45.3 0.0 3.8 0.0 2.3 22.7
S 0.0 o577 0.0 0.0 0.0 0.0 16.1 10.5
T 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Figure 40. Daily comparison of ammonia concentrations by

dosing with the spray-type odor reducing agent.

Table 41. Daily removal effect of ammonia by dosing with the spray-type

odor reducing agent.

Removal effect (%)

Sample Mean
1st day 2nd day 3rd day
A 36.9 14.3 12.0 21.1
B 9.5 0.0 0.0 3.2
C 0.0 11.3 0.0 3.8
D 29.5 38.2 16.5 28.0
E 0.0 0.0 139 4.6
F 0.0 0.0 26.4 8.8
G 0.0 0.0 1.3 0.4
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Figure 41. Daily comparison of HsS concentrations by dosing
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Figure 43. Daily comparison of DMS concentrations by dosing

with the spray-type odor reducing agent.
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Figure 44. Daily comparison of DMDS concentrations by dosing

with the spray-type odor reducing agent.

Table 42. Daily removal effect of HoS by dosing with the spray-type odor

reducing agent.

Removal effect (%)

Sample Mean
1st day 2nd day 3rd day
A 45.2 18.2 0.0 21.1
B 33.0 0.0 0.0 11.0
C 43.0 53.8 40.9 47.5
D 43.2 55.6 73.1 57.3
E 0.0 0.0 0.0 0.0
F 0.0 0.0 0.0 0.0
G 0.0 0.0 3.9 1.3
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Table 43. Daily removal effect of CH3SH by dosing with the spray-type odor

reducing agent.

Removal effect (%)

Sample Mean
1st day 2nd day 3rd day
A 29.0 14.8 5.4 16.4
B 42.5 12.0 18.4 24.3
C 37.4 64.1 21.7 43.0
D 25.0 37.0 59.5 40.5
E 0.0 0.0 194 6.5
F 0.0 0.0 15 0.5
G 0.0 0.0 0.0 0.0

Table 44. Daily removal effect of DMS by dosing with the spray—type odor

reducing agent.

Removal effect (%)

Sample 1st day 2nd day 3rd day Mean
A 50.5 0.0 0.0 16.8
B 184 56.7 40.4 38.5
C 119 4.2 15.8 10.6
D 31.1 189 98.8 36.6
E 16.0 0.0 40.4 18.8
F 0.0 0.0 18.3 6.1

G 0.0 0.0 29.8 9.9
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Table 45. Daily removal effect of DMDS by dosing with the spray-type odor

reducing agent.

Removal effect (%)

Sample Mean
1st day 2nd day 3rd day
A 4.2 0.0 0.0 14
B 19.7 3.0 16.7 13.1
C 7.1 12.3 15.1 115
D 19.1 13.3 100.0 44.1
E 0.0 0.0 6.0 2.0
F 5.8 15.7 47.2 22.9
G 0.0 0.0 4.7 1.6
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Figure 45. Schematic diagram of microorganism and physical removal

systems.
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nAE Ao AARHE Ast7] fste] o A di T ARE
AHAsFG o, =4 A3Z Table 46, Figure 46°] YEFHATH WA njAE A2
WA A o AA A I 59 dRUYel vk A7 4046.95 nmol/mol 7
3,068.75 nmol/mol= 24.2%°] AAEZNE YellA. =3 FssEe A&
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UERE I, DMDS A#S HE8H vwre] w5 YEhde] 1 a9E st
o oy o] mtt, 28 WA At 5 PA, nBA, n-VAE Z7F 88.4%,
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S84 Ao Ae A% w5 uudt Ay= Table 47, Figure 47
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Table 46. Removal effect of the odorous compounds by microorganism

removal system

Concentration (nmol/mol)

Odorous

Compound Before Removal After Removal — Removal Effect (%)
NH; 4,046.95+519.40 3,068.75+180.51 24.2
H>S 96.87+15.48 25.58+16.06 73.6
CH3SH 4.25+2.16 1.16£1.64 2.7
DMS 1.13£1.60 0.0£0.0 100.0
DMDS N.D N.D -
PA 86.65+88.00 10.07+5.37 88.4
n-BA 45.53+£58.50 1.94£2.75 95.7
1so-VA 139.87+£175.45 147.89+195.94 0.0
n-VA 10.06£7.11 4.19+2.20 58.3
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Table 47. Removal effect of the odorous compounds by physical removal

system.
Odorous Concentration (nmol/mol)
Compound Before Removal After Removal  Removal Effect (%)
NH3 8651.95+6328.94 3100.64+1613.87 64.2
HsS 64.26+10.84 43.04£9.98 33.0
CH3;SH 2.90£1.65 2.05£2.90 29.2
DMS 1.38+1.96 1.40+1.98 0.0
DMDS N.D N.D -
PA 46.05+37.58 9.90+2.33 78.5
n-BA 17.49+21.99 2.50+3.53 85.7
1s0-VA 146.33+186.96 147.77+201.19 0.0
n-VA 3.71+£3.71 1.80+0.17 51.6

Table 48. Concentrations of odorous compounds after applying microorganism

removal system and physical removal system.

Odorous Concentration (nmol/mol)

Compound Microorganism (M) Physical (P) M/ Ratio
NH; 3,068.75+180.51 3100.64£1613.87 1.0
HyS 25.58+16.06 43.04£9.98 0.6
CHsSH 1.16£1.64 2.05+2.90 0.6
DMS 0.0+0.0 1.40£1.98 -
DMDS N.D N.D -
PA 10.07+5.37 9.90+2.33 1.0
n-BA 1.94£2.75 2.50+3.53 0.8
1s0-VA 147.89+£195.94 147.77+201.19 1.0
n-VA 4.19+2.20 1.80+0.17 2.3
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Figure 46. Removal effect comparison of the odorous compounds
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12.0
8.0 Before Removal
— After Removal
©
S
=
g
e 4.0 A
c
Ke)
S
€
@
g
S 01
O
%
?
% 4
0.0 in B~ =

-VA

HoS CH3SH DMS DMDS PA n-BA

Figure 47. Removal effect comparison of the odorous compounds

by physical removal system.

- 121 -



3.5

Microorganism

—~ 3.0 - Physical
©
S
=
]
1S
2
= 25
RS .
=
[
3
c 0.1+
S
(@)

0.0 %E PR Y B =

T T
NH3 H2S CHzSH DMS DMDS PA n-BA iso-VA n-VA

Figure 48. Concentration comparison of odorous compounds after

applying microorganism removal system and physical

removal system.

- 122 -



AFA A FE EALA FFHE S
A BT FHAARA aFS A, 1 A3
Py B s ALHA b =9ka, TSPS PM S F3d&d e
2, PMps9F PMi2 3@ A d 2ol o =2 w55 Helisdth
A~

FEYol wr= AxHe] FHEY 30w ¥, FEIF

umol/mol® WA ~ad o H3 328 =gt a8]la Efvdolyl =% I
g A =okar, oAFHl Bls] 399 AolE EHUT EF =AMEEE 7
Ay urae] JptaE A~z v 268 =oth E NH;9 TMAE &

B r=088)= Ho F EHo] L3 7ol o TAE= Ao dddTh
g3l3tE H.S, CHsSH, DMS+ A& #o] ofFHHY 22~328] ¢ =2 5%
= Hli, DMDS+= #l=3871541(9 ppbv) °lske] =& e, B S
FEEed st I d Aol vlel 358 F=7F =9k, CH3SHet
DMS+ &gz ugo] /== s vlaf z-zk 1.9, 3.88) =kt
lol=3l3E ACHOE= A&l 16.06 nmol/mol, PCHO, n-BCHO, iso-
VCHO= 7F&#ol| 7}7} 3.83, 2911, 2.473 nmol/mol, n-VCHO= o &4 2.299
nmol/molZ Y =& FTEE YEUAY. & ACHO, n-BCHO, n-VCHO= %
Fadguao] A aadgHe] Hls) 1.1~14w =31, PCHO® iso-VCHO

= FREedde AgEEde AN TRV ¥ =2 Aem AR

s
4

OH

o

agar ol dHstol=sgE EF wMEs87]E oldte] s UEWo] =
Aol WA= G@e] wmdk Aoz HrhE v

39§71 3 S MEK, 7so-BuAl, MIBK, BuAc, Xylene® %% ZH7; 6.02,
2.14, 058, 0.61, 1.35 nmol/mol® 7ol =i, Toluene¥} Styrenes 7} ol
ath. MEK= 3 EH 824 473 nmol/molz® 713 2~ e v ol H] 3|
1.6W] =3kth E jso-BuAlZl MIBK+ 73 d~addldia @& v25 Bl =
Abell wls] Zhzb 14, 1.389 =A ZAME Y 18]y Toluene, BuAc, Styrene,
Xylened s%+ Z+zF 1.81, 058, 0.60, 1.28 nmol/molZ WA ~a#H 7 &8
Aol Ha] 1.2~2.08 o =gtk 2eja R FIISEES e mAlA
HAoAAFE olste] FEE Ho] I g2 18 A B2 Aow FAHHIAG

Hie



o]

OH:—

e

At A /ot n] =4k A
s}

1t

3ol

=4}

p=]
=

-%1-
A

5\_ §}'~
=]
-

33t A/

.

L
= A

) 199 o =A vhepg

0

grw ol Eelu gk,

A/ S A, A/

\

e Aol A 34.1%, A
3

Aol w]
},

7

F A 2 A ol A

HO]— Al

-

T

o

I

]

(e}
A
=

g

).
H

i

(ILS, CH;SH, DMS) = A &3}

J

A
FEYol AAZ

PA, nBA, iso-VA7}
AH A7} 64258 N A= H

(0Q)= nBA
o} 3] A 7HA) 9

O~

<
T
O——A

R

1

£

Aol =7 HEbs T

SR
o
=
Fol &

1

B2
, B2 3 A iAo Al Ao AE hR Yol AAEZHI} e Aom FAETH

249.71, 34.237, 20.0833 nmol/mol= o FHHT 16~2.69 =A e

o L= 580~874%%2 MWE =AY H

PRE L

=
ar

tl

o}
=
WA T3 ES =Ak] 3ol 24 ¥ EEE 2AEATY. 1y

3lo
= U

=

—

=
=%

N

oF
3

T8

-

15441,

=K

BH

!

=2} o)
#o] a1

1

gl

-

s

o

3 4]
AR =l ol A
o =

o

-
.

=
=]

IR R

°©

o}

JA] oFA7IE Thots 93RA o

g 5717 9
1A

I p—cresol, skatole, indole

R4

2
=

°

2 A\ 24 o]
24744

H A
- 124 -

o}
o}
ol

I
Rl

A

o

A2

H] A A

-
T



10.

11.

12.

ANE, vAleg AAE (2005) 7] T gEUYol AR EAW A UV/
VIS #3345 o] &3k olu A Ao A7, =it sks] 18(5), 425

DA, oA, HEE 197 FRHEWL o4 FY8AF dwio} ¥
H, AFFE A, 116, 44-49.

gest, olAE (20000 7] F GEUel b W G oo REe AT
Z4 gy N, AT BH5 8] FAGEUE =R, 96-97.

wAA, F44 _‘Uﬂ‘iﬂ, A9 (2012) FEAlAEOAM EAsE ofH S5 B

787, o]€<*, Hashimoto. Y. (1982) tf7]s < =Yool W AdrngFgel IH
ER ol B A, WEsieks]«], 26(1), 36-42.
A, A5, D5, dlolZe Aol (2012) FAF FHAL 71&

BIA - F8 7% R AYAE FHOE -, BP9/ EaA, 5354

AR (2004) S FASAe Tied A R Sl dd @47,

12(7), 134, 5-14.

=713k (2004) wig]Zol A LA E = Trimethylamine?] ¥4 % wj&E54 o
T, S g3 A, 10(4), 241-248.

R, EE, 1A (2005) A AAGH T A7 ARG GOl A B == ok
B4 2 I {7t E AL S lA B e A, 4(4), 216-222.

UMYl (2012) ERAFAG @ AFEme] okAAY wH, Awdsta o)

- 125 -



2l 2E W AT

by

, A71E (2002) 2558

S|
ax

¢+
B

B

)

X
;él

ojekel, M Abekel e
L o143 (1994) o131 o

1

<

°

T

4
oy
1o

iz
iz

15. P %

i
7
N

2]

} (2003) GC/FPDel ¢

s

]o %1, S+l (2006) =4t

o

pra

A‘ﬂ ’

g 7]

2=

15

s

v A A e T

1

9
i

_?4

[e)

3] 16(3), 240-248.

1.

9
el

Pz
|

S|
ax

e
18 @7 (2010) FAkorA A7

nlAd, %3l

y

. (2006)

o

:T_L

i

o, T
R

O

H

Z‘i_]_—

17. ¢4

~
Ao

Mo

7kl wh

=]
=

AL

A 73 Al ol A

T

=]

st

=

=i}
eSS, E718 (2009)
}3], 18, 29-34.

e}

(2005) =AF
11(1), 45-54.

X

[e)
24, ol¥Z (2007) <H|

o
A/

ZREE

F3]1 %], 36(2), 87-95.

F3] 7], 38(3), 308-314.

(2008)

O o;
=%

R

25. ]

;e

7A

ﬁo
e

-

ol

wir
ﬂﬂ

oF
o)

g]

A, S E-A

= U
oA

=
.

oF

<= (2010)

[e)
214

27. o] >4,

141, 38(3), 244-254.

S35
S}

.
R

- 126 -

i=d]
=



FHEA L A A B3I AT, =

28. °o]F= (2011) =gk =4S

ol

o]

EEE =T B

>
A, =7 ehs] 57

29.

—

~H
aid
4

o
A

Tor

ki3

oF 7heso] Hstel

-353.

gy 5= st

-
s

= AP A A LA H

=]
, Shr WA 3 ek s, 11(4), 174-183.

>
.

@ (2012)

, ©1&

&

A

=z} ©
34,

30. ©]

Al
A

1 (2004)

[e]
5
Rins

, 2171

F3) ], 21(2), 107-116 (2004).

F3] (2013) AlFA S Fmal Aol

364-374.

il

3] 7], 13(1), 33-40.

a9 7} 8}

3

F287

=

o
!
ﬁo

"
N

(1999) #H] 2=

o
T

il

34.

A (2002) Bacillus polyfermenticus SCD

= u| A& A s3] A, 30(4), 359-366.

s

’

e
=4 @

o QA=A ¢

g+3] ], 3(3), 160-165.

9, Avts A3 (2007) 2003 2 20061 o] o

,

&

6(1),

F814],

R ES S

=3

)

10-19.

, A5 (2010) $HE 71 =AA

e
o
o

= WA 83, 9(2). 80-89.

s

How -

o

o

7

AlgtakdebA] o] 5}

3] %], 5(4), 207-216.

(13
o

473

A

)

- 127 -



40.

41.
42.

43. 3
44. 37
45. $+74
46.
47.

48.

49.

90.

ol.

o2.

Nn

HAL (2009) FAAeFNAA S AT F3A oA AG M=o £,

A% (2013) 7+ 5
W, FRE (2005 FE MMM WA= oA @ 2AY B4, AT
7187 et EA k=) 3], 374-375.
- (2007) oA e g FAH.
H(2007) oS HAI AR,
- (2008) 20061 &= stetEd wiE T TARA I
785 (2012) 2011 of AW HEjEA] BaLA.
Ahn, J. W., S. K. Pandey, and K. H. Kim (2011) Comparison of GC-MS
calibration properties of volatile organic compounds and relative quantifica

—-tion without calibration standards, Journal of Chromatographic Science,

49(1), 19-28.

Amon, M., M. Dobeic, T. M. Misselbrook, B. F. Pain, V. R. Phillips, and
R. W. Sneath (1995) A farm scale study on the use of De-Odorase® for
reducing odour and ammonia emissions from intensive fattening piggeries,

Bioresource Technology, 51, 163-169.

Baek, B. H., V. P. Aneja, and Q. Tong, (2004) Chemical coupling between
ammonia, acid gases, and fine particles, Environ.mental pollution, 129(1),

89-98.

Berg, R. D. (1998) Probiotics, prebiotics or conbiotics?. Trends in Microbio
-logy. 6, 89-92.
Berico M., A. Lucinni, and M. Formignani (1997) Atmospheric aerosol in

an urban area—measurement of TSP & PMj, standards and pulmonary

deposition assessments, Atmospheric Environment, 31(21), 3659-3665.

Bernstein, J. A., N. Alexis, H. Bacchus, I. L. Bernstein, P. Fritz, E.
Horner, N. Li, S. Mason, A. Nel, J. Oullette, K. Reijula, T. Reponen, J.
Seltzer, A. Smith, and S. M. Tarlo (2008) The health effects of

non-industrial indoor air pollution, Journal of Allergy and Clinical

- 128 -



93.

4.

9.

56.

oT.

S8.

99.

60.

61.

62.

Immunology, 121(3), 585-591.

Bodalal, A., J. S. Zhang, and E. G. Plett (2000) A method for measuring
internal diffusion and equilibrium partition coefficients of volatile organic
compounds for building materials, Building and Environment, 35(2), 101

-110.

Buijsman, E., H. F. M. Mass, and W. A. H. Asman (1987) Anthropogenic

NH; emission in europe, Atomospheric Enviroment, 21(5), 1009-1022.

Burnett, W. E. (1969) Air pollution from animal wastes: determination of
malodors by gas chromatographic and organoleptic techniques. Environmental

Science & Technology. 3, 744-749.

Carter, W. P. L. (1995) Computer modeling of environmental chamber
studies of maximum incremental reactivities of volatile organic compounds.

Atmospheric Environment, 29, 2513-2527.

Celebi, U. B. and N. Vardar (2008) Investigation of VOC emissions from
indoor and outdoor painting processes in shipyards, Atmospheric Environ

—-ment, 42(22), 5685-5695.

Charai, M., M. Mosaddak, and M. Fail (1996) Chemical composition and
antimicrobial activities of two aromatic of two aromatic plants: Origanum

majorana L. and O. compactum Benth, Journal of Essential Oil FResearch,
8(6), 657-664.

CIGR-Commission International de Genie Rural (1994) Aerial environment
in animal housing. Eoncentration in and Emissions from farm buildings.

Working Group report seroes NO. 94. 1.
Coleman, R. N., J. J. R. Feddes and B. S. West (1991) What is odour and

the potential for its control? in proceedings of western branch meeting,

Canadian Society of Animal Production, Chilliwack(Abs.).

Collington, G. K., Parker, D. S., Ellis, M. and Armstrong, D. G. (1998)
The influence of probiotics or tylosine on growth of pigs and development

of the gastro-intestinal tract, Animal Production, 46(Abs.), 521.

Cooper, P. and 1. S. Cornforth (1978) Volatile fatty acids in stored animal

- 129 -



63.

64.

60.

66.

67.

68.

69.

70.

71.

slurry. Journal of the Science of Food and Agriculture, 29(1), 19-27.

Cruwys, J. A., R. M. Dinsdale, F. R. Hawkes, and D. L. Hawkes (2002)
Development of static headspace gas chromatographic procedure for the

routine analysis of volatile fatty acids in wastewaters, Journal of

Chromatography A, 945, 195-209.

Delgado-Saborit, J. M. and V. J. Esteve-Cano (2008) Assessment of
troposperic ozone effects on citrus crops using passive samplers in a
western Mediterranean area, Agriculture Ecosystems & Environment, 124,

147-153.

Duchaine, C., Y. Grimard, and Y. Cormier (2000) Influence of building
maintenance, environmental factors, and seasons on airborne contaminants
of swine confinement buildings, American Industrial Hygiene Association

Journal, 61, 56-63.

Dorman, H. J. D., and S. G. Deans (2000) Antimicrobial agents from
plants: Antibacterial activity of plant volatile oils, Journal of Applied
Microbiology, 83(2), 308-316.

Fedele, R., LE. Galbally, N. Porter, and I.A. Weeks (2007) Biogenic VOC
emissions from fresh leaf mulch and wood chips of Grevillea robusta

(Australian Silky Oak), Atmospheric Environment, 41(38), 8736-8746.
Fuller, R. (1989) Probiotics in man and animals. a review. Journal Appl

Bacteriol, 66(5), 365-378.
Grieshop, C. M., D. E. Reese, and G. C. Fahey. (2001) Nonstarch polysacc

-harides and oligosaccharides in swine nutrition. page 107 - 130 in Swine
Nutrition, 2nd ed. A. J. Lewis, and L. L Southern, ed. CRC Press,
Washington, DC.

Grosjean, E., D. Grosiean, M. P. Fraser, and G. R. Cass(1996) Air quality
model evaluation data for organics. 3. peroxyacetyl nitrate and peroxypro
-pionyl nitrate in Los Angeles air, Environmental science and Technology;,

30(9), 2704-2714.

Gustafsson, G. (1999) Factors affecting the release and concentration of

- 130 -



2.

73.

74.

7.

76.

7.

78.

9.

80.

dust in pig houses, Journal of Agricultural Engineering KResearch, 74,

379-390.

Haghighat, F. and H. Huang (2003) Integrated IAQ model for prediction of
VOC emissions from building material, Building and Environment, 38,

1007-1017.

Hao, O. J., JM. Chen, L. Huang and R.L. Buglass (1996) Sulfate-reducing
bacteria, Critical Reviews in Environment Science and Technology, 26(2),

155-187.

Hayes, E. T., A. B. Leek, T. P. Curran, V. A. Dodd, O. T. Carton, V. E.
Beattie, and J. V. O'Doherty (2004) The influence of diet crude protein
level on odour and ammonia emissions from finishing pig houses, Bioresour

Technol, 91(3), 309-315.

Headon, D. R. and G. Walsh, (1994) Biological control of pollutants
principle of pig science. In biotechnology in the feed industry, D. J. A.
Cole, J. Wiseman, And M. A. Varley, Nottingham University press,
Nottingham, U.K.

Heber, A. J., M. Stroik, J. L. Nellssen, and D. A. Nichols (1988) Influence
of environmental factors in concentrations and inorganic content of aerial

dust in swine finishing building, 7Transactions of the ASAE, 31, 875-881.

Hobbs, P. J., T. H. Misselbrook and B. F. Pain. (1998) Emission rates of
odorous compounds from pig slurries. Journal of the Science of Food and

Agriculture, 77:341-348.

Hoshi, J. Y., S. Amano, Y. Sasaki, and T. Korenaga (2008) Investigation
and estimation of emission sources of 54 volatile organic compounds in

ambient air in Tokyo, Atmospheric Environment, 42, 2383-2393.

Hung, I. F., S. A. Lee, and R. K. Chen (1998) Simultaneous determination
of benzene, toluene, ethylbenzene, and xylene in urine by thermal desorption

—gas chromatography, Journal of Chromatography B, 706, 352-357.

Iversen, M., R. Dahl, J. Korsgaard, T. Hallas, and E.J. Jensen (1988)

Respiratory symptoms in Danish farmers: an epidemiological study of risk

- 131 -



31.

32.

33.

34.

35.

86.

87.

38.

89.

90.

factors. Thorax, 43(11), 872-8717.

Kaur, I. P., K. Chopra, A. Saini (2002) Probiotics: potential pharmaceutical

applications. European Journal of Pharmaceutical Sciences, 15(1), 1-9.

Kato, I, T. Yokokura, and M. Mutai (1983) Macrophage activation by
Lactobacillus casei in mice, Microbiology and Immunology, 27(7), 611-618.

Kelly, T. J., D. L. Smith, and J. Satola (1999) Emission rates of formalde
-hyde from materials and consumer products found in California homes.

Environmental science and Technology, 33, 81-88.

Kim, K. Y., H L. Choi, H. J. Ko, Y, G. Lee, and C. N. Kim (2006)
Evaluation of odor reduction in the enclosed pig building through spraying

biological additives, Journal of Animal Science Technology, 48(3), 467-478.

Kim, K. Y., H. J. Ko, H.  T. Kim, Y. S. Kim, Y. M. Roh, C. M. Lee, and
C. N. Kim (2008) Odor reduction rate in the confinement pig building by
spraying various additives. Bioresour Technol, 99(17), 8464-84609.

Kim, K. H., Z. H. Shon, M. Y. Kim, Y. S. Woo, E. C. Jeon, and J. H.
Hong (2008) Major aromatic VOC in the ambient air in the proximity of
an urban landfill facility, Journal of Hazardous Materials, 150, 754-764.

Klarenbeek, J. V. and M. A. Bruins (1998) Ammonia emissions from
livestock farming and sewage operations. Edited by Nielsen, V. C., J. H.
Voorburg and P. L'Hermite. Elsevier Applied Science, London, 73-84.

Komenda, M., E. Parusel, A. Wedel, and R. Koppmann (2001) Measurement
of biogenic VOC emissions: sampling, analysis and calibration, Atmospheric

Environment, 35(12), 2069-2080.
Jin, L. Z., Ho, Y. W., Abdulllah, N. and Jalaudin, S. (1996) Influence of

dried Bacillus subtilis and Lactobacillus cultures on intestinal microflora
and performance in broilers. Asian—Aust. Journal of Animal Science, 9,
397-403.

Le, P. D, A. J. A. Aarnink, N. W. M. Ogink, P. M. Becker, and M. W.
A. Verstegen (2005) Odour from animal production facilities: its relation to

diet, Nutrition Research Reviews, 18(1), 3-30.

- 132 -



91.

92.

93.

94.

95.

96.

97.

98.

99.

Leff, J. W. and N. Fierer (2008) Volatile organic compound (VOC) emissions
from soil and litter samples, Soil. Biol Biochem., 40, 1629-1636.

Lie, E. and T. Wellander (1997) A method for determination of the readily
fermentable organic fraction in municipal wastewater, Water Kesearch,
31(6), 1269-1274.

Lim, T. T., A. J. Heber, J. Q. Ni, A. L. Sutton and P. Shao (2003) Odor
and gas release from anaerobic treatment lagoons for swine manure.

Journal of Environment Quality, 32, 406 - 416.

Liu, C., Z. Xu, Y. Du, and H. Guo (2000) Analysis of volatile organic
compounds concentrations and variation trends in the air of Changchun,

the northeast of China, Atmospheric Environment, 34, 4459-4466.

Liu, P. W. G, Y. C. Yao, J. H. Tasi, Y. C. Hsu, L. P. Chang, and K. H.
Chang (2008) Source impacts by volatile organic compounds in an industrial

city of southern Taiwan, Science of the Total Environment, 398, 154-163.

Luo, C., C. S. Zender, H. Bian, and S. Metzger (2007) Role of ammonia
chemistry and coarse mode aerosols in golbal climatological inorganic

aerosol distributions, Atmospheric Environment, 41, 2510-2533.

Mackie, R. 1., P. G. Stroot, and V. H. Varel (1998) Biochemical identification
and biological origin of key odor components in livestock waste, Journal
of Animal Science, 76, 1331-1342.

Manou, I, L. Bouillard, M. J. Devleeschouwer, A. O. Barel(1998) Evaluation
of the preservative properties of Thymus vulgaris essential oil in applied

formulations under a challenge test, Journal of Applied Microbiology;
84(3), 368-376.

Maraziotis, E., L. Sarotis, C. Marazioti, P. Marazioti (2008) Statistical
analysis of inhalable (PMj) and fine particles (PM»5) concentration in

urban region of Patras, Greece. Global NEST Journal, 10(2), 123-131.

100. McCrory, D. F., and P. J. Hobbs (2001) Additives to reduce ammonia and

odor emissions from livestock wastes: A review. Journal of Environment
Quality, 30(2), 345-355.

- 133 -



101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

McGill, A. E. J. and N. Jackson (1977) Changes in short chain carboxylic
acid content and chemical oxygen demand of stored pig slurry, Journal

Science of Food and Agriculture, 28(5), 424-430.

Miner, J. R. (1977) Characterization of odors and other volatile emissions,

Agriculture and Environment, 3, 129-137.

Muehling, A. J. (1970) Gases and odors from stored swine wastes, Journal

of Animal Science, 30, 526-531.

Mollgarrd, H. (1946) On phytic, its importance in metabolism and it
enzymatic cleavage in bread supplemented with calcium, Brochemical

Journal, 40(4), 589-603.

Morrison, G. C. and W. W. Nazaroff (2002) Ozone interactions with
carpet, secondary emissions of aldehydes. FEnvironmental science and

technology, 36(10), 2185-2192.

Nagata, Y. (2003) Odor intensity and odor threshold value, Bulletion of

Japan, Environmental sanitation Center, 17-25.

Narkis, N., S. Henefeld-Fourrier, and M. Rebhun (1980) Volatile organic
acids in raw wastewater and in physico-chemical treatment, Water

Research, 14(9), 1215-1223.

Nordstrom, G. A. and J. B. McQuitty (1976) Manure Gases in the Animal

Environment, Department of Agricultural Engineering, University of Alberta.

O'Neill, D. H. and V. R. Phillips (1992) A review of the control of odour
nuisance from livestock buildings: Part 3, properties of the odorous
substances which have been identified in livestock wastes or in the air

around them, Journal of Agricultural Engineering Research, 53, 23-50.

Paoletti, L., B. D. Berardis, and M. Diociaiuti (2002) Physicochemical
characterisation of the inhalable particulate matter (PMjy) in an urban
area: an analysis of the seasonal trend, 7he Science of the Total

Environment, 292(3), 265-275.

Paster, N., M. Menasheov, U. Ravid, B. Juven (1995) Anti-fungal activity

of oregano and thyme essential oils applied as fumigants against fungi

- 134 -



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

attacking stored grain. Journal Food Protection, 58, 81-85.

QUARG (1996) Airborne particulate matter in the UK, 3rd Report of the
QUARG (Quality of Urban Air Review Group).

Rappert, S. and R. Muller (2005) Odor compounds in waste gas

emissions from agricultural operations and food industries, Waste Manage,

25(9), 887-907.

Ritter, W. F. (1981) Chemical and biochemical odour control of livestock
wastes: A review, Can. Agric. Eng., 23, 1-4

Ritter, W. F. (1989) Odour control of livestock wastes: state-of-the-art
in North America, Journal Agrictural Engineering Research, 42(1), 51-62.

Sarafraz-Yazdi, A., A. H. Amiri, and Z. Es’haghi (2008) BTEX deter
-mination in water matrices using HF-LPME with gas chromatography

—flame ionization detector, Chemosphere, 71, 671-676.

Satsumabayashi, H., H. Kurita, Y. S. Chang, G. R. Carmichael, and H.
Ueda (1995) Photochemical formation of lower aldehydes and lower fatty

acids under long-rang transport in cental Japan, Atmo. Environ., 29(2),

205-266.

Sawyer, Clair N., Perry L. McCarty, and Gene F. Parkin (2003)
Chemistry for Environmental Engineering and Science, McGraw-Hill, fifth

edition, 231-232, 689-698.

Schaefer J. (1997) Sampling, characterization and analysis of malodours,

Agriculture and Environment, 3, 121-127.

Schaefer, J., J. M. H. Bemelmans, and M. C. ten Noever de Brauw
(1974) Onderzoek naar de voor de stank van varkensmesteriijeen

verantwoordelijke componenten (Research into the comonents responsible

for the smell of piggeries), Landbouwkundig Tijdschrifi, 86(9), 228-232.

Schenk, M. and J. Wehrmanna (1979) The influence of ammonia in

nutrient solution on growth and metabolism of cucumber plants, Plant
and soil, 52(3), 403-414.

Scheuermann, S. E. (1993) Effect of the probiotic paciflor on energy and

- 135 -



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

protein metabolism in growing pigs. Anim. Feed Sci. Techol 41, 181-189.

Schiffman, S. S., J. L. Bennett and J. H. Raymer (2001) Quantification of
odors and odorants from swine operations in North Carolina. Agricultural

and Forest Meteorology, 108, 213-240.

Shah, S., P. Westerman, G. Grabow (2007) Additives for improving hog
farm air quality. AG-686W. North Carolina Cooperative Service. NC state
University, Raleigh, NC.

Spina, L., F. cavallaro, N. I. Fardowza, P. Lagoussis, D. Bona, C. Ciscato,
A. Rigante, and M. Vecchi (2007) Butyric acid: pharmacological aspects
and routes of administration, Digestive and Liver Disease Supplements 1,
7-11.

Spoelstra, S. F. (1980) Origin of objectionable odorous components in

piggery wastes and the possibility of applying indicator components for

studying odour development. Agriculture and Environment, 5:241-260.

Su, Y. C, C. C. Chang, and J. L. Wang (2008) Construction of an
automated gas chromatography/mass spectrometry system for the analysis
of ambient volatile organic compounds with on-line internal standard

calibration, Journal of Chromatography A, 1201, 134-140.

Varel, V. H. (2002) Carvacrol and thymol reduce swine wastes odor and

pathogens: stability of oils. Current Microbrol, 44. 38-43.

Wang, Q., Z. Han, T. Wang, and R. Zhang (2008) Impacts of biogenic
emissions of VOC and NOx on troposhperic ozone during summertime in

eastern China, Science Total Environment, 395, 41-49.

Warburton D. J., J. N. Scarborough, D. L. Day, A. J. Muehling, S. E.
Curtis, and A. H. Jensen (1980) Evaluation of commercial products for
odor control and solids reduction of liquid swine manure, American

Society of Agricultural Engineers, 306-313.

WHO (1987) Air quality guidelines for Europe, WHO European Series
NO 23, Copenhagen, Denmark.

WHO (1995) Acetaldehyde, Environmental Health Criteria 167, World

- 136 -



133.

134.

135.

136.

137.

138.

139.

140.

141.

Health Organization, International Programme on Chemical Safety, Genevem

suisse.

Williams, C. M., Schiffman, S. S. (1996) Effect of liquid swine manure
additives on odor parameters. In Proc. International Conference on Air

Pollution from Agricultural Operation. Kansas City, Mo: Midwest Plan
Service. 409-412.

Williams, E. L. and D. Grogjean (1990) Removal of atmospheric oxidants
with annular denuders, Environment Science Technolohgy, 24, 811-814.

Yasuhara, A., K. Fuwa, and M. Jimbu (1984) Identification of odorous
compounds in fresh and rotten swine manure, Agricultural Biological

Chemistry, 48, 3001-3010.

Yun, S. I. and Y. Ohta (20050 Removal of volatile fatty acids with
immobilized rhodococcus sp. B261, Bioresource Technology, 96, 41-46.

Zahn, J. A., ]J. L. Hatfield, Y. S. Do, A. A. Dispirito, D. A. Laird and R.
L. Pfeiffer (1997) Characterization of volatile organic emissions and

wastes from a swine production facility, Journal of Environmental

Quality, 26(6), 1687-1696.
Zhang, J., Q. He, and P. ]J. Lioy (1994) Characteristics of aldehydes:

concentrations, sources, and exposures for indoor and outdoor residential

microenvironments, Environmental science technology, 28(1), 146-152.

Zhu, J., G. L. Riskowski, and M.T. Torremorell (1998) Volatile fatty acids
as odor indicators in swine manure-a critical rewiew, 7Trasactions of the
ASAE. 42(1): 175-182.

Zhu, J. and L. D. Jacobson (1999) Correlating microbes to major odorous
compounds in swine manure. Journal of Environmental Quality 29, 737

-744.

Zhu, J. (2000) A review of microbiology in swine manure odor control.

Agriculture, Ecosystems & Environment, 73(2), 93-106.

- 137 -



el

Al o Aol 717t

|}

5
5)

Al A s}

ISR

1

]
yal

Z. =
T

=]

A

ol
~

WoHe o

ki3

A g ol Al ThA

)
) XO
70

p—

N

o
ey

N

el
£

o)

N

A

B

fite)

—

<A
uid

=3
o

B!

-
R

TR

ofp
n

T

o
ol

B!

!
i
B

)
o

~:!

)

F-Aol A

1

kel
of

580,

] o]

ko=
1l

o], At FHol, 4

o] 3

=&

[€)

el

i
<
mwo
xr
il

K
m
o)
TR
23]

el

—

O

1o

o)

o_um

4/\31/1’

R4
k<3
=

e A

°l
A7 ok AE

A A=,

=

—

1=
=

i

kAY

shsta} A,

o

1

nig
A

Plo

=u

ﬁo

oA
Ho

Ao R ol

Al

%

AEPYT 223 o] =Ro] e

1

k&

L
a

ol 7
- 138 -

=

—

1, =71

A

g, A,

}

0
yad

=
N

H]

KeR
=



KeX
=

1 €4

S

o W7h A}

=)
=]

Aol

o] HolE &

3]
k=

& ol A

8 FEs

7174

o

—
fite)

- 139 -



	I. 서 론
	II.이론적 고찰
	1. 악취의 정의
	2. 악취물질의 종류와 특성
	3. 악취의 영향
	4. 악취의 주요 발생원
	5. 축산악취의 특성
	1) 축산악취
	2) 축산악취의 생성
	3) 축산악취의 발생원인
	4) 축산악취의 저감기술
	5) 축산악취 저감 첨가제


	III. 연구방법
	1. 시료 채취 및 기기
	1) 시료 채취
	2) 측정 기기

	2. 입자상 물질과 악취물질 분석
	1) 입자상 물질 채취 및 분석
	2) 암모니아 채취 및 분석
	3) 황화합물 채취 및 분석
	4) 트리메틸아민 채취 및 분석
	5) 알데하이드화합물 채취 및 분석
	6) 휘발성유기화합물 채취 및 분석
	7) 휘발성 지방산 채취 및 분석
	8) 분석 데이터 신뢰도 평가


	Ⅳ. 결과 및 고찰
	1. 돈사 유형별 입자상 물질과 악취물질 농도
	1) 입자상 물질 농도
	2) 암모니아 농도
	3) 황화합물 농도
	4) 트리메틸아민 농도
	5) 알데하이드화합물 농도
	6) 휘발성유기화합물 농도
	7) 휘발성 지방산 농도
	8) 돈사 환기 및 분뇨 수거방식별 악취 농도 비교
	9) 악취 원인물질 기여도
	10) 입자상 물질과 악취성분들 간 상관성

	2. 급이용 악취저감제 효능 조사
	1) 급이용 악취저감제 선정
	2) 악취 시료 채취
	3) 암모니아 악취저감 효능 평가
	4) 황화합물 악취저감 효능 평가

	3. 살포용 악취저감제 효능 조사
	1) 살포용 악취저감제 선정
	2) 악취 시료 채취
	3) 암모니아 악취저감 효능 평가
	4) 황화합물 악취저감 효능 평가

	4. 악취 저감시설 효율 조사
	1) 악취 저감시설 선정
	2) 악취 시료 채취
	3) 악취 저감시설 효율 평가


	Ⅴ. 결 론
	Ⅵ. 참고문헌


