creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

@) HIZE SR SYEMT

JEN NATIONAL UNIVERSITY LIBRARY



EEIMREBR KEE

b 2 Ft

R

I

8

)

2018



AFAY FE GRBAY 2Y ¥
LRIEE:

HEPE £ B B

g 5 K

o] XS HE BN RNOE RHMT

20184 8AH

BERe BE ELEM RS HEF

FEZ AR 4} k?ﬁ |5
\’-:—7 5o

% E 7 \;;f
PR Y.
7 B ff\@ L@

PHIRER KEEE

20184F 8A



Analysis and Emission Characteristics of
Odor Compounds from Swine Farms of
Jeju Area

Gil-won Jeong
(Supervised by professor Chang-Hee Kang)

A thesis submitted in partial fulfillment of the
requirement for the degree of Master of Science

2018. 8.

This thesis has been examined and approved.

DEPARTMENT OF CHEMISTRY
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



LISt Of TABIES  +reeeesesesessesssesmunsesessssissssissese sttt bbb bbb i
LISt Of FHGUIES  +rvereeeseesserssssssesssssssie sttt v
ABSTRAQGT  eeeeesereseressessssmetesesetetsts sttt ettt asae bbbt s st bbb ses v
L A L bbb 1
L S FEHFE oottt 5
L A= A5 5 717
1.1 AL E JJ 3] ceeereeereneeee 5
1.2 2 7] 7] weereresseesssesssessss st 6
1.2.1 Low Volume Air Sampler - s 6
1.2.2 FIBLOI AR wevvseeesseessseessssessssssssessssssss bbb 6
1.2.3 UV-Visible SpectrophotOmeter - - e 6
1.2.4 Gas Chromatography « e 6
2. A EA B4
21 OFRU O} R3] T ELAT s 7
22 FFFE FPH D BA] e nssesees ]
23 3] A FAAE A Z] E O E A 10
24 B H OB ALF]| I T T} e 11
IIL T} T TLEF e 13
LA Ead el e
L1 QFFLOF 5 T5 oorrevusseressssessssssessssssssssssss s 13
1.2 BFBFBIE oottt 19
121 BFBHE A 35 I e 20
1.2.2 HIEI T ZFEF 35 T o 25
1.2.3 O] BFBHHEl 35 T5 e 29



I
Ho
!

1.2.4 o] & s}o]y
1.3 3 A HFHA

34
35

Ho}/1\_1_ ho:g:

39
43

1.3.3 7SO T B AR 35 T ceeeretmt e

47

92
58

o
w W

or W

3

0
al 7}

;AE
-



Table
Table
Table
Table

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

3.

o.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

List of Tables

Types of two swine farms selected for the study. soeeeeeeremeeremmneen. 5
Instrumental conditions for the analysis of sulfur compounds. =« 9
Instrumental conditions for the analysis of volatile fatty acids. - 11
Method detection limit (MDL) and coefficient of variation (CV) for the
analysis of odorous compounds (N=7) -, 12
Concentrations of ammonia in four swine farms. ««:eeeeeeeeeeeerenees 17
Concentrations of ammonia in two type swine farms., «eeeeeeemeeeenee 18
Concentrations of hydrogen sulfide in four swine farms. -«eweeeeeeee 23
Concentrations of hydrogen sulfide in two type swine farms. == 24
Concentrations of methyl mercaptan in four swine farms. «=--eeeee 27
Concentrations of methyl mercaptan in two type swine farms. - 28
Concentrations of dimethyl sulfide in four swine farms. «ooeeeeeeeeees 31
Concentrations of dimethyl sulfide in two type swine farms. === 32
Concentrations of Propionic acid in four swine farms. ----oosoeeeeeeeeeees 37
Concentrations of Propionic acid in two type swine farms. =« 38
Concentrations of n-Butyric acid in four swine farms. «:eeeeeeeeeeeeees 41
Concentrations of n-Butyric acid in two type swine farms. - 42
Concentrations of 7so-Valeric acid in four swine farms. «-«eweeeeeeee 45
Concentrations of iso—Valeric acid in two type swine farms. - 46
Concentrations of n—Valeric acid in four swine farms. «:eweeeeesees 50
Concentrations of n—Valeric acid in two type swine farms. === 51

. Odor quotients (OQ) and sums of odor quotient (SOQ) for nine odorous

compounds in four SWine farms, st 56

. Odor contribution (%) of odorous compounds in four swine farms.



List of Figures

Figure 1 Al’lalytlcal procedure Of arnmonia. ............................................................... 8
Figure 2. Gas Chromatograph equipped with Flame Ionization Detector. -+ 9
Figure 3. Gas Chromatograph equipped with Mass Selective Detector. <+« 10
Figure 4. Comparison of ammonia concetnrations in foure swine farms. === 16
Figure 5. Comparison of Hydrogen sulfide concentrations in four swine farms.
............................................................................................................................. 22

Figure 6. Comparison of methyl meracaptan concentrations in four swine farms.
............................................................................................................................. 26

Figure 7. Comparison of dimethyl sulfide concentrations in four swine farms.
............................................................................................................................. 30

Figure 8. Comparison of Propionic acid concentrations in four swine farms. -
............................................................................................................................. 36

Figure 9. Comparison of n—Butyric acid concentrations in four swine farms. -
............................................................................................................................. 40

Figure 10. Comparison of 7so-Valeric acid oncentrations in four swine farms.
........................................................................................................................... 44

Figure 11. Comparison of n—Valeric acid concentrations in four swine farms.
......................................................................................................................... 49

Figure 12. Comparison of odor contributions by odorous compounds in four swine
farl'nS. .............................................................................................................. 55

Figure 13. Comparison of odor contributions by odorous compounds in two type

SWine farmS. .................................................................................................. 55

_iV_



ABSTRACT

In this study, the 9 designated odorous compounds have been analyzed
from four swine farms in Jeju Island, in order to investigate the emission
characteristics and odor contribution by different ventilation types.

The ammonia showed the highest concentration in the fattening room of
winch-curtain ventilation type (‘C-farm”), and the hydrogen sulfide concentration
was high in the growing room of enclosed ventilation type. Not only the
odorous sulfur compounds, i.e., DMS, and DMDS, but also the volatile fatty
acids, i.e.,, PA, n-BA, and 7so-VA showed high concentrations in the winch—
curtain ventilation type swine farms. However, the concentrations of H.S and
n-VA were high in the enclosed ventilation type swine farms.

The odor quotient (OQ) of n-BA was the highest among the odorous com
-pounds, whereby the odor contributions by volatile fatty acids were high in
all swine farms. Consequently, the volatile fatty acids might be considered as
the major odor causing compounds to be controlled. In addition, the sum of
odor quotient (SOQ) showed high values of growing room in “A-farm” (the
enclosed ventilation type).

On the comparison of the odor contribution, the volatile fatty acids were
the highest in the range of 56.8~95.5% in all farms, followed by sulfur com
-pounds and ammonia. Futhermore, the odor contribution of volatile fatty acids
showed 72.4%, and it was 26.3% for sulfur compounds and 1.3% for ammonia
in enclosed ventilation type. On the other hand, in winch—curtain ventilation
type, the odor contribution of volatile fatty acids was higher as 91.196, and it
was relatively low as 7.7% for sulfur compounds and 1.2% for ammonia, resp

—ectively.
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Table 1. Types of two swine farms selected for the study.

Swine Farms ) Manure Collection o
Pig Farm Ventilation Mode
Type System
Enclosed Ventilation A-Farm  Deep-—pit manure Forced ventilation
and Slurry (ES) B-Farm with slats (enclosed type)
Winch-curtain C-Farm Deep-pit manure Mechanical
and Slurry (WS) D-Farm with slats ventilation

(winch—curtain)
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1.2.1 Low Volume Air Sampler
ARG HEA F dRyo}l 3aA AHFA A A= Low Volume Air Sa
-mpler (Sibata, KP-100, Japan)E& AM&3te] 3ttt o ¥4 (Sibata, SPC24,
I} AIZE MFC (Mass Flow Control)¢} E}

L/min® %43}

e 77}

R

Japan)7} F-#e A& o] #5

oIV AHgstel F9

1.22 AFFJ3=
331 E A5t AFET AR (Supelco, 10642, USA)E AF&3}e] Polyester

Aluminum Sampling Bag (BMS, 5 L, Japan)2. & z1# 3% o] AH FA=

A57} Bagel AAAW AFom WEEs AAel glor, F9 Bxmel f%
L 2 L/min°] ¥ %% Z43s}9t}t.
1.2.3 UV-Visible Spectrophotometer
ol JRe Amsyon BASL, W ARge FREE UV-
Visible Spectrophotometer (Biochrom, Libra-S22, UK)S A}-&3}lo] 640 nm 3%

RIS L

1.2.4 Gas Chromatography

st7] flste] Z+2y GC/FPD (Shimadzu,
2010, Japan)®} GC/MSD (PerkinElmer, Clarus 680/600T, USA)E AR&-3te] 415}

[ex]
AR

j

=

B} ALY ATAYE YRES 24



2. A B B

of 2719 A0 mL)E AFE ADA75, F 9 Z(Sibata, KP-100, Japan)&

50 Lol 71 mE AAd §58

>
ofo
o
2
=
5
j}
Ho
Ip
|o
g3
ol
Sh
)
o



. Phenol with Sodium
Adding sample 10 mL nitroprusside (III) 5 mL and

NaOCl 5 mL

UV-Visible 640 nm Waiting for 60 minutes at 25T

Figure 1. Analytical procedure of ammonia.

=

22 3 s AH 2 B4

FstetE AR G HS), WEHAE(CHSH), o &3t E (DMS), © &
3lo] v & (DMDS)2 Polyester aluminum sampling bag (BMS, 5 L, Japan)¥ %
T& YA (Supelco, 10642, USA)E o]&3to] M FILA o2 AHeA T, 2
L/min®] #&02 5% 7 F 5 Lo s7|A8s 238 AHE Aas 4

Ao} AARRA S dste] 24 AIZE ool EA1S A AIEATH

33138 A 8245 Thermal Desorber System (Markes International, Unity2™

-Air Server, UK)o] Fztd GCE o] &3te] H435¢a, olu 7|72 Table

do
y



20 =3k
A A GColl

Japan) 2 ¥X3

5, ol& 250TCelA d=3z

AL, #xFEHAE7]7F F&¥ GC-FPD (Shimadzu, 2010 plus,

Figure 2. Gas Chromatograph equipped with Flame

Photometric Detector.

Table 2. Instrumental conditions for the analysis of sulfur compounds.

Instrument

Operation Conditions

Thermal Desorber

Sampling flow

(Unity2™-Air Server) Sampling time

Coldtrap

Coldtrap low temperature
Coldtrap high temperature
Coldtrap hold time

50 mL/min

10 min

Hydrogen Sulphide
-15TC

250C

5 min

GC/FPD
(GC-2010 plus)

Column information

Initial temperature
Temperature Rate
Final temperature

Detector temperature

Varian CP-SIL 5CB
(60 m x 0.32 mm x 5 gm)

50C (7 min)
10°C/min to 2807C
280C (5 min)
300C




3w A F A WAE Propionic acid (PA), mButyric acid (7-BA), n—Valeric
acid (m-VA), iso-Valeric acid (iso-VA) <Al ¢tR o} AR %3 w2
SAFFHOZ AEE ANASFIT. FFE8AS 01 M FAsYUE

ol
st 7 8AS A JdHAd F Y E=(Sibata, KP-100, Japan)E 43}

o

[e)

=

ofo
2
>~
=
ofo

l

10 L/min +%22 58 31, & 50 Lo] &7l =it e 2719 3 A
gZetaae &3 5 HAFHSRE 50 mLE 3]4 51

i=]
»
2AE Anz Agsd of W 5 UrE FRedo ol Amd 23

S A F A RS Headspace System (PerkinElmer, Turbomatrix 40, USA)
o] #&¥ GC/MSDE EA sttt fAFFHMer AHI} F54 5 mLE Hlhol
ol %A ASUHEF 178 g, 2% HpSO0s 1 mLE 7hete] pH 1.008 249 &
PTFE/Silicone septum®. = H%-3}%t}h. 18 12 Headspace Systemol] A 90T = 20+
bkl 20 wloldk A AN AWAHS GC/MSD  (PerkinElmer, Clarus
600T, USA)°l T35t AHFEAE s th(Figure 3). ol A= <¢] Headspace
system ¥ GC/MSD X z7AdL Table 33 #t}.

Figure 3. Gas Chromatograph equipped with Mass
Selective Detector
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Table 3. Instrumental conditions for the analysis of volatile fatty acids.

Instrument Operation Conditions

Headspace System Vial oven temperature 90T

(TurboMatrix 40)  Injection time 0.15 min

Pressurizing time 3 min

Thermo starting time 20 min

Vial pressure 45 psi
(%iﬁ/g]g% y Column information %étem\ﬂia%‘% mm % 05 pm)
Clarus 600T) Injector temperature 250C

Initial temperature 50C (3 min)

Temperature rate 15C/min to 220C

Final temperature 220C (10 min)

Detector temperature 230°C

24 B4 doly Az % %7}
4 glolg e Al =E WS (Method detection limit, MDL)E 38}
o] H71etE T MDLLS erryol, 33letE 3 A FA Ak 04 pg/mL, 1.0

oo
2
N
N
N
N

o

nmol/mol, 0.1 pg/mL ¥+ 73] HbE RASte] xFHAE GRSEal o]
#roll Student-t (3.143)E +wate]l 98% Aoz ATt Eg vo]H 9
A gle 73] wbE FA4% dolyH Z5H W E A5 (Coefficient of variation,
CV)E T8t FQlstar, o2 A 73 4] dolyo W EaA e HsAT
£ Table 49 +=3F3t.

Z(Xi_iy

¥ +HA}(standard deviation) S = N=1

WA= (coefficient of variation) CV = g < 100%
X

MDL = S x 3.143 (98% confidence level, n=7)
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Table 4. Method detection limit (MDL) and coefficient of variation (CV) for

the analysis of odorous compounds (n=7)

Compounds MDL CV (%)
Ammonia (NHj3) 28.0 ppb 1.9
Hydrogen sulfide (H,S) 0.611 ppb 1.8
Methyl mercaptan (CH3SH) 0.751 ppb 2.9
Dimethyl sulfide (DMS) 0.104 ppb 3.8
Dimethyl disulfide (DMDS) 0.048 ppb 1.6
Propionic aicd (PA) 21.0 ppb 2.8
n-Butyric acid (7-BA) 34.0 ppb 3.8
7so-Valeric acid (iso-VA) 20.0 ppb 2.8
n-Valeric acid (7-VA) 21.0 ppb 3.2
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Figure 4. Comparison of ammonia concentrations in four swine farms.
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Table 5. Concentrations of ammonia in four swine farms.

Concentration (ppm)

Sample 1st Z2nd 3rd 4th 5th 6th Tth 8th Mean  SD
(Apr) (May) (Jun) (Ju) (Aug) (Sep) (Oct) (Nov)

WR 138 99 41 19 48 61 79 77 70 35

A GR 108 97 133 124 105 62 103 115 106 20
FR 174 164 67 87 86 94 97 94 108 36

WR 216 96 66 95 72 69 190 74 110 55

B GR 224 74 18 24 48 74 137 145 93 66
FR 252 88 45 15 75 104 142 91 102 6.7

WR 159 110 103 14 62 138 129 123 105 43

C GR 195 140 89 39 103 108 71 105 106 43
FR 223 186 87 62 86 100 &89 96 116 53

WR 87 139 51 62 56 112 113 115 92 31

D GR 60 108 58 73 51 114 124 87 84 26
FR 44 37 33 16 45 68 46 59 44 15

WR 150 111 65 48 60 95 128 97 94 33
Mean GR 147 105 75 65 77 90 109 113 97 25
FR 173 119 58 45 73 925 94 85 92 37

*WR : Weaned Room, GR : Growing Room, FR : Fattening Room
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Table 6. Concentrations of ammonia in two type swine farms.

Concentration (ppm)

Sample
ES ES WS WS ES WS
(A-farm) (B-farm) (C-farm) (D-farm) Mean Mean
WR 7.0 11.0 10.5 9.2 9.0 99
GR 10.6 9.3 10.6 8.4 10.0 95
FR 10.8 10.2 116 44 105 8.0

*WR @ Weaned Room, GR : Growing Room, FR : Fattening Room
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Figure 5. Comparison of hydrogen sulfide concentrations in four swine farms.
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Table 7. Concentrations of hydrogen sulfide in four swine farms.

Concentration (ppb)

Sampl
amPie Tt 2nd 3rd  4th 5th 6th 7th  8th

(Apr) (May) (Jun) (Jul) (Aug) (Sep) (Oct) (Nov) Mean SD

WR 3962 2251 2565 1578 4683 839 4737 422.8 3105 139.8

A GR 27157 1478.0 1651.3 1653.8 2366.2 1316.8 1850.4 1531.1 1820.4 448.8

FR 2600 1441 1207.4 1604.3 1349.3 1403.5 1487.8 2869.7 1745.4 584.9

WR 1181 1160 1905 193.0 2322 2049 1980 109.2 170.2 449

B GR 11932 691.3 1011.6 562.4 1530.5 434.1 733.1 932.7 836.1 335.0

FR 3335 1109 353.3 3514 4839 0509.0 4782 531.7 3946 130.2

WR 283 607 534 320 950 994 1570 1619 86.0 487

C GR 100 147 328 227 468 560 624 594 381 195

FR 114 132 339 212 531 394 624 544 361 183

WR 3103 217.8 2134 1565 824.1 8051 2140 276.6 3772 256.2

D GR 3263 1669 4164 231.0 561.7 564.6 2672 2884 352.8 138.8

FR 391.0 1295 1371 553 3378 3645 291.1 3273 2542 119.1

WR 2132 1549 1785 1348 4049 2983 260.7 242.6 236.0 81.9

Mean GR 1061.3 587.7 778.0 617511263 592.9 7283 7029 7744 195.5

FR 8340 42377 4329 508.1 5573 5791 35799 9458 607.6 174.6

*WR : Weaned Room, GR : Growing Room, FR : Fattening Room
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Table 8. Concentrations of hydrogen sulfide in two type swine farms.

Concentration (ppb)

Sample
ES ES WS WS ES WS
(A-farm) (B-farm) (C-farm) (D-farm) Mean Mean
WR 3105 170.2 86.0 377.2 240.4 231.6
GR 1820.4 886.1 38.1 352.8 1353.3 195.5
FR 17454 394.6 36.1 254.2 1070.0 145.2

*WR @ Weaned Room, GR : Growing Room, FR : Fattening Room
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Figure 6. Comparison of methyl mercaptan concentrations in four swine farms.
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Table 9. Concentrations of methyl mercaptan in four swine farms.

Concentration (ppb)

Sample

Ist 2nd  3rd 4th 5th 6th 7th &8th Mean SD

(Apr) (May) (Jun) (Jul) (Aug) (Sep) (Oct) (Nov)
WR 432 297 225 133 129 193 189 180 222 94
A GR 686 516 557 603 664 56.1 435 547 571 75
FR 327 255 182 183 145 117 90 132 179 73
WR 44 2.0 6.3 6.0 55 3.1 5.1 15 4.2 1.7
B GR 162 138 142 9.2 151 4.6 99 151 123 37
FR 131 30 158 157 143 104 125 191 13.0 45
WR 257 342 207 201 102 274 292 253 241 6.7
C GR 163 157 108 147 92 114 109 119 126 24
FR 181 186 92 151 152 142 109 118 141 3.1
WR 174 157 87 106 127 164 108 162 136 3.0
D GR 96 109 87 139 112 1563 125 145 121 22
FR 122 163 102 13.0 83 134 4.0 36 101 4.2
WR 227 204 146 125 103 165 160 152 160 3.7
Mean GR 277 230 224 245 254 219 192 240 235 24
FR 190 158 133 155 131 124 91 119 138 28

*WR : Weaned Room, GR : Growing Room, FR : Fattening Room
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Table 10. Concentrations of methyl mercaptan in two type swine farms.

Concentration (ppb)

Sample
ES ES WS WS ES WS
(A-farm) (B-farm) (C-farm) (D-farm) Mean Mean
WR 22.2 4.2 24.1 13.6 13.2 189
GR 57.1 12.3 12.6 12.1 34.7 124
FR 17.9 13.0 14.1 10.1 155 12.1

*WR @ Weaned Room, GR : Growing Room, FR : Fattening Room
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Figure 7. Comparison of dimethyl sulfide concentrations in four swine farms.
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Table 11. Concentrations of dimethyl sulfide in four swine farms.

Concentration (ppb)

Sample Ist 2nd 3rd 4th 5th  6th 7th  8th

(Apr) (May) (Jun) (Jul) (Aug) (Sep) (Oct) (Nov) Mean SD

WR &80 58 51 51 15 31 61 51 50 18

A GR 130 84 108 108 76 &1 64 91 93 20

FR 67 76 43 43 14 45 23 50 45 19

WR 16 08 15 15 06 12 23 05 13 06

B GR 47 32 33 33 17 15 35 42 32 10

FR 57 13 41 41 17 34 33 38 34 13

WR 107 120 95 95 44 147 125 197 116 41

C GR 117 139 113 113 34 69 61 72 90 33

FR 137 147 92 92 56 64 61 66 89 33

WR 30 27 25 25 15 51 47 34 32 11

D GR 19 18 22 22 13 43 38 27 25 1.0

FR 23 38 44 44 14 33 10 11 27 14

WR 58 53 47 47 20 60 64 72 53 15

Mean GR 78 68 69 69 35 52 50 58 68 13

FR 71 69 55 55 25 44 32 41 49 15

*WR : Weaned Room, GR : Growing Room, FR : Fattening Room
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Table 12. Concentrations of dimethyl sulfide in two type swine farms.

Concentration (ppb)

Sample
ES ES WS WS ES WS
(A-farm) (B-farm) (C-farm) (D-farm) Mean Mean
WR 5.0 1.3 116 3.2 3.2 7.4
GR 9.3 3.2 9.0 2.5 6.3 58
FR 4.5 34 89 2.7 4.0 5.8

*WR @ Weaned Room, GR : Growing Room, FR : Fattening Room
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1.3 3 AFALA F%
F7IA S 'A 7 C2~C6%1 AR Ee] TR R 7ol 4
A 7185 7] W&ol volatile acids2tille E#TH o] 52 & thdt & =rt H
= Ao drto g EAFTH(Spina ef al, 2007, Sawyer et al,
2003; Cruwys et al, 2002). A|¥Are F-71419] AEsHA 7|4 Fa] 340 A
A7) ol sk, dAdsA, 2] My AEF 5 wAdE,

F71A419] Huf A5 SolA F2 wjEFHcHYun and Ohta, 2005; Lie and

WA = H

Welander, 1997).

Y

3 A F A WA F formic acid, acetic acid, propionic acidi= A%<l
Al, butyric acid®} valeric acide SGA: WAlE 230, 53] butyric acide
FoE HEAA BAst= FHEAZR dE A Adth(Sawyer et al, 2003). ©] &
propionic acid, m-butyric acid, 7so-valeric acid, m-valeric acid 4% < <&
Al 32A A F A HAH(volatile fatty acid, VFAs)©o]l™, 2010 5§
e AAE] #Ha vt o5 A AFA YA v &

7H =d2A TN AR AN e E7I=E & ppmyv A
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(Miller and Varel et al., 2003).

A A A= FUA AFAHAS FE sty awde] e i
Aol Al ofm|:=Ake] "olu] -8l (deamination) WH-&-ol <9l&] AT 18a =

oA WAs= A A F A Aol 60% FE=7) acetic acide] a2, YA AHAEE
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)
Y

0% MPORE GHLYS FuAHE Fo BAR IdA 9

r (

2 propionic acid, n-butyric acid, 7so-valeric acid, n-valeric acid 5o = <&
Z 9lt}h. o] % acetic acid, propionic acid, z-butyric acidS ErFEEo] W E I
o] A E I jso-valeric acid, n-valeric acid®} 22 oA A X WAL F2 o)
Aol wg HAo|A AHET(o]2F 3 AA T, 2010; o] &, 2012; Spoelstra,
1980; Cooper and cornforth. 1978; McGill and Jackson, 1977).

= AFA = 2010l A FA A AHAE-DA EZ3E propionic acid (PA),
n-butyric acid (7-BA), iso—valeric acid (7so-VA), n—valeric acid (n-VA) 4% 9]
g AFAWAHVFAs)S #4893, 21 23E Figure 8~113 Table 13~20
of vebl A
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AHO0.46 ppm)2t AF=AH0.37 ppm)oll Bl Aoz =2 Fo=z FAMESIT
SHEE TRt PA AWS Hlwd A3 A-FF> S EAA 024~
0.76 ppm (042 ppm)e. & TE7F =i, 1 o2 H | E=AL 0.39~0.72 ppm
(0.35 ppm), AF=AF 0.12~0.26 ppm (0.26 ppm) o2 FAEALANA FE7} =
. B-sFolAE PA FX=7F §24=4H0.59 ppm), H5=AH0.58 ppm), A=A
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Figure 8. Comparison of Propionic acid concentrations in four swine farms.

_36_



Table 13. Concentrations of propionic acid in four swine farms.

Concentration (ppm)

Sample Ist 2nd 3rd 4th 5th  6th 7th  8th

(Apr) May) (Jun) (Jul) (Aug) (Sep) (Oct) (Nov) Mean SD

WR 037 045 039 017 019 017 019 017 026 0.11

A GR 070 039 062 036 025 033 035 037 042 0.14

FR 052 042 048 026 028 023 027 037 035 0.10

WR 020 018 012 017 014 016 026 014 017 0.04

B GR 076 061 064 024 065 051 057 070 059 0.15

FR 072 039 067 055 068 054 048 059 058 0.10

WR 101 097 093 028 026 043 019 014 052 035

C GR 057 087 075 066 076 042 067 063 067 0.13

FR 074 08 072 073 039 053 080 063 068 0.14

WR 037 057 053 049 065 066 047 029 050 0.12

D GR 040 089 071 058 037 056 049 025 053 0.19

FR 024 025 026 024 017 027 021 016 023 0.04

WR 049 054 049 028 031 036 028 019 037 0.12

Mean GR 061 069 068 046 051 046 052 049 055 0.09

FR 056 048 053 045 038 039 044 044 046 0.06

*WR : Weaned Room, GR : Growing Room, FR : Fattening Room
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Table 14. Concentrations of propionic acid in two type swine farms.

Concentration (ppm)

Sample
ES ES WS WS ES WS
(A-farm) (B-farm) (C-farm) (D-farm) Mean Mean
WR 0.26 0.17 0.52 0.50 0.22 0.51
GR 0.42 0.59 0.67 0.53 0.51 0.60
FR 0.35 0.58 0.68 0.23 047 0.46

*WR @ Weaned Room, GR : Growing Room, FR : Fattening Room
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Figure 9. Comparison of mbutyric acid concentrations in four swine farms.
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Table 15. Concentrations of m—butyric acid in four swine farms.

Concentration (ppm)

Sample Ist 2nd 3rd 4th 5th  6th 7th  8th

(Apr) May) (Jun) (Jul) (Aug) (Sep) (Oct) (Nov) Mean SD

WR 033 032 024 012 013 013 015 011 019 0.09

A GR 056 031 046 031 018 024 026 025 032 0.12

FR 035 030 034 022 021 017 020 027 026 0.06

WR 017 016 007 011 010 012 015 014 013 0.03

B GR 054 034 050 020 048 031 035 046 040 0.11

FR 043 024 058 054 059 044 029 028 042 0.13

WR 080 083 078 029 019 024 017 016 043 0.29

C GR 041 052 054 053 041 028 036 047 044 0.09

FR 060 053 055 068 024 045 049 048 050 0.12

WR 028 031 036 038 0338 040 031 022 033 0.06

D GR 028 046 044 047 027 051 032 019 037 011

FR 018 021 018 020 011 021 021 013 0.18 0.04

WR 040 041 036 023 020 022 020 016 027 0.09

Mean GR 045 041 049 038 034 034 032 034 038 0.06

FR 039 032 041 041 029 032 030 029 034 0.05

*WR : Weaned Room, GR : Growing Room, FR : Fattening Room
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Table 16. Concentrations of m—butyric acid in two type swine farms.

Concentration (ppm)

Sample
ES ES WS WS ES WS
(A-farm) (B-farm) (C-farm) (D-farm) Mean Mean
WR 0.19 0.13 0.43 0.33 0.16 0.38
GR 0.32 0.40 0.44 0.37 0.36 041
FR 0.26 0.42 0.50 0.18 0.34 0.34

*WR @ Weaned Room, GR : Growing Room, FR : Fattening Room
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Figure 10. Comparison of 7so-valeric acid concentrations in four swine farms.

_44_



Table 17. Concentrations of 7so-valeric acid in four swine farms.

Sample

Concentration (ppb)

1st

(Apr) (May) (Jun)

2nd

3rd

4th

(Ju) (Aug) (Sep) (Oct) (Nov)

5th

6th

7th

8th

Mean

SD

WR

A GR

FR

374

39.8

34.8

36.6

36.0

37.2

35.0

40.0

37.3

21.0

39.9

29.4

19.8

25.1

25.9

189

30.6

22.9

21.9

30.5

234

174

35.8

28.3

26.0

34.7

29.9

8.1

5.1

5.5

WR

B GR

FR

244

99.4

44.0

23.6

42.9

33.3

13.7

46.4

57.1

16.8

25.2

61.7

174

42.2

55.0

19.0

377

46.0

25.8

40.4

34.7

17.4

40.6

49.5

19.8

41.9

47.7

4.0

8.9

9.6

WR

C GR

FR

074

34.4

49.3

72.2

o8.7

60.4

70.4

595.2

54.6

42.9

41.2

48.0

23.6

46.9

29.7

31.5

29.9

39.4

20.2

32.8

44.7

17.6

40.2

39.0

42.0

424

45.6

20.8

9.8

9.0

WR

D GR

FR

21.8

28.0

24.6

36.4

50.1

28.1

31.0

43.9

234

37.1

377

24.0

30.2

25.7

18.6

37.9

39.8

28.1

31.7

34.5

32.3

21.9

20.3

18.8

31.8

35.0

24.7

5.0

9.3

4.4

WR

Mean GR

FR

36.8

40.4

38.2

42.2

46.9

39.8

375

46.4

43.1

29.5

36.0

40.8

22.8

35.0

32.3

26.8

34.5

34.1

24.9

34.6

33.8

18.6

34.2

33.9

29.9

385

37.0

.7

5.1

3.7

*WR : Weaned Room, GR : Growing Room, FR : Fattening Room
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Table 18. Concentrations of 7so-valeric acid in two type swine farms.

Concentration (ppb)

Sample
ES ES WS WS ES WS
(A-farm) (B-farm) (C—farm) (D-farm)  Mean Mean
WR 26.0 19.8 42.0 31.8 22.9 36.9
GR 34.7 419 424 35.0 38.3 38.7
FR 29.9 477 45.6 24.7 38.8 35.2

*WR @ Weaned Room, GR : Growing Room, FR : Fattening Room
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Figure 11. Comparison of n—valeric acid concentrations in four swine farms.
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Table 19. Concentrations of n—valeric acid in four swine farms.

Concentration (ppb)

Sample 74" ond 3rd  4th 5th 6th  7th  8th

(Apr) (May) (Jun) (Jul) (Aug) (Sep) (Oct) (Nov) Mean SD

WR 763 754 715 447 434 329 365 341 526 188

A  GR 711 699 690 654 485 604 560 664 633 7.3

FR 570 553 670 623 0525 532 513 669 582 6.0

WR 515 511 294 396 387 463 99.7 443 451 87

B GR 1013 715 &84 568 780 725 689 843 776 129

FR 702 509 965 899 867 &823 555 80 775 157

WR 745 823 836 493 362 453 280 257 531 223

C GR 339 651 646 620 540 357 398 512 508 121

FR 511 669 627 9897 372 486 514 537 339 &7

WR 604 721 893 799 675 793 674 463 703 124

D GR 610 801 843 895 552 965 749 428 730 172

FR 450 5883 543 993 374 600 575 340 50.7 98

WR 657 702 700 534 465 510 479 376 353 113

Mean GR 168 71.7 766 682 589 663 9599 612 662 57

FR 568 579 701 678 535 61.0 539 60.7 601 538

*WR : Weaned Room, GR : Growing Room, FR : Fattening Room
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Table 20. Concentrations of m—valeric acid in two type swine farms.

Concentration (ppb)

Sample
ES ES WS WS ES WS
(A-farm) (B-farm) (C-farm) (D-farm) Mean Mean
WR 52.6 45.1 53.1 70.3 489 61.7
GR 63.3 77.6 50.8 73.0 70.5 61.9
FR 58.2 775 53.9 50.7 67.9 52.3

*WR @ Weaned Room, GR : Growing Room, FR : Fattening Room
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Figure 12. Comparison of odor contributions by odorous compounds in four

swine farms.
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Figure 13. Comparison of odor contributions by odorous compounds in two

type swine farms.
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Table 21. Odor quotients (OQ) and sums of odor quotient (SOQ) for nine

odorous compounds in four swine farms.

Odor Quotient
NH; H,S CH3SH DMS PA  n-BA iso-VA n—VA

S0Q

WR 70 621 222 50 131 2740 520 526 4880
A GR 106 3641 571 93 210 4612 694 633 10560

FR 108 3491 179 45 177 3660 598 582 8839

mean 95 2684 324 63 173 3671 604 580 8093

WR 110 340 42 12 85 1803 39 451 3239
B GR 93 1772 123 32 293 9723 837 76 9649
FR 102 789 130 34 289 6045 94 775 9117

mean 102 987 98 26 222 4524 729 667 7335

WR 106 172 241 116 262 6177 840 531 8444
C GR 106 %6 126 90 334 6314 848 9508 8403

FR 116 72 141 89 338 7177 913 539 9387

mean 109 107 169 98 311 6956 867 526 8745

WR 92 ™4 136 32 281 4707 635 703 7310
D GR g4 706 121 25 266 5205 700 730 7838

FR 44 508 101 27 113 2533 495 507 4328

mean 73 656 119 28 210 4165 610 647 6509

*WR @ Weaned Room, GR : Growing Room, FR : Fattening Room
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Table 22. Odor contribution (%) of odorous compounds in four swine farms.

Odor Quotient

Total

NH; H,S CH3SH DMS PA  n-BA iso-VA n-VA
WR 1.5 127 46 1.0 277 56.1 10.7  10.8 100.0
A GR 1.0 345 54 09 20 437 6.6 6.0 100.0
FR 1.2 395 20 05 20 414 6.8 6.6 100.0
mean 1.2 319 40 08 21 454 75 7.2 100.0
WR 34 105 1.3 04 26 557 122 139 100.0
B GR 1.0 184 1.3 03 3.0 593 8.7 8.0 100.0
FR 1.1 8.7 14 04 32 663 10.5 85 100.0
mean 14 132 1.3 04 3.0 617 9.9 91 100.0
WR 1.2 2.0 29 14 3.1 73.2 9.9 6.3 100.0
C GR 1.3 0.9 15 11 40 751 10.1 6.0 100.0
FR 1.2 0.8 1.5 09 36 765 9.7 5.7 100.0
mean 1.2 1.2 19 11 36 750 9.9 6.0 100.0
WR 1.3 103 19 04 34 644 8.7 9.6 100.0
D GR 1.1 9.0 1.5 03 34 666 8.9 9.3 100.0
FR 1.0 117 23 06 26 585 114 11.7 100.0
mean 1.1 101 1.8 04 32 640 9.4 9.9 100.0

*WR @ Weaned Room, GR : Growing Room, FR
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