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ABSTRACT

A Study on the Odor Characteristics and Reduction of Livestock
Wastes Cycle

By Lee, Jong-Kuk
Advisor : Prof. Choi Hyung-il
Department of Life Environment Engineering,

Graduate School of Chosun University

Analysis results on the odor emission characteristics and causing factors
at livestock Wastes circulation system pig houses are as follows;

1. The concentration of complex odors in pig house C applied |ivestock
Wastes circulation system was relatively lower than A, B general pig houses
and concentration of Hydrogen sulfide, designated odor, was similar at each
pig house which are 0.23 ppm for A, 0.20 ppm for B and 0.19 ppm for pig
house C. Hydrogen sulfide was identified as a major contributor to odor at
all pig houses in a contribution level test. Concentration of the ammonia at
pig house A was 18.0 ppm and it was much higher than pig house B and C which

use environmental enhancers 12.9 ppm and 8.5 ppm respectively.

2.The concentration of organic acid as designated odor compounds was
surveyed as follows: 0.14 ~ 0.29 ppm for propionic acid, 0.08 ~ 0.18 ppm for
butyric acid, 0.02 ~ 0.03 ppm for n-valeric acid and 0.01 ~ 0.04 ppm for
I-valeric acid. The concentration of all compounds was much higher in pig

house A than pig houses B and C because pig house A did not use



environmental enhancers and the organic acid concentration of pig house C
was the lowest.

There was no significant difference of sulfur compounds between the pig
houses caused by usage of environmental enhancers because the concentration
of sulfur compounds were identified lower than 0.01 ppm. Organic acid, as
well as hydrogen sulfide, was evaluated as a major odor—causing substance,

so it must be significantly considered to reduce the odor in the pig house.

3. The concentration of water pollutants was analyzed and the average
concentration of pig house A was higher than pig houses B and C. The
concentration of s—-BOD directly causing the odor at pig house ranged from
228 to 6,510 mg/L and was remarkably lower than the concentration of
livestock Wastes after six months, which is 12,876 mg/L, with changes of pig
livestock Wastes components after aeration and stirring (with liquid and
solid separation). It confirmed that usage of environmental enhancers could
lead to lower odor production and the activated states of microorganism in

| ivestock Wastes could be a major factor in reducing odor production.

4. Measurement results of ammonia and hydrogen sulfide by automatic
measur ing equipment showed that the emission of above compounds is dependent
on the amount of ventilation. The concentration of ammonia and hydrogen
sulfide was higher at night than during the day and was concluded that the
amount of ventilation is increased during the day than at night so that odor

substances were emitted outside.

_Xi_



It is concluded that ammonia and hydrogen sulfide at the pig house could
be controlled by the amount of ventilation and method and emissions of the
two substances are proportional to each other.

The temperature and humidity of all three pig houses were surveyed and
complied with the feeding and management criteria. The correlation between
external and internal temperature and humidity at the pig houses was
relatively low because choosing the optimal method of wventilation could

buffer the temperature and humidity.

5. The evaluation of odor emission shows that the concentration of most
parameter in pig house C was lower than pig house B because they fed
additives containing microorganisms to pigs and sprayed it to the slurry
pits and livestock Wastes treatment facility while pig house B only used
environmental enhancers.

The livestock Wastes circulation system in pig houses doesn't produce
extra solids so it effectively reduces the odor—causing sources by not
making solid-liquid separations and composting facility. Because of
improvements on the environment, extra profits will be generated such as
decreasing of overcrowded farming, mortality intensity, operation and
maintenance costs.

This study shows that the effectiveness of treatment at livestock Wastes
circulation systems and the usage of microorganisms and the results could be
used to develop methods for reducing odors in the pig house and that there

is a need to study the specific methods to reduce odors in the pig house.
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Table 2.1.

Characteristic of odor from major substance

stete Aol £4 2 o =2 Z2 Z
oF T} Methy! mercaptan(CHsSH)

SRS
LH
(]

M

Dimethy!| sulfide[(CHs)»S]
Dimethy!| disulfide(CHsSSCHs)

Het M= SM

Hydrogen sulfide(H.S)

Ammon i a(NHz)
Ethyl amine(CHsCHoNHz)

\-_Qj
]
m

Mthy| amine(CHaNH.)
Trimethylamine[ (CHs)aN]

2 Holol=E=

Acetaldehyde(CHiCHO)
Propionaldehyde(CHsCH-CHO)
n-Butyraldehyde[CHs(CHz)2CHO]
i—Butyraldehyde[ (CHs)-CHCHO]
n-Valeraldehyde[CHs(CHz)3CHO]
i-Valeraldehyde[ (CHs)2CHCH2CHO]

ethyl acetate(CHsC02C2Hs)
Methy!| iso—butyl ketone[CHsCOCH,CH(CHs)o]

Toluene(CeHsCHs)
Styrene(CeHsCH=CH.)
Xy lene [CesHa(CHa)2]

Propionic acid(CHsCH.COOH)

Tt ars < A n-Butyric acid[CHs(CHz)2COOH]
N2 2F0AM n-Valeric acid[CHs(CH>)3COOH]
Li= A i-Valeric acid[(CHg)2CHCH.COOH]
222 A A= A0l Al A, EA
SHF Ol Chet ST AclE ROl, &s&, Hd, 848, HAMH, 3SIEZ0 O
2t 2| CtEAH LIEtECH. £0l, MAst HAS B 2d=sst HMO 8IatH A
2ZXotD EULS U= FELAIZ = JLH. L5, 8 SF]9 HMH st &
S, 1O SN YU=ctH S O 2 s&2 a2 i O HEME 22X =
U= SAZ2 JHAA ST, d2ln & &8 = 1 0lae 220 280 U2
A2 UHS0l Qo AFUTZ2 S, MM, St S2 &2 Sol HM2 4&0|
Holote S22 JHAAH S0 HMe S 2HE 22& Nz FEH, S



e, JIM &8, Edle, JIe2, & 52 R0l UL,

AMES =22 UM 222 Ald HUlA O8 s=210 HlWdtW ot =&
SXg o EHe 4=20 CHoldz= 1 ppm £= 1 ppb 0I5t s&EMKE Z X
g = AL =22 AIZ0IU E2t=E el AF" JHelg=2 a2, og, 48, o
2l & oI, ABAH, JI=2, &5, L2, 8383 sH et OHE =0t ALk,
Table 2.2. Threshold of 22 designated odor compounds

- = 4 2 9 Z| 22Xl 8¢ (ppm)
] Ammonia 1.5
Nitrogen containing compounds - -
Trimethylamine 0.000032
Hydrogen sul fide 0.00041
Methy! mercaptan 0.00007
Sulfur containing compounds - -
Dimethyl sulfide 0.003
Dimethyl disulfide 0.0022
Acetaldehyde 0.0015
Propionaldehyde 0.001
Aldehydes Butyraldehyde 0.00067
n-Valeraldehyde 0.00041
i-Valeraldehyde 0.0001
Styrene 0.035
Toluene 0.33
Xy lene 0.16"
Aromatics Methy! ethyl ketone 0.44
Methy! iso-butyl ketone 0.17
Butyl acetate 0.016
i-Buty! alcohol 0.011
Propionic acid 0.0057
n-Butyric acid 0.00019
Carboxylic acids - -
n-Valeric acid 0.000037
i-Valeric acid 0.000078

* Xylen2| &S o-, m-, p-gt2 &=YH
o—Xylene : 0.38 ppm, m—Xylene : 0.0

=

4

at.

ppm, p-Xylene : 0.058 ppm
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Table 2.5. Summary of parameter for odor measurement standard method

=3 g5 Chat 2& ANeF 2Y | 24 8y
_ o 3134
=2 5Hotx| — INEINEEESE N
ZsH
, , EUSH, W/Vis
Ammonia Ammonia o _
OIMSIEIAIE  SZ22EH”
Sul fur Methy| mercaptan, Hydrogen sulfide, o Hess
containing | ) ) ) ) ANZ S =L »
compounds Dimethyl sulfide, Dimethy!| disulfide GC/FPDE
b O 0EKT N2s=s
Amines Trimethylamine _
gHsSH GC/FIDE
Acetaldehyde, Propionaldehyde, o
ANEMFF=0L
Aldehydes Butyraldehyde, n-Valeraldehyde, HPLC
. /DNPHEH
i—Valeraldehyde
Toluene, Xylene, Methyl ethyl ketone, o ~
) ) N EEESL JEF
Aromatics Methy! iso—butyl ketone, Butyl o
. [OME=2Y GC/MSEd
acetate, Styrene, i-Butyl alcohol
Carboxylic Propionic acid, n-Butyric acid, azeled Headspace
acids n-Valeric acid, i-Valeric acid ZEY GC/FI1DE
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Table 2.6. Expression of odor maleficence
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20 0|2 S0I ALt (Zhu, 2000)

O 24FE SRLAIAL dFGEE0 M82 Yol & 2dliote DIME2 2
JI& 70 Oist O %22 ¢3S0l 2ol ZEX D QUCH. F5t AHFHOZ
UiiEl= DIMSHMAO et S84 ot O0tA SWetAl €. 222 0l =X
M2l mechanismOil CH&t HA2Jt B RGHCEH.

Lt. A2F&H(Plant extracts)

ot MZMZA L0 J2XA20Z Mg A RO & - Al 2 3H0
SOoHGHAl 2£0t0F GtH, =4 sIH0HA EH HEE = U2HA IR HUM 2E
Ol QLO10F StCh. O £AHS SFAIDII| fIotH LHAERH ASUHAM F==8 Rl
st otz MZHMOl Chet ARIF e M 210 JUCH

MEFFAF H2HME=E F2 Yucca URE2H F=E SaponinsOlet DEXt
BHEX (B =322 X0t S0 UM Z2 - IS - Hs OR=2 =2 d= =
2 A2H9 2&)Jt olgd UL

YuccaFE£22 AFM JI&2 H=o| AKX HUACH CHSFH, Mader 3t Brumm
(1987)2 urea inhibitor2M =2EHCID FEGIALE Z2 SO NHSE B35HAID
HU B2 NH' RXAIZIE S92 JI=N 28 245 M2 012 BO=2 JISHAD
QUCH. (Headon et al, 1991) Saponins2 =HA&LAISLE slurrydl S0 &=0l, Headon

and Walsh(1993)2 ZEZL0l 2Xtel FO0I5tH Ammoniall =& M2 2Z5HY
Amon et al.,(1995)

Lot Lo L= =0 =0t Ammonia HHESE2 26 % MASUE 2 F6t

ACH. Ol= Kemme et al.,(1993)2 AROAM SHE 23 %2 AmmoniaMzt &=t

Ct.

.,(1997)& Saponinsg &tetAH 2| S0l S0I5t0 50 %2 AmmoniaX

2o8s ZESICH. 2L Johnston et al(1981)2 HINMANE S

Saponins= &HEtH HOIO 201 =SRS M Ammoniall M2 &3 2

ROIALE.

Andersson(1994) % Martinez et al.,(1997)01 28 HF0AE SaponinsOl CH
SFM2Z S2(Sol Amonias ZACZ)2 IX LS 2102 Z2XJCH &H

off ek Ammoniall M2Z& =2 X0IE 20l 0|0 st XHsHO HARIE %

SO M OF StCh.

o
el
=

Uzt
ol
b

P o

0
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XY AlS =& QU2 A phenolic

nio

T OE AESFE 947 MNZN=Z= &-ss

i

compounds, alcohols, aldehydes, ketones, ethers Z12l1 hydrocarbons S0 U
©Lt(Charai et al., 1996: Dorman and Deans, 2000). 1= Fig.2.2.2] XA
N 20l JtE 0l HEX0E A2 =5 2L 2= phenolic atef=2l Thymol 2t
Carvacrol Ol QUL 0IS2 A22 2X HAIMEEMN HEE H=2H)0AZAHES +
HHz ote SEFH=E 01R0Ne B ¥ REHMS FF)D MSREH
(oxygenated derivatives)E JtAI1D UAHM ==Lt ASH, Y2H, 42H E£=

HeH S22 ARSI JA2H, Z(gum)o FS2E AMEE L

OH
OH

Thymol Carvacrol

Fig. 2.2. Chemical structure of extracted oils from two plants.

(thymol: 5-methyl-2-isopropy! phenol, carvacrol: 5-isopropyl—2-methy! phenol)

AlMIZ Carvacrol2 23S SZ(28 ppm/0.18mM), & & S0l EIIZ O &ICH
(Ul'tee et al., 1999) Thymolo AL HIY, XIS, AFZ  Yistll, JI29 £9
HIIHZ At2=CH Table 2.6 201 (Shapiro et al., 1994) Varel (2002)2

20 2ot Z=AMHIIS(cattle waste)S &J1X9 flasksOl O carvacrol it

—_

thymol = 2+2F 1,000 mg/L, 2l pinenes 500 mg/L2 E0OITS [ 23A12t=0t
A

MZE VFASl A0l M ZIASM, OolmHel EI14d =l Otz=JF 2A12 O LH Ol

2 2oz LADUSS FHBAUL

— o =
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Table 2.7. Reduction of anaerobic bacteria in anaerobic condition cattle

waste slurry with Carvacrol(C), thymol(T) and pinene(P)

Anaerobic bacteria(108 cells/mL)b

fime. d Control |C,T(750 mg/L each)P(500 mg/L) C,T(1000 mg/L each)P(500 mg/L)| SE
0 844 844 844 56
2 79.4° 4.0° 0.15" 0.8
7 78.8° 1.4° 0.06" 0.5
14 33.6° 7.6° 0.16" 0.9

n Adapted from Varel and Miller(2001), with permission.
b Means represent the average from three replicate flasks.
c,d,n Means in a row with different superscripts differ(P<0.05).

WA HAFU M= thymol It carvacrolE2 Z&otH
=58 AZoRsS HEC O 2 2= dE

et al., 1995: Manou et al., 1998) Varel
thymol 1t carvacrol& &t

= <
StetEol 0l o8t A7 S0t ottt BHEGHALCE,

JtA HU M= Carvacrol & thymolOfl HISHH 3 ~ 48 HIMICH. Carvacrol &
thymol2 FAER0 SE0HSIRS e EE2 HII=2 0lM= 258 Zoldcte
txlYMES T2TAI2|1D, 24I01A gaigts 2LAAI|0H, SRS FU=2(E
AME BZolH HIZ2ZEMNS JIXIE =9 2= QAULL.

TS MISEHON 2F ARsgilzs HIAHDMEBO AdASUE 22 = U
It 2 &2 thymoldt carvacrol2 FollotH, S@JIZAHUME SHEGHH 2ol It
HOXCH SIEZAHUAM=E SHEH HAHE = UCH. DL F4& HIIZ22 2o

E DNEoH Zolg = JA2M, &AM =AM XSE22 AFESHll=s I3 ©
= Cl

Varelt(2002)2 ARUNAE 16.75mM(2.5g/1)2l carvacroldt thymolg & Z%0
S0otA= [, offensive odor compounds, iso-butyrate, valerate, iso-valerate
Jeld cresol2 2AE LIEHLHRACEH. Short-chain VFAs(C2 ~ C9)2 &< 50 %<2
M2 288 UEHURUCSH, = 0o HA4 0= MAHE SHEOIULCE.

ddu 2 g3e A8 0N doifel22 Z2E0M M S4 AIZ0 25
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AS Mo &2 U carvacroldt thymol0] E0HE 2LJF HESCZ =HXN &
SIS Mo &30 0IXl= Gl st AR JSH 0ok SHCtD ZE2XR D UL

Ct. A=HI(disinfectants)

AF M2 ol EsEUE 22 0l= Ortho di-chloro benzene, Chlorine 12l

1 Hydrogen cyanamide(H.NCN) S0] UCH.

(1) Ortho di-chloro benzene

Irich and Ford(1975)2 ARUA AE=Z(cattle feedlot) 22 FEH A5}
otFE MOotIl R “ortho di-chloro benzene” 2l 4222 & A5 ZHIHI(H
JLMl 0IE2 “0Ozene")E ALESoIAULEH.

Warburton et al.(1980)2l HT2HIA S HI==GIAl ortho di-chloro benzene &=2| &
IHMl “Tec. 11"E M2 =0, Y= A2 WM (odor offensiveness)S 24
Al UE0IACH. DL YERSZ2PHO 2A4F A= (odor strength)lls &
Wb gle Aoz E6HYUCH. il Cole et al.(1976)& ortho di- chloro
benzene 8F2 HIINE RN === (cattle and pig slurry)dfl J|2teg &

ot

st M0 2 s 2 0IXes He=2

oo =2

rir

ol

putdl
Ho
o
=
o
@
»

(2) Chlorine

Chlorine0l =22 RH LMot 24F M20 HE0ICH. 2t B
20l A2Lt(Hammond et al., 1968; Warburton et al., 1980), H&3tII0I It
Ol HIMCt= &0l ULH.

2
e

J¥

(3) Hydrogen cyanamide(HNCN)

Hydrogen cyanamide(H:.NCN)E 50 % Sl& &t ME “Alzogur"S 01 &350 243
g £ AOLD BO6t0 JASCH, Patni(1992)2 FItEQl ARIL 01 &
Patni(1992)= Hydrogen cyanamide(H:NCN)S 50 % 3l48t MIE “Alzogur'€ Ol &3&t
O 2==25 1900mg/m 0l FHSIRAS [ =2 =2 FE Hydrogen sulfidell g

280 MAHE = JAAULD 206HATH

nio
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OF M2 St SOt XSEX RotH, I+ HOll
N ZHE0 EHXLD RALBLE A=W KNMIE 30 sS4

H=0ICt.

=
=133 4&_ ﬂjl

ct. 2H Al (masking agents)

AFHHUZ2 fst 2HM= 0tF QLHERH AR e 2Ho 3oz o
TO £2 YME &= JI2 HES JtALD oHE AH0l ot CHE MsS1 28t
HME Jtde 2A 2Hol AMESUE LI IAL FTAS WetAlHA JAHo AHE
ZAl St L)X RSHA ot= AS 20l HIlnE 840l gl= EE0 U
Aer HAEQl &HYO0| ot 2HSWUE 018 A0z EFsUHE AN =
CtE & =+ SlCh 0 22 AI2H0l ZuotHM HM32 YWMeE XNZE2Z S0t
1 masking agent= 25 SEEIAU MEHEIN EFEs0l =H6 BEHXAU
L= UM RA2I=Z W masking agent AFOIO synectics effectZ HAIF O &loH
N= 2HOt g = AT

D& HM EF0les SHEGHH, MOt HIwX HIMLD AFESl JHIHOl Xt
Ol 2ol AtEsts M2 HME A =& U= s2 2HIE UAS = YU
et o2 0l sl4otH, 2RAEHZ I S0l SAGHAL HER2R, 22 A
el = S0l ®£d == YOl JA=01, HE=2 masking agent= 2= J72 0Ol
ME0 ol A 2ol H20 AHE SHEY = U= J12t01 BHO. 0 SH
SO 2ol MAE = Az Ao= HENHZEN tolde sZcls, Atg, ot
C 30l J1, AJES0 UotAd= F0tel0l SE0Iet) B0 0 UL

Burnett2t Dondero(1970)2 =2HI MOl CHol (%) 2=0 H=otod 24F MO

SHE 2A2H, H(H) it =3X A4 Mol 25 ~ 30 mL/m=2 SH A
E HEoIUE M AFHMLESUE LIEHLHRUCE. Ritter(1975)= Alamask 51882t
HAsHel(dairy slurr)el 2HE MASHALE.
= Almask M-Xct= 2HMNE = =d2l0l ZAtotUS M DS s

= ZALASLE O J[240] LSt XI=0HA ROHALCEH.
Ol Hl=est JHEQl A2H ofx HAYUHoZ FYO0| JA=dl, 29tK2 FI|
O 8l S8Xo2 EMotH ot ASEE0 Sl e Bo FIIBUE 24otA

X2 HMZE=I Mototi, g8l 2= 20 HaHA

12
S

0y
P
_O'j
=
_O'j
rr
o
o
o
J
r>|

A

_32_



s
Methy| mercaptan < AHOl

on
o
fol
]
JA
o
2

, HEIDdIels S0l SWEOI2tD Ledd UL

. @Aa2dled LM AM(urese inhibitors)

H EAZ Loliclod Q@240 JI26 S0l L2s(NH)e2 Mt

A
HILHIE 20lsttt. RASHLHMHME 0gink2 Kroodsma

Z2UelS 3lHst =2 RAME HAGIH S22 Ammonia BHEO|
2HESHHLCEH.
ig. 2.3 22 RXE JI& phenyl phosphorodiaidate(PPDA) 2t

cyclo-hexyl-phosphoric tri-amide(CHPT), 12l N-butyl thio—phosphoric
tri—-amide (NBPT)E 2= (cattle wastes)Ol CHEI0d 22t 10mg/Lel RLASHE A

AMME &

21
Afs Wl Ao Ji==2diJt 4 ~ 11 S LOUX 2pxD, Ol
St Xz XA AUC

o
o tnm.
NIHZ
Phenyl Phosphorodiamidate(PPDA)

H O

1 Il
N—Ii’—NHz
NH-

Cyclohexylphosphoric Triamide(CHPT)

diamidate)
2l 92 % MZAIZE = U

M a2 Ji=Edi= 702 Ol=0 MHAZJACH. Oleigt HHAE SotA

Fig. 2.3. Compound structure of CHPT and PPDA.

22=(5.6g urea/L)0l 10, 40, 100mg2 PPDA(Phenyl Phosphoro
F0ICH E06IR S Mol 282 010 249 JI=2dE 72, 92 1
4

=
o 3

NoZ LIEHRCH PPDASl ==
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b
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4%

rr
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#ILN (Acidifying Additives)
Ammonia= SAAEUHAM BIEE= 24FH2 =R StE=
HAE 0 &0 it 2 HE Ammoniall odor threshol
ppmEEZ O 220 Hlol =2 BHOICH. S&2
Lt, AI2tOl et Ammoniall S&Z QIst &
Mot CH(Har tung et al. 1994).

Ammoniall =& 2 YIIZ29 HIZ=2 s49 29

= o2 g
_O'ﬂ
T
x
HO
=
i

=
rr
- 1o
Hu P
_I_
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0f0
gﬂ
02
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10
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X
T
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Ja}
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ISt Bl=2l JHXIDt

02
ol
Ho
e
4
=
fin
2

2 AOIHCZ HE2 & 4 ASH, H4o Y

02
=
al
o

HU Tl

10

J

[ACHPain et al., 1998; Donham, 1990). K2
Xt 30 =0OF Ammoniall HHE 0l 50 % SItE
et al., 1995), 0l2{8t OIRZ E2 |S& =Itl
HEOZ HHot2 ACHBurton, 1996).
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oY
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Hol

i

urealt Zol&l

SH=ICH(Beline et al., 1998). Ol pHOI 2t NHi= AmmoniaZ HMETIE 2= QU

=0, &EXMO=2 Ammoniall pH 6, 7, 8 1l 90IA CHEF 0.1, 1, 10 Oal2 50
TN 24 QUCHCourt et al., 1964). 12lat0d L2LIZ(NHS) AEHDE &
o S2E=E A2 )| fotd MHSIEIM S22 0186t pHE =0adl, Molly

= L=<

Tunney (1983)2 A0l 2otH &= =il MASEINHME S0 pH 5.0

OZ StAS Mol Ammoniall SO0l HEQUCHD E06H0 JUHRER

4.00l A Ammoniall 0| &HE).

MAESH BIMCS 8= 3AH 3K ZE 28 5= A0, &H(Acids),
q

(o]
(Base Precipitation Salts) Jdclld & MAS ZAAII= SEZ P20 =2

I_
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(1) &t(Acids)

Ammonia SES MZAII|l= &2 ALE0 28 7= QA RH AHENH <
QUCH. Sulfuric, hydrochloric, nitric, phosphoric Zel1d latic aciddt &&
O ®tCHMcCroy and P.J. Hobbs, 2001). Ze2iLt & MA HIIHE=E &M AIE6t=
O Ooef M0l ==0l,phosphoric acidl Z<= Jt201 HIML, Sulfuric,
hydrochloric ¥ nitric acid2l <= phosphoric acidel £C+ JI&A HUAHA= N

c
GotLE SoliotH, R2A40l 26t THRIID0F &sth= ©E0l UL

) €7 B& &(Base Precipitation Salts)
g & = 0|86t SMEE ¥ =HelZ2FH Ammoniall HIES ZA AT
2 HIAXSH 2o MO 2tCHWitter, 1991; Vandre and
Clements, 1996). =&t £e2icl9 pHE ZZESH| < AHEZ =,
(Chloride), &E&tA(nitrate), OtAUIE & 2&01 33 01EECH. 2ot
22 =30 =0l oAl 2], pHE Z&ot=0 It 2 ALz B
0 ACHWitter, 1991). il 2222 A B pHE EFEILE ¥2 pH
KAPRIDDIM=E UEO0IX RotCh. 1 0IRE otdle ACz2H SFE %
Ol, acidsQ dR0U= ZSEHMES 25 (0(gas)E MEAIDI=0l BlotH &I
HOol CaCl,2 B=R0= 222 ZEHIES 122 C0x(gas)Z S0l MESHAIIIX
Ct(Hustes et al., 1991).
(& BV 2HCO,+2H * — 200

i

Hu

Q

fon

rMo Mo

Eomy
0

i

$0
= fr 30

M D
o

+ 2H ,0

2( gas)

(CaCl, EIJt) 2HCO, + 2Ca*" < CaCO , + HCO, + H*

HCO, + H* < (0 + H,0

2( gas)

(3) & MH 2 2AAAT|= 22 (Labile Carbon — 3H8HE BIFIE 203|)| 22 EA)
EBARZE =4 2 S0 E06IH pHE Z2AAI21=0l, Oldst 222 AFE06H:H
Ammoniall LS HZAIZ &= QULH. 0128t =22 EJI14 MEHUA HH KI14



CF Mg = U=l 0l =IOl pHE RF= FE= L.

Subair(1995)= O XY 2Z2 =%E gelottd = £2i2l2 pHE 2AFAC
2 daAINeE HFAE o=, = =20 g 220l 11 % EIHEUS
[ & £24el= pH 3.52 A6t 10, 1 O Ammoniall SE0| 98 % 2 A6HAUCHD

DGHAUCE. Hendriks(1997)2 M=& Z(milled wheat)t 2X0HAN ==& =2
(starch, Triticum aestivum L.)2 2t EFARIZ AIE0I0 & &2l S0t

= [ =ICH 42 %DtXIS] Anmonia S

Eekertdt Wijbenga(19R)= T2

plantarum)E & Sl =5t pHE ZaAdl= AHF

Hendriks&® Lactobacillus plantarum 2HI2IOtE OIE6tH =&

622 2AAIFH 50 % Ammonia HHE 2AE 2ZEoIUCH. DAL S0tetE S AR
A

=2 E0olA2 M =HO pH A2 2t=X £ = Lacetic acid EHHI2I0ND &S
c

2.6.2 2FHNZ HIHMS AHE 2 H”

Jb. & & e HIAE™
Acid= HS04 &= HCIZ pH 2 ~ 30| Tles EXHOZ AIE0
MAN AFEESICH 222l= NaOHE ZAISZ pH 12 ~ 132 SMOZ AFZ &= Hydrogen
sulfide, I Xl 2
=X 2ol =&

A =
Ol 2 2E-O0l &t ME-ES Jt0lote 2AE LetEOZ2 AIZE 1D UL

.
ne
[
o
ne

KOS AMMUES MEHE
2 YA2 MSH JI20IUM Bl XItel NaOCI2CH M8 2 0l8dte 212 2A
S SHMe EF0l Mottt €22l MEOIA Hydrogen sulfide, Mo XZH&FE
HAHE = MSHZA OELGRE, HE SN 4EF2 MIAST. el
AHSEHIOI= Ol&k3tE &, KMnOs, H0. S0 AHEE LY.
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(2) Bacillus subtilis
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(6) Saccharomyces cerevisiae
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n. &8 - 24 2 ZAKE

2t 22 22T NsE L HESSEIIES Table 3.100 LIEHUH H, d==
Ar= 83 AFYXEUAM AdF22AXNA2Z 22ZAHXKX 2D AN HISHED
Z Ol CHol < 22/XI<S 01212 JIES LIEHRUCH

2 A70M SE - 248 iy aFsEe AFHLXNHUAN AHctD A= 2=
S = L=SAUAN ZHE0l OHE SE0l Hiol AFIIHEIN =2 NEFLFH2
&2 = Ammonia ¥ Hydrogen sulfidel?t & HEZ 322 Methyl mercaptan,
Dimethyl sulfide, Dimethyl disulfide? 201092 H XNEFAFH2SEZ ZatE K|

rZ

ES0l Propionic acid, n-Butyric acid,

n-
SR SEAFH0 Uotd =& - 245 AAGHALH

OBt

Table 3.1. Effluent quality standard of designated odor compounds

Unit @ ppm
- & = AN sE | HISASIVIE(YF2ALIRS 21)
ssrors | =EorE (M) - =T S0ttt
- SXZH 15 0lct
Ammonia 1.5 1.0
Hydrogen sul fide 0.00041 0.02
Methy!| mercaptan 0.00007 0.002
Dimethyl sulfide 0.003 0.01
KN&EAF | Dimethyl disulfide| 0.0022 0.009
Propionic acid 0.0057 0.03
n-Butyric acid 0.00019 0.001
n-Valeric acid 0.000037 0.0009
i-Valeric acid 0.000078 0.001
¥ ZAZX s& 0 A0 FELCE HWME 2XE £ A= Y AFSH zHMsE
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Table 3.4. Test substance for choosing air dilution test assessor
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Table 3.5. Analysis condition of sulfur compounds
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GC GC-2010, Shimadzu, Japan
Detector FPD
Column CP-SIL 5CB(60mx 0.32mm % 5um)

Column temperature
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Injector temperature

80 C

Detector temperature
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Table 3.6. Analysis condition of organic acid
T & dxel - 240101 ALY BATAH
Headspace H2540
Headspace Oven temp. 0 C

Needle and Transfer line temp.
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GC Clarus 600, Perkin elmer, U.S.A
Detector FID
Column Elite-WAX(30mx0.53un x0.54m)
Column temp. 40 C(5min)—80 C/min(10min)—150 C(5min)
GC Injector temp. 150 C
Detector temp. 250 C

Carrier gas

He(99.999 %), 20psi
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Table 4.1. Emission degree of mixture odor at each pig house

(for measuring date) Unit : bH
=25totx
22 HA
6.3 7.24 8.27 9.9 11.25

A E Al 300 100 100 669 300 294
B =Ak 300 100 30 448 300 236
C =Al 300 100 30 448 208 217
BT Basat NpEAb BeEaf

600 1

a0 300
400 A e

(=)1r == 1x ok

200 -

EE3Y 722432

BE27Y oo 118252

Fig. 4.1. Emission distribution of mixture odor from each pig house.
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Table 4.2. Emission degree of mixture odor at each pig house

HTAIE LUAIS &
] Bl
AEAb | BEA | C=A | SE=A| HEE=A
SEH (1) 294 236 217 514 434 HPSHR 24
DA % 5 5 5 5 16 seiel EA

e ==

500 ] 1
EALHIS} : =aja| 3= " -

| |

400 B |

r i i
i% 300 =4 ! i
é 236 1 1
217 i ]

i I

| ]

100 i
q ]
A r 4
AS AL BE AR CEAF SEEAM ZhE = AR

Fig. 4.2. Emission tendency of mixture odor from each pig house.
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Ol A =AF 15.2 ppm, B =At 14.1 ppm, C =At 5.1 ppm2Z C =AM JHE E2
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Ammonia2

4.2.1 Ammonia

15.2
14.1
5.1

8.9
5.8

12.4
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7.1

6.0
4.4
2.6
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Fig. 4.3. Emission pattern of Ammonia from each pig house.

4.2.2 Hydrogen sulfide

Table 4.42t Fig. 4.401 SAtE Hydrogen sulfide2l SHZUE UEIHLHA2H,
S AFE Hydrogen sulfidell B HiEs%= A =AF 0.23 ppm, B At 0.20 ppm,
A

C =Ab0.19 ppm22Z C SAIHAM JIE &2

HHEZ &2 Ammonia ¥ S F 2 Hlxxst IHES 20/ A2H, DIM=EM =2
0] & Ea=stAIAE0 H2E C =AM JHE R2 =F22 ZAMEULH, =
ME HBHEsE2 RAA XU0le X2 2A2x2 ZAZUCH

=AM Ammonia % Hydrogen sulfide= At2 S2 |RIISW LIt RlE=
HOA 2= BERQ AFHSHZ LEQ AIFEH 22 ZRUNZ It

T UL

2= HIoHSHSe 235t 2= =AMOUIA Hydrogen sulfide2 HiZE ==&
Table 2.32] Ol= NIOSH(National Institute of Occupational Safety and Health)
OlM HAlSt= JH0IEHCIEL ¥ 2 =&22 LIEHRCH.
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Table 4.4. Measurement results of hydrogen sulfide at each pig house

Unit : ppm
-2 = Hydrogen sul fide
e
ESHUA(Y) 6.3 7.24 8.27 9.9 9.23 11.24

>

0.00 0.01 0.14 0.54 0.33 0.37 0.23

0.03 0.10 0.09 0.48 0.16 0.36 0.20

o|lm| >
LIRNURLL
>

>

ND 0.06 0.05 0.57 0.18 0.07 0.19

Baz,p Mpzap He=ap

07
06
2 g5
3t
# 04
f 03
P
p 0.2
M o1
00
Fig. 4.4. Emission tendency of hydrogen sulfide from each pig house.
D2 0.23
020 o 019
=
=}
# 0.15
2] 0.10
]
m
T 0.05
000
A=A B= AL c=AF
Fig. 4.5. Average concentration of hydrogen sulfide in each pig house.
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Table 4.5. Measurement results of sulfur compounds at each pig house

- ppm

Unit

S KUK R R R KRR K
|l A0 | A0 | A0 |AD| A0 | AD| A0 | A0 | AD
— || D | D | D | DH | DWW DH| DW | DR
oo || KUK ORH | KA KA KRR | K| KR
N A0 A0 | A0 | A0 | A0 | A0 | A0 | A0 | A0
S WD M D
il
70 | o | UKL KU RN KL K KL K| 0
K| o A0 | A0 | A0 |AD| A0 | AO|AO| A0 | AO
" D | DM DW | DWW DN DN D) DH
L R A A R R
o NS | @m0 | A0 | ®0| A0 | RO | A0 | A0 | RO
W | o | MM IN|IN I D
< || KRR | KRR KRR | K| KR
N T | R0 | Wm0 | ®O| RO | AD| A0 | RO | AD
™ || I | DM | DN |IN | I | M| DN | I | D
N | K = | K| K| K| KR
cl8 /2 m |82 f | | R
© || |o | 2 || M M|
3 3 3
c (&) — [y (&) — [y () —
[qv] o “— [qv] o “— [av] o} “—
Sl |S|lal = 3|ales|>
or 8131283128 32
— [72] © — 7] © — 0 ©
00 gl |- |8|=|=| 8| ==
— 22|22 &2 2
> -+ + > +— — > = —
<~ () () < () () < () ()
e = = +— = = + 1= =
= o o = o o = o o
w.__w E:Au << [a'n] O
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HZU2 BHEZES Table 4.6 Fig. 4.601 LIEFLHRULCE.
9 2 0.00 ~ 0.65 ppmItXl Z4ct= HRAZ HA
Propionic acid 0.29 ppm, n-Butyric acid 0.18 ppm, n-Valeric acid 0.03 ppm &
i-Valeric acid 0.04 ppmO| ZM3I0H RI& ZSFRIF 342 =AF S0l & =H &
Mote 222 LIEFSCY.
B =At2 RII4 SFR 2A4HFH=ZE 2 0.00 ~ 0.39 ppmtk| L Hol= HPZ E2
n-Bu

-

Propionic acid 0.14 ppm, tyric acid 0.09 ppm, n-Valeric acid 0.02 ppm &
i-Valeric acid 0.01 ppmOl 2SI FII&F SFIH A = A0 HIoH EH ZM6t=
HoeZ LIEMGCE.

.00 ~ 0.351 ppmItXl CHE =AH0ll HioH LMot HS?
0, B Propionic acid 0.15 ppm, n-Butyric acid
0.08 ppm, n-Valeric acid 0.02 ppm & i-Valeric acid 0.03 ppmO| Z45IH = I|
& BRI B =A2E SAISHA 2MctE X2 =2 LIEISECH. Ol SAHIES =22
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Table 4.6. Measurement results of organic acid at each pig house

Unit : ppm
2 SIIMSE(VFAs) S Z N b
g =
== 6.3 7.24 8.27 9.23 11.24 =

Propionic acid | 0.65 0.00 0.00 0.21 0.5%0 | 0.29
n-Butyric acid | 0.39 0.00 0.00 0.11 0.398 | 0.18
n-Valeric acid | 0.10 0.00 0.00 0.02 0.0471 | 0.03
i-Valeric acid | 0.09 0.00 0.00 0.03 0.081 0.04
Propionic acid | 0.39 0.00 0.00 0.16 0.116 | 0.14
n-Butyric acid | 0.26 0.00 0.00 0.07 0.096 | 0.09

B =Al
n-Valeric acid | 0.09 0.00 0.00 0.02 0.0010 | 0.02
i-Valeric acid | 0.05 0.00 0.00 0.01 0.013 | 0.01
Propionic acid | 0.23 0.00 0.09 0.09 0.351 0.15
C=A n-Butyric acid | 0.12 0.00 0.00 0.00 0.263 | 0.08
h n-Valeric acid | 0.04 0.00 0.00 0.00 0.0418 | 0.02
i-Valeric acid | 0.06 0.00 0.01 0.01 0.051 0.03
0.3
B propionic acid ™ n-Butyric acid n-Vareric acid ™ i-Vareric acid
-7?:'-
?:—.l—
%
at
PP

Fig. 4.6. Emission tendency of volatile fatty acids(VFAs) from each pig house.
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Table 4.7. Measurement results of ammonia by automatic measuring equipment

(wad) q{xH>-m=E 2 H102 g2

Unit : ppm
Ammonia
- =
XEsE XAHIESE TmHiEskT
A S At 69.7 4.6 22.1
B = Al 47 .1 7.5 19.3
C =A 47.0 0.04 15.0
80
AN -~ BEMN - CEM
60 r

014

Fig. 4.7. Odor (Ammonia) monitoring results at each pig house.
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Table 4.8. Measurement results of hydrogen sulfide by automatic measuring equipment

Unit : ppm
3tatA (ppm)
-2 2
XUiEsEsE IAIESE HatissT

A S At 2.8 0.4 1.4

B = At 2.4 0.1 0.9

C =SAH 2.5 0.3 0.7

J

——AZA BZ Al —+—CEA

=
AN 25 ¢
t
=
5
S 9
g}
A
=
i 15+
by
RN
= 4
_J'.:_ ;:‘:ih‘f"
2 05 B
2 05
2

0 1 1 1

8.07.23 090813 (8 08.03 wrM 091014 MM 811

Fig. 4.8. Odor(Hydrogen sulfide) monitoring results at each pig house.
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4.4 BHHE N
441 =2 0/4=

= 70l B2 C =AM =012 HE0 AtE= HEIHEH0 SRet Dld=2
ESFE 8001S0l AU Table 4.901 SZHLHC =L 0= HM+=E =4
st Z10ICH

B, C A2 AIZ0 201 E22 0/88 =22 SZHLME 500 = 346t
O HAOZ HAEGIH C EAY S22 HEAIE0M 4Z8202 AIESIA20, &
JMEHNs =38 UHEdzZe RN @2 A2 2AE UYL

Table 4.9. Analysis results of

the microorganism in cultivation
unit : CFU/mL(g)

Z2 1
OlM=2HM 22
A DIMZA =2 0|M=2H
FAH H&EAZ NE NE
Bacillus subtilis 5.1E+06 4 . 7E+06
Bacillus coagulans 1.9E+06 5.0E+06
Bacillus cereus 7.0E+03 1.3E+04
Lactobacillus acidophilus 3.5e+07 6.0E+07

- NE : Non experimented
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Table 4.10. Analysis results of the microorganism in the manure
unit : CFU/mL(g)

ats 4 A =
24X 3|IX - _ _
T o 1X+(09.8.27) 0%(09.9.23) 3%H(09.11.25)
= A B C EAb | CE At A B C =At| C EAt A C =AH| C EAt
SAL T | 2h | =a | (WB) | (S2) | 24| =4 | 1) | (82) | =a B SN (iE) | (s2)
AMETHF K& | slurry pit HH%EAL“ %%OJ—}’F slurry pit HH%EAL“ %%Oj—t# slurry pit HH%EAL“ -
=34 1.5E|4.38| 4.3 | 4.3 |4.3E| 7.5E | 4.3 | 7.5E |9.3E| 2.3E | 2.3E
CHE 2= +05 | +05 | +05 +05 | +05 | +05 | +05 +05 | +05 | 405 | +05
Enterococcus |3.0E|5.0eE| 2.0E | 2.0E |3.6E| 1.7E| 1.3E | 1.2E | _ _ _
faecal is +03 | +02 | +02 +00 | +04 | +04 | +04 +02
Bacillus 8.0E|5.26| 5.0e | 1.9 |[1.3E| 7.0E| 6.7E | 6.5E |5.0E| 4.9 | 7.0E
subtilis +03 | +03 | +02 +01 | 405 | +04 | +04 +04 | +05 | +05 | +05
Bacillus 5.0E| 3.0 | 1.0E
coagulans ND | ND | ND | NO | ND | ND | NO | NO %o5| %05 | +05 Nz
ES
Bacillus orE
thuringiensis | ~ - - - ND | NOD ND ND - - -
Bacillus cereus| - - - - - - - - 1+’O45E 2+OO5E ﬁoof
saccharomyces _ _ _ _ _ _ _
erevisiae ND | ND ND ND
Lactobacillus 5.6E| 2.8E | 3.4E
acidophijus | NO | NO | NO | NO | NO | NO | NO | NO |%oq"| Yo | 05

- ND : Non Detected
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oy M
0 40 =

sl

[0 o

Y0

5 %=
LIEtSt 204, BODs= 26,275 mg/LOIA 22,875 mg/L
2, C0DpwE 18,942 mg/LOIA 14,528 mg/L=, SS=33,000 mg/LOIA 28,000 mg/LZ
SOt Rz Lietetth, 8t ol Net P0s2 2r28 0.41 %0l A
0.35 %2 Zaots X2Z LIERDH

2
ro

=2 20| [S1g=13
_I_LO;I_

o
{ == Y sy T—

Table 4.11. Changes of pig manure components after aeration and stirring
(without Iiquid and solid separation).

=y oH #%é%t a3 Toer% BODs | CODyn SS [)\l P%O5
% (mpa.s)| (%) | (mg/L) | (mg/L) | (mg/L)| (%) | (%)
= 7.59 | 94.3 66.0 4.2 126,275|18,942|33,000 0.41 | 0.41
W8 = | 7.4 95.3 63.0 3.9 |23,067|19,067|38,500| 0.43 | 0.40
2HE =] 8.0 93.9 60.3 4.1 131,101120,407 143,333| 0.50 | 0.52
I = 7.82| 94.2 72.0 3.4 |24,345|17,351|40,000| 0.63 | 0.51
48 =] 8.75 | 9.6 34.2 3.2 22,069 | 14,624 |26,000| 0.44 | 0.35
508 =|8.69 | 95.3 43.2 2.7 123,489116,429/31,000| 0.38 | 0.37
6OHE =] 8.42 95.1 38.2 2.5 |22,875]14,528 128,000 0.35 | 0.35
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™

L.
Table 4.1201

=
YERE

LIEHHASH,
GiA 8.1322,
O,

al

=<

Olcd

L
It

=
[

©H, B0Ds=

/L2, SS=49,000 mg/LOilA

1.26 %=

are
Ls ™

OtOl
=

&= 155 mpa.sOlA 22.8 mpa.s2 2tAGHRUCE
weroll 2IaH 4.79 %0l A =

32,314 mg/LOIM 12,876 mg/LZ, CODyw= 21,424
12,000 mg/L2 ZOI&l H2= ULEHSCEH,
0.67 %0IA 0.44 %2, P0s2 S&EE 0.47 %0M 0.27 %2

p)

=0l

g

Table 4.12. Changes of pig manure components after aeration and stirring

(with liquid and solid separation).

=2 % |®|IJI2| BODs | CODw SS N P20s

= pH
% mpa.s | % mg/L | mg/L | mg/L | % %
DHZElET | 7.49 92 155 | 4.79 |32,314]21,424/49,000| 0.67 | 0.47
=7 7.90 95.4 27.8 | 2.35 123,394/ 13,687/23,000| 0.54 | 0.25
8 = | 8.09 95.7 25.3 | 2.39 21,975/ 12,446/21,500| 0.51 | 0.35
28 = | 8.03 9.5 21.0 | 1.96 16,933/ 10,168/ 19,300/ 0.56 | 0.25
3 = | 8.13 9.1 36.5 | 2.21 {10,615/ 14,905|27,333| 0.66 | 0.42
8 = | 8.04| 9.1 28.0 | 1.90 | 9,754 12,881/22,833| 0.32 | 0.42
58 & | 8.17 97.3 22.3 | 1.40 |12,550(12,227| 15,0001 0.33 | 0.33
6oHE = | 8.13 97.4 22.8 | 1.26 |12,876/10,020| 12,0001 0.44 | 0.27
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HE Ta 41301 L4HEHLHRICEH. =AE 2 MHHE L= Eae
n-BOD, T-N, E&EH &2, o S0l ot =24= =~at
Table 4.13. Analysis results of water quality(manure) at pig house
=3 o

SIS s—B0D n-B0D TN MEEA HETE | LENIE

(mg/L) | (mg/L) | (mg/L) mg/L) | (O2l/ml)| (CFU/ml)

20,193 270 4,620 1.2 1,300 1,700,000
22,770 3,210 5,250 4.8 1,500 120,000

23,700 780 7,044 5.5 71,000 1,300,000

22,221 1,420 5,638 3.8 26,466 1,040,000

18,263 270 4,934 2.0 26,000 1,300,000

23,670 2,760 4,572 4.4 14,000 36,000,000

30, 150 200 9,396 5.3 55,000 1,160,000

24,027 1,076 6,300 3.9 31,666 12,820,000

3,340 169.0 1,312 3.5 800 1,200,000

4,070 450 3000 4.9 3,800 1,500,000
1,818 256 2,886 5.6 8,000 790,000

- 3,076 291 2,399 4.7 4,200 1,163,333
- 257 40.5 774 5.4 140 61,000
6,510 62.2 2,334 4.3 740 8,200
228 45 1,698 4.9 1,200 500,000
o 2,331 49 1,602 4.9 693 189,733
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Table 4.14. Emission

results of s—BOD at each pig house

Unit : mg/L
s-BOD
ENTE 2a
1%t 2%t 3%t
A EA 20,193 22,770 23,700 22,221
B S A 18,263 23,670 30,150 24,027
SAHHE 2 3,340 4,070 1,818 3,076
C =AH
SINERIES 257 6,510 228 2,331
35,000 ————— —
Fazal "pEA TCEALEAHIZEZ "cEAIEAIRYS
s 30,000
|_3 25,000
o
E 20,000
mg
¥i 15,000 -
L
L— | 10,000 -
5,000 -
o

1X5F

Fig. 4.9. Emission tendency of s—BOD in pig house manure.
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Table 4.16. Emission results of n—BOD at each pig house
Unit : mg/L
T-N B
EARE 2a
1 Xt 2t 33Xt

A E Al 4,620 5,250 7,044 5,638

B = Al 4,934 4,572 9,396 6,300

SAHES 1,312 3,000 2,886 2,399

C S Al
EMRE 774 2,335 1,698 1,602
HASAl SpEAl “CcEALEAHESS "cEALEAIG S

10,000
‘9,000
8,000
7,000
T 6,000
,; 5,000
:,; 4,000
/! 3,000
..l'. 2,000
1,000

1x}

2k}

3&}

o

Fig. 4.11. Emission tendency of T-N in pig house manure.
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Table 4.17. Emission results of NOs—N and TKN at each pig house discharge water

© mg/L

Unit
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clIAIZ20lA BHE HHl 22 HEZ2 MAS2 & 84 »8 =2 ZALERUCH
Ol C =At2l 2z & BOD, T-N S2 =50t Bf =AM20 &2 X2 UELE &
UG D=2 2HaHZ 222 SA00 dHE A2z BHEC.

Table 4.18. Emission results of colon bacillus at each pig house |ivestock Wastes

Unit : Orel/me
&z
ENTE 2a
1t 2%t 3%t
= 1,300 1,500 71,000 26,466
B S A 26,000 14,000 55,000 31,666
SNBSS 800 3,800 8,000 4,200
C A
SEANRYS 140 740 1,200 693
Wao=.p Sp=.p ScEapsfjzs ScEApRols
20,000
F0, 000
cy | 60,000
= 50,000
=
a | 40,000
2|
P 30,000
me | 20,000
10, 000 .
_ 1%} 2%} 3x} Ha

Fig. 4.13. Emission tendency of colon bacillus in pig house manure.

Table 4.19%2 Fig. 4.14001 =AIE2 RE=2 UEZZ2 HHEEUE LEHHULCEH
LBtMIZ2 A2 B =AU S 2828 & 1.040,000CFU/méet 12,820,000CFU/me=2

H2 2o LBANR0l 25 HHE0 =MoL AN AFHE LdE IIsH0l =2
NOZ LIEtSCE
C =M 2 HiE=+ & & 1,163,333CFU/mIt E=X2lAIE2 R0 2

EXelAlE HHEFS HMel=lls Bz 189,733CFU/m2 LBHAIZ 0l EMotls X2
E EMEUCH, E=XeAE0A HiE+ H S22 2ENZ MHE2 &

|0
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84 %EE=Z LIEIRCH. Ol HH&EZ2W OHEIIXIZ C &AE

o sEJt Bt EMED ¥2 A2 LIEU D122 2Ll
C|

Table 4.19. Emission results of general bacteria at each pig house |ivestock Wastes

Unit : CFU/mé
2ABEAI
ENTE 2a
11X+ 2Xt 3Xt

A E A 1,700,000 120,000 1,300,000 1,040,000

B = Al 1,300,000 | 36,000,000 1,160,000 12,820,000

EAIE £ 1,200,000 1,500,000 790,000 1,163,333

C =At
EAMNS S 61,000 8,200 500,000 189,733
FaAEA "mBEA CEMHIZES "cEAFUS
.| 40,000,000
wt| 35,000,000
g 10,000,000
c 25,000,000
,: 20,000,000
o 15,000,000
me
=1 10,000,000
5,000,000
0
14} 2%} 3&; =

Fig. 4.14. Emission tendency of general bacteria in pig house manure.
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= QAR SA AR 2 -

Fig. 4.16. Temperature and humidity measurement equipment for inside and

outside of pig house.
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Fig. 4.17. A temperature graph of upper part at each pig house.
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Fig. 4.18. A humidity graph of upper part at each pig house.
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Fig. 4.19. A temperature graph of withers height at each pig house.
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Fig. 4.20. A humidity graph of withers height at each pig house.

- 114 -




Ct. SAIE slurry pit 2&

SAQl XISt XIS slurry pitOllAd AIZXHFSY 2 - &2 FEHOHI| ol &
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slurry pit BIE0IA 2 30cm &2XE, C =Als =AE JIELZE 22L&

EA R0 Bo=8XcAE =S Ml=XZ0A 2AIGHALEH
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Table 4.242 Fig. 4.212 2 SAIE slurry pitUllAd &8s 2 Z 10| CF.
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x

slurry pit 252 BSEIF JIE QY FOl 202 TAE ALY,

Table 4.24. Temperature and humidity graphs of withers height at each pig house
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slurry pit 2 331
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A = A B = At C =At
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Table 4.25. Temperature and humidity measurement results at outside of

each pig house
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Fig. 4.22. Temperature and humidity graphs of external and
internal in each pig house.
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s A Tmalaa] o [ =2 [aa] 5 [ =2 (] 5
= |yz =8| 0o | #s =8| o | wz | =8| o
gl o3| = | e o3| = | g 93| =
ppm pom bH % pom HH % ppm HH %
Ammon i a 1.5 180/ 12 |04 120 8 | 05| 85 | 6 |0.3
Hsyud|rf°igdee” 0.00041 0.2316 565 | 18.910.2033| 496 | 28.8|0.1860 | 454 |27.4
Methy|
0.00007 |0.0015| 21 | 0.7 |0.0002| 2 | 0.1 0.0000| 0.0 | 0.0
mercaptan
Dimethyl o o0g0 10.0017| 1 | 0.0 0.0020] 1 | 0.0 0.0000| 0.0 | 0.0
sul fide
Dimethyl 1 o 5020 10.0000/ 0.0 | 0.0 |0.0000| 0.0 | 0.0 | 0.0000| 0.0 | 0.0
disulfide
Propionic acid| 0.0057 [0.2000| 51 | 1.7 |0.1346| 24 | 1.4 |0.1344| 24 | 1.4
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n-Valeric acid| 0.0000370.0335 905 | 30.3|0.0207| 559 | 32.5|0.0167 | 451 | 27.3
|-Valeric acid| 0.000078|0.0382| 490 | 16.4|0.0144| 185 | 10.7 | 0.0246 315 | 19.1

SEHrF () 356 - - 246 - - 255 - -
Olat=erers (bH) - 12,985 - - |1,720] - - 1,655 -
I E(%) - - | 100 - - | 100 - - 100
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Fig. 4.27. Concentration changes of Ammonia and hydrogen sulfide of A pig house.
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Fig. 4.29. Concentration changes of Ammonia and hydrogen sulfide of B pig house.
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(A) Farming environment. (B) condition of slurry pit.

Fig. 4.33. Farming environment and condition of slurry pit of C pig house.
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(A) Before stabilization. (B) After stabilization.

Fig. 4.34. Changes of turbidity at influent manure.
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(A) careless operation. (B)stabilized operating state.

Fig. 4.35. Production of bubble by careless operation and stabilized
operating state.
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Fig. 4.36. Odor production graph at inside of C pig house (Automatic measurement).
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Table 4.35. The pollutant concentrations of pig manure with feeding feed

additives containing micro organism

Unit @ mg/L
- = pH BOD coD SS T-N T-P
- Sd= 6.6 72,215 75,900 159,500 | 7,194 1,402
IRE 7.1 56.174 60,192 157,000 | 6,862 1,438
o Sd= 6.7 79,329 72,214 176,200 | 11,039 1,102
IRE 6.8 63,453 72,963 148,000 | 7,310 1,322
- 4= 6.9 68,540 66,990 171,000 | 7,262 1,624
IRE 7.0 73,750 69,385 164,800 | 6,816 1,640
305
30
_2ss
N 29 30.1
28.5 28.8
28
Fig. 4.41. Volume reduction rate during composting.
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Fig. 4.42. Concentration changes of Ammonia
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