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A H-o] AT (THEANS AT AAB7IE At mEs g A9 #
SRR, 2011, 09) AdE =EH SARE HaAGA ] g AnE A(ER)
AR A o] A o7 FAAA s P9, FAko] 5438 f5E sow ddHEY. o
ATEFS FE FFHTAALA =AF W YRE FHOE ATEAE =EFoEN 57
Al gxol (SEC : Simple but Efficient and Cost-effective) ZAFKA)S oFF 2
A7 20 AZEA| 2" Tl EA S T

AT82(2011.0900014  1&e FAg H3bH  HFA 20049 FAF-ES A<
IFARSAAE FellA LA EE o 5t 7
2004. O4.0ll= FuAbs EFHOl AR Fon, A FARA ] FE2 G5 H
HE VEoR AidE AAsE A Z= =]
FieMs @A me vHFAde de A3H M database R mEFAtel] ojd
AFA Ang FRIoRA gulgHor M5 JdE di§ FAE A ] wasojof st}
anE EAAAARAA Fagd oH7lA 6% (§EUol NH3 <3.0ppm, TMA,
(CH3)3N <5ppb, #3}44, H2S<20ppb, MM, CH3SH <2ppb, DMS, (CH3)2S <10ppb,
DMDS, (CH3)SS(CH3) <9ppb &)¢F FAkfrel 247k 3% (e]4ksteta, C02<3000ppm,
Mgt CHA<3.0ppm, oFiFshdz, N20<1.0ppm) WHAA & Qe 2474 oF o
STk ARA 2 B oole] Aoy S B AFATY] e 3

Fe7re] BAY st FEHEA FAbe] 714 9

AT R A2Y TE S FFHA AT AFH

AFFAl 2= E] AME H g A4 A1)
- GE B4 ALSAI 2" S FE A2EYs AP Fo RO e RE ik 2 A A
TAF AL S 1 AT FF Fodd e ALY 1 3dz dE AlF)
- Sy BARE AFEA 2R A dEETE AES 3 A AE WUt
ANUA] Az FE5AE 1d3 AW A =4 2l Rt 2 @ A5t
- giA oA V&S &8 3 W3 =41
B 2 AGS o] &5 duA AfE s=AF ZEUpT A AAA A
AP AEA A A AT A 65 (FEYol, TMA, #3544, MM, DMS, DMDS)¥ =4
Absters, wgl opbEt A ) VEFEE WESAE F e A84 odF 2
A7F A 2" Hoolo] Aoj7]e] WS fgh AlFATe WS vs 2
- %8 vzt gE EAFEE (S9XEA, EHEEAD) 2 GHAZR 7l (water scrubbing and
biofiltration) ¢}3 2 247t~ EA8A (GC-MS) ¥ o] &5

d
- g vy BEAAY =AY 24712 2 G HIF2 (o] & /GHOG : GreenHouse & Odourous Gas’)©l
ZAT ALAH AA~d A W pilotA & 0] 9 hardware?] &&243F % hardware? A ~El7]A
d Alz=glo] 247F~ 3F B HHVEE 655 5 U index B4
(A& B9, dAZBEATFT 5) D A, o9 /i FF 7~ Fad 24
]i]?]__

- EAF U 9 7t S Al A (sensor), YU E @ X (sensing system) 71
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A8H GHOG AfAl 2~ge] 247k
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CAFNEA )
A 1A A

P RaAE F42Y w7 B S 483 5 9l
*HHVM kel g Aotk AP ) RiE A} A}

= T ! = == =
ARSI ARSE AR BE abs Fol7lE ol&d ARSI Hlaste] 84S
%7}@ A1 PJar) BEL AFAS Frlder Folstel A4S Hrhe A P2z

g8kt

&0 A 2"HE o83 e Aol AR o] wX= g3 did AR &0 Aol
A=Y ARFAI 2R AApA] B AL

apolE YERHA e4%tal (P>0.05), &EAMEGH Hluste] AE#HA w2291 Cortisol,
Epinephrine, Norepinephrine®] 7 (P<0.05)3 X-FA}=2 Aol & (P<0.05)
HRom, o AAA el MY s adE YEhiATh

QA7) A frael F7HAQ Tk MAM e vAE GFol F At PN Afae]
A4 Fo7h BES AEAAE A (P05 EHAES 4L AT
g Ao FHssi.

AEHoR @Y REAGAZU U Axue AN 2Eds A7 gEe
B4 Py D BEY AR £HE ARAAFD FAH ARhe 0§ Fito]
BEY BAASE AAAYE Ao] bed Aow waan

A 185 A3

HFAe BEE AUA A4F 287 B4 2D A

YR EAe JI¥ 9 25 AW - ET SESHS 20139 99 102 ~20139 9

N

Ol:}
4 249 7M. SAsT ddde F49 A9 Al 13T frAENeH, A
16.45C7F frA1 = ATk oFgke] 249 Adl 805T7F fFAHALH, Hix 1719C7 FAHA
o A aE F3ke A A 866TTF £ H%lem, Ha 2877CTF fA AT
ofrel A5 FHul 847C7F A=A en, Ha 2480TC7F A= A
B AFFwlelE EAF Uie) 253 (20139 9€ 109 ~2013d 9€ 24) A€ Bt
Ul

o

T Adolth, QlFHolH EAF WH2EE 27 B 243 V[EHJeH, 8AE VHeR
T ofgto & Ul 2554 A= Ui stiR R Uro] SAHon, EA4)
AR 6ol A FASATE FAA AT A9 gzl Fi 3050C, BFE Q15
olE] FEAL Al Hyt 30656CE A BFE AFHlole EAFA 0.15C HA4 S45AU
oh st el A dizTol A Fit 3052C, HYE ol E EAbA Hir 30.75C =
ZA ] Bdd AFHlolE EAIA 023C ¥A SAHEJL ool A ek H$ o



2ol "at 2833C, HFE Aol =AbelA Hyt 2836TC = FAH ] HYEL o
Holg =AM 0.03C =71 A=A st A5 7oA Fet 2820T, =Y
A5tulolE =Akl A 2867CE S50l BYE Aol =AM 047C =A 54
ATt

Mop2 =

g cluHlolE] E=Abo A ALFH A= FAHEH AlgAHAE 2 Alge e A5
th 0~1F3re] A7 T SAHEFS gdd olFulolE] EAPlA 181 kgl & WEF
1.72 kg®Bt} =4 vegon, As8AH TS gjxToA] 237 kg2 H I AFHolEH =

Ab 214 kgHth =4 YEYT ARS8 TS ZgolA 1380 % Bgd dfHlolE =A
118K =A dehydth 1~253te A7t T SAEE ggd AFuolE =ALe] A
1.85 kgo 2 tizT 150 kgitl EA vegton, ASHdHAHFLS dztolA 333 kgl =
BFd QlfulolE 322 kgt =/ UERTE ARLTES dETOAA 1848 I
AW olE =AF 174K =4 dElyth 0~257e] AA7F & F2

ol =ALol A 399 kgo 2 thET 387 kghtl A UElytom ARAHFHFL ﬂ]i?oﬂﬁ
509 kg2 & g QlitHlolE =AF 493 kg th A UERTH AR

L322 Hgd Aol EAF 1.245 0 EA ey

B Aulole =Ate] 2= BAE A4S AAE AT 0~157ke] A3 7t 5 AR
E ozTe vhdd 436425¢, BYE SHolE EAlele mield 373175902 145%
A7rE Ak 1~253e] A7 F AlsHlE g7 ke 581909, Bdd <t u o] E
EAbel = v d 5502759 02 54% ARE AL 0~253ke] A7 T AlERE dE2T
vk 41,7459, D AFHlolE EAb = migld 39215922 6.1% A=A
HFD Qiwlole =Ate] 7]$d, F - ofgt H7|ALE S ZAFSAATH TR ¢
e izl A 39.6 kWh, BlFE <liHlolE =i 319 kWhe =2 1949% 7HAaEglom,
d G x4 553 kWh, BHEE Q1w olE =A= 454 kWhe = 17.9% A=
B Ao R gz e 475 kWh, g SliHolE =i 387 kWhe = 185% #Ha
Ak ofzte] A9 v G uURTolA 772 kWh, EIYE AFHolE EANE 647
kWho 2 162% #AERen, 38 d& oA 71.6 kWh, BlSD oFulolE EALd
A& 609 kWhe = 14.9% =it A o2 x5 744 kWh, HlEE QliHlol
=AbE 628kWhe 2 15.6% #Aaw k. AAA ] Hite x7 6095 kWh, g 5
wol 8 EAF 5075 kWho &2 17.1% 4% Atk

rlo
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rr

(o3

ul o
=l
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oo ok
12
(@)}
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e Be3 ox A0y WAFA B4 md Au
A QAFulolE] EatollA AL AHEo] ZAF ARAAT D AARLTES B4 Aol 0~1
Fate) AR F ZAFES AD AFWolE EARIA 075 kgo® hET 071 kghoh B4 et

o AlRAHTL 2D QFHolE EAMA] 193 kg @ IET 191 kgRtl =7 JeRdth AL
FQTES TN 2608 A olFHolE =A} 257HUF =7 vbebdth 1~25Fxke] A¥ 7|7k



T SAFE AL Aoy E=AelA 1.86 kgl 2 thxT 177 kg th =7 Uebow, AlsAH @
& tzTol A 383 kgl A F QFH|olE =AF 372 kgBtl EA eI AR &Stz
A 21602 AQ Qo] EAF 2008t EA UERTh 2~3F3ke] A7t T A dx
221 kgo.® A Qfuloe] EAF 217 kg Bt} #A e on Al TS Ad Aol =
Abell Al 371 kg Q& 2T 356 kgith EA| YERYTh AlR 278 A E A5tHlo]H EAbA 171
o= T 1618t =/ YEth 0~3FAe] A7zt T SAES AD Qo] EAbolA
478 kgo 2 AT 469 kg th =A UEtskom, AlRAH S Ad AHolE =AelA 9.35 kgl
2 2T 931 kgith EA YERTh AAR S TES glETolA 1982 A AiHlelH =AF 196K
o =4 vEbgth

- A<D QlFFHolE =AM AMSE AFES AAA B Anolth 0~1FAke] ¥V F AR
& h2TelA T 1,807.68¢, A<D dFHlolE EAblE FF 17240490 45% AE Ak 1~
272k ARV T AEHES gETA T 1451529, AE QAiHolE EAME 7R
134400902 74% A=A 2~3Fake] A@7IE T AIRRES AF QIFHolH  EAblA
1,149.129, dizTolA 1,081.929 202 62% S7FHALE 0~3F32 A7t 5 At8H]82 g+
A 1,330.569, AE Aol =ARA 131712922 21% A=Ak

- AN 2E A EHZ YA S (COP) 4 Arfo|t}t, i sAF SAHYA = AL EFZ~
B Ao s SAAT F74e COPE 2.86, oFZFe] COPE 3512 w4 FHon, Hidoz
3192 EA At

- A AstHlolH =AF WR-9 A 2k 34 A
L 1FEAoH, 8AE V1F R FIH} offto R
ol SAEAeH, EAPER 63t FAEAE T AS JHE LR ﬂ%i?oﬂﬁ 2713~
21BCE Byow, FidH o= 2742T7F vgkom
H, A O R 2754T7F Yebth 2Exboli= HirHog A|d FfuolE EAteA 0.12T A Y
Efgith sty 25 g2 27.19~27RCE HYon, HiHor 2742T7F vsken, x4
AFulolE] E=AbE 27.35~21.4CE HYom, FyrA o= 2755C7F YEbRth S50l Hid o
2 AG Qltelolel EAIA 0.13T E=A veEbgeh F3ke it EAF i 25 tR 27427,
A QlFfulolE] EALA 2755CE Yeht A<D <lFulole] =AM 0.13C A Uebth oFzte]

A AR LEE gETolA 2638~27.11C2 Bloen, Hwdoew 2673C7 vygren A4 <l

EAbs 2615~2673CE Hom, HAHOo R 2646C7F YERTh 2Zxjol= s o

hzTollA 027C EA Yestth el 25 gixTolA 2657~27.07CS Bon,
2685C7F vbgkom A& olFulolE A= 2608~2687CE BYon, Hia o 2659T 7 eyt
oh 2ZAol= HirHo R Tl 026T EA Uehdth F7e #Hir2ks tET 2679C, A
A QlFHlolE EALA 2653TC & YERY tlz2ToA 026T = Yebsth

- A oFulelE EALY AVIAMEH 2AMEIE g3y g2k 0~1F3ke] A tiRTelM 3247
kWh, 2| ¢l5fHlolE =AF= 1191 kWhO 2 63.32% HAas Atk 1~2F242] 749 thzTollA 2565
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o QlFtHlolE EANE 111.0 kWhOo 2 56.73% ZAa% At 2~3F32] 49 thZTollA 4492
kWh, A S1FuolE =M= 1277 kWheZ 7157% ZAHArh a4 AL iz 1,0304

KWh, A1 Q5o EAR= 357.8 kWho& 6528% 745 2]u),

PN
& o5
> o =As o = = = =
Ao A7 S S Ay HrAo® 3091~4459 kWh/15d9 #7]1& AEsth ALDsE
s 3 22 B35 oz = = = [}
Az WSS BAF A3 ARACE 440~451% AT WIAFE HelFo] Ay oy
=) OO0 3 =
doz AFen ee LA
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- ZRE QlFtHolE E=AF U] obFH ks A AT vy} 2k NH3 (YR Yohi: 7oA 1859

ppmoZ ZAHQ o Ad ErbME 800 ppmlE ZAETE H2S (F35a)E oA
025 ppmo. & FAHNoH, Ad EAIAE 013 ppmeZ SAHHATE SO2 (o]4tshdh) e dizd
A 089 ppme & Ao, A =AIAE 073 ppmlE SBEHJT A A
Al A W] of kAT AtEE A7E vEbsth Choi 5 (20100 A GEAI2ELE AL
AdRYol o fral7tag sAste] M 75 FHte] ¥ A& AT maselh
A4 iFHlolEl=ALS] A AVAME R Ade e 2k 20149 129 29 ~ 2014 129 8Y
A7 tl2Tol A 5704 kWh, AE A5fHlolE=Ae A 3121 kWh AMH-C2 4528% FHAE]
AUtk 20159 149 139 ~ 20159 19 199 #A7IARE &S 7oA 5367 kWh, A1 Ql5HlolH =
Aboll A 2804 kWh AREO.2 4608% #HAE 9tk 2015 29 129 ~ 20159 2€ 189 H7|AL& 22
thzToll A 5150 kWh, Ag Q1o E]=A}F 2794 kWh AFE O & 4575% A% ith 20154 3€ 6
A ~ 20159 3¥ 129 A7IAHEHS t2Tol A 7331 kWh, A<D Q15FHlolE] = A 302.6 kWh Al
07 5872% 7Tk 20159 49 149 ~20154 4¥ 209 A7ARRERS g zTel A 2725 kWh,
A Qo] EJEAL 1847 kWh AHECR2 32.22% #ZHAFdth 20159 59 59 ~ 20159 5€ 1Y
A7 S oz Fol A 1788 kWh, A|d Qi Hlo]EEA A 1450 kWh AMEC.2 1890% 74
Ak 20159 1149 19 ~ 20159 1149 30 A7IAHE =2 tizTollA 1506.7 kWh, A4 <lHlolH
EARIA 8965 kWh AFEC.2 4050% #Z4% itk 20159 122 19 ~ 2015 129 319 A7)AM&-3
& gz telA 27125 kWh, A9 Aol EEAIA 15144 kWh AREO.2 44.17% ZH2E Ak Al
3 AA7Ire] AL Tl 70257 kWh, AQ SIiFHlo|EEAL 39241 kWh AM&o &
44.15% A= ATh
A AlzEl QFuHlolE] EALe] AAA BAATE gt 2o dR2 T EAbe] AAnEE 441941
USDo|H, A|d =AEe] AA= 17,677.35 USDE F% A
2~59] Ground loop+= 50 ©]7, Heat pump 251 o]/ o= o]
S R EARE 21614 USD, A¥ EA= 4846 USDE A=A #7132 B Ashs gz1e
59, AD EAE 2518 ARgsloF =ojo] WAEty] ARt
HFAA 2~ x4 B A ey 2ok 9RERE 12
Aoll= 258C, 29 (1FY)ole= 1045CE 12~197H4] ¢ 255 Btk B Es Hrdo
2 A)oll = Fat 94642 W/m2, 19 (15Y)ol+= 1,262.23 W/m2, 2€ (

o] AgHo= M Jgo] mA= Aoz BMETh JH7a&S 61.36~65.13%2 &

o] Ak oldA AR 122.17~16871 kWh/m2/day = #2415 ich. Wy
o= B 458 19 (15Dl 461, 29 (15Dl 4482 EAH o] A5 H58HA BAETh
dd+ A g QAFHlolE EALA ALSE A= FAE, AARAAT B AlRSTES BAS Ane
O 2k 0~8FAke] ARV T SAEES B+ E AulolH EARA 2441 kgl & tiE
T 2174 kg Brb E=A UEbsow, AFRAH S BGFE+AD Q1FHlolEl EAIA 49.38 kg o & o
ZT 4624 kgRth EA YERSTE AARQTEL Rl 21322 HGFE+AE AFHolE EAL
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20250 =A Yy

- AE Qs AR AAEY BAATE e 2o AAERE HETEAE 129 (F

e)el= 62530 kWh, 1€ (1F)el+= 55200 kWh, 29 (1F)el+= 730.00 kWhE 4% o] 1,907.30
kWhe AHEsIiTh Bl +A D eahs 129 (15l 32550 kWh, 1€ (15%)l= 31860 kWh,
29 (179l 29290 kWhE S4 5] 937.000 kWhE AH&stnh AR# o2 BFd+xd =At
M o ARl HlEiA 970.30 kWh (oF 51%)8] A7 A #s didsts 237 vebst

A= QlFHOlE EAF WR-e] ob 7k SAANE vt vk NH3 (YEUehE x4 80~
100 ppme.2 SAEAOH, HEFD+AD =AM E 15~30 ppmeZ SAEA H2S (3k44)
= HETolA 20~25 ppmoE SAHHJCH, BYE+AE =AIAME 02~05 ppmo® S H 9]
ok SO2 (o]akekah) e tiErolA 04~05 ppme= SN eH, HFd+Ad =AelA= 01 ppm

o ZAYT HFAAD A SRS BEA EAL U kR ATt AE Aush e

z 5

O

[e)

e

A+ FuolHEALY] € AVASF A e 2ok 20149 129 149 ~ 20149 12
9 209 A7AME RS g2 Tell A 625.3 kWh, Bldd+Ad o] EEAlA 2975 kWh AME-2 &
52.42% 725k 2015 19 59 ~ 20159 1€ 119 A7AME S-S th2toll A 5820 kWh, B %<
+2d QlFulo]ElEAL A 1436 kWh AMEC 2 75.33% A9tk 20159 39 149 ~ 20154 39
204 A7IAMEERS tj 2ol A 631.0 kWh, HlFE+AD Q1FFHI OB =AF 2929 kWh AMHEC.2 56.99%
TaE Ak 20159 59 14Y ~ 20159 5¥ 31 A7IARSEE diE2TolA 11444 kWh, HlYE+]
A QIFFWolE=AF 5562 kWh AFE-C.=2 51.40% A ATh 20159 69 19 ~ 20159 649 309 A
F 3t 2ol 1,267 kWh, Bl +Ad Q7o EEAF 7699 kWh ARS-O.2 3874% #4
Aek AE AA7|ZEe] A7|AR S Tl A 42894 kWh, A1 SlFHo]ElEAL 20601 kWh
AHE0 2 51.97% #AaE Ak

N
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Al 28s A3

A% E
IAdEE @gelie] FEGA AL olsets] Aol AIRALE WA HY
1% B3 WKEF SHHdE HA dvht AR o4 T egEds
v 7)ol B BRS B wEo] YEAE Q45 Hrh

2 AT 1AdEE dAE =AWl R RSR(RE, §5, )k WA, i
Hedat, ohF % 247t (GHOG)S Bdde W7h-wAssith. 5 S
71825, A Fevel Aol xR 128 s R
W4 oby g WX WYX 5o AsE FHIAL

Ak e 2R FE §5 T H7IY AR A HedRs AdSrIAAF
Feg, AARAN LY FEFS Ao 10:00AM~11:00AMe] @2a sl
wal =AU oFHe| e ARE FFSFYT F9 volatile organic compounds
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(VOCs)E =, sulfides, indolics, phenolics, volatile fatty acids (VFA) 5 9#H 5=
n 7] b AAAES FASE T dHSEE, =, Dimethyl sulfide (DMS),
Dimethy! disulfide (DMDS), indole, p—cresol, volatile fatty acids (VFAs) =, acetic
acid (AA), butyric acid (BA), iso - butyric acid, valeric acid (VA), propionic acid
(PA), iso-valeric acid (iVA) 59 =& #2434}

=5 3 o} |
00592 FaAdE B Yoyt F&H2 JAAd =2 PMI10, PM7, TSP (total
suspended particles) 7Fe] #AA = < 0052 Ho AAAS Btk
olF =AM Wl EV]Eo] F AG fEo] molxRE AZbepekel ofFHu, WA
dAAoR AA SMAA FEE ASAIZIV] wiEel F(F)Y AAEE A
Rnog ke

» %A coliform bacteria®] =%xo thg WA wFol, %29 total coliform,

Escherichia coli counts?t "i-5- o4 (fFEMS=Z (P < 001 AR ZHAAE
Bt AWl HeF A= AS olfAEAY FaEde Alojste] Arel
=3 VheAS Eolv d2 ve Tod den adEE B dye A=
EE He FEo

2012~2013)
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GHAAR AdSdYE AT pilot BF AA, A&

s
oA Mgk bpel o] W Bl SEALY] oA AL

[29 6] 9 F-&540 4A3 BF system &3%

Ao BRAIZ=EE " wgEAbe ofHE Azsy] 97 AR a9
FEEGA A& BFE 7lEHo® i

cellulose pad¢} = As=%k dripping system, 3,
S AA e data logger S o2 FAEO drt EE olE 77 @
RUHHT F e EYUHE 3 FFEHo] BF otH e 247 wRe A3t
A sk

BEoll tigh °F 100€43te] LS HaAANA AASl A& 90~95% (4.18 ppbv @
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exit) o]2w BA & 95~99% (7.83 ppbv @exit), PA = 99 % (0.96 ppbv @ exit),
VAT 80~90% (1.03 ppbv @exit), iBA 80~90% (1.6ppbv @ exit), Ammonia > 80
% (final day concentration was 1 ppm after biofilter), Mercaptan Methanol
(MM)=60% (7.1 ppbv @exit), Dimethyl Sulphide(DMS) > 60% (1.2 ppbv@exit),
Dimethyle Disulphide (DMDS)>80% (0.1ppbv@exit), Carbon dioxide 10~50% (700
ppm @exit). ¥ A 43 A] Hydrogen sulphide, p-cresole, indole, skatole, methane
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SUMMARY
(FE2°H2)

1A 1 AF

* This report included the three years of researches on housing management system
and feeding management for the purpose of improving sow growth performance,
reproductive performance, and piglet performance from parity 1 to 6. In each parity,
we collected the data from each sow to analyze to know which management is better

for the sows.

« EXP. 1: Effect of different housing management system in SOwWs

*« We allotted 90 multiparous sows (Landrace x Yorkshire) to three housing system:
1) CON (Stall management system), 2) GM (Group management system), and 3) SM
(Shoulder management system). Each system contained 30 sows, and started at 3
weeks after breeding, finished at the next breeding. All sows were given the same
amount of feed during gestation and had ad libitum access to feed during lactation.

* We recorded individual sow daily feed intake to calculated average daily feed
intake, checked individual sow bodyweight and scanned for backfat thickness 3 days
before farrowing, a few hours after farrowing and on weanling day to determine
weight and backfat loss. The backfat thickness of the sows (6 cm off the midline at
the 10th rib) was measured using a real-time ultrasound instrument (Piglot 105, SFK
Technology, Herlev, Denmark). During experimental period, numbers of piglets alive
and death per litter were recorded to calculate survival ratio, and numbers of piglets
stillborn were also recorded. Individual pig weight was recorded at birth, week 1,
week 2, week 3, and weaning to determine average daily gain. After farrowing, daily
feed allowance increased 1 kg/day until day 6 postpartum, and then sows were ad
libitum access to feed and water. During lactation, feed consumption was recorded for
each sow to calculate average daily feed intake. After weaning, weaning to estrus
interval was recorded for each sow.

« We collect blood from sows on d 50 and 108 of lactation, weanling, and from
piglets on weanling day. Blood samples were collected from the jugular vein into

non-heparinized vacuum tubes (Becton Dickinson Vacutainer Systems, Franklin Lakes,
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NJ, USA) of each sow at the same time of the day. Blood samples were collected
before meals and after removal of piglets. After collection, the serum samples were
centrifuged (3000 x g) for 30 min at 4°C and stored at —20°C until being used in
cortisol, norepinephrine and epinephrine analysis. Serum concentrations of cortisol
were determined with a standardized solid phase radioimmunoassay kit (Diagnostic
Products Corporation, Los Angeles, CA, USA). The norepinephrine and epinephrine
were assayed wusing an ionexchange purification procedure followed by liquid
chromatography with electrochemical detection, as described previously by Hay and
Mormede (1997). In brief, the samples were loaded onto cationic columns and the
catecholamines were eluted with boric acid. The eluates were assayed via HPLC with
electrochemical detection with an oxidizing potential of +0.65V. The intra- and
inter-assay coefficients of variation (CV) were 7.0% and 7.1% for norepinephrine and
6.5% and 11.6% for epinephrine, respectively.

* Subjective diarrhea scores of piglets were recorded daily from day O to weanling
by the same person and were based on the following: 1=hard, dry pellets in a small,
hard mass; 2=hard, formed stool that remains firm and soft; 3=soft, formed, and
moist stool that retains its shape; 4=soft, unformed stool that assumes the shape of
the container; b=watery, liquid stool that can be poured. Scores were recorded on a
pen basis following observations of individual pig and signs of stool consistency in
the pen. The score is reported as average daily diarrhea of individual pig score.

» Fresh feces samples were collected randomly from at least 2 piglets (1 gilt and 1
barrow) in each sow pen on the last 2 d of the experiment. Fresh feces were
collected directly via massaging the rectum. Fecal samples collected in each pen
within the same treatment were pooled and placed on ice for transportation to the
laboratory where analysis was immediately carried out. One gram of the composite
fecal sample from each pen for fecal microbial flora was diluted with 9 mL of 1%
peptone broth (Becton, Dickinson and Co.) and then homogenized. Viable counts of
bacteria in the fecal samples were then conducted by plating serial 10-fold dilutions
(in 1% peptone solution) onto MacConkey agar plates (Difco Laboratories, Detroit,
MI) and lactobacilli medium III agar plates (Medium 638, DSMZ, Braunschweig,
Germany) to isolate the Escherichia coli and Lactobacillus, respectively. The
lactobacilli medium III agar plates were then incubated for 48 h at 39°C under
anaerobic conditions. The MacConkey agar plates were incubated for 24 h at 37°C.
The Escherichia coli and Lactobacillus colonies were counted immediately after
removal from the incubator.

e All data were analyzed by using the GLM procedure in a completely randomized
block design with the SAS software program (SAS Institute, 2001). Differences
among all treatments were separated by Duncan’s multiple range test. Results were

expressed as the least squares means and SE.
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* In parity 1

e Sows in Group and Shoulder system had less bodyweight loss (from after
farrowing to weanling), stillbirth piglets, higher born and weaned piglets compared
with sows in Stall system. Sows in Group and Shoulder system had lower cortisol,
epinephrine and norepinephrine concentration than those in Stall system on d 50 and
108 of gestation. There was no difference on piglet growth performance, fecal score,
microflora, and sow rectum temperature among these three different housing system.
The results indicated that in parity 1, Group and Shoulder system are good for sow
reproductive performance and can relieve stress during gestation, but do not have

effect on piglet performance, fecal score and microflora.

* In parity 2

e Sows in Group and Shoulder system had less bodyweight loss (from after
farrowing to weanling), backfat thickness loss (from after farrowing to weanling),
higher born and weaned piglets compared with sows in Stall system. Piglets in
Group and Shoulder system had higher bodyweight at week 3 and weanling day, as
well as higher average daily gain during week 2 to 3, week 3 to weanling day, and
the overall lactation period compared with those in Stall system. Sows in Group and
Shoulder system had lower cortisol, epinephrine and norepinephrine concentration than
those in Stall system on d 50 and 108 of gestation. Additionally, lower cortisol
concentration on weanling day was observed in Shoulder system sows compared with
Stall system sows. There was no difference on piglet fecal score and sow rectum
temperature among these three different housing system. The results indicated that in
parity 2, Group and Shoulder system are good for sow reproductive performance and
piglet growth performance, and can relieve sow stress during gestation, but do not

have effect on piglet fecal score.

e In parity 3

« Sows in Group and Shoulder system had less bodyweight loss (from after
farrowing to weanling), stillbirth piglets, higher born and weaned piglets compared
with sows in Stall system. Sows in Group and Shoulder system had lower cortisol,
epinephrine and norepinephrine concentration than those in Stall system on d 50 and
108 of gestation. Additionally, lower cortisol and norepinephrine concentration on
weanling day was observed in Group and Shoulder system sows compared with Stall
system sows. Piglets in Shoulder system had lower fecal score on d 14 compared
with those in Stall system. There was no difference on piglet fecal microflora and
sow rectum temperature among these three different housing system. The results
indicated that in parity 3, Group and Shoulder system are good for sow reproductive
performance, and can relieve sow stress during gestation, but do not have effect on

piglet fecal microflora.
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e In parity 4

* Sows in Group system had higher bodyweight before farrowing, after farrowing,
and weanling than those in Stall and Shoulder system. Sows in Stall and Group
system had less bodyweight loss (from before farrowing to after farrowing and from
after farrowing to weanling), higher average daily feed intake compared with sows in
Shoulder system. Backfat thickness loss (from after farrowing to weanling) was
lower in Group and Shoulder system compared with sows in Stall system. Piglets in
Group and Shoulder system had higher bodyweight at week 1, week 2, week 3 and
weanling day, as well as higher average daily gain during birth to week 1, week 1
to 2, week 2 to 3, week 3 to weanling day, and the overall lactation period compared
with those in Stall system. Sows in Group and Shoulder system had lower cortisol,
epinephrine and norepinephrine concentration than those in Stall system on d 50 and
108 of gestation. Additionally, lower sow cortisol and norepinephrine concentration on
weanling day, and lower piglet norepinephrine concentration were observed in Group
and Shoulder system compared with Stall system. There was no difference on piglet
fecal score, microflora, and sow rectum temperature among these three different
housing system. The results indicated that in parity 4, Group system is good for sow
reproductive performance compared with Shoulder and Stall system. Group and
Shoulder system are good for piglet growth performance, and can relieve sow stress
during gestation and lactation, but do not have effect on piglet fecal score and

microflora.

e In parity 5

*» Sows in Group and Shoulder system had less stillbirth piglets compared with sows
in Stall system. Piglets in Group and Shoulder system had higher average daily gain
during lactation period. There was no difference on sow reproductive performance,
rectum temperature, piglet growth performance, fecal score, microflora, and their
cortisol, epinephrine, and norepinephrine concentration among these three different
housing system. The results indicated that in parity 5, feeding sows and piglets in

Stall, Group and Shoulder system had no difference in their performance.

e In parity 6

* Sows in Group and Shoulder system had less bodyweight before farrowing, after
farrowing, weanling, and bodyweight loss (from after farrowing to weanling), higher
average daily feed intake during lactation compared with sows in Stall system.
Piglets in Group and Shoulder system had higher bodyweight at week 1, week 2, and
week 3, as well as higher average daily gain during birth to week 1, week 1 to 2,
and week 2 to 3 compared with those in Stall system. Sows in Group and Shoulder

system had lower cortisol, epinephrine and norepinephrine concentration than those in
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Stall system on d 50 and 108 of gestation. Additionally, lower norepinephrine
concentration on weanling day was observed in Group and Shoulder system sows
compared with Stall system sows. Piglets in Shoulder system had lower fecal score
on d 14 compared with those in Stall system. There was no difference on piglet fecal
microflora and sow rectum temperature among these three different housing system.
The results indicated that in parity 6, Group and Shoulder system are good for sow
reproductive performance, piglet growth performance, and can relieve sow stress

during gestation, but do not have effect on piglet fecal microflora.

* Conclusion

e Group and Shoulder system are good for sow reproductive performance, piglet
growth performance, and can relieve sow stress during gestation in any parity (1, 2,
3, 4, 6) except parity 5 compared with Stall system, but don’t have effect on sow

rectum temperature, piglet fecal score and microflora.

« EXP. 2: Effect of dietary fiber supplementation in sows

» We allotted 80 multiparous sows (Landrace x Yorkshire) to two dietary treatments:
1) CON (basal diet), and 2) F (basal diet + fiber). Each treatment contained 40 sows,
and started at 3 weeks after breeding, finished at the next breeding. All sows were
given the same amount of feed during gestation and had ad libitum access to feed
during lactation.

* Material and methods are the same as EXP. 1

e In parity 1

» Piglets in Fiber treatment had higher average daily gain during week 2 to 3
compared with piglets in CON. Sows in Fiber treatment had lower norepinephrine
concentration on d 50 of gestation, as well as lower cortisol and norepinephrine
concentration on d 108 of gestation than those in CON treatment. There was no
difference on sow reproductive performance, rectum temperature, piglet growth
performance, fecal score, and microflora between the two treatments. The results
indicated that in parity 1, dietary fiber can slightly decrease sow cortisol and
norepinephrine concentration, and do not have effect on sow reproductive performance,

piglet performance, fecal score, and microflora.

e In parity 2

« Sows in Fiber treatment had less bodyweight loss (from after farrowing to
weanling) and backfat thickness loss (from after farrowing to weanling) than those in
CON treatment. Piglets in Fiber treatment had higher bodyweight at weanling and
average daily gain during week 3 to weanling and overall lactation period compared

with piglets in CON. Sows in Fiber treatment had lower cortisol and norepinephrine
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concentration on d 50 of gestation, as well as lower epinephrine concentration on d
108 of gestation than those in CON treatment. There was no difference on sow
rectum temperature, piglet fecal score and microflora between the two treatments.
The results indicated that in parity 2, dietary fiber had good effect on sow body
condition, decrease cortisol and norepinephrine concentration, as well as improve
piglet growth performance at weanling. Additionally, no effect was observed on sow

rectum temperature, piglet fecal score, and microflora.

e In parity 3

» Piglets in Fiber treatment had higher average daily gain during week 3 to weanling
compared with piglets in CON. Sows in Fiber treatment had lower norepinephrine
concentration on d 50 of gestation, as well as lower cortisol, epinephrine, and
norepinephrine concentration on d 108 of gestation than those in CON treatment. The
results indicated that in parity 3, dietary fiber can decrease cortisol, epinephrine, and
norepinephrine concentration at later gestation, as well as increase piglet average
daily gain at weanling. No effect was observed on sow reproductive performance,

rectum temperature, piglet fecal score, and microflora.

* In parity 4

« Sows in Fiber treatment had less backfat thickness loss (from after farrowing to
weanling) than those in CON treatment. Piglets in Fiber treatment had higher
bodyweight at weanling and average daily gain during birth to week 1 and overall
lactation period compared with piglets in CON. Sows in Fiber treatment had lower
cortisol and norepinephrine concentration on d 50 of gestation, as well as lower
norepinephrine concentration on d 108 of gestation than those in CON treatment.
There was no difference on sow rectum temperature, piglet fecal score and microflora
between the two treatments. The results indicated that in parity 4, dietary fiber can
decrease sow Dbackfat thickness loss, cortisol and norepinephrine concentration,
increase piglet growth performance at beginning and weanling. Additionally, no effect

was observed on sow rectum temperature, piglet fecal score, and microflora.

e In parity 5

» Piglets in Fiber treatment had higher average daily gain during week 3 to weanling
compared with piglets in CON. Sows in Fiber treatment had lower cortisol and
epinephrine concentration on d 108 of gestation than those in CON treatment. There
was no difference on sow reproductive performance, rectum temperature, piglet fecal
score and microflora between the two treatments. The results indicated that in parity
5, dietary fiber can decrease sow cortisol and epinephrine concentration, as well as
increase piglet average daily gain during week 3 to weanling. Additionally, no effect

was observed on sow reproductive performance, rectum temperature, piglet fecal
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score, and microflora.

* In parity 6

* Sows in Fiber treatment had lower cortisol, epinephrine, and norepinephrine
concentration on d 50 of gestation, as well as lower cortisol and norepinephrine
concentration on d 108 of gestation than those in CON treatment. There was no
difference on sow reproductive performance, rectum temperature, piglet growth
performance, fecal score, and microflora between the two treatments. The results
indicated that in parity 6, dietary fiber can decrease sow cortisol, epinephrine, and

norepinephrine concentration, thus relieve sow stress during gestation.

» Conclusion

* Dietary fiber can decrease sow cortisol, epinephrine, and norepinephrine
concentration at any parity (1, 2, 3, 4, 5, 6), thus relieve sow stress during gestation,
and fiber also had slightly good effect on growth performance in piglets, but do not
have effect on sow reproduction performance, rectum temperature, piglet fecal score,

and microflora.
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2.4 1395

The present study was conducted to evaluate the solar and geothermal heating
technology as an alternative energy source to minimize the energy cost and reduce
environmental pollution in pig production. Two consecutive experiments on solar and
geothermal heating systems were conducted to measure growth performance, internal room
temperature, energy consumption, COZ gas emission, systems performance and economic
analysis for solar and geothermal technology in pig house. The results obtained from these
studies summarized as follows:

The first, a nursery pig house with an active solar heating was evaluated for its ability
to save energy and reduce environmental pollution. The system was installed in an
experimental nursery pig house to evaluate the efficiency of an active solar heating system
to save energy and reduce green house gas emission. The efficiency and output of the
collector was calculated using the outside temperature, average collector temperature and
solar radiation. The temperature and humidity in pig nursery room were similar to control
and solar heating systems except that the bottom temperature at the center and back of
the solar nursery was higher than the control room (P<0.05). Piglets in the solar house
had a slightly higher body weight and lower feed intake than the control house (P<0.05).
By using solar system the electricity consumption was reduced by 15% compared to the
control. Due to the reduction in electricity use, the COZ2 production was reduced by 15%
(137 kg), resulting in a savings of about 6,129.75 Korean Won (KRW)/2 weeks relative to
the control. Overall, the results of this study indicate that active solar heating systems can
successfully reduce energy use and COZ emission in pig house.

The Second, geothermal heating system in nursery pig house was applied to minimize
electricity cost and reduce environmental pollution. The geothermal heating system was
installed in an experimental nursery pig house to evaluate the efficacy of geothermal
heating system and to minimize the energy cost as well as to reduce environment pollution
by reducing greenhouse gas emission in pig house. The internal room temperature,
coefficient of performance (COP) of geothermal heat pumps, piglets growth performance,
energy consumption, COZ emission and economic status were investigated in this
experiment. No significant variation was observed in internal room temperature during
daytime (P>0.05) between control and geothermal systems. However, room temperature at
the center and back positions of upper level and center position of bottom level were
significantly reduced in geothermal heating system (P<0.05). A significant increased weight

gain in piglets was found during 071 week period (P<0.05), however no significant
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variation was observed during 172, 273 and 073 week period (P>0.05). Over a 21-day
period, significantly reduced the electricity use (about 672.6 kWh), CO2 (44.39 kg) emission
and electricity cost (about 14,528 KRW/3 weeks) which accounts for 65.28% reduction in
geothermal heating system compared to control. Finally, the results of this study revealed
that geothermal heating system is economically viable and environment friendly as well to
improve pig performance compared to general electric system.

The third, an Apricus evacuated tubes solar system was installed in combination with a
single loop geothermal heat pump (CSGHP) system at the experimental farm of Sunchon
National University, Korea to evaluate its performance on electricity use, CO2 and noxious
gas emissions, as well as the associated cost savings. During the experimental period,
energy consumption, room temperature and humidity, CO2 and noxious gas emissions and
costs were compared to an identical pig house with conventional electric heating. A
significant increase in internal room temperature was observed in the CSGHP system
compared to the conventional system (P<0.05). A substantial reduction in electricity use,
CO2 emissions and costs was achieved each week in the CSGHP system relative to the
control house. Moreover, noxious gas emissions were reduced significantly in the CSGHP
system (P<0.05). Overall, the results of this study indicate that the CSGHP system has the
potential to reduce electricity use, COZ and noxious gas emissions and overall costs.
Therefore, the CSGHP system has the potential for use as an environmentally friendly
renewable energy source for animal houses.

However, further studies on solar and geothermal heating systems need to be conducted
to evaluate their efficacy for long term assessment regarding green house gas emission

and reduce energy cost.

Key words: Solar heating system, Geothermal heating system, Pig house, Growth

performance, Energy saving, CO: emission, Economic analysis
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A2 HE

This report included the three years of research on pilot scale biofilter systems
for the purpose of reducing odorous compounds from intensive swine production
facilities. In the first year of study, we collected the field data from wvarious
intensive swine production facilities across Korea for different parameters to know

the seriousness of the topic.

During the first year of project, we carried out field data collection from
intensive swine production facilities to assess the effect of microclimate (.e.,
temperature, relative humidity, and air speed) on the quantity of particulate matter
(PM), airborne bacteria, and green house and odorous gases (GHOG) in growing
swine houses. Data were collected from 12 farms in different locations throughout
South Korea during two seasons; farms are selected on the basis of ventilation
system natural ventilation system and mechanical ventilation system; daily
sampling times were from 10 am to 4 pm. This study has provided the valuable
informations about the concentrations of key volatile organic compounds (VOCs),
sulfides, indolics, phenolics and volatile fatty acids (VFA) emitted from growing
swine house, and also assessed the effect of microclimate variables (including
temperature, relative humidity and airspeed) on these. The odorous compound
concentrations, such as dimethyl sulfide (DMS), dimethyl disulfide (DMDS), indole,
p-cresol and all the volatile fatty acids i.e - acetic acid (AA), butyric acid (BA),
iso - butyric acid, valeric acid (VA), Propionic acid (PA) and iso-valeric acid
(IVA) were heigest during the summer (P< 0.01). Overall, we found that the
growing pigs are vulnerable to environmental risks associated with the

microclimate variables and aerial contaminants.

A non-parametric correlation analysis revealed correlations between microclimate
variables and airborne contaminants in different seasons. In both seasons, negative
correlations were observed between, air speed, and some odorous compounds (P <
0.05). Furthermore, negative correlations were observed between air speed, and
relatively large airborne particulates, such as PMI10 (PM mean aerodynamic
diameter <10 pm), PM7 (PM mean aerodynamic diameter <7 pm), and total
suspended particles (P < 0.05). One of the possible reason for these negative
correlations 1s that increased ventilation at an increased room temperature could
transfer the most of the airborne particulates carrying odorous compounds out of
the growing houses. On the other hand, because of the sensitivity of coliform
bacteria to temperature, positive correlations were observed between temperature
and total coliform and Escherichia coli counts (P < 0.01). It is a challenging task

to control the quantity of aerial contaminants in swine houses, and the
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relationships observed in this study between the microclimate and airborne
contaminants could be used to reduce the air borne contaminants in swine houses
by controlling microclimate variables. The correlations established in the current
study could also be helpful in establishing guidelines for good management

practices in growing swine houses

Fig. 7 Outside and inside of farm A (Pictures taken during the field trip ( 1 YEAR
REPORT 2012-2013)

Fig. 8 Outside and inside of farm B (Pictures taken during the field trip ( 1% YEAR
REPORT 2012-2013)

e In the first year of study, we started the construction of bio—filter system. A
pilot-scale biofilter system was designed, constructed and evaluated to determine
its performance in second and third year. As a result of this research, a number
of recommendations regarding the application of bio—filter systems to swine
confinement buildings have been developed and are already presented in this third

year report (part 2 and 3).
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Fig. 9 Biofilter system installed at Suwon, SNU livestock farm, South Korea

The bio—filtration system was used to treat odorous compounds derived from the
swine confinement building, at Seoul National University livestock farm (Suwon,
Sourh Korea). This system comprise with a cellulose pad, water circulation
system, data logger, and sensors to record the airspeed, pressure drop, humidly
and temperature. It also includes a monitoring and water application system. We
collected the odorous and green house gases to check the concentration and
reduction efficacy of bio—filter system (detailed is presented in second and third

year of report)

We found that the reduction efficacy of this bio—filter system through out the 91
days of run was different for every odorous compounds. The reduction efficiency
of Acetic acid was in between 90 — 95 % (final day concentration was 4.18 ppbv
after biofilter), Butyric acid in between 95 - 99 % (final day concentration was
7.83 ppbv after biofilter), Propionic acid = 99 % (final day concentration was 0.96
ppbv after biofilter), Valeric acid in between 80 -90 % (final day concentration
was 1.03 ppbv after biofilter), Iso—buteric acid in between 80 - 90% (final day
concentration was 1.6 ppbv after biofilter), Ammonia > 80 % (final day
concentration was 1 ppm after biofilter), Mercaptan methanol > 60 % (final day
concentration was 7.1 ppbv after biofilter), Dimethyl sulphide > 60% final day
concentration was 1.2 ppbv after biofilter), Dimethyle disulphide > 80 % final day
concentration was 0.1 ppbv after biofilter), Carbon dioxide in between 10-50%

(final day concentration was 700 ppm after biofilter).
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Fig. 10 Biofilter system installed at Suwon, SNU livestock farm, South Korea

Hydrogen sulphide, p-cresole, indole, skatole and methane were not detected
during the experiment. Iso-valeric acid showed no continuous reduction efficiency

trend through out the experiment.

Also, during the third year of study, we analysed the effect of biofilter system on
animal health. Air quality correlation with stress hormone inside the swine house
shows good results. This may be because of the proper ventilation condition. So
during this research, we found that the maintenance of proper environment
condition inside the swine confinement buildings improved the animal health and
productivity. It provides the disease free environment to farm workers working in

swine confinement buildings.
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4. A 3 FF

Average number of piglets born alive and average number of piglets weaned from
pregnant sows reared in the shoulder length barrier were more than them from pregnant
sows reared in the single stall in summer(p<0.05). Pregnant sow groups reared under two
different housing systems were not different in veterinary view, but in summer pregnant
sows In the shoulder length barrier were less stressed by heat than pregnant sows in the
single stall(p<0.05). In conclusion, performance of the shoulder length barrier system was
more excellent than that of the single stall system.

we investigated the performance of sows reared under two different housing
systems : single stall - farrowing crate (SSFC) and shoulder length barrier - farrowing
crate (SLBFC). Two groups of pregnant sows (30 sows x 2 treatments x 4 seasons =
240 sows) were housed in individual stalls (SSFC) and shoulder length barrier (SLBFC) for
twelve weeks, respectively. All pregnant sows were then transferred to individual farrowing
crates a week before parturition and were reared for four weeks. Average litter size,
average birth weight, average litter weight, and body condition score (BCS) were measured
and statistically compared using SPSS. Our results showed that there were no significant
differences (p>0.05) on the farrowing performance of sows reared under SSFC and SLBFC.
However, in this study, the welfare level of SLBFC is higher than that of SSFC.
Therefore, we recommend that gestating sows must be housed in shoulder length barrier
(SLBFC).

Indoor temperature and relative humidity in weaning piglet house and growing pig
house in summer were higher than in winter and spring and these factors may have
adversely effected performance of weaning piglets and growing pigs. Regardless of season,
as stocking density was higher, weaning piglets(0.45m%*hd, 0.35m*hd, 0.25m?hd) and
growing pigs(0.6m*hd, 0.5m%*hd, 0.4m?/hd) showed less lateral lying behavior and eating
behavior, and finishing weight and daily weight gain of weaning piglets and growing pigs
were lower(p<0.05). Therefore, weaning piglets and growing pigs need to be reared with
proper stocking density.

Stress reactions in animals are influenced by individual, social, and genetic factors,
environmental conditions, stocking density including the initial activity of the stress
hormone axes, spontaneous locomotor activity, and social position. It is well established
that, through the secretion of corticotropin-releasing hormone and ACTH, an acute stress
can stimulate steroidogenesis in adrenal cortical cells, leading to an elevation of plasma
glucocorticoids.

In this study, we evaluated whether the stress reactions of pigs are influenced by
pig’s facility including shoulder length barrier (SLB) and environmental factors including
stocking density depending on seasons or growing periods such as postpartum sow,
pregnant sow, weaning and growing pig.

In analysis of stress hormone reaction in postpartum sow, the cortisol levels in

_33_



plasma of SLB were slightly increased in spring, fall and winter and decreased pattern in
summer comparing to stall. In analysis of airborne microorganisms, there were no
differences between two facilities in SLB and stall. Furthermore, in analysis of antibody
titers, there were no differences of antibody titers for PRRS, atrophic rhihitis,
Actinobacillus pleuopneumonia 2 and 5 between stall and SLB.

In analysis of stress hormone reaction in pregnant sow, the results are slightly
different from those of postpartum sow. In brief, cortisol levels in plasma of SLB were
slightly increased in spring, but decreased pattern in summer, fall and winter comparing to
stall. In analysis of airborne microorganisms, there were no differences between two
facilities in SLB and stall. Furthermore, in analysis of antibody titers, there were no
differences of antibody titers for PRRS, atrophic rhihitis, Actinobacillus pleuopneumonia 2
and 5 between stall and SLB.

To investigate whether stocking density affects the stress hormone reaction in
weaning and growing pig, pigs are grown at three different stocking density including low,
middle and high. In weaning pigs, the cortisol levels in plasma of pig were slightly
decreased in low comparing to middle and high stocking density during all 4 seasons
without any significant differences. Moreover, in growing pig, the cortisol levels in plasma
of pig were similar to those of weaning pigs. In analysis of airborne microorganisms,
there were no differences among three different stocking densities in weaning and growing
pig. Furthermore, in analysis of antibody titers, there were no differences of antibody titers
for PRRS, atrophic rhihitis, Actinobacillus pleuopneumonia 2 and 5 among three different

stocking densities in weaning and growing pig.
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OF ANImAL PRODUC TS

Classification of Porcine Wasting Diseases Using Sound Analysis

Moreover, the discriminant result among the measured
parameters indicated that it is possible to discriminate the
different porcine wastling diseases paramelers like pitch,
intensity and formants 1, 2, 3 and 4. However, among the

1000 bp —> [ N . . . .
Table 2. Pitches (I1z) of the major porcine wasting diseases

FODbp —
481 bp—>

Figure 1. PCR amplification for PCV2. Viral DNA was extracted
from whole blood and PCR amplification was performed. The 481
basc pair amplified produect
electrophoresis. M: wmarker,
PCV2 infected samples

was shown in

lanel:

agarosc
positive control.

gcl
lane 2-8:

o T e e
e
I ERIE N

NORMAL

Diseases™

No. ol pigs

Pitch (Hez)

Group 1 T
Group II 13
Group IIT 7
Group TV 9

p-value

325.47+68.01"
197.01+115.35%
301 88+80.84°

269.86+98.887"
p=<0.002

* Group I (normal). Group II (PC V2 positive). Group III (PRRS positive).

Group IV (MH positive).
! Mean LSD.

*° Values with different superscript letters are significantly different in

p=0.002.

Figure 2. Spectrums of the different cough sounds acquired from normal, PCV2, PRRS and MH samples, respectively.

- 51



88

Table 3. Discrimination result of the different parameters of
cough sounds thar include pitch, intensity, formants 1, 2. 3 and 4
acquired from the different porcine wasting diseases a 86
Analysis casc processing summary =, 84
Unweighted cases N Percent 4;‘
- 7]
Valid 76 98.7 § g b
Excluded Missing or out-of-range 1 1.3 =
group codes =
= 80
At least one missing 0 0.0 g
discriminating variable e 78
Both missing or out-of- 0 0.0
range group codes and at 76 L * L L
least one missing Normal PCV2+ PRRS+ MH+
discriminati rariabl :
iseriminating variable Diseages
Total 1 1.3
Total 77 100.0 Figure 4. Sound intensities of major porcine wasting diseases
(dB).
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Necessary Conditions for Optimal Ventilation of Small Negative Pressure Ventilating
Piglet House with Corridor and Attic for Preheating

S, J.Les D, I Cheng 'S, H, Haang W, M, Gutierrer H, H, Chang

This study was carmed out to determine necessary conditions for optimal ventilation of small windowless piglet house
€40 (W) % 110 (L)  26(H) m) with comdor and sttic for preheatng wsmg CFD (Computational Flmd Diynammes)
simulation The expenments] weamng piglet house was consisted of 3 comidor, an atne, 4 rooms (3.0 (W) = 2.75(L) m),
3 fences (0.7(H) m), 5 aw inlets and 2 exhaust fanc (0.4 (D) m) and sumulated using CFD code. FLUENT. The simulation
results for the expermental weanms mglet house showed that each soom was uniformly ventilated under all the
experimental conditions and ar velocities at 0.1 m above floor are less than 0.15 mis for 0.75 mis and 1.0 mis of air mlet
velocity but 061 m's for 125 m's, The amulation results are sumilar fo the measured results. Considerms the mr flow
pattern, ventilatng efficzency, air velocity at 0.1 m above floor and cold stress of weaning piglets and s0 on, the optimm.
velocity of am mlet mught be 10 m's
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ZaAAA B AGE LS 2D 7} Ao

[1%] 38]. #H2 3¢ vlo] IH Alxdl (3 Waterloo
nlo]l @ IE Al2~¥l 3]A} Rockwood, <=E}g] L)

Hol e Y WA o =S Hills
A Eol B, ol mAgEe) Wy gozt o
AEj Al gk -ele] AA2 ] —;‘- UH(Devinny, 1999). Hie]lQ ZE =
a2 JFE g7 ded, 24std SYAd Helz & JFol HAY Al Fol
o8 #Frd 7k e Aotk wdel AgH= WEEe Hiole dH= HME
MAEe EA 2 AFg3t Ding (200002 vAd= st 5 oHtol e ¥ Aol il
AT 25 Aol 9, *Hif L 7ka7F ofm] Agetal = Hiel e ZH

A4 LE S A AR ALY

a olslst: A Fasith wazel

N
N_i

or fYHT AE ojv] At Fol Ut 9GY sk UF ole Vel A7
28 P MAAE gt
g 1o ATE AR TR Wsh F9 7hs dsis die] MBS welFvh
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ety 2 AFE vAE FHol =9 7l W HbSstHAM T 1 7 Ao =
o] F vt Sakano®t Kerkhof(1998)= <& uo}yt
AE o+ 72 Agd g8 A+dg. 152

Ag wuledA gages waAd,

LN
Age WA BT F AL

Pillai 5(1996)°] &2 A3} FAE Ao =
J

Algol WA Ee

ulle
o

N
m O e T
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N
fincs
N
[>
off
ki
249

o
2
T,
oo
ol
2
to 12
h=)
-
r

g o
ol

o
ko

i<

f

i

2
o E\OT e
X &8

O,

0

)

D

=.

=)

=)

<

o

—

O

<o}

<

)

(o]

fr o

£ o §2 2 Al ol
X0 oA e 41 om N

o Rk
.
)
e lo
=2
o,
4N
fo
o
(e
ol
[0
f
o,
Y
QL
N

me
o,
o
>,
(A
ol
(o]

o
>
B

N
=

& o

2

p
=
o
2

2
o
= o
o

. Pearson(1990) 20% &<tell =<} 7}
A st
Nicolai®} Janni(1998)% H.& =Ale} #A#ASA 42719 AF A ]
Abolol  FAIA  Aol7b deAE ATFsAsH, 4xW FESTE
7bH9l Aol Al Nicolaish Janni(1999)% 2 4vh sj=le] o3
b ofFH FEE i AT F7HF AMes Febst
1

>

59

Zat dzmwe] AR A7 Forel H4 olsdTh A4
9 5
3}

ol
o
38
£y

2o 2 ol e
o Y, N o T
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ofo
[o

il
2
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o L& it Lo
o

o
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ol
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2©
fo M

P2
3l Axe HAA Al AP 5xA=H o] ARt

Fshr2 A7 o] F A v (Nicolai &, 2004).

M
rot
12
4
b
i
i
B

EapebR A Adwd  guroz  HAARSe] =  maA/seE  whyol
QAWEE AN} Wo] Erke wyo] EAF wolo@E e 27 A Aw], A

AR =i
+GH T2 Tl wel EA AgE e 98 29 e 2k

- AAM: Qg e (Quden Aol #ArEden ALHE £49

Hhol @ MEI A4 7HAS 329 A2RE/CMM o dl el 4148 ol o ME = 3
Hhol @ ME|H Lk oF 1 )

o dolobE e Ak FAfH: 1RYR2WL/CMM; Au], wdel A g

E3E3d FR wA, HA AASFE, AARFWy, Exddd wel w7
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‘go]l

o
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L
U

Alol & AEE(3IY, dtfet Zaul dFo EFE
A A4y, okl & 2 AdE YkxhHe f3 o8 fde SAGE W
% 1

)

Ao A, Phillips 5(1995) 75mm ©]4 7|9 UYRz7IEo

LH‘}?\%] ol= AL HF wEe dH Ast T UL 7]
ol Nicolai?} Janni(1997)2 1E9] AR EH|/dE & &3+&E0] 671E 7+

QAN ol 47 pas) Ho) 4 AsHE wschn W,
Gtaztsh sue] g EgEd @ 20004
As7t £3E 2 k8 Hue] 2
Janni2001)7 AE F7HAQ A7 4H Asti vele B

3}

ﬁ
2
=
AL
ol\
~
)
30 2
O
T2

}\

9 oA wel w0
HAESH Apsn] vhole WE| W] V1 F/EW WAY ABAHE AL B

o]
FA 7o 2 20 A 30% HHeF 70 WA 80% Wikxzte] E¥Eo] v & Hiol
dHE 93 FHoz PAuEAH(Schmidt 5, 2004). ol A7 Ay ulo] e T
715 AN FH, ddEE 4" Astel] dia Add A 540l A= Mo M-
sl bfgkth Nicolai®t Janni(2002)= A & H]&, 715, 2 o= A3t Aol
HAE HolFs 2HZE et

vtol o e WA zlolk gt Aste]l FEFgFS v Aotk WA zlolr zvd
AnAow by Asirt A" Add 4 Ask= wiA elst AR FadArt
AtH(Sadaka &, 2002). #iA Zoli= oFH FFE fFar &% FIFES v ITh HlolL
¥ AF Aol 3k Nicolai®t Janni®l A7-(1999)%=, 0.15 m ©]3t&E ZrAw HiH|
Adol= ofF = F47F66% ol FadE AS BAFAY AHHoR a5
/g7t ax] mlele FE e FHA ZolE 015 me 03 m Alo]l2 Hus g o

gAY Ak o] FHAE 025 me AFALh.

05

SN
o 9 EI[O od
fSLomo I

=
Eg vole ¥ wiA & wAE LR e e gk Aqte] A
Tol 75%= ol 03 WA 1 m ARolelA E3iH
Bo]FEdtH(Khammar 5, 2005). 598 wlole Ay AA WA=, HiA
0.256m WA 0.45m Atelel m&Eejop & ¥ Ash, o=, A= dx L 37
F=9 7hedol advhal B YtHSchmidt 5, 2004).

vtol o FE] o] mAES Aoldle EAolH, wekd dAZ 2o Aol APE
FAT Ak oFFH FFE el 7P ERHd mAES T2 vAEolH HA
g 2%+ 30 WA 40=ColtH(Janni ¥ Nicolai, 2000). 7Auich del=ele] tj7] 4o
=Ed w94 el EO diE Aol A, Ay 2= Aol o F stekE A7
FFS mAA e Xttt Aol =#wti(Clark 5, 2004). AP &= W=
ARk o 15 WA 30%=C Ateld=tl Hiole dE = dAHo] oA AL sdol= &
=Aol gl7] wizolt. AN, A dolHo| o5t HE 2=V 4§ £S5 AR
7ol Zrﬂ 2 EHHQ vo]l o o 3o AIH(IAEE) S FXH ATl =k

Autt BYUEstlA Arjd A w2, JARE blole dE = FR 27 0%
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2Rl -20%C oSHES W, wlole W WY exE WA mi
165C Awo] ©E3)

A% BaelE dlole WH i 4aHA Wt RSt AF Agay AduA
e W] @l dole W AL A Aolm el mole W mast
QA How 7a® Ao th(Schmidt 5, 2004). kA, ol H® wlolo WEL oA
w2 FolmE, vES th] FHAHT AA TES BTY Holuh

ME B/ & o SRS Ass wtole AE e FUG MAYRE asEo|
FAstAw vlolo WH WAES FAAA ZelthWani &, 1998). o] W&o, vhele
H s Azte]l B2W bgAe] Hu xAskAl o], 4¥ WAL Ewel Fawa
g9 U@ AFel FhEch B FEOoZ A WA & YR PP
sexow FHAW, Aol SE uhet A% WA} FAT FE 92 el thSun F,
2000)

3dely 10d ol E<t o AstE oA FoWAME RS nvlo]le ZE
Al &2 o d3s] matdd Aojgkal FAHEH(Schmidt &, 2004).

Tl 98 ntole FH= 4 7R vtole dEQY, ojAe F Hys daw @
T vk AXstrlE "1 A Age] 7] Wi, 4 5§ (FEF Hggais
) viole dHE wddde AEES FHVE ofd R Atk 4 5§ Hiole I
g ek FEA R (72 HHd) vlole FEE AR&ste Aolth o] HE Y
S o A2 ols WHUIE £Ho] ofyel Ao R Foly] wjio|tH(Garlinski
Mann, 2003).

FH34 e Jlwd dHEd AT | Hlskel oHEF 065 HiE
e tH(Sadaka &, 2002). o]zl A wFo) wpo] o AE ] wls obE Asrh v
As oust=d], wepbA olux] AMrE ¥ A dS Aotk sANE, 4 WA
ol FHE e dEE B HS Agbo] AGFE HAEZE azEn e
Ast7t ARG Holth(Devinny &, 1999). ‘TH& 7] 2 Aol E 956
A T Bo o & o9 Aske Iy B AdA 1213w o] tH(Zeisig 3
Munchen, 1987).

vtol o FH O =& AAe EAE A 5 ded duvstd o ThAaE
Fo el AAGE e F3 s27] wjiEo]tH(Choi 5, 2003). ol¥l A=E7F A7
HH SAA Az S7rE F dew, o2 QlsiA AYEA &L F7|7F violL
A 258 wAurbA dAubAel 285 "ojmdn, vk xzh 7Nk v A 7F AR EAES

I A 7}

W A 715 kol e AEAM = AR wiA L) Aol A AT (Garlinski 3
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Mann, 2004). Z& azte= lsf AypHqow ¥ @2 &77F ¥ ¥ As

%
E8) Welo] woizlolA WA frk vlele He WA S Fa WA AR A
3}

B 79 AT ARl GRFe mAA Hol, A WY vlole AE 9 ofF IFE
AA &S oA 2 Aoluh
T2 Y vole YA e AR g shbe] s ol HE Y
Al A E A A vbEo], wiA] Bo] nigrt Rdiv]dA o FREA HEE
sk Aoty of#HA st Y ARVE ZastA Ha Bo o IS VIRV e
712 &<t vole. HHE FI 2/ Hed, oy AR OR &S FAAZTL
Lefers(2006)= #°] 7FeolA= ZH=7F 965 %ol wix &3t olF 713 443
715 7F vlol e 2 WU E SHeA dus Ae BolFdn
Biofilters¥ 94F2 © 2  vyolatile organic compounds (VOC's)E X33t oF33}3 &9
OL-ﬂi‘zg dE3 FEoE ARANII= Ao® HuEHo itk BFE Ao
feA7E om &g FFo] At der|soly, HAAEES FAE] AA=
'%L—’F:E_r BEEE, pH, ddsE, 2% 59 ¥WFE AZAostolol = A7 Ak
Webster, Devinny et al. (1996)5< 574 VOC (ppb &) =5 ATA717] 938+
A A ey ol (yard)EH|E E£3ste] o] 2 pad A E AFE3H 3 pilot biofilter?)

GAAT TES ATIAT. FIFa (H.S)+= 9F 98%, hydrocarbons 53 ~98%,
aldehyde and ketones< 37~95%, chlorinated3}3&<  0~85%9 #HA4E Hltu
=R = =

Wani, Branion et al. (1998) % Aand Wani, Lau et al. (1999) & perlite=4:1, hog—fuel
(an unprocessed mix of coarse chips of bark and wood fiber): perlite = 4:1, 18] iL
compost:hog—fuel:perlite=2:2:1 oA ZFS WHHSZ  biofilters &8 w43 A
compost:hog—fuel=4:1 o A7} H2S A A& &) 99% o|Ao = 7F =A veEt. &gk
of oo BeALAoR JIdds TEotA Fudte AA EAEHA FUdth Hufetd
H el efr® organo- metallic 3gHEol AHHOom vmAEe] Y THUY
qeg ot wEol oHHAD AL AstHA Fokrhal KB skl th

Pagella and De Faveri (2000)= SF&A2A A2d &H& AFE3 5 @A biofilter?
e HASIY 1dAddE H2SE A2 (Fe3+) £ F4¥HH, 2dA A=
AESH Ao e A1 (Fe?) Yol 2H3tdAT}

Morales, Hernandez et al. (2003) &< biofilter®] A=

A A3 ARx3 2 biofiltere] oS HAERAA F7FE FAHsta
7N 71H, vlol v~ W Y-S HEAZIY B B 152 &
%, 58, o4EA SO, 7 RA Sol biofiltere] A Aol 1A= ==
Bt FE3dES] A7A AHe®E SO, 7 JAS AAA7IAL HuloAe] AA F
C_)_}:

50%E APt 2 318 o)

o
=
N
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oX,
X
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1 o2
oo

>~
>
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Hoox g

AC)

Loy 2

ol
o

San, Ho, Chung et al. (2008) %< BFolA AU o] Methyl Isoamyl Ketone
(MIAK)AI A &&ol mA& JFs 4 A7, 299l 75 MAIKE AAs=

ol



M4 A & CODNP = 200:4:1 ¥ iabie}.

[

Morgan et al. (2005 ¥H] BFe Iy ofAle] %7} H2S AAEZEA mA
S A1e Ay AAF R RZ H2S AAEZES 100%1A 90% 2 ZAES
##Z39. bed mixing (2]F 2 pack AAAES A A 94d TA7 T 1 A=
Al AFSSlE A9)S AlgE W, AAZES A 100%] o258 th H2S AAS &S
&2 °F 50%° A, SO, °F 12 mgS-SO04/g-Eu| A Ao A 71 & Ao H At
[P

Chung, Huang et al. (2001) &< 351 AS F=3 biofilterstt packed column<]
H2S¢+ NHs &37F2H] (Arthrobacter oxydans CH8 for NHs and Pseudomonas
putida CH11 for H2S)9e] A &34 Ao &gt AdS Fysdvt. 24y BFe H2S
AAELES H2S9 NH; 9 S47ls&kel aA #AFTE& sttt H2Ss % woW
o A 7] A 2 A 283} TEGY 3FAFs) ot (heterotrophic  sulfur-oxidizing
bacteria) &S A sy, H2S 4ts &AL JgAldY. NH; T=7F =255, H2S
A A &L o] Yozt o] = biofiltere] A3}l 7]<l3kt}

Shojaosadati and Elyasi (1999) pilot7FX ¥ H]-biofilter®] 437 & H2S A Al tjsh
AEAQ A5 T AYddEel Aol 7IAE g HAER] e e dufo] A
EEA HEAIZ A3, H2S+= 99% ol AAEANCH, o 3 AA pH 6~7

o rul

Ky
1_4

ol
2 rlo

[

Ho, Chung et al. (2008)+ conducted experiments S=uo] vARZIHAST WA=
volatile-sulfur compounds (VSC)& #|A3L7] 913 biofilter YA A48 (GAO)S F3IsH
BFE o]&3st AsA3y Hydrogen sulfide (H2S), methanethiol (Methyl Merchaptan),
dimethyl disulfide (DMDS), dimethyl sulfide (DMS) 96~100% A|AS &= Aoz BAEATH

Kim, Rene et al. (2008)% < <714 YE H(sodium alginate)®} polyvinyl alcohol (PVA)
XS AEAAZ FRE AHPAGFE biofiltere]l thE  hydrogen sulphide
AAEZES FAAT 8 &87Izte] Bagles 1A Abiofilters A8 %27 ¥ 41

AAZEC] 9%l o5 == EA YEuth

AA AEo WA A (immune system)s= SE W3l A~AxA7
styoltt, 2E#FAE BHeE SEES WYA|AHoOO] A EHH
(Salak—Johnson and McGlone, 2007). ACTH®] 4% 7|5 steroid h

ZH&E 98-S vl CortisolS adrenal gland (321 ol=gddy} g I =2RE5S
Eujgho] olsja EnjEw gy d9dS AL} o] B SEEA s A=

’

A5t/ 9% 1A F
ol whg A okabet

l:]O
|

one cortisol<

5

g =wo 2 = 9tk 23 dF7A=2 hypovolemia (A S _{Kifnir) o}
iy o ws) Wstkeke]l Adad s e ATE sden
u

neuroendocrine (417
(HWEY) BARDE A3

arterial hemorrhage

B A= =:A 9] Adrenocorticotropin hormone (ACTH)¥ cortisol T+
A8 LA A, S0h), FE)C A EKIMm)SEe] radioimmunoassay (BAHY E 9
ol ot AW WY AAgw)l o5ty EA5AY. BE sE55E2 =8 Fol A
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7FA A ZAWERE  (neuroendocrine substances)©o] -9 (F &) (p<0.05) F7}3Hc}.
ACTH= A, =, & AF A 49+10 pg/mlol A A 518+56 pg/mle.2 F78t= HAEFS
weolth Cortisole 3EGA A AH 182425 mg% YWEFWHT. A (Plasma) ACTH
=4 Fol wWe AMAs Frtstdo 2R HAY Ade, sWEES ACTH
AAA 71, s EGA A AR cortisole] o] F-o yERHTE o]gl SHoA o=
sEol 1A o dAE A= Ax7F ¥k (Beta-endorphin, ACTH, and

-

Mot X, )
VN
flo o flo

cortisol response to hemorrhage in conscious pigs. 1987. J. D. O'Benar, J. P. Hannon,
J. L. Peterson, C. A. Bossone. American Journal of Physiology—-Regulatory, Integrative
and Comparative Physiology, Vol. 252 (5): R953-R958)
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M3 g g-ngsd LHE X 21t

AT A= R U

LA 1A sEEAYd A48 58 sai5A B AGAE"E 75 2

AR 1L &Y AKALDE o 87 FAAIG] BE WAGHN nAE 4

) APsE 2 AFAA

+ (Landrace x Yorkshire)2 142} 90F&5 FAlstA o, dalxld (3F) o] FFH

e GAH R 1A 2E, FAE Y AR A 2" A ALGAIE S A A ST
4 A= 1) CON (Stall management system), 2) GM (Group management system) %

3) SM (Shoulder management system)® 387+ AHZ 9 30F= Ao wjxste] AdS

stAth AEES dolrr] fste] o AR (64 AEAH R ALGAE S

°

a9 1L ARSEEE e ARSARD (355H &, RFID, Shoulder Ab=A] 2~Hl)

(2) A @A} Aokl
- A@AEE NRC (2012) 7ol wel wjas S5 9
AY T oWo o] LHRE Ango] Zeade we MRS AAsgon 2o

Afzol HAT & AR s

A H-& Piglog 105 (Carometec food

5
technology, Denmark)E ©]-&3}o] P2 A& (vpA]g 53 A]
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#4365 cm F9)o SAWE SYSHATh RES BY AA45E A AAFAA o fA
WAGE 7Fste] Adst o, AT

do Mtate] do S Z’H-r] sttt o AHYH S ARG
(Jugular  vein)©ll A Vacuum tube (Becton Dickinson
Vacutainer Systems, Franklin Lakes, NJ, USA)E ol&3dto] = o
ole 10 mL AHste] 4TI 3000 rpmo 1577 LIS
AARed PHS  olgshe] cortisol, epinephrine %

norepinephrines Z=AFa} % T},

1 3}

(2h) mES A5
e Qa 5031% EUE 944 (A
=

2]
» REo| AR

o]
1089 ®), ol-Alel =

() EFAES] A

- ERAEL AA AFE AT 1R, 27, 35 @ olfAd SAHAOM, el scorex
T2 3}3FAE. (Score = 1 = hard, dry pellets in a small, hard mass; 2 = hard, formed
stool that remains firm and soft; 3 = soft, formed, and moist stool that retains its
shape;4 = soft, unformed stool that assumes the shape of the container; 5 = watery,

liquid stool that can be poured.)

ru> km
:{o

XHF:?J Ul HAE #FS ol fAld AT
1A 744 -20TC oA YR agon, o]F |d
U 10314 1077441 GA 314 ste] At ¢ SA4E /\]f—ii /\}%3}3};}. /é]‘uq;‘qa]oﬂ o) 5
=% W9 Lactobacillus®t E. coli®] #55 54 RS

coli“li= MacConkey agar (Difco, USA)E A}-&38F% a1, 37T Al 38A]7F HH of T e
SAsA

(4) BAA
» RE ZEE SAS (2001)9 General Linear Model procedureE ©]-83F°] Duncan’s multiple
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range test (Duncan, 1955)%2 A g]ste] Hi7te] FoAdS AAsA

U A2, dAlF Afrae F7F 5oi7t BE A A vAE g

(1) ANEsE 2 AIFAA

» %= (Landrace x Yorksh1re)° 172 80F& FAIEEE o, A EH(EF) o] FHH
wRE YAAEGET 1FA7A AFEAES AAsEAT ARAAE 1) CON
(duiratgFolzz o) 94 2) F (i sFodZz2a3 + HAia F7F Fo)2 248+

oG 4072 Qo wMAste] Age Ak Age Dolus] 9Astel the AR
(623h7H ALH oz AFAES 2

(2 AR A
» AlFPALE+= NRC (2012) &
AY F Mo o] EfR

Azl HAT + AEF 3

1
of
2
=
kD
do
N

(3) ZAMFE L oy

(7h) B=ef ik

= 5

5
technology, Denmark)Z& o©]-&
#9 65 cm 9 A i
ARG A ARRRFOl A o] f A ’&X}'\E Edy }04 Abstg o, AALGAL o] FA FH
FRAN7HA Y] A5 ALt

g &
» IHEES YA 509", EWhE 94AA (Y4 108¥€H), olfAlel EE Eatol A,
EFAES oAl AEd 1675 o9 MAdete] dAs AFASAT A AHYHLS
A (Jugular vein)oll A Vacuum tube (Becton Dickinson Vacutainer Systems,

Franklin Lakes, NJ, USA)E o]&3le] @S 10 mL AMF sk 4TColA 3,000 rpmo.=2

1587 A EEs S o] 8319 cortisol, epinephrine 2 norepinephrines ZA}FsF th.
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(FH) ZfA=e] AApA i
» ZfAREL] AAL AFE AT 15, 27, 3F 2 olfAldl AN oW, v score®
2 3}3kAth. (Score = 1 = hard, dry pellets in a small, hard mass; 2 = hard, formed

stool that remains firm and soft; 3 = soft, formed, and moist stool that retains its

~

4 K

shape;4 = soft, unformed stool that assumes the shape of the container; 5 = watery,

liquid stool that can be poured.)

(M) ZFAES] FU vAE AF

= EIFAES 2 U] = olfrAlel Ad 15FE5 9
Adkste] & At FH, AFAZA -20ToA WJER
stglom, olF wd Aol dAgstel Hd3t A
Ths 103914 107744 &AM ste] Ad & S48 AR=E
ARt AE Ao ogt =i Wl Lactobacillus¢t E.
colie] & =A3t7] 93l Lactobacillusl= MRS agar, E.
coliol = MacConkey agar (Difco, USA)E AM&381 3, 37ColA 3847t vk & -2
At

m{n
F:LI
o

(4) FAAE
» HE A5+ SAS (2001)9] General Linear Model procedureE ©]-83}%] Duncan’s multiple
range test (Duncan, 1955)% A @ale] Hr7ke] oS AAsAT
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UPET)OIA X1 OIHX MU SA L O UXNS SWSID AUSLICH. = DA UPET)OIA X1 BOF O X MU SAF 2 JH” D = IkA
=S TSI LESI2 2 TAAISH (2010~2012E f= by o o2 = FIBIOI AESII2 RI2E TAAISE (2010—2012 & | D 20l meAstDIH
SolSl MM DMEE SIAES BWSISL HESION FADN Ut SleUl WOl BEsIOL FAISI BHEILICH
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3. WA Ol EmEE W DMBIS= BISAl DX GHAFAOF BFR A S ALOIA
=2tLICH D2 = A = SIRA=_T A DAME (FWJAO0I 123)01 =2 B
AIZHLE, EOIRBUET DXMOIAM Stelsial 4

mE . XS EsTte
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4 AL ERZ~=AZRA), AL M (FAFHL~
E= dolg=A (CRIX)E °f

ZAstd o, 342 v 02T 2 54

ehe] ks ANUHER VI EHEE soth

A A28 AF3EHE b 54 (Coefficient  Of
}1\_]__

Adut QAFolE EA LAY
(LSAHA, 34 4447t 22
NEoz ANANEFS 7155

Abshgict,

i
ol

st o, SAGAES %5 BAlo 7t~ EFH7] (Gastec GV-100S, Japan)E Al&3le] NHj,
HoS B SO29| 7hs AARES 7hax o] Aabste] o 7tx A4S AAe At SAA AR
sk HJAx]#-2 Gastec Corporation (Japan)AFe] AA| TS A&t o™, NHy AX#2 3La (2.
5~200 ppm), H.S HA#-S 4LK (1~400 ppm), 4LT (0.1~04 ppm), 4HM (25~1600 ppm)
2 SO, AA L 5Lb (0.05~10 ppm)E AH&Ste] 183 oHHAE FAANA A4 FA&5 9ot
ST
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3.

A2 WEeAs B FAALE B

rol

<73

P

sH EARRE A

il

b A A GHOG (24 2 o7t~ ¢ Greenhouse & Odorous Compound Gases) A 7F

Adl g8

(1) &7kt AU HFE S

e}
GASTECH W] (Pump kit No. 10§ A-83te] 573 o]218He2:(CO, ), SRUSHNH, ),
Fopa(HS)e) 2A7kaet o F sba Rk HRRAG 2 A BAEe] ARA,
olgol A, Ak A AU of FuE Fa) ool /A HHES 44 A8

A= FHo] dolA GASTECH dHlE AH&stAth(E 2)

0

rr

[ 2] d&xAbel AHEE GASTECHs #2E

3= Tube No. =4 ¢l (ppm)
M 10-1000
NH, 3La 2.5-200
3L 0.5-60
ALL 0.25-120
HoS ALT 0.1-4
oL 0.13-6
O, 2LL 300-5000
2LC 100-4000

3 2 oAt o], NH3, H2S, CO2 o AAE s="9l+= 2210571000 ppm, 0.17120 ppm,
0.17120 ppmo]t}.

(2) I 771 FF=(VOC) 4 5+ % B4

MM, DMS, DMDS #tgt&e] JZFstE 9l 5 £%7F2=10.2 ppm MM, 10.0 ppm DMS
and 10.1 ppm DMDS, Research Institute of Gas Analytical Science, South Korea)”}
ALEEITE e SEEES dl=2de]x/SPME WS AMEste] e ArE
BASEATH(Chai ¢ A%, 2005) 3&FE AoF FuiA= v 2o 0 AA (99.5%,
Daejeong, Korea), PA (99.0%, Daejeong), BA (99%, Daejeong), i-BA(99%, Junsei, Japan),
VA (99%, Alfa Aesar, England), i-VA (98%, Alfa Aesar), <1&(99%, Aldrich),
274E(98%, Aldrich) p-Z#E(99%, Junsei). &o]&F(Hach, USA)Z A48 A o] 34
F714ks A ela,  wlek2(99.9%, SigmaeAldrich)® A= p-AZHE AFLEY
MG AFERL dol2Fr FAHOR FAsto], dldgel] diE FAd d=
2yo] 2~ WY Eote] AT (Chai ¢ A%, 2005 i AFedA, HEH
9 (tedlar bags)oll A ¢ AL 771 sF=9 3FES A AP SHAEAM 85%
o Folddtt. GC/MS ZHFS g AFAS HAFPo] o]Fojzxl AFAHd wHiE $1X] 31

O

o

”
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[3£ 3] GHOCs, 224, H4 &84, &4

GHOCs 3} 3512 HE 88X A4 F|
N-Compounds Ammonia NH;3 1ppm
P N Carbon dioxide CO, 100 ppm Gastec
Hydrogen sulfide H>S 0.02ppm
S_C d Methyl Mercaptan CHsSH 0.002ppm
Ompounds DMS CH,SCH 0.01ppbv
DMDS CH3SSCH; 0.009 ppbv
Acetic acid CH3;COOH 25ppbv
Propionic acid CH3CH,COOH 0.03ppbv GC
Butyric acid CH3(CH2).COOH 0.001ppbv 6890N
Ay A . o &
i-butyric acid (CH3),CHCOOH
. . 5975 Inert
Valeric acid CH;3(CH»);COOH 0.0009ppbv MSD
i-valeric acid (CHj3).CHCH,COOH 0.001ppbv
= g E P-cresol CH;CgH,OH =
N Indole C6H4(CH)2N2 -
A= SFE
Skatole CoHoN =

EAHog AgEHE GC/MS (Agilent GC6890N/5975C MS, Youngin, Korea)”} H]o] 2~
SAEZoIAT} o] AlAHlE 60m DB-5MS(J&W Scientific, Folsom, CA, USA) 0.250 mm
idg &2sta 9dorn; 1.00 mme IF FAE o]FojA Stk SPME 49 @2A
mm T ZE dolyE AHEPE W S0 AEE 2k TR

“ZW3HC, 5 + AAL 6T min-1 T140C, 0% A=A, 15C min-1 ~ 220T, 5%
AA"H . (Yao 9 A7, 2011) =703} A o] R U E g (selective ion monitoring,
SIM)<= &Alel A&ste] =FHEdo] FHEAT. 2 Aol A" A 771
52 GetE-vE wEeMM), F3k WY (DMS) ol &3t v " (DMDS) 3%, 3%
A F-E 22} iso-F-E 24 @22t jso-HEH 2AGE, Q&
27}E2%, dAs-p-AUE 1Fo2 FAHAY F 12 T IFEY {7
slgtEo] EAHUTHIY 1). 371 1.0 L min-19 §#E AL&xF 271 3 71(ow
volume air sampler)(Gilian, Clearwater, FL, USA)o| AX® X7 Xzgd o]

wgero g AZAE 119 HEZ W (SKC Inc., Eighty four, PA, USA)ol A M= ¥ A}

R g

A =4

91 GC/MS Z 9% (Agilent GC6890N/5975C MS, Youngin, Korea) oA 3&Ad 7]
SIFE(VOC)e] MEH o]F, o] bage AIEA=E FA HkEJeH, #HAH 13
F= W (solid-phase microextraction, SPME)2] d-(Supelco, Bellefonte, PA, USA)E
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ARESEe]  18AIZE ool A EHATY ARE 75mme]  FIEEA - YU E A SA
(Carboxen—polydimethylsiloxane) ©°]lt}. AMZL  SPME A/  Supelcod &
ArEuE #ol A&ste 308w F=59 At (Bellefonte, PA, USA) % ¥, SPME
Afre "EH W(Tedlar bag)oll A AAFANSH, FAS &l 7t~ A=RvETHE A7

=AAe Fd TER S FAEAY. == ppb (nmol mol-D = AFE F o

(5) A7&E & (Reduction efficiency)
» GHOG A& A1) 2ol fdz7Iet iE3719] 7F2 w59 dACA A4 Erh

RE (%) = [(Cin—-Cout)/Cin] x 100 (1)

» o]7]A, Cin, Cout : 247} =8 %9 F7F~ %, §%571~ %% (ppbv/ppm) (Waniet al.,
1998).

(6) FAEH

= g B AzE] Wg 2E A

2

© Microsoft Office Excel 2010 softwares -8 3} th.

o E71e A, A, A 2EY A F a4

(1) Al&21% Sampling strategies

» 2 AFdAE "WE HSEARE SR A Im AR A
g A w7l WeE S-S AL 6718 Aol A =

|S5=5 o=z offFoxitt AA H&=9 Wz =0 42 A9 E7bsstd

particulate matter, airborne bacteria, odorous compounds, carbon dioxide (CO, ) &

ELolA FAol ofFojhtt. AEAH AFHWEE)ES Fols HAVF EUHdes =7e

Q5o AR BE AlEAAFHE 5T Al Hell AA o]FojH o, olE Hd, TFWA

s A BASAT AR T Ret 771 o b S flskel FHE E o] FojHin

jus

(2) M 714 4= (Microclimatic parameters)
%, ¥%+ hygrothermograph (SK-110TRH, SATO, Tokyo, and Japan)ol <2]3d}¢],
42 anemometer (model 6112, KANOMAX, Osaka, Japan)= =73}

(3) YA &4 WA (Particulate matter)

» QAL EALY] AES VEORE 5 ©ARE FF{IFA aerosol mass monitor  (GT-331,
SIBATA, Soca-city, Japan)E& ©|&3dlo] FA3A k. 59l= PMI10 (average aerodynamic
diameter <10 um), PM7 (PM average aerodynamic diameter < 7 pm), PM 25 (PM
mean aerodynamic diameter < 2.5 um), PM1 (PM mean aerodynamic diameter <1
m)e 2 EFHUh total suspended particles (TSP)E FAlo] 283 L/min F5&=

AYF7IE FYstd] 285 E4 AT
(4) -1 A& (Airborne microbes)

- 101 -



* Airborne bacterial and fungi counts© standard Petri dish (90 "~ 15 mm, SPL Life
Sciences, Pochun-si, Korea)= ©]-&73F plate setteling WH o2 =43t} total bacterial
count (TBO)E =A37] YallA wiAZA4 Tryptic soy agar (Merck)S ©]-&3F% o,
Total coliform (TC)3} Total E.coli (TE)= Chromocult Coliformen agar (Merck), Fungi
counti potato dextrose agar (Merck)E ©|-&3dte] #A3tAT. A5 AFHF AlSplates &
EAAZ olFEo]  AMre 37°C, HFol= 28°CollA 48 h  wldSte],  coloniesE
CFU/mPer 9l 2 24389l o)

(B) Fryo} 33t o]akster A (Ammonia, Hydrogen sylphide and Carbon dioxide)
» o}FH e} 24Vl A FEE, ammonia (NHs ), hydrogen sulphide (H2S), carbon dioxide
(CO; )= GASTECH device (Pump kit No. 101)°ll 2]&}o] ppm©9 & =43} o}

(6) GC-MSell gt o} 3= 4

*  Apolypropylene septume] A E A-F&& air sampler 1.0 L/min (Gilian, Clearwater, FL,
USA)e} 4% 1 L Tedlar bag (SKC Inc., Eighty—four, PA, USA)o 2 H#H H|&FE=A}
A ZAdel AdeEriEe AASGAH. AHAE TUIe SA AFAER FAA 75-mm
carboxen—poly dimethyl siloxane® 2] solid-phase microextraction (SPME) fibers
(Supelco, Bellefonte, PA, USA)2] manual fiber holdero]&3le] FZ38tdth. %3 Tedlar
bagoll A o] M (@) ¥ SPME fibers& GC (gas chromatograph-mass spectrometer)dp
AAHGIA)AI Y. GC analysis protocol 7|22 S92 Yaoet. al (Yao et al, 2011)9
wskth GC A48 ppbv (nmol-1) @Y= VOCsE A& A EAstgct & ool A
=4 VOCs & 3AI€9 MM, Dimethyl sulfide (DMS), Dimethyl disulfide (DMDS) &
67 FF<] volatile fatty, 5 acetic acid (AA), propionic acid (PA), butyric acid (BA),
iso-butyric acid (i-BA), valeric acid (VA), iso-valeric acid (i-VA), phenolic p-cresol
e A A

(7) vl S=9 2EY 2~ & Stress hormone level in blood of swine

» A EANY] 2EH A R FEE #4387 flske] vlS+= A EEke] the korean society

of laboratory medicine®l] #4]-& <] %3} tH(www.seegenemedical.com).

(8) B A EA] (Statistical Analysis)

Afol EARAES 93] SPSS software package (SPSS Inc., Chicago, IL)Z
3tttk SPSS % Pair-wise correlations (Person Correlation Coefficients) 415 &
Fol w7128 =(microclimate  variables), QAHY EF,  HEf{AF, o3 3EHE,

s (C02), 2EH2 B8 58 W5 ¢ 4ude SARA A

off

O et gl

&
&
Q:
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a) ARl

1304
240
110
330
;1 180 \ 51
W i
\ 274
630 ¥ - 3
220
= 50
147
Unit : cm
b) HHE

a9 2. YAIAF W Shoulder length barrier A4
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» TE EAA = PASW Statistics 18(SPSS Inc)S o] &3t Faqsdon RE Hir 7t
= Moz AASI S
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57 29 29 & Shoulder length barrier A
1

Fo= wWrad

= GEUYol 7ta FRTE A=Y BA vAl= s qr¥ety] fs i 2= AlEd
Shoulder length barrier A|Adwntth dEYolAd A3 IF& 37 IFo=2 Urdo =,
AXN 7kmpet ok Ry ol=4 7] (Z800XP, Environmemtal Sensors Co., USA)Z ¢tE o} Hx &
SAT F olE ZAR ko &V Alorlel] " HAEES HAsIe] fAVAS
HeAR oz GRYole] FEE 5+3, 1043, 15+3 ppmo. 2 FH 5 o).

» 7§ ~E3 Shoulder length barrier Aol A ZFzF AFS3E 3 Bul (FY do] EukAle
S AEZ A AMSEIY e, Butd FAl¢ BES BCS, HiAkA, AT YA AT
T SAsAT
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» HA] F7] FAVE F4 A BEe AAMOeRRY IS s & dAHS
skl 5571 FAVEE SASAT 4 A AHES HAZTEF7IAA 7SI (PRRS),
F9H ¥, atropic rhinitisE SA43A 2™, PRRS+= IDEXXAFS] ELISA kitE o] &34 1,
718 AWel deiM s TEUAATAEREH EPLe FUS o8] MATE A48
Btk

» MAT #7944

1) microplatee] @A H B sAuj4+E 71ttt (5 A= 1:10)

2) A AS A H wells AL A A wellel 25ul® 53t

3) wtolmA 2 IS ALEste] 7HEEAH S A WA welloll 50ul® 3

4) FAdNE=EH t0ulE dHEz2T A welloll T3}

5 25ul€ multipipette 2 &Y thz well2 AL YHAE (A)NA of(H)E 2u4

A 8] A gk

6) XL YS 2buly B welld] 53kt

7) microplate® TAE 2 EFAZ] T plateE ) SO 7 B3] 37ColA 2417 A A7
<, HA] plateE 4'Coll sFE4F A XA

8) Plates g arol A ZAuUA A=A 15%71_} AR A7 &

9) vraL Hg 3 ZAaolA ofdfel HAE Zar, 2 9ol plates ¥ SEF FEFEANA SHS

2k}

» 2EYA TER 2 BEunE=oaiRy A 3 Y F OAEYAITEE (cortisol)
&s Ak =AHH S Enzo Life SciencesAt?] ELISA kitE o] &3t =&

*OHIAT B3 GRATAOLEE FRLAALR AT A A 3
& } re

Yoo Frkek it

© BAIHEl= PASW Statistics 18(SPSS Inc)& °]&3te] Fadstgomn, e Hdgt
Wl a o] gl o A shglet,

o 3akd =

1 A5 =2 U

= B AP AFUETE ol R AER SANKES AW HA nAE 9GS 735
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b E=AF U FEYel s BE

A 7] (Z800XP, Environmemtal
Sensors Co., USA)E o] -&3}¢]

A TP

gkttt

HA4 BF7) A} 54 9 wEe] A
al

3]
g g A2 HASFNAA7]SFT(PRRS),
Z7gatsl e, PRRSE=  IDEXXARE] ELISA kits ©]-83t3l
et Aol dalids sdiadT A2y Bgws
B}t

stel &7 FAVbE SAsTh 5%

2 |, atropic rhiniti

N
2]

- 113 -



« MAT H7}HH
1) microplatec] €A™ 3 sAuj4E 7Tk (A5 A= 1:10)
2) sl ANS A WA welle A A A wellol] 25ul¥ 53t}
3) H}O]ﬂiﬁl = AbESt] 7 EAH S A WA wellol 50ul® 5 g
4) FdEZEH 50ulE dE=T A welld &g}
5) 25ul€ multipipette>.2 &4 thF wellS AL UHAE 2(A)dA oldi(H)=E 285
A 3] A gk
6) ST LS 2bulY B welld] 53k}
7) microplate® A= Z E3A7] Z plateS 3 SOz Hdlo] 37'ColA 2413 A AAIZ]
]
1

+, THAl plateg 4'Coll 3FwF XAl 7lth

p—

—

8) PlateE W&ol 7AWA A2oA 1583 ZAAIZ 5
9) BraL AHG FaiolA oo SAE Za, 1 99 plateE: ¥l TR Gt

w3

= 2EHA 3EE S INMEEoRRY QAT §, @Y T 2EHLZES (cortisol)
s =H3s Z=AHAWHLS Enzo Life SciencesAt?] ELISA kitE o] &3] FEE
A8 T

- 5F7) AWl Hd Pokd O ATEE, 13 2 AW 52 Brhsar

AEF] oo 93] HAEAS. 7
3 S S8 Yok AlirS Hshshar, 375k 0f A
48A1ZF WFE % colony forming unit (CFU)E =A3te], CFU Hi A= E—HJP/] 4t
Yot o2 H sk

» FE EAAYE PASW Statistics 18(SPSS Inc.)g o] &3t F3jslgon, =& Hir 7t
Hl = o] X oz A A5G
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(1) 1Ak}

= JAGA AFSHEZF = WAL v A= g Table 1o WERNS]
%%*&ﬂ? ‘3-! ol fFFIE GM % SM AHE+7F CON AHFHRT Fo05o
(P<0.05) % AFEAd golA GM 2 SM AgF+7F CON A g R}
SEA UrE}M (P<0.05). 18U RE=9 AzAHHL SAW T4 2 A
RAME AF F9H0 AelE YERNA Zdtt (P>0.05). sHAITH 5A
RNAM FAF 2FH &Y AL G TS 1A

Table 1. Effect of management system on growth performance in lactating sows!

e o
Mool & M e
> e o ¥ rh

o&ﬂ*mﬂ
2 2 f Rl

Items CON GM SM SE*
Parity 1 1 1 -
n 30 30 30 -
Litter

No. of pigs 10.5" 12.22 11.8° 1.0

Weaned Pigs 10.0° 11.8% 11.6% 0.9
Body weight, kg

Before farrowing® 212.8 215.4 214.2 3.2

After farrowing 195.2 198.3 195.8 2.9

Weanling 182.6 189.7 185.8 2.4

Body weight loss1* 17.6 17.1 18.4 0.8

Body weight loss2? 12.6% 9.6 10.0° 1.1
ADFI, kg

Gestation 2.62 2.62 2.62 -

Lactation 6.71 6.84 6.76 0.34
Backfat thickness, mm

Before farrowing® 22.6 23.2 22.4 0.5

After farrowing 224 23.0 22.1 0.4

Weanling 17.8 194 18.3 0.3
o SI’?)S:':lckfat thickness 46 36 38 0.3
Estrus interval, d 4.8 45 46 0.2

U Abbreviation : CON, stall management system; GM, group management system;
SM, shoulder management system.

2 Standard error.
3 Before farrowing : before 4 days ago

4 Body weight loss : 1, before farrowing to after farrowing; 2, after farrowing to
weanling.

® Backfatthickness loss : after farrowing to weanling.
abMeans in the same row with different superscripts differ (P<0.05).

- 1156 -



(W) Z/A=e] A

= JAGA AFSHEZE EFAE A e JEdS Table 291 JERAATH
EfAEL] At A= AT FoHl AFolE Holx oyt (P>0.05) EYHA|
A o] Abal 2 FALE e loiE GM 2 SM A @ CON AHgfHul folxoz o
A¥E BAH (P<0.05).

Table 2. Effect of management system on growth performance in suckling piglets!

[tems CON GM SM SE?
Piglet survival, % 95.2 96.7 974 2.3
Body Weight, kg
Birth Weight 1.41 1.46 1.44 0.05
1 wk 2.67 2.73 2.72 0.11
2 wk 4.25 4.32 4.30 0.14
3 wk 5.97 6.05 6.01 0.16
Weanling 7.82 7.90 7.84 0.17
Average daily gain, g
Birth to 1 wk 180 181 183 7
1 wk to 2 wk 226 227 226 7
2 wk to 3 wk 245 247 244 6
3 wk to weanling 263 264 261 5
Overall 229 230 229 6
Stillbirth, % 7.2 4.4° 5.8 1.8

U Abbreviation : CON, stall management system; GM, group management system; SM,
shoulder management system.

? Standard error.

abMeans in the same row with different superscripts differ (P<0.05).
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(th =& 2 ZHAES] o 2oy B 55

- YgAEA ASFEs BE R ERAE Bl 2Eds@d 24 5EE Table 39

eIt B=e A cortisol, epinephrine ¥ norepinephrine &%+ 941 504%H 2

A 108LHel el GM R SM A2l 47 CON AR Fox oz v e
(P<0.05). E=9 oA B 2=9] dff 2EH 2 #d 24 vae A7 79

Aol VhERA egkeh (P>0.05).

Table 3. Effect of management system on blood profiles in sows and piglets!

Items CON GM SM SE?
Sows
Gestation, 50th d
Cortisol, ug/dL 4.1% 2.6" 2.2 0.3
Epinephrine, pg/mL 4742 245" 275" 4.0
Norepinephrine, pg/mL 98.0% 84.5° 78.1° 3.6
Gestation, 108th d
Cortisol, ug/dL 4.3% 2.2P 2.4° 0.7
Epinephrine, pg/mL 50.2° 30.9° 28.4° 5.2
Norepinephrine, pg/mL 106.6% 76.2° 86.5" 9.2
Weanling
Cortisol, pg/dL 34 3.1 3.3 0.3
Epinephrine, pg/mL 35.7 334 32.7 45
Norepinephrine, pg/mL 904 92.5 89.1 10.8
Piglets
Cortisol, ug/dL 1.1 1.2 1.2 0.1
Epinephrine, pg/mL 12.4 12.1 13.3 1.0
Norepinephrine, pg/mL 32.6 35.3 34.0 2.1

U Abbreviation : CON, stall management system; GM, group management system; SM,
shoulder management system.

2 Standard error.

ab \Means in the same row with different superscripts differ (P<0.05).
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(

eh) Eme] AR
53

= JAEA ARSEEVE B AR vwAlE g2 Table 4ol YUERSAH
AAAA71bEt o] A2l oj A A3 Fo4Q Aels yetlA &t
(P<0.05).

Table 4. Effect of management system on rectum temperature in sows'

[tems CON GM SM SE?

Rectum temperature, C
Gestation, 50th d 39.1 39.1 394 0.1
Gestation, 108th d 39.4 39.3 39.3 0.1
Weanling 39.2 39.2 39.1 0.1

(

I Abbreviation : CON, stall management system; GM, group management system; SM,

shoulder management system.

? Standard error.

o) EARAES] A5

» AAEA AMSEEIE 2= HARA S mA = 932 Table 5ol WERASIH
AAA D7 bEE EfAR=e] AapAgol] oA A3t o4 ZolE UEA
e 3kth (P<0.05).

Table 5. Effect of management system on fecal score in piglets
[tems CON GM SM SE?
Fecal score’
7 d 3.77 3.73 3.71 0.04
14 d 3.63 3.59 3.51 0.04
21 d 3.23 3.21 3.20 0.05
Weanling 3.03 3.05 3.03 0.01

I Abbreviation : CON, stall management system; GM, group management system; SM,

shoulder management system.
2 Standard error.

3 Fecal scores :

1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains

shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can

be poured.
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() ERHAES] B AR 24
QUGA ASFEE ERAE] ATl wAE

LHAEY 4B 240

&2 Table 6] UERHSITH
RlolA A2 T3t oA AolE YEUA ek} (P<0.05).

Table 6. The effects of management system on fecal microflora in piglets!

Items, logiocfu/g CON GM SM SE?
Lactobacillus 7.69 7.66 772 0.02
E. coli 5.83 5.79 5.80 0.02

U Abbreviation : CON, stall management system; GM, group management system; SM,
shoulder management system.

2 Standard error.
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2) 24k}

L =
fFelH o A deldth (P<0.05). EES ARAHT 2
AT freHel Aolg YEhiA @itk (P>0.05). s,

ABAAFE 1§ L 0 AYT FAGOR B JFS B

GA AMSEE 7 REL HAAAA Y n X = &S Table 7l
4 olfFFF4E GM % SM A7} CON AHEFHEu fFodoz =94

EF AT R

o AT 2 A Ed UM GM ®H SM A2 7F CON A2 ot
S
7

X713 E

oF

Table 7. Effect of management system on growth performance in lactating sows

Items CON GM SM SE?
Parity 2 2 2 -
n 25 28 28 -
Litter

No. of pigs 10.3° 11.72 11.5% 1.1

Weaned Pigs 9.8 11.52 11.22 1.0
Body weight, kg

Before farrowing® 218.7 212.4 220.2 2.9

After farrowing 196.2 198.3 195.8 2.5

Weanling 183.0 197.5 184.5 2.1

Body weight loss1? 20.6 195 21.0 0.7

Body weight loss2" 13.2* 10.8" 11.3° 1.1
ADFI, kg

Gestation 2.62 2.62 2.62 -

Lactation 6.94 7.06 7.18 0.34
Backfat thickness, mm

Before farrowing® 24.7 23.6 24.6 0.5

After farrowing 245 23.5 245 04

Weanling 19.2 20.3 21.0 0.3
1081?;§ckfat thickness 48 3.9b 35 0.3
Estrus interval, d 4.6 45 45 0.2

U Abbreviation : CON, stall management system; GM, group management system;

SM, shoulder management system.
2 Standard error.

3 Before farrowing : before 4 days ago

4 Body weight loss : 1, before farrowing to after farrowing; 2, after farrowing to

weanling.
® Backfatthickness loss : after farrowing to weanling.

aPMeans in the same row with different superscripts differ (P<0.05).
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rr

AgelA 352 2 olfAl Aol o] GM 3 SM A& +7F CON A 2] 7K.t}
=4 vUEERa (P<0.05). EFAR= d-FAFANA 2735, 3FTolA
Eg7IZbEetel 3ol GM B SM A7 CON AHgHu Fojxew =7
LERs T (P<0.05). 23fuk A=) A= ARbE It HARE Ol QlojM = Ae gt FoHl
Apol & YERWA] ekt (P>0.05).

= do R 0o
1 Ho
22
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Table 8. Effect of management system on growth performance in suckling piglets!

Items CON GM SM SE?
Piglet survival, % 95.2 96.7 97.4 2.3
Body Weight, kg
Birth Weight 1.36 1.47 1.45 0.05
1 wk 2.62 2.79 2.75 0.11
2 wk 4.20 4.43 4.38 0.14
3 wk 597 6.26 6.22° 0.16
Weanling 7.79P 8.18% 8.11% 0.17
Average daily gain,
g
Birth to 1 wk 180 189 185 4
1 wk to 2 wk 226 234 233 6
2 WKk to 3 wk 253° 2617 263 6
3 wk to weanling 260P 2742 2707 5
Overall 230P 240° 238° 6
Stillbirth, % 6.6 5.2 5.8 4.0

U Abbreviation : CON, stall management system; GM, group management system; SM,
shoulder management system.

2 Standard error.

abMeans in the same row with different superscripts differ (P<0.05).
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(th) 2= 9 IfAEe 8y 2Ed2dd 24 5%
» A AFSEYEV BeE W X =Y gy 2EY AR 24 X Table 99
eI AT gAl 5043 olA] cortisol, ¥ norepinephrine &%=°] 3y} GM %

A T7F Con HEFHET Foldo=z vA veEw i (P<0.05), epinephrine & %0l
GM H &7} CON Hg 7Rttt fo974 07 A ettt (P<0.05). BvHE 21«

cortisol, epinephrine % norepinephrine %9 %o GM % SM Az 37F CON

A Fret folAor A yEutth (P<0.05). =3 oAl A cortisol &=l

SM A@F7h CON Aelduth feldow v vehdrh (P<0.05). A= aely)

2EH2 #d B4 = ATt Fo4] Aols yElA sk (P>0.05).

Table 9. Effect of management system on blood profiles in sows and piglets!

Items CON GM SM SE?
Sows
Gestation, 50th d
Cortisol, ug/dL 4.1% 2.8 3.0P 0.3
Epinephrine, pg/mL 47.1% 32.2P 34.9% 4.4
Norepinephrine, pg/mL 99.0* 85.9° 73.3" 9.0
Gestation, 108th d
Cortisol, ug/dL 4.1% 2.5 2.3 0.5
Epinephrine, pg/mL 56.6% 29.7° 34.8" 5.7
Norepinephrine, pg/mL 103.22 86.4° 80.4° 8.7
Weanling
Cortisol, ug/dL 4.0% 3.2% 2.9 0.3
Epinephrine, pg/mL 40.2 38.7 414 4.3
Norepinephrine, pg/mL 105.6 939 95.6 10.0
Piglets
Cortisol, ug/dL 1.3 1.3 1.2 0.1
Epinephrine, pg/mL 14.2 13.9 12.8 1.0
Norepinephrine, pg/mL 36.4 36.8 32.2 2.1

' Abbreviation : CON, stall management system; GM, group management system;
SM, shoulder management system.

? Standard error.

ab Means in the same row with different superscripts differ (P < 0.05).
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(mh) R=o A2

» QJAEA APSEEZE B AFREC wAl= @3S Table 100 WERAATH
AAAND7IEt el A== oA A3t Fo4%0 Aol& vEhlA SFdt
(P<0.05)

Table 10. Effect of management system on rectum temperature in Sows'

Items CON GM SM SE?

Rectum temperature, C
Gestation, 50th d 39.2 39.4 39.3 0.1
Gestation, 108th d 39.4 39.1 39.3 0.1
Weanling 39.5 39.2 39.2 0.1

U Abbreviation : CON, stall management system; GM, group management system; SM,
shoulder management system.

2 Standard error.

(1) EFAES] B 5

- QAEA ASFEE ERAES AT VAL GFS Table 110 ehilc
AAABIHES ERAE AT oA AT FAHA Aol hehiA
T} (P<0.05).

Table 11. Effect of management system on fecal score in piglets!

Items CON GM SM SE?
Fecal score’
7 d 3.71 3.79 3.81 0.04
14 d 3.55 3.50 3.20 0.04
21 d 3.21 33.2 3.27 0.05
Weanling 3.02 3.02 3.03 0.02

U Abbreviation : CON, stall management system; GM, group management system; SM,
shoulder management system.

? Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that  assumes shape of container; 5 watery liquid that
can be poured.
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(7 REo HAAMAA

- AN A EETE 2ES WAANAG WAE G Table 1291 YRR

A= GMAYTF7E SM 2 CON HEg TR fFodoez =¢ka (P<0.05)
olfFF4E SM AHgF7F CON A+ = GMAETET Aoz =gkth (P<0.05).
REO AFEd QoA GM Z SM AHZG7F CON A FHT Foxoz ubj

Gehgth (P<005). AW £ deld CONAZTA GM 2 SM AeTmd
folmow B tehdt (P<005). ey mES AT L ANRALe] glofA e

ATz TRl AelE wERA Fdn (P>0.05). sHARE, A 4

RE

91014
A4 g S ATk e A Bk

Table 12. Effect of management system on growthperformance in lactating sows'

Items CON GM SM SE?

Parity 3 3 3

n 23 27 26

Litter

No.ofpigs 10.5° 12.2% 11.8% 1
Weaned Pigs 10.0° 11.8° 11.6° 0.9

Body weight, kg

Beforefarrowing® 212.8 215.4 214.2 3.2

After farrowing 195.2 198.3 195.8 2.9

Weanling 182.6 189.7 185.8 2.4

Bodyweightloss1? 17.6 17.1 184 0.8

Bodyweightloss2* 12.6° 9.6 10.0° 1.1

ADFI, kg

Gestation 2.62 2.62 2.62 -

Lactation 6.71 6.84 6.76 0.34

Backfat thickness, mm

Beforefarrowing® 22.6 23.2 22.4 05

After farrowing 22.4 23 22.1 04

Weanling 17.8 194 18.3 0.3

Backfatthicknessloss® 4.6 3.6 3.8 0.3

Estrus interval, d 4.8 45 4.6 0.2

'Abbreviation:CON,  stallmanagementsystem; GM, groupmanagementsystem;  SM,

shouldermanagementsystem

Standarderror.

SBeforefarrowing:beforeddaysago
‘Bodyweightloss:1,beforefarrowingtoafterfarrowing;2,afterfarrowingtoweanling.
*Backfatthicknessloss:afterfarrowingtoweanling.
ab\eansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).

- 124 -



(W) Z/A=e] A

= AAGA ASFHE EFAEY A mAE 9 Table 139 YERHSAT
EfAEL] At A= AT FoHl AFolE Holx oyt (P>0.05) EYHA|

A= AR 2 HARE o 9dojAE GM 2 SM A2 CON A FHul feojyoz v

A¥E BAH (P<0.05).

=l

Table 13. Effect of management system on growthperformance in suckling piglets!

Items CON GM SM SE?
Piglet survival, % 96.8 95.9 96.2 1.9
Body Weight, kg

Birth Weight 1.37 1.36 1.42 0.06
1 wk 2.67 2.61 2.69 0.15
2 wk 4.21 4.19 4.23 0.17
3 wk 5.86 5.88 591 0.18
Weanling 7.64 7.63 771 0.15
Average daily gain, g

Birth to 1 wk 185 179 182 5)
1 wk to 2 wk 221 225 219 6
2 wk to 3 wk 236 242 240 5
3 wk to weanling 254 250 258 7
Overall 224 224 225 5
Stillbirth, % 6.2 5.4 55 24
! Abbreviation:CON,stallmanagementsy stem; GM,groupmanagementsystem;SM,shoulderma
nagementsystem.

“Standarderror.

abMeansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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T=
o A 2Ef2dd 22 FET Table 149
el Atk 2=29] @AY cortisol, epinephrine % norepinephrine %+ QA1 50 & of
%ol GM % SM A Z747F CON Agl7ru Fofd oz v vepwtal (P<0.05), &9+
A2 Ao Qo] cortisol, norepinephrine %=+ GM % SM AHz]4+7} CON H g F+Ht}
oA or dA yeRgA W (P<0.05), epinephrine H%+ CON AH#+7F GM 2 SM
Aol vlel =A vebsth (P>0.05). EE9] o]frAlo] 9lo] cortisol, norepinephrine
+ GM % SM A7} CON AgFHtt fo]Aog v yergtt (P<0.05). 844 7
of dd 2EHE #HYE 24 FERE At F9A4Q0 AolE UEWA %k
(P>0.05).

Table 14. Effect of management system on blood profiles in sows and piglets’

Items CON GM SM SE?
Sows

Gestation, 50th d

Cortisol,ug/dL 4.2 3.1° 3.0° 0.08
Epinephrine,pg/mL 47.3° 38.9P 41.5° 1.1
Norepinephrine,pg/mL 98.7* 84.3" 76.6 1
Gestation, 108th d

Cortisol,ug/dL 4.1° 2.7 2.5 0.1
Epinephrine,pg/mL 57.7% 27.1¢ 33.3" 1.1
Norepinephrine,pg/mL 101.22 ]7.2P 88.3" 1.3
Weanling

Cortisol,ug/dL 4.0° 3.1° 2.9 0.1
Epinephrine,pg/mL 425 40.3 41.3 1
Norepinephrine,pg/mL 101.3% 92.7° 90.1° 14
Piglets

Cortisol,ug/dL 14 1.5 15 0.1
Epinephrine,pg/mL 13.1 13.2 13.8 04
Norepinephrine,pg/mL 38.5 38.7 33.2 1.1
' Abbreviation:CON,stallmanagementsystem; GM, groupmanagementsystem; SM,shouldermanagem
entsystem.
“Standarderror.

ab\[eansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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(P<0.05).
Table 15. Effect of management system on rectumtemperature in sows'
Items CON GM SM SE*
Rectumtemperature, C
Gestation, 50th d 39.0 389 39.2 0.6
Gestation, 108th d 39.5 39.2 39.4 0.3
Weanling 389 38.6 38.8 0.3

'Abbreviation:CON,stallmanagementsy stem;GM,groupmanagementsystem; SM,shouldermanagements
ystem.

’Standarderror.

(vh) EFAEL] AAA

= QAEA ASHE I EFAES] A Ge] v X E G Table 160 YEFATH 159
350l Qo E A= AARA = APt fel Al ApelE dERHA ST (P<0.05).
AR 2FAle] EHAES AAAFe gle] CON A TrE SM ATl vl
fFoldgow =7 ekt (P>0.05).

Table 16. Effect of management system on fecal score in piglets!

Items CON GM SM SE?
Fecalscore®

7 d 3.65 3.6 3.53 0.11
14 d 3528 3.36% 3.16" 0.07
21 d 3.20 3.18 3.08 0.04
Weanling 3.13 3.10 3.10 0.05

' Abbreviation:CON,stallmanagementsystem; GM,groupmanagementsystem; SM,shouldermanagements
ystem.

’Standarderror.

SFecalscores: 1hard,drypellet;2firm,formedstool;3soft, moiststoolthatretainsshape;4soft,unformedstooltha
tassumesshapeofcontainer;bwateryliquidthatcanbepoured.
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(h) 2FHA=] EU Ve 24
ANGA ALSHE7E ZHAES AARAGel WA= GgFS Table 1791 YER AL
EfgAEe] MAE 260 gl A3 oA A Aole “ERHA ekt (P<0.05).

Table 17. The effects of management system on fecal microflora in piglets!

Items,logiocfu/g CON GM SM SE?
Lactobacillus 77 7.67 7.66 0.01
E. coli 5.73 5.69 5.71 0.02

' Abbreviation:CON,stallmanagementsy stem; GM,groupmanagementsystem; SM, shouldermanagements
ystem.

’Standarderror.

- 128 -



(

4) 4%k}

v

2

doll mlA]

9 g2 Table 189 YERJUTE 2=
Fol7F yEA] @ta BES] AT

) FPE7h wES] WA
Bgags 9 ol fErE AT f
=

Aol GM 3 SM # 2]

Tl

]
Ao
1

)

N

N

E’l‘
fFoldor =A vt (P>005). 2= ARAHATE B AT AdA=
ATk feHel zels dERHA ekt (P>0.05). SHAIRE, EFTIIHEF EE
APRAHFES GM B SM A7 FelA o = vEbty (P>0.05).

Table 18. Effect of management system on growthperformance in lactating sows!

Items CON GM SM SE?
Parity 4 4 4 -

n 20 24 23 -

Litter

No.ofpigs 11 12 11 1.1
Weaned Pigs 9.6 104 10 1

Body weight, kg

Beforefarrowing® 219° 2228 2202 2

After farrowing 198° 2047 196° 1.3
Weanling 170° 185* 168 2.1
Bodyweightloss1* 20.3 186" 23.7° 0.7
Bodyweightloss2’ 27.4° 187 27.3° 1

ADFI, kg

Gestation 1.74 1.74 1.74 -

Lactation 7.38° 7.25° 6.58" 0.15
Backfat thickness, mm

Beforefarrowing® 23.1 229 22.8 0.3
After farrowing 22.8 22.7 22.5 0.2
Weanling 18.6 189 189 0.3
Backfatthicknessloss’ 4.2 3.7 3.6 0.1
Estrus interval, d 45 4.4 4.4 0.1

! Abbreviation: CON,stallmanagementsystem; GM,groupmanagementsystem;SM,shoulderman
agementsystem.

“Standarderror.

SBeforefarrowing:beforeddaysago
‘Bodyweightloss:1,beforefarrowingtoafterfarrowing;2,afterfarrowingtoweanling.
*Backfatthicknessloss:afterfarrowingtoweanling.
ab\[eansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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() ZHa=Ee ALk

= AAGA ASHEIE EAEe Aol W= 9 Table 199 uERASITH
EFAES] AFA A 253, 37 2 ol Al ATl Jdo] GM ® SM A7 CON
Ag TRt F98es =4 yehgt (P<0.05). EFAES dgSA #o A AT,
15725, 2735, 357 o)A 9 AA EZH7IHEete] %ol GM % SM Az 47F CON
AY TRt fFolFow A vehgth (P<0.05). 28y A=) A= ARSI HARS
A= AT Fo]HA AolE VYERUA Fdth (P>0.05).

FH

Table 19. Effect of management system on growthperformance in suckling piglets!

Items CON GM SM SE?
Piglet survival, % 95.2 96.2 96.5 1.1
Body Weight, kg

Birth Weight 1.42 1.42 1.42 0.02
1 wk 2.66" 2724 273 0.02
2 wk 4.2> 4.3 4.4° 0.02
3 wk 5.08" 63167 6.19° 0.02
Weanling 7.81° 8.08° 8.10° 0.03
Average daily gain, g

Birth to 1 wk 178° 1872 186° 2

1 wk to 2 wk 202P 230° 2332 2

2 wk to 3 wk 253" 260 263? 3

3 wk to weanling 261" 2742 2732 2

Overall 229° 238 239% 1

Stillbirth, % 74 56 59 1.2

' Abbreviation:CON,stallmanagementsy stem; GM,groupmanagementsystem; SM,shouldermana
gementsystem.

Standarderror.
aPMeansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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2] 17} Con AgTHTE Foxo=z A e (P<0.05), epinephrine &%= 219

cortisol, ¥ norepinephrine %9 %o GM % SM

GM A+ 2 SMAZF7F CON ARt Fo]do=z A et (P<0.05). &9HE
A2 -] 2ol cortisol, epinephrine ¥ norepinephrine &%=° ¢l GM % SM A 17}

CON Ag+Ht Foxor YA yeytth (P<0.05). =3 offAl g9 Wl cortisol 3

norepinephrine & %=°] Aol SM A7} CON HFHU Foldoz A eyt
(P<0.05). A= o] norepinephrine®] T=o] o] SM Hg &= CON % GM

A ooz v yesth (P<0.05).

Table 20. Effect of management system on blood profiles in sows and piglets!

Items CON GM SM SE?
Sows
Gestation, 50th d
Cortisol,ug/dL 4.3% 2.6 2.5 0.1
Epinephrine,pg/mL 47 6° 31.8" 32.2° 1
Norepinephrine,pg/mL 99.4° 84P 73P 1.1
Gestation, 108th d
Cortisol,ug/dL 4.12 2.4P 2.3" 0.1
Epinephrine,pg/mL 55° 31° 33" 1
Norepinephrine,pg/mL 1062 85P 84P 1.1
Weanling
Cortisol,ug/dL 3.9° 3.3 3.1° 0.1
Epinephrine,pg/mL 40.5 39.5 39.4 0.8
Norepinephrine,pg/mL 102° 91° 91° 1.3
Piglets
Cortisol,ug/dL 1.3 1.3 1.2 0.07
Epinephrine,pg/mL 13 14 13 0.4
Norepinephrine,pg/mL 37° 31P 32° 1.3

! Abbreviation: CON, stallmanagementsystem; GM,groupmanagementsystem;SM,shouldermana
gementsystem.

’Standarderror.
abMleansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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AAAG7IbEt BEme] A= A A3 7oA ZolE YEhliA Fdtt
(P<0.05).
Table 21. Effect of management system on rectum temperature in sows'
Items CON GM SM SE?
Rectumtemperature, C
Gestation, 50th d 39.0 38.9 39.2 0.6
Gestation, 108th d 39.5 39.3 39.4 0.3
Weanling 38.9 38.6 38.8 0.3

'Abbreviation:CON, stall management system; GM, group management system; SM,
shoulder management system.

’Standarderror.

(5h) EHAES] HAA S

- WA ARFH ERAES AAAGe] WAL 9FE Table 220 el
AANG7HEF EHAES] HAAG glolA] ATzt foH AolE EhA
TSI} (P<0.05).

Table 22. Effect of management system on fecal score in piglets!

Items CON GM SM SE?
Fecalscore®

7 d 3.73 3.76 3.75 0.07
14 d 3.60 3.50 3.40 0.07
21 d 3.20 3.30 3.20 0.06
Weanling 3.01 3.03 3.02 0.07

! Abbreviation: CON, stallmanagementsy stem; GM,groupmanagementsystem; SM,shouldermana
gementsystem.

’Standarderror.

SFecalscores: 1hard,drypellet;2firm, formedstool;3soft,moiststoolthatretainsshape;4soft,unforme
dstoolthatassumesshapeofcontainer;5wateryliquidthatcanbepoured.

(W) ZHAES] By WA 24
A7 A REs ERAES] AAA G mAE G Table 239 et
FAES WAE =4 glolA AT FoHe Aol VA et} (P<0.05).

Table 23. The effects of management system on fecal microflora in piglets'

UO

B

Items, logocfu/g CON GM SM SE?
Lactobacillus 772 7.76 7.74 0.02
E. coli 575 5.63 5.60 0.03

! Abbreviation: CON, stallmanagementsystem; GM,groupmanagementsystem; SM,shouldermana
gementsystem.

’Standarderror.
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FEl7h Eso]l MAALg O Al G Table 240 YEATE E=9]
of A3t Fo]Hl ApolE HERHA 2k (P>0.05).

Table 24. Effect of management system on growthperformance in lactating sows'

Items CON GM SM SE?
Parity 5 5 5 -

n 17 21 20 -

Litter

No.ofpigs 11.1 10.8 11.2 0.8
Weaned Pigs 10.8 10.7 11.0 0.7
Body weight, kg

Beforefarrowing® 228.6 226.2 223.8 2.4
After farrowing 198.9 196.5 197.3 1.8
Weanling 180.0 183.7 187.3 1.5
Bodyweightloss1? 29.6 29.7 26.6 0.9
Bodyweightloss2* 18.9 12.8 10.0 0.9
ADFI, kg

Gestation 6.95 6.95 6.55 -

Lactation 6.67 6.84 6.64 0.12
Backfat thickness, mm

Beforefarrowing® 19.8 20.2 20.2 0.2
After farrowing 19.3 19.7 19.8 0.3
Weanling 155 16.3 16.1 0.3
Backfatthicknessloss® 3.8 3.4 3.7 0.1
Estrus interval, d 4.2 41 4.2 0.1

! Abbreviation:CON,stallmanagementsystem;GM,groupmanagementsystem;SM,shouldermanag
ementsystem.

“Standarderror.

SBeforefarrowing:beforeddaysago
‘Bodyweightloss:1,beforefarrowingtoafterfarrowing;2,afterfarrowingtoweanling.
*Backfatthicknessloss:afterfarrowingtoweanling.
abMeansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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(h) A=) Yatd
DA ASFE7 EfAES Aol WA= G2 Table 2501 WERHSIT
EFAES AdFTAFAA  AAEFIEdA gl GM 2 SM A# 77k CON

Aol Pt foHoR A UEkm (P<0.05), AEe] Al olAE GM 2 SM
A2 77k CON A2 7R oo vl vehath (P<0.05).

Table 25. Effect of management system on growthperformance in suckling piglets!

Items CON GM SM SE?
Piglet survival, % 97.3 99.1 98.2 1.2
Body Weight, kg

Birth Weight 1.38 141 1.40 0.08
1 wk 2.65 2.71 2.81 0.15
2 wk 4.25 4.36 4.34 0.14
3 wk 5.99 6.47 6.43 0.15
Weanling 7.74 8.01 794 0.16

Average daily gain, g
Birth to 1 wk

1 wk to 2 wk 181 186 201 2
2 wk to 3 wk 229 236 219 3
3 wk to weanling 249 301 299 3
Overall 227° 2367 2347 3
Stillbirth, % 6.4% 5.8 6.0 0.9

'Abbreviation:CON,stallmanagementsystem;GM, groupmanagementsystem;SM,shouldermana
gementsystem.

’Standarderror.
abMeansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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(th 2e 2 2ixEe] ddy 2Ed2ad 54 5%
A GA AFFFE7E 2 2 2HAEY daY 2EYAHE 54 wX+ Table 269
eI AT AA a7 75 Ay Cortisol, Epinephrine, Norepinephrine &%= 1]
A T7F 7oAl 2ol & YER Al ekttt (P>0.05).
Table 26. Effect of management system on blood profiles in sows and piglets’
[tems CON GM SM SE?
Sows
Gestation, 50th d
Cortisol,ug/dL 4.0 3.7 3.7 0.2
Epinephrine,pg/mL 40.6 34.2 32.3 2.3
Norepinephrine,pg/mL 89.5 79.2 7.7 3.8
Gestation, 108th d
Cortisol,ug/dL 39 3.4 3.5 0.2
Epinephrine,pg/mL 415 31.8 34.7 2.4
Norepinephrine,pg/mL 88.7 779 81.1 3.2
Weanling
Cortisol,ug/dL 4.1 3.3 3.7 0.3
Epinephrine,pg/mL 41.1 32.4 30.0 2.1
Norepinephrine,pg/mL 89.3 78.7 0.4 3.6
Piglets
Cortisol,ug/dL 1.1 1.2 1.1 0.2
Epinephrine,pg/mL 12.8 12.3 12.4 15
Norepinephrine,pg/mL 34.3 33.0 32.9 15
'Abbreviation: CON,stallmanagementsystem;GM,groupmanagementsystem; SM,shouldermana
gementsystem.
“Standarderror.



FeE7b BEY AR wWAE gFE Table 279 YERYSATL
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AAAG7IbEt BEme] A= A A3 7oA ZolE YEhliA Fdtt
(P<0.05)
Table 27. Effect of management system on rectum temperature in sows'
Items CON GM SM SE?
Rectumtemperature, C
Gestation, 50th d 38.7 38.9 38.8 0.1
Gestation, 108th d 38.9 39.0 38.8 0.1
Weanling 38.8 38.7 39.0 0.1

'Abbreviation:CON, stall management system; GM, group management system; SM,
shoulder management system.

’Standarderror.

(5h) EHAES] HAA S

- A ARFH ERAES AAAGe] WAL dFE Table 28 el
AANG7HEF EHAES] HAAG glolA] ATzt foH AolE EhA
TSI} (P<0.05).

Table 28. Effect of management system on fecal score in piglets!

Items CON GM SM SE?
Fecalscore®

7 d 3.68 3.58 3.56 0.3
14 d 3.71 3.66 3.44 0.4
21 d 3.63 3.55 3.41 0.3
Weanling 3.28 3.36 3.34 0.4

! Abbreviation:CON, stallmanagementsystem;GM, groupmanagementsystem; SM,shouldermanage
mentsystem.

’Standarderror.

SFecalscores: 1hard,drypellet;2firm,formedstool; 3soft, moiststoolthatretainsshape;4soft,unformeds
toolthatassumesshapeofcontainer;5wateryliquidthatcanbepoured.

(W) ZHAES] By WA 24
A7 ARG Es ERAE] AAA G mAE G Table 209 UETh
FAES WAE =4 glolA AT FoHe Aol VA et} (P<0.05).

Table 29. The effects of management system on fecal microflora in piglets'

UO

B

Items, logocfu/g CON GM SM SE?
Lactobacillus 7.67 7.66 7.66 0.08
E. coli 5.87 5.88 5.85 0.06

! Abbreviation: CON, stallmanagementsystem;GM, groupmanagementsystem; SM,shouldermanage
mentsystem.

’Standarderror.
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- QATA AR BES WAARE nAE G Table 3000 Ve BES]
WA A glel A2 T3k el Hel Aol E A ettt (P>0.05).

Table 30. Effect of management system on growthperformance in lactating sows'

Items CON GM SM SE?
Parity 6 6 6 -

n 13 19 18 -

Litter

No.ofpigs 10.8 10.9 11.1 0.5
Weaned Pigs 10.2 10.5 10.6 0.4
Body weight, kg

Beforefarrowing® 243.7% 236.4" 234.2P 2.1
After farrowing 219.3 206.7° 207.7° 15
Weanling 201.7% 194.9 195.8" 1.9
Bodyweightloss1? 24.4 29.7 26.6 2.6
Bodyweightloss2* 17.6° 11.8 11.9° 1.0
ADFI, kg

Gestation 6.55 6.95 6.55 -

Lactation 6.46" 6.65" 6.62% 0.04
Backfat thickness, mm

Beforefarrowing® 19.9 20.3 20.4 0.2
After farrowing 195 19.7 199 0.3
Weanling 15.6 16.2 16.6 0.4
Backfatthicknessloss® 3.9 3.6 3.3 0.3
Estrus interval, d 54 48 49 0.2

! Abbreviation:CON,stallmanagementsystem;GM,groupmanagementsystem;SM,shouldermanag
ementsystem.

“Standarderror.

SBeforefarrowing:beforeddaysago
‘Bodyweightloss:1,beforefarrowingtoafterfarrowing;2,afterfarrowingtoweanling.
°Backfatthicknessloss:afterfarrowingtoweanling.
aPMeansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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UER I (P<0.05), 253 2 353k Azl o] GM 2 SM AHZ77F CON A g Ktk
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gy A=) A= AREE I HARE ] glolA = AT FolHA ApolE UERA
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Table 31. Effect of management system on growthperformance in suckling piglets’

Items CON GM SM SE*
Piglet survival, % 94.6 97.2 96.5 1.6
Body Weight, kg

Birth Weight 1.35 1.38 1.33 0.02
1 wk 2.55 2.62% 2.57% 0.02
2 wk 3.96" 4.14° 4.07° 0.02
3 wk 5.79° 6.02° 5.96% 0.06
Weanling 7.87 7.96 7.98 0.08
Average daily gain, g

Birth to 1 wk 171° 177 177 4

1 wk to 2 wk 202" 217 214° 5

2 wk to 3 wk 261° 269 2707 3

3 wk to weanling 521 436 506 14

Overall 261 263 266 7

Stillbirth, % 5.27 594 3.90 1.23

' Abbreviation:CON,stallmanagementsy stem; GM,groupmanagementsystem; SM,shouldermanag
ementsystem.

’Standarderror.

aPMeansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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(th) BEe 9 XfaEe] ddy 2Efgaad 54 5%
» A AFSHEE Be 2 2= @y 2EHadd 2 vEE
et der ¢ 5095 9w ERE YA 9leJA cortisol, ephinephrine

Table 320l

. |
norepinephrine %] o] GM % SM g7} CON H TR Foxoz i

et (P<0.05). oA 8 W norepinephrine FXo] o] SM A g7} CON

A Tre oo w v yebsth (P<0.05).

Table 32. Effect of management system on blood profiles in sows and piglets'

Items CON GM SM SE?
Sows
Gestation, 50th d
Cortisol,ug/dL 4.6 3.9 3.9° 0.1
Epinephrine,pg/mL 46.8° 40.2° 41.2° 1
Norepinephrine,pg/mL 88.1° 84.6° 83.6" 1.1
Gestation, 108th d
Cortisol,ug/dL 4.3 3.6" 3.6" 0.1
Epinephrine,pg/mL 48.8° 42.9° 42.4P 1
Norepinephrine,pg/mL 95.8? 83.2° 85.4° 1.1
Weanling
Cortisol,ug/dL 3.9 35 3.6 0.1
Epinephrine,pg/mL 43.0 44.6 41.0 0.8
Norepinephrine,pg/mL 8.0 83.7 83.7° 1.3
Piglets
Cortisol,ug/dL 1.1 1.2 1.1 0.07
Epinephrine,pg/mL 12.8 12.3 124 04
Norepinephrine,pg/mL 34.3 33.0 32.9 1.3
'Abbreviation:CON, stallmanagementsystem; GM,groupmanagementsystem; SM,shouldermanage
mentsystem.
“Standarderror.

abMeansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).
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(P>0.05)
Table 33. Effect of management system on rectum temperature in sows'
Items CON GM SM SE?
Rectumtemperature, C
Gestation, 50th d 39.0 39.0 38.9 0.08
Gestation, 108th d 38.9 38.9 38.9 0.08
Weanling 39.1 39.1 39.0 0.08

'Abbreviation:CON, stall management system; GM, group management system; SM,
shoulder management system.

’Standarderror.

- QAT ASREA ERAES AAAG] WAL AT Table 340] e,
1498 EHAES] AL 9ol SM AT CON AgTurk feldem v
JERET (P<0.06).

Table 34. Effect of management system on fecal score in piglets!

Items CON GM SM SE?
Fecalscore®

7 d 3.66 3.56 3.56 0.04
14 d 3.66% 3.55% 3.45 0.05
21 d 3.73 3.46 3.42 0.13
Weanling 3.29 3.39 3.33 0.04

! Abbreviation:CON, stallmanagementsystem;GM, groupmanagementsystem; SM,shouldermanage
mentsystem.

’Standarderror.

SFecalscores: 1hard,drypellet;2firm,formedstool; 3soft, moiststoolthatretainsshape;4soft,unformeds
toolthatassumesshapeofcontainer;5wateryliquidthatcanbepoured.

abMeansinthesamerowwithdifferentsuperscriptsdiffer(P<0.05).

() ERAES] B VAR 24
< QARA AFHHI ZRAES AAAF mAE AT Table 350 e,
LHAES PR 240 QoA Hel Tk FolH Aol E UehiA ettt (P>0.05).

Table 35. The effects of

management system on fecal microflora in piglets!
Items, logiocfu/g CON GM SM SE?
Lactobacillus 7.58 1.56 .57 0.02
E. coli 5.84 5.84 5.86 0.02

' Abbreviation: CON,stallmanagementsystem;GM, groupmanagementsystem; SM,shouldermanage
mentsystem.

’Standarderror.
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QAA Afrael F7

1A FoJ7h mEo WA A = 9GS Table 369
et Atk dA Ad7IzE BEE HAAACA Qo] AP fFolAHd A&

YER A ekt (P>0.05).

Table 36. Effect of supplementary feeding of fiber on reproductive performance in

lactating sows!

Items CON F SE?
Parity 1 1 0.0
n 40 40
Litter
No. of pigs 10.7 11.0 1.0
Weaned Pigs 10.2 10.6 0.9
Body weight, kg
Before farrowing® 214.6 216.8 2.5
After farrowing 205.4 200.3 2.4
Weanling 193.8 190.1 2.4
Body weight loss1? 21.0 22.5 1.2
Body weight loss2* 11.6 10.2 1.0
ADFI, kg
Gestation 2.58 2.53 0.08
Lactation 6.72 6.83 0.16
Backfat thickness, mm
Before farrowing® 20.1 20.4 05
After farrowing 19.9 20.2 0.4
Weanling 19.4 19.5 0.3
Backfat thickness loss® 3.5 3.1 0.3
Estrus interval, d 4.8 47 0.3

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).
2 Standard error.
3 Before farrowing : before 4 days ago

4 Body weight loss : 1, before farrowing to after farrowing; 2, after farrowing to
weanling.

° Backfatthickness loss : after farrowing to weanling.

- 141 -



PAGA AfFrae] F7F 597 2fAEe] WA AL mAE P3FS Table 3700
et A =] dgTA@del A 2735 ol F A2l #7F CON A rth
fro 2 =4 et (P<0.05). 2y EFARE AlF, ARabe 2 #HAREO
AolA = AT A AFolE YERIA &Skt (P>0.05).

Table 137. Effect of supplementary feeding of fiber on growth performance in suckling
piglets

Items CON F SE?
Piglet survival, % 95.3 96.4 2.3
Body Weight, kg
Birth Weight 1.41 1.43 0.06
1 wk 2.65 2.70 0.09
2 wk 4.08 4.18 0.14
3 wk 5.73 5.92 0.19
Weanling 7.47 7.71 0.20
Average daily gain, g
Birth to 1 wk 177 182 9
1 wk to 2 wk 204 211 10
2 wk to 3 wk 236" 248* 8
3 wk to  weanling 249 256 7
Overall 216 224 8
Stillbirth, % 7.4 6.5 2.7

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).
2 Standard error.

aPMeans in the same row with different superscripts differ (P < 0.05).
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Table 38. Effect of supplementary feeding of fiber on blood profiles in sows and

piglets!
Items CON F SE?
Sows
Gestation, 50th d
Cortisol, ug/dL 2.9 2.5 0.3
Epinephrine, pg/mL 45.6 40.8 4.1
Norepinephrine, pg/mL 87.3° 79.1° 7.0
Gestation, 108th d
Cortisol, ug/dL 2.4° 1.8° 0.3
Epinephrine, pg/mL 30.2 27.9 14
Norepinephrine, pg/mL 76.3" 64.7° 5.9
Weanling
Cortisol, ug/dL 3.7 3.8 0.3
Epinephrine, pg/mL 42.6 37.9 3.8
Norepinephrine, pg/mL 92.2 96.4 6.7
Piglets
Cortisol, ug/dL 1.2 1.0 0.2
Epinephrine, pg/mL 14.2 12.8 1.4
Norepinephrine, pg/mL 36.8 33.0 2.2

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another
feeder).

2 Standard error.

aPMeans in the same row with different  superscripts differ (P<0.05).
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(P<0.05).

Table 39. Effect of supplementary feeding of fiber on rectum temperature in sows'

Items CON F SE?

Rectum temperature, C
Gestation, 50th d 39.2 39.5 0.1
Gestation, 108th d 39.3 39.3 0.2
Weanling 39.7 394 0.1

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).

? Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can

be poured.

(vh) EfAES] bR S

= JAEA A F7F F97F 2fAEQ AAA G mAE 92 Table 4000
UER AT AAAE 71t EfAEL AR ol dolAl A FE {9 Al AolE
e A ek ekt (P<0.05).

Table 40. Effect of supplementary feeding of fiber on fecal score in piglets'

[tems CON F SE?
Fecal score®
7 d 3.72 3.62 0.05
14 d 3.51 3.54 0.03
21 d 3.24 3.30 0.05
Weanling 3.04 3.03 0.01

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).

2 Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can

be poured.
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Table 41. The effects of supplementary feeding of fiber on fecal microflora in piglets!
Items, logiocfu/g CON F SE?
Lactobacillus 7.68 172 0.03
E. coli 5.73 5.70 0.04

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).
? Standard error.
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Table 42. Effect of supplementary feeding of fiber on reproductive performance in

>

9 EA

O+
i

lactating sows!

Items CON F SE?
Parity 2 2 0.0
n 38 37
Litter
No. of pigs 11.2 11.8 11
Weaned Pigs 10.8 11.3 1.0
Body weight, kg
Before  farrowing® 209.4 206.7 2.8
After farrowing 189.1 188.2 2.6
Weanling 1776 178.5 2.1
Body weight lossl? 20.3 185 0.9
Body weight loss2’ 11.5% 9.7° 1.1
ADFI, kg
Gestation 2.62 2.52 0.08
Lactation 7.14 7.05 0.14
Backfat thickness, mm
Before  farrowing® 23.0 23.4 0.6
After farrowing 22.8 23.3 0.5
Weanling 187 20.3 0.4
Backfat  thickness loss® 4.1% 3.0° 0.4
Estrus interval, d 46 4.4 0.2

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)
2 Standard error.
3 Before farrowing : before 4 days ago

4 Body weight loss : 1, before farrowing to after farrowing; 2, after farrowing to
weanling.

° Backfatthickness loss @ after farrowing to weanling.

aPMeans in the same row with different  superscripts differ (P<0.05).
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Table 143. Effect of supplementary feeding of fiber on growth performance in suckling
piglets

Items CON F SE?
Piglet survival, % 96.4 95.8 25
Body Weight, kg
Birth Weight 1.43 1.47 0.04
1 wk 2.75 2.81 0.08
2 wk 4.34 4.45 0.13
3 wk 6.08 6.27 0.16
Weanling 7.88" 8.15% 0.18
Average daily gain, g
Birth to 1 wk 189 192 6
1 wk to 2 wk 227 234 7
2 wk to 3 wk 248 260 9
3 wk to weanling 258P 2687 8
Overall 230P 239° 6
Stillbirth, % 7.6 6.1 2.6

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)
2 Standard error.

abMeans in the same row with different  superscripts differ (P<0.05).
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Table 44. Effect of supplementary feeding of fiber on blood profiles in sows and piglets!

s

n = 9 ge Table 440 e <
]
oo

Items CON F SE?
Sows
Gestation, 50th d
Cortisol, ug/dL 3.3% 2.4P 04
Epinephrine, pg/mL 425 484 35
Norepinephrine, pg/mL 93.0% 82.7° 6.7
Gestation, 108th d
Cortisol, ug/dL 2.6 2.2 0.3
Epinephrine, pg/mL 33.7% 24.7° 3.6
Norepinephrine, pg/mL 73.6 68.2 7.7
Weanling
Cortisol, ug/dL 34 3.8 0.3
Epinephrine, pg/mL 41.8 37.3 4.8
Norepinephrine, pg/mL 87.1 86.7 6.5
Piglets
Cortisol, ug/dL 14 1.1 0.2
Epinephrine, pg/mL 15.3 12.7 16
Norepinephrine, pg/mL 42.5 39.3 2.5

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)
? Standard error.
aPMeans in the same row with different  superscripts differ (P<0.05).
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(P<0.05).

Table 45. Effect of supplementary feeding of fiber on rectum temperature in sows'

Items CON F SE?

Rectum temperature, C
Gestation, 50th d 394 39.5 0.1
Gestation, 108th d 39.3 39.2 0.1
Weanling 39.3 394 0.1

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another
feeder)

2 Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that
retains shape;, 4 soft, unformed stool that assumes shape of container; 5 watery
liquid that can be poured.

() LHAES] HALA 5

w AAEA Afae F7F w7t 2= AAAFd wX= 9@ Table 4690
YEH AT AAA D7 e /A=) AARA o] flold A3t oA Aol =
YER A 2kt (P<0.05).

Table 46. Effect of supplementary feeding of fiber on fecal score in piglets'

Items CON F SE?
Fecal score’
7 d 3.71 3.75 0.04
14 d 3.60 3.58 0.04
21 d 3.33 3.35 0.02
Weanling 3.04 3.06 0.02

' Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another
feeder)

? Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that
retains shape; 4 soft, unformed stool that assumes shape of container; 5 watery
liquid that can be poured.
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Table 47. The effects of supplementary feeding of fiber on fecal microflora in piglets’
Items, logiocfu/g CON F SE?
Lactobacillus 9.73 5.71 0.03
E. coli 1.74 7.78 0.04

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)
Standard error.
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Table 48. Effect of supplementary feeding of fiber on reproductive performance in

lactating sows!

Table 489
2ol Aol 2

[tems CON SE?
Parity 3 3 0.0
n 36 35
Litter
No. of pigs 11.3 11.1 1.0
Weaned Pigs 10.6 10.6 0.9
Body weight, kg
Before farrowing® 218.1 217.3 2.6
After farrowing 195.1 195.0 2.4
Weanling 182.0 184.1 2.2
Body weight loss1? 23.0 22.3 1.3
Body weight loss2* 12.1 109 1.1
ADFI, kg
Gestation 2.62 2.48 0.07
Lactation 6.76 6.62 0.22
Backfat thickness, mm
Before farrowing® 23.1 23.3 0.5
After farrowing 23.0 23.0 0.4
Weanling 19.2 195 0.3
Backfat thickness loss® 3.8 3.5 0.3
Estrus interval, d 46 48 0.2

U Abbreviation :
feeder).

? Standard error.

3 Before farrowing : before 4 days ago

4 Body weight loss :

weanling.

° Backfatthickness loss :

CON, basal diet; F, basal diet (adding enough fiber in another

1, before farrowing to after farrowing; 2, after farrowing to
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Table 49. Effect of supplementary feeding of fiber on growth performance in suckling
piglets!
Items CON F SE?
Piglet survival, % 93.8 95.5 2.3
Body Weight, kg
Birth Weight 1.45 1.44 0.06
1 wk 2.74 2.75 0.09
2 wk 4.22 4.26 0.14
3 wk 5.84 5.92 0.19
Weanling 7.53 7.73 0.20
Average daily gain, g
Birth to 1 wk 184 187 7
1 wk to 2 wk 212 216 8
2 wk to 3 wk 231 237 3
3 wk to  weanling 242 258" 7
Overall 217 225 6
Stillbirth, % 6.2 5.1 1.8

I Abbreviation :

2 Standard error.

aPMeans in the same row with different superscripts differ (P < 0.05).
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Table 50. Effect of supplementary feeding of fiber on blood profiles in sows and

piglets!

Items CON F SE?

Sows

Gestation, 50th d

Cortisol, ug/dL 2.4 2.1 0.3

Epinephrine, pg/mL 43.6 42.8 4.1

Norepinephrin, pg/mL 81.3° 75.1° 7.0
Gestation, 108th d

Cortisol, ug/dL 2.8° 2.2° 0.3

Epinephrine, pg/mL 36.2° 29.9° 14

Norepinephrin, pg/mL 76.3" 64.7° 5.9
Weanling

Cortisol, ug/dL 3.2 2.8 0.3

Epinephrine, pg/mL 42.6 39.9 3.8

Norepinephrin, pg/mL 92.2 96.4 6.7
Piglets

Cortisol, ug/dL 1.0 0.8 0.2

Epinephrine, pg/mL 15.2 14.8 1.4

Norepinephrin, pg/mL 34.8 32.0 2.2

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another

feeder).

2 Standard error.

aPMeans in the same row with different  superscripts differ (P<0.05).
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(P<0.05).

Table 51. Effect of supplementary feeding of fiber on rectum temperature in sows'

Items CON F SE?

Rectum temperature, C
Gestation, 50th d 39.1 39.0 0.1
Gestation, 108th d 39.3 39.1 0.2
Weanling 389 38.8 0.1

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).

? Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can
be poured.

(vh) EfAES] bR S
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e A ek ekt (P<0.05).

Table 52. Effect of supplementary feeding of fiber on fecal score in piglets'

[tems CON F SE?
Fecal score®
7 d 3.54 3.50 0.05
14 d 3.42 3.35 0.03
21 d 3.18 3.13 0.05
Weanling 3.02 3.00 0.01

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).

2 Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can
be poured.

- 154 -



FAES AN Gl 1A

3z J3FS Table 53¢l
Uetidth A=) mAaE A ol g7k oAl

1l

Aol & UERUAl ettt
(P<0.05)
Table 53. The effects of supplementary feeding of fiber on fecal microflora in piglets’
Items, logiocfu/g CON F SE?
Lactobacillus 7.73 7.78 0.03
E. coli 5.62 5.58 0.04

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).
? Standard error.
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Table 54. Effect of supplementary feeding of fiber on reproductive performance in lactating
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SOWS1

[tems CON F SE?
Parity 4 4 0.0
n 33 34
Litter
No. of pigs 11.3 11.6 1.1
Weaned Pigs 10.9 11.3 1.0
Body weight, kg
Before farrowing® 2174 216.7 2.7
After farrowing 196.0 195.9 2.6
Weanling 184.7 185.2 2.3
Body weight lossl? 21.4 20.8 0.9
Body weight loss2? 11.3 10.7 1.1
ADFI, kg
Gestation 2.62 2.52 0.08
Lactation 7.14 7.05 0.14
Backfat thickness, mm
Before farrowing® 23.0 23.4 0.6
After farrowing 22.8 23.3 0.5
Weanling 18.7 20.3 04
Backfat  thickness loss® 4.1% 3.0° 04
Estrus interval, d 46 4.4 0.2

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)

* Standard error.

3 Before farrowing : before 4 days ago

4 Body weight loss : 1, before farrowing to after farrowing; 2, after farrowing to weanling.
® Backfatthickness loss @ after farrowing to weanling.

aPMeans in the same row with different  superscripts differ (P<0.05).
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Table 155. Effect of supplementary feeding of fiber on growth performance in suckling
piglets

Items CON F SE*
Piglet survival, % 96.5 974 3.0
Body Weight, kg
Birth Weight 1.40 1.45 0.04
1 wk 2.65 2.79 0.08
2 wk 4.19 4.37 0.13
3 wk 5.86 6.06 0.16
Weanling 7.62° 7.88° 0.18
Average daily gain,
g
Birth to 1 wk 179 192 5
1 wk to 2 wk 220 225 6
2 wk to 3 wk 238 242 8
V&?eanlinng © 252 260 8
Overall 222P 230° 5
Stillbirth, % 52 4.8 1.6

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)
2 Standard error.

aPMeans in the same row with different  superscripts differ (P<0.05).
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Table 56. Effect of supplementary feeding of fiber on blood profiles in sows and

piglets!
Items CON F SE?
Sows
Gestation, 50th d
Cortisol, ug/dL 3.2¢ 2.3 0.3
Epinephrine, pg/mL 475 424 34
pg/ﬁﬁrepi”eph““e’ 95.0° 81.2" 52
Gestation, 108th d
Cortisol, ug/dL 2.8 2.6 0.3
Epinephrine, pg/mL 33.5 30.2 2.5
pg/lrjﬂ?repinephrine’ 83.5° 71.3" 78
Weanling
Cortisol, ug/dL 3.3 35 0.3
Epinephrine, pg/mL 43.5 39.2 5.6
mrepinephrine, 75.1 723 42
Piglets
Cortisol, ug/dL 0.8 0.7 0.1
Epinephrine, pg/mL 135 11.9 1.8
pg/ﬁﬁrepi“eph““e’ 432 408 29

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another
feeder)

2 Standard error.

aPMeans in the same row with different  superscripts differ (P<0.05).
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(P<0.05).

Table 57. Effect of supplementary feeding of fiber on rectum temperature in sows'

Items CON F SE?

Rectum temperature, C
Gestation, 50th d 39.1 39.2 0.1
Gestation, 108th d 39.0 39.0 0.1
Weanling 389 38.8 0.1

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)

? Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can
be poured.
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Table 58. Effect of supplementary feeding of fiber on fecal score in piglets'

[tems CON F SE?
Fecal score®
7 d 3.74 3.72 0.04
14 d 3.42 3.40 0.04
21 d 3.18 3.15 0.02
Weanling 3.05 3.03 0.02

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another
feeder)

2 Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that
retains shape; 4 soft, unformed stool that assumes shape of container; 5 watery
liquid that can be poured.
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Table 59. The effects of supplementary feeding of fiber on fecal microflora in piglets!
Items, logiocfu/g CON F SE?
Lactobacillus 7.83 7.78 0.03
E. coli 5.52 5.50 0.04

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)
Standard error.
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Table 60. Effect of supplementary feeding of fiber on reproductive performance in

lactating sows!

@2 Table 60l

Aol &

[tems CON F SE?
Parity 5 5 0.0
n 29 30
Litter
No. of pigs 109 11.2 0.9
Weaned Pigs 10.6 10.9 0.8
Body weight, kg
Before farrowing® 226.4 222.8 2.3
After farrowing 195.1 195.0 2.4
Weanling 182.0 184.1 2.2
Body weight loss1? 25.1 25.8 1.3
Body weight loss2* 13.2 12.6 1.0
ADFI, kg
Gestation 2.62 2.48 0.07
Lactation 6.76 6.62 0.22
Backfat thickness, mm
Before farrowing® 23.1 23.3 0.5
After farrowing 23.0 23.0 0.4
Weanling 19.2 195 0.3
Backfat thickness loss® 3.8 3.5 0.3
Estrus interval, d 4.6 4.8 0.2

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).

2 Standard error.

3 Before farrowing : before 4 days ago

4 Body weight loss :

weanling.

° Backfatthickness loss :
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Table 161. Effect of supplementary feeding of fiber on growth performance in suckling
piglets

[tems CON F SE?
Piglet survival, % 97.2 97.3 2.3
Body Weight, kg
Birth Weight 1.38 1.36 0.05
1 wk 2.58 2.56 0.08
2 wk 4.04 4.00 0.13
3 wk 5.62 5.67 0.17
Weanling 7.27 7.37 0.18
Average daily gain, g
Birth to 1 wk 172 177 6
1 wk to 2 wk 208 205 6
2 wk to 3 wk 226 239 7
3 wk to  weanling 235" 242 5
Overall 210 215 4
Stillbirth, % 6.9 5.8 2.1

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).
2 Standard error.

aPMeans in the same row with different superscripts differ (P < 0.05).
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(th BE 2 EHAES Ao gand 4

- QA A fae] F7b nE 2 =
WA e Table 620 JERISITE HEE
slol F #2737k CON Aeltrth folqow
BE 9 AEY Py zEdiwd B ¥

UERRA ek (P<0.05).

‘/}E}‘Xkﬁ} (P<0.05).
RNAA A2 H7E fo A9l

epinephrine

e

Table 62. Effect of supplementary feeding of fiber on blood profiles in sows and piglets!

[tems CON F SE?
Sows
Gestation, b0th d
Cortisol, ug/dL 2.5 2.3 0.2
epinephrine, pg/mL 48.2 474 4.8
Norepinephrine, pg/mL 835 84.2 5.6
Gestation, 108th d
Cortisol, ug/dL 2.9° 2.3" 0.3
epinephrine, pg/mL 43.2° 35.3" 2.5
Norepinephrine, pg/mL 78.1 65.0 53
Weanling
Cortisol, ug/dL 3.2 3.1 0.2
epinephrine, pg/mL 40.1 389 3.8
Norepinephrine, pg/mL 3.3 2.5 7.2
Piglets
Cortisol, ug/dL 1.1 09 0.2
epinephrine, pg/mL 13.7 13.4 15
Norepinephrine, pg/mL 35.1 34.4 3.1

I Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).

2 Standard error.

abMeans in the same row with different

superscripts differ (P<0.05).
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(T E=e] A=

w A AR F7F Folvt REe A2k W= @3 Table 630 WERH ST
AAAND7IEt el A== oA A3t Fo4%0 Aol& vEhlA SFdt
(P<0.05).

Table 63. Effect of supplementary feeding of fiber on rectum temperature in sows'

Items CON F SE?

Rectum temperature, C
Gestation, 50th d 389 39.0 0.1
Gestation, 108th d 39.1 39.1 0.1
Weanling 389 39.0 0.1

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).

? Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can
be poured.

(vh) EfAES] bR S

= JAlEA HAfFae F7F F97F 2fAEQ AAA G mAE 92 Table 640
UER AT AAAE 71t EfAEL AR ol dolAl A FE {9 Al AolE
e A ek ekt (P<0.05).

Table 64. Effect of supplementary feeding of fiber on fecal score in piglets'

[tems CON F SE?
Fecal score®
7 d 3.72 3.70 0.04
14 d 3.68 3.65 0.04
21 d 3.27 3.22 0.03
Weanling 3.03 3.04 0.01

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).

2 Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can

be poured.
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FAES AN Gl 1A

3z J3FS Table 659
Uetidth A=) mAaE A ol g7k oAl

1l

Aol & UERUAl ettt
(P<0.05)
Table 65. The effects of supplementary feeding of fiber on fecal microflora in piglets!
Items, logiocfu/g CON F SE?
Lactobacillus 7.83 1.82 0.07
E. coli 5.54 5.57 0.05

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder).
? Standard error.

- 165 -



(6) 622k

b mES] P2y

- QA Afae F7 Fe7t
SehRITh A ARIIRESE
LFERRA ek skeh (P>0.05).

Table 66. Effect of supplementary feeding of fiber on reproductive performance in

(i

>
o >,

£9)

Aol A= QEe Table 66
SRR EY:

of 9ol Aezk felHe Aol

o

lactating sows!

[tems CON F SE?
Parity 6 6 -
n 27 28
Litter
No. of pigs 10.2 104 1.1
Weaned Pigs 9.7 10.0 1.0
Body weight, kg
Before farrowing® 223.8 228.5 3.8
After farrowing 200.5 205.7 3.2
Weanling 187.3 192.2 35
Body weight lossl? 23.3 22.8 14
Body weight loss2? 13.2 135 1.3
ADFI, kg
Gestation 2.62 2.58 0.06
Lactation 6.72 6.83 0.10
Backfat thickness, mm
Before farrowing® 194 19.7 0.7
After farrowing 19.3 195 0.7
Weanling 15.6 16.1 05
Backfat  thickness loss® 3.7 3.4 0.5
Estrus interval, d 4.8 5.0 0.3

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)
2 Standard error.
3 Before farrowing : before 4 days ago

4 Body weight loss : 1, before farrowing to after farrowing; 2, after farrowing to
weanling.

° Backfatthickness loss @ after farrowing to weanling.

abMeans in the same row with different  superscripts differ (P<0.05).
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(W) EZFAR=S] AL

» AAFEA ARael F7F 3ot 2HAEY ALY m A= gE2 Table 679
e At /2= AlFdA olfAl Azl do] A3 F9420 Aols YERA
2okt (P>0.05).

Table 67. Effect of supplementary feeding of fiber on growth performance in suckling
piglets!

[tems CON F SE?
Piglet survival, % 95.1 96.2 3.0
Body Weight, kg
Birth Weight 1.32 1.35 0.05
1 wk 2.58 2.57 0.07
2 wk 4.08 411 0.15
3 wk 5.70 59.75 0.20
Weanling 7.35 7.49 0.19
Average daily gain, g
Birth to 1 wk 180 174 7
1 wk to 2 wk 214 220 5
2 wk to 3 wk 231 235 5}
3 wk to weanling 237 248 6
Overall 215 219 4
Stillbirth, % 7.0 6.8 1.8

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)
2 Standard error.

aPMeans in the same row with different superscripts differ (P<0.05).
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(th 2 3 A= ddy 2egayvd
= AR Al FF w547 BEE H
"2 E 9> Table 68 YeER AT <

norepinephrine 5 %9 F A 277} CON ##FHt} £ 9

oAl 108Y Ho = AW cortisol

A gEt FoHow B

norepinephrine
et (P<005). 8L o] §A]
2EH23E 24 w0 oAM= Atk 7oAl kol yERl A

Edadd =2

S
cortisol, epinephrine %
SHAL e (P<0.05).
Jdol F AHg 77 CON
RE 9 Aol Py

&t (P>0.05).

Table 68. Effect of supplementary feeding of fiber on blood profiles in sows and piglets!

Items CON F SE?
Sows
Gestation, 50th d
Cortisol, ug/dL 2.7% 2.0 0.3
epinephrine, pg/mL 43.6% 39.1° 4.0
Norepinephrine, pg/mL 97.5% 78.4° 7.8
Gestation, 108th d
Cortisol, ug/dL 3.3% 2.5" 0.3
epinephrine, pg/mL 38.2 35.7 3.2
Norepinephrine, pg/mL 88.1% 73.9P 6.5
Weanling
Cortisol, ug/dL 3.0 3.3 0.3
epinephrine, pg/mL 39.8 37.2 3.0
Norepinephrine, pg/mL 78.4 75.2 3.3
Piglets
Cortisol, ug/dL 0.9 0.7 0.1
epinephrine, pg/mL 12.8 12.1 1.2
Norepinephrine, pg/mL 40.4 41.5 2.1

U Abbreviation : CON, basal diet; F,
2 Standard error.

aPMeans in the same row with different
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() B=9 ALen

w A ARl F7F Folvt REe A2l WX @3 Table 690 WERH ST
AAAND7IEt el A== oA A3t Fo4%0 Aol& vEhlA SFdt
(P>0.05).

Table 69. Effect of supplementary feeding of fiber on rectum temperature in sows'

Items CON F SE?

Rectum temperature, C
Gestation, 50th d 39.0 39.0 0.1
Gestation, 108th d 39.1 39.0 0.1
Weanling 389 389 0.1

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)

? Standard error.

3 Fecal scores : 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can
be poured.

(vh) ERAES] bR S

AMHA AFae F7F Fo7b ZRAbES AAA G v A= P Table 709
e AT A AR 7IZEet EfAbEe AARA o] dolA ATt felAHQl Aol
LER AL g sk (P>0.05).

Table 70. Effect of supplementary feeding of fiber on fecal score in piglets'

[tems CON F SE?
Fecal score®
7 d 3.63 3.58 0.05
14 d 3.33 3.35 0.05
21 d 3.08 3.05 0.01
Weanling 3.02 3.01 0.01

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)

2 Standard error.

3 Fecal scores @ 1 hard, dry pellet; 2 firm, formed stool; 3 soft, moist stool that retains
shape; 4 soft, unformed stool that assumes shape of container; 5 watery liquid that can
be poured.
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- QawA Aasel F7b Felh EeAES MKl HAE 9Ee Table 719
Uet Aot E2rab=e] s 240 dol A3t Fo Al Aol & YER A &Skt
(P<0.05)

Table 71. The effects of of supplementary feeding of fiber on fecal microflora in

piglets!

Items, logiocfu/g CON F SE?
Lactobacillus 754 7.50 0.05
E. coli 5.64 5.60 0.03

U Abbreviation : CON, basal diet; F, basal diet (adding enough fiber in another feeder)

’Standard error.

AT AR
2~

= - B

ARG ARSAI SRR A4 B A Fol7lE ol 87 WA AR} wlarske] #0149l

AolE YEhlA @Star (P>0.05), ~EARSGI Mlaste] AE#A S22l Cortisol,
ZAAES] dAdel FE (P<0.05)

EH A 2"E o837 R ARgo] A mA= Gl W Ayr &Y AlxE]
[e)

gglom, wEe] AAA ol ANEE AE ek
QA7) Afraol FHHQ Fel7h WA o] mAE Al dF An 7] Afael
Ea

=]
EY2AE A7 (P<0.05E 5 9

F7HAQl we7E HaEe = Ao® 448
AeEHon =y EEAGAILER &0 ARFe] ARSA AEFS Ak A=l
A3 F R Eee AAH aEE MAANATEL FIHAR Afae ol&s F8k
Rl EXASS AdA7E Aol 7hed Adow drkE
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(D) 759 AH AAgwe 27 G

7h =

=
D EFAE

Critical temperature (C)

. Normal House
Weight
Day temperature Optimal . Maximum temperature
(kg ) o . Optimal o o
(C) critical ‘ critical (C)
emperature
temperature temperature
Birth 14 35 35 37 41
2 1.5 33
5 L7 31 29 30 35
4 18 30 Sow : 16~20TC
5 2 29
6 28 Humidity: 50~60%
# ) 2—7 25 26 30
8~14 55 26
15~20 25
2) ol FAHE
Weight Optimal Adequate House Humidity '
Weeks Temperature Temperature temperature o Accretion
(kg) o . . (%RH)
(C) (C) (C)
weaning . ) o4
- 55~135 o 30 Using the heating
20~25 50~60
system
7~9 135~23 23 21~27
3) S4 2 HSs=
Weight Optimal Adequate House Humidity
Weeks (kg) Temperature Temperature temperature (%RH) H] a1
& () () () °
10~17 28~60 20 15~22 House temperature must
15~20 15~20 maintain above of
~23 100 16 15~20 minimum 15T
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Minimum Optimum
Flow Rate Flow Rate
Step Temperature Type Function Accretion
CMH CFM CMH CFM
Whole
Shurry-—type 17.0 10.0 59.5 35.0
Control of
Low Part Work
Shurry-type 289 17.0 59.5 35.0 malodor
Concrete 34.0 20.0 59.5 35.0
Whole
Shrry-type 17.0 10.0 135.9 80.0
N ) Control of
aternity . malodor, Above of adequate
barn Middle S Pa{t 28.9 17.0 135.9 80.0 Keep optimal temperature
urry-type temperature
Concrete 34.0 20.0 135.9 80.0
Whole
Shrry-type 17.0 10.0 5522  325.0
Control of
. malodor, .
High et 289 170 7017 4130  Acceleration ~ 1lgh temperature
Uy -type wind speed
Concrete 34.0 20.0 8495  500.0
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Minimum Optimum
Flow Rate Flow Rate
Step Temperature Type Function Accretion
CMH CFM CMH CFM
Whole
Shurry-type 1.7 1.0 59 35
Control of
Low Sluriall{ttype 27 16 59 35 malodor Work
Concrete 3.4 2.0 5.9 3.5
Whole
1.7 1.0 17.0 10.0
Post— Slurry-type
: Control of
weaning Middle Part malodor, Above of adequate
54~ ql ¢ 2.7 1.6 17.0 10.0 Keep optimal temperature
135 kg) ury-type temperature
Concrete 34 2.0 17.0 10.0
Whole
Shurry-—type 1.7 1.0 425 25.0
Control of
. malodor, .
High \ Part 97 L6 495 950 Acceleration High temperature
Slurry-type ’ ’ ’ ' wind speed
Concrete 34 2.0 455 25.0
Whole
Shirry-—type 25 15 85 5.0
Control of
bow Part 42 25 85 50 malodor Work
Slurry-type ) : : :
Concrete 5.1 3.0 85 5.0
Whole
. Shrry-type 25 15 255 15.0
Piglet Control of
M . malodor, Above of adequate
(135 Middle Part 4.2 25 %5 150 Keep optimal temperature
31.75 kg) Slurry-type temperature
Concrete 5.1 3.0 25.5 15.0
Whole
Shirry-—type 25 15 59.5 35.0
Control of
. malodor, .
High Part 49 95 505 35.0 Acceleration High temperature
Slurry-type ' : : : wind speed
Concrete 5.1 3.0 59.5 35.0
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Minimum Optimum
Flow Rate Flow Rate . .
Step Temmperature Type Function Accretion
CMH CFM CMH CFM
Whole
Shurry-type 59 35 17.0 10.0
Control of
Low Part Work
Slurry—type 9.3 55 17.0 10.0 malodor
Concrete 119 7.0 17.0 10.0
‘Whole
Slurry-type 59 35 40.8 24.0
Growing Control of
(34~ . malodor, Above of adequate
Middle Pa{t 9.3 5.5 40.8 24.0 Keep optimal temperature
68 kg) Slurry-type
temperature
Concrete 119 7.0 40.8 24.0
Whole
59 35 1274 75.0
Slurry—
urry-type Control of
. malodor, .
High . High temperature
Part 9.3 55 1974 750 Acceleration
Sl -type : ) ’ ) .
ury-typ wind speed
Concrete 119 70 1274 75.0
Whole
Slurry-type 85 5.0 30.6 18.0
Control of
kow Part 136 80 306 180 malodor Work
Slurry-type ‘ ) ) )
Concrete 17.0 10.0 30.6 18.0
Whole
- 85 5.0 59.5 35.0
Finishing Slurry-type Control of
(68~ Middle malodor, Above of adequate
100 ke) . Part 13.6 8.0 595 35.0 Keep optimal temperature
& Slurry-type ' ' . . temperature
Concrete 17.0 10.0 59.5 35.0
Whole
85 50 2039 120.0
Slurry-type Control of
. malodor, .
High Part 136 20 2039 1900 Acceleration High temperature
Sl ~type : : : ’ .
ury-typ wind speed
Concrete 17.0 100 2039 120.0
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2) FEF7F A7) A B 8w 2A
- A7 B ARE R 2AME flst e
4 1,000 Rk 1,000~2,000%, 2,000 o= FrhE
AHER B85S BAFSIITE 1,000 viwE PR FEwrbe 1k d 1del 63~83
kWhel H7]& Abgatdion, 7 Az 3108~466490°] d7]ewo]l TAes
1,000~2,0005F Tr:el FE=wrbs 1vkeld 1del 97~105 kWhel 71E AbEshgle
, TE A7 4680~498691 9] 78 wo]l WS 2,000 ol TRl FEETh
T vk 1del 121~145 kWhe] d71& ARgsklen, F9 A7k 6,223~7,15091 9]
A71ewe] BT TR 5 vk A7IAS o] Srkske d9de It
E7b 2 w7 das Basta gl FuiAde] @olbA Y] wiitel WAl S st

= Row F4A

o

# 5. 1,000 wwt FEFrte] £ A A7) AAEE B 2w (kWh, )

2010 Year 2011 Year 2012 Year
Number

Farm . 4 Electric  Electric  Electric  Electric  Electric  Electric

energy charge energy charge energy charge
A 900 36,161 1,632,990 39,961 1,793,270 47573 2,223,910
B 600 7,260 442,650 7,508 452,250 7,987 477,500
C 500 162,043 7,972,770 238,085 14,160,420 196,914 7,692,830
D 950 5,222 286,090 2,120 159,140 2,208 144,840
E 900 61,072 2,837,620 69,727 3,194,370 74,893 3,511,150
F 500 2,670 346,400 2,600 484,460 2,277 280,200
Average 725 45,738 2,253,087 60,000 3,373,985 55,309 2,388,405
Average/Heads 63 3,108 83 4,654 76 3,294

3 6. 1,000~2,000F ¥=s7ke] T A A7) AR B a5 (kWh, €)

2010 Year 2011 Year 2012 Year
Number

Farm of heads Electric  Electric Electric Electric Electric Electric

energy charge energy charge energy charge
G 1,300 141,378 7,277,210 127934 6,079,160 131,351 6,132,080
H 1,300 82,206 4,083,250 78,379 4,043,500 51,342 2,694,380
I 1,500 108,432 5,416,480 139,199 7,703,010 145458 6,894,770
J 1,700 117,740 5,470,190 132,555 6,584,090 184,480 8,945,830
K 1,300 236,153 1,045,770 228,022 10,663,490 231,024 10,736,390
Average 1,420 137,182 6,658,580 141,218 7,014,650 148,731 7,080,690
Average/Heads 97 4,689 99 4,940 105 4,986

- 175 -



A}

® 7. 2,000F ©]

FEEvre £ At A7) AR

=i}

2% (kWh, 9)

[e] =
2010 Year 2011 Year 2012 Year
Number
Farm . 4 FElectric  Electric  Electric  Electric  Electric  Electric
energy charge energy charge energy charge
L 2,000 64,236 3,386,710 50,983 2,840,550 52,000 2,926,370
M 2,700 286,382 14,074,230 266,185 12,334,930 258,041 12,226,570
N 4,500 733,629 38,201,930 739,148 33,618,550 759,875 35,228,950
O 7,500 937,160 48,264,020 1,166,098 61,957,110 1,354,744 69,021,220
Average 4175 505,352 25,981,723 555,604 27,687,785 606,165 29,850,778
Average/Heads 121 6,223 133 6,632 145 7,150
YES/HED HIAEE YES7HEd Holag
700,000 35,000,000
600,000 30,000,000
£ 500,000 — . 25,000,000 L
3 ® l
5 400,000 — B0 |1|:| 20,000,000 ‘— 20104
?300,000 —  HEo114 % 15,000,000 + Hon4
2 000 | Ry " i ey
100,000 -7._!— = 5000000
e B | , | _
10005 0/3 1000720005 20005 0] 4t 10005 0|k 100020005 20005 O] 4
a9 6. FEETE Hi A7AE R a9 7. YEwTE Ed A8 =
(3) F==571e] oliksleba WA e AL
- GEgole] olashEa WA As E gl uen} ok FEEse zAbE AHA
S 7HA A o ibgteka DA S ARSI o] absterA WA EFS Sovacool (2008)
o AFZAHE vRHeE 7] 1IkWE olilste s dAZEFS 66 g CO T o= ALkst
of o]itstetAa WS ARSI AlRte] AdesE AEALE o] FThete] o] 4ks)
B MARE F/ksa g Agelth

E 8 F7HFEE A7|ARE e mE ojqksteha

A (g COg)

Heads Year 2010 2011 2012
~1,000 3,018,708 3,960,011 3,600,372
1,000 ~2,000 9,053,999 9,320,375 9,816,246
2,000~ 33,353,216 36,669,831 40,006,890
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@) BFD EAL] gAR @ o5 AP - ET LS
- HYE =ARe] 20139 99 109 ~2013d 99 24 2F)74A] FAT JEH B 254
dRAe - =7 2%+ % b5 yEy vk JddE #1449 Ho 111.3THF
$AHQ0m, A2 1645C7 FAHUL. ofzke] 49 A 805C7 fAH o,
A4 170907 FAHNAY. e5AdRAE Frel 49 A 66T §4 HYo
W, FHA 2377C7 FAEAT oftke] A Hol 84.7C7F A EALH, HA 248
0C7F F A=At
9 B EALY PAR W o5 AFYA 4 FF L (0)
Treatment Way in Way out
Max 92.70 111.30
Day time ]
Min 16.68 16.45
(8:00~20:00)
Average 60.35 69.57
Solar panel
Max 80.50 79.90
Night time )
Min 17.20 17.19
(8:00~20:00)
Average 42.77 42.90
Max 68.14 86.60
Day time )
Min 23.77 24.18
(8:00~20:00)
Hot water Average 45.23 56.71
storage tank Max 63.16 84.70
Night time )
Min 24.80 24.89
(8:00~20:00)
Average 44.04 51.78
(5) gD EAle] 4AB @ 25 AR fFEA
- HIFE =419 2013 9¢€ 179 ~2013d 99 24Y (1:)7HA =43 HEH 2 25
AL A FF 430 3% 100 HERY ok JER 2 2FAGE A A4y o
Gt +#RPLE AFE LERT obd AL Sob W £FWI} AATA YR
Aegelsl AAHor). wep F3 ofttow o] Ani LA A
frgs SAAT e F3e A5 A 7176 L/h SAHEHAeH FHA 3773
L/h7t SA4EJY. F319] HdF#S 6562 L/h7F SAFHAT. okt 49 A4
624.6 L/h7F S4ERNeH, HA 14 L/h7t SAHSAY. okgke] 3 2 4288 L/h

4
L/h7 A EN e, H4a 1474 L/h7y A S A okt /-2 1705 L/h7t &
A5 Aot

- 177 -



=

10. B =4 JEd R 27 ALY 79 (L/h)

Treatment Solar panel Hot water storage tank
Max 717.6 67.3
Day time .
Min 377.3 25.8
(8:00~20:00)
Average 656.2 53.3
Max 624.6 216.0
Night time .
Min 14 1474
(20:00~8:00)
Average 428.8 1705
(6) BFA AFuloE AL V)Re] 257 BT LEEA
- HYEE dFHoly =AF FE 2013 9¢ 10¥€ ~2013 99 24 QF)7HA] 49
A7 o= Ade % 119 e g

Treatment Control Solar energy Gap
Entry 30.42 30.32 -0.10
Center 30.67 30.82 +0.15
Upper
Inside 30.41 30.81 +0.40
Average 30.50 30.65 +0.15
Day time . A

(8:00~20:00) ntry 30.78 30.38 0.40
Center 30.57 30.69 +0.12

Bottom
Inside 30.21 31.18 +0.97
Average 30.52 30.75 +0.23
Average 30.51 30.70 +0.19
Entry 28.07 28.18 +0.11
Center 28.74 28.50 -0.24

Upper
Inside 28.19 28.38 +0.19
Average 28.33 28.36 +0.03
Night time . . _ 12
+
(20:00~8:00) ntry 3.3 3.8 0.

Center 28.38 28.22 -0.16

Bottom
Inside 27.89 28.96 +1.07
Average 28.20 28.67 +0.47
Average 28.27 28.52 +0.25
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Aol =AF WHE 25+ 25 &< 24X 7IEEHSJeH, SAE 7|HoR2 F3Ha
VEOR WA, ERAY AL FUAS GUPR o) SYERon, B
2 6HAA SAHAT. FhAA AdFe] AS dixzFel ] Her 3050T, HEE <l
Fulol EAIA Bt 20650 EAfel dd Aol EAIA 015C A
ZA4FAY. st Fe- dEzTolA Hat 3052C, HEE Qliwloly EAFIA
T 30.75CE &4 5ol g AdFuolE =AM A 0.23C =4 SA4E AT okgkal A
Aol A% gzl A Wit 2833C, BFY QFFulolE bl A Wit 83T
A5 o] HgFd AFulolE EAFA 0.03C =A A4t shetio 49 dx=+
o)A it 2820C, BFD QAFWIE EApolA 2867C R ZAEo] HlFA Aol
B EAR A 047C =4 4= A
(D) WD AFMolE EAE AE] AR A VA GG
- WD AFHOE EAIA ASE AR FAY, ATHAY L ARLTEL B4
g A= #1200 YERY
E 12 99D AFMolE EAbe AE ASAA
Treatment Control Solar energy
0~1 Weeks
Initial Weight (kg) 7.92 7.93
Final Weight (kg) 9.64 9.74
Weight gain (kg) 1.72 1.81
Feed intake (kg) 2.37 2.14
FCR (Feed/Gain) 1.38 1.18
1~2 Weeks
Initial Weight (kg) 9.64 9.74
Final Weight (kg) 11.13 11.26
Weight gain (kg) 1.50 1.85
Feed intake (kg) 3.33 3.22
FCR (Feed/Gain) 1.84 1.74
0~2 Weeks
Initial Weight (kg) 7.88 8.03
Final Weight (kg) 11.13 11.26
Weight gain (kg) 3.87 3.99
Feed intake (kg) 5.09 4.93
FCR (Feed/Gain) 1.32 1.24
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0~157re] A7 F SAEFS 8BS <dimlole EAFA 181 kgo 2 thx+
1.72 kgHth =4 veEyton, AsdA @S iz olA 237 kgo = BFD Aol
EAF 214 kgRth =4 YEHTE AR S FE2 R TolA 13802 HPEOE‘ 1t o] H
A 118K = A YERRTE 1~253e] ARV 5 SAEFS QEE Aoy =
Abell A 1.85 kgo 2 thET 150 kgt =4 Vet o, A} 3
kgo & EIYD olfulolE 322 kgRth A UElT AR z=Tol A 1.84%
BeFd  QlFtHlolH EAF L7450 A YErEth 0~257He] AE77F § SAZFS H
g olFHlolE EALA 399 kgo 2 R 387 kghth A YERoH, AR AHH
& x4 509 kgl 2 BFE QAFHlolE =AF 493 kgRtt EA UERRTH AR
&2 hxTolA 1322 BdE QFHlolE =AF 1.248 0 =4 YEbsTh

o A\

=
8

Do merola 33
ge Yz

E—HEZ:FI

ko ol o

= oo

(8) B AFuolE EAbe AE FAH w4

- HFE QlFHlolE Sl A ARSE Ao AAA BAE Ay £ 139 dEhd o
U 0~157ke] A7 & ARHlE dET v 4364259, B SE SlitHl ol H
wAbll= wheld 3731759 02 145% AzE A, 1~253He] AF7IF T AR =
Hz7= vk 581909, BHYE QlFfHloly EAbel= mhe]d 5502759 2 54%
AE AT 0~253e] A7 T AARRlE g vk d 41,7459, BgE 1t
ol =Abell = mheld 3921590 % 6.1% A3HE AT

E 13 HFD AFMelE EALY AE FAA B

Treatment Control Solar energy ?aet(iiscz(zr)l
0~1 Weeks
FCR (Feed/Gain) 1.38 1.18
Feed cost (Won/Head) 43,642.5 37,3175 14.5%
1~2 Weeks
FCR (Feed/Gain) 1.84 1.74
Feed cost (Won/Head) 58,190.0 55,027.5 5.4%
0~2 Weeks
FCR (Feed/Gain) 1.32 1.24
Feed cost (Won/Head) 41,745 39,215 6.1%

9 ¥R A5FlolE Eabe] 7] FW, F - ofzk ATIAEF 2A}
Bl QlwolE EAbe] 71
walth 3o A B €2 tix
kWho = 194% #aEHslow, 59 F2 thxTolA 553 kWh, HIE
=AbE 454 kWhez 179% #AAaHAt Fdor dxz+= 475 kWh, HEE <l
el e =AME 387 kWho =2 185% #HAE STt ofzte] A9 e 92tz
A 772 kWh, Blgd Ql5fHlo A 647 kWhe &2 162% #HAawglon, 5d &
< =Tl 716 kWh, BlFE AFFulolE =AM M= 609 kWhe 2 14.9% 745
Atk A How YPERT7E 744 kWh, BlSE dFHlolEH =AE 62.8kWhe 2 15.6%

(¢

Q
lo
&

E
o FH’T

o~

- 180 -



oA A HtS =7 60.95 kWh, Blgd dFHlolE =AF 50.75 kWh
o % 171% A ATH

=5

14. BFE =AEe] 7159, F - of g A7|ARE (kWh)

Reduction

Treatment Weather Control Solar energy Gap ratio (%)
) Sunny 39.6 31.9 =17 19.4

Day time

(8:00~20:00) Cloud 55.3 454 -99 17.9
' ' Average 475 38.7 -8.8 185
Night time Sunny 772 64.7 -12.5 16.2
(20:00~8:00) Cloud 71.6 60.9 -10.7 14.9
' ' Average 74.4 62.8 -11.6 15.6
Average 60.95 50.75 -10.2 17.1

(10) BlEE QAFFulolE =AY H7|AFE ol WE o]ibsteba A A}
- A7 R & o]AbsiebA I AIRF ARG = %

FulolE E=ALe] AEAE S JFH 3 o]sbstgba wHAIRRS ZAFSFSTE Benjamin K.
Sovacool (2008)¢] Z=A} A& Hf all u
COx. A 02 Al4kate] o] ibstera WA RS .
Tol A 26136 g COs, BHFE S1FHlolE =AE 21054 g COl 2 194% 74
on, TALL Tl 36498 g COsx, EIYD S1FH|olEH EAME 29964 g COs
o2 179% AT B oz 7= 31350 g COz, HYFE SlHlolE =A
= 25542 g COl 2 185% #AEAT oFre] A% ¥ & dxToA 5095.2
g COz, HI%Y AFHolE =ALE 42702 g COlE 162% HAaHJow, 53 <
S ERTFAAA 47256 g CO%, EIYL QAFHlolE EAAME 40194 g CORlE
149% #Aa=HAqu. AFH o2 ExTv 49104 g COu HUELD ClfHlolH EALE
41448 g CO2.2 156% #HAFATH dAAA Hite tx2T 40227 g CO, EHYF
o QlFulolE =AF 33495 g COl & 17.1% 745 St}

3 15, B Aoy =AFe] HA7|ARE ol whE ol itster A AR (g COq)
Reduction
Treatment Weather Control Solar energy Gap ratio (%)
. Sunny 2,613.6 2,105.4 -508.2 194
Day time
(8:00~20:00) Cloud 3,649.8 2,996.4 -653.4 179
' ' Average 3,135.0 2,554.2 -580.8 185
. . Sunny 5,095.2 42702 -825.0 16.2
Night time
(20:00~ 8:00) Cloud 4725.6 4,019.4 -706.2 149
' ' Average 4910.4 4,144.8 -765.6 156
Average 4,022.7 3,349.5 -673.2 171
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S A% SEWE 2AE AASA LRRAE JFHA A2 6
47 349 H3, AALeE ¥ Ans AALE Fo§ A,
L

A¥= 3E 160 YEUT 200998 2014 7HA] A

: 1T £E8XE BYom, 2009958 201497H4] €+ 2%+ 5~10¢
A= 21.9~3027C 9 A7 e on, 11~497tA = 50~185C¢ A7}t verwt

= 3 179 YERTh 2009958 20143742 A 5t

Ko, 2009978 2014d7H4] E8vt 2= 7~897HA

, 9~6¥7 A= -61~171TC° A37t Yeryoh

= <] =apo] A= i 18] yEhudth 2009¢H-E 2014 7k
AT FHi - HAE Aol 10.7~124T 2EFEXE BYom, 2009958 20149704

gyt HA - HAALE Zpoli= T~8¥olA 7.6~81TC9 A7t vEREon, 9~64 A= 10.

B
H
D
[-T'
N,
o
)
D)
18
BN
2
r
k1
H R n@ 3

X
2
o

i 69t oA H s 2y= % 1900 vER T 2009 FH 20143 74 A et
L 127~138C ==X E BHoH, 200997 201497HA] d#2%2= 6~9YolA 21

9~26.1C¢ A7 vebron 10~5904E -05~17.8C A#7F eyt
At 5~109 S WA 28 11~498 dix~dloz odrojof &lH,

al
AALEE DB 7888 WA AT, 9~64S WA sgon edFolol BT A
5} :

20091 2010 20114 2012\ 2013 2014 APt

14 6.2 5.7 19 4.7 4.2 7.5 5.0
24 11.6 9.1 10.0 o.1 6.9 9.4 8.7
34 14.5 11.5 12.0 11.5 14.8 13.6 13.0
44 21.0 16.7 18.0 187 16.7 20.0 185
5¢ 26.4 24.6 23.0 250.1 24.5 24.5 24.7
64 28.2 29.3 272 26.7 26.8 26.2 274
74 28.9 29.9 29.0 29.8 29.6 28.4 29.3
84 30.3 32.0 29.0 30.3 32.1 212 30.2
94 28.0 28.7 274 25.6 26.6 274 21.3
104 234 21.6 21.1 214 22.1 - 21.9
114 148 14.9 16.9 12.8 13.3 - 14.5
124 7.3 8.1 6.4 4.6 7.4 - 6.8
13 20.1 19.3 18.5 18.0 18.8 20.5 -

¥ AR EA 0 71A (2009~2014)
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F 17 HT 693 =31AY HA2E (T)

2009 2010 20114 2012 20134 2014

14 -6.2 -2.8 -89 -4.7 -0.8 9.2
24 -1.1 -1.3 -4.2 -5.3 -3.8 -2.8
34 0.5 1.3 -1.7 0.6 -0.8 1.2
44 5.0 4.0 4.2 5.4 3.4 6.3
5¢ 10.5 11.1 11.3 11.5 10.6 9.9
64 16.4 174 17.3 16.8 179 16.7
74 20.6 22.3 22.2 21.9 22.5 20.6
8¢ 20.6 23.8 21.9 22.5 22.5 20.5
9¢ 16.5 18.3 16.1 152 159 16.6
104 8.5 8.9 7.6 7.2 9.2 -

114 3.2 0.1 6.3 1.4 16 -

124 -3.1 -3.8 -2.9 -4.8 -2.9 -
A 7.6 8.0 7.4 7.3 7.5 9.3

¥ AR EA 0 7|4 (2009~20149)

F 18 H 6d &HA Ha - HAALE Aol (1)

2009 2010 20114 2012 20134 2014

14 124 11.6 10.8 9.4 10.0 126
24 127 10.4 14.3 10.4 10.8 12.2
34 14.0 10.2 13.7 11.0 156 125
44 159 12.7 13.8 134 13.3 13.7
54 159 135 116 13.5 139 14.7
6¢ 11.8 11.9 9.9 9.9 3.9 9.5
74 8.3 7.6 6.9 8.0 7.1 7.8
84 9.6 8.2 7.1 7.8 9.5 6.6
9¥ 114 10.3 11.3 10.3 10.7 10.8
104 149 12.8 135 14.3 12.9 -

114 116 14.8 10.6 114 11.7 -

124 104 11.8 94 9.4 10.3 -
A 12.4 11.3 11.1 10.7 11.2 11.2

¥ A=A 1 71743 (2009~20144)
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#F 19 T 693 =dAY "Hd2= (T)

2009 2010 20114 2012 20134 2014 g

14 0.0 0.0 -35 0.0 -0.8 1.2 -0.5
24 5.3 3.9 2.9 -0.1 16 3.3 2.8
34 7.5 6.4 5.2 6.1 7.0 74 6.6
44 13.0 10.4 11.1 12.1 10.1 13.2 11.6
54 18.5 179 172 18.3 17.6 172 17.8
64 22.3 234 22.3 21.8 22.4 21.5 22.2
74 24.8 26.1 25.6 25.9 26.1 24.5 25.5
84 25.5 27.9 25.5 26.4 21.3 23.9 26.1
9¥ 22.3 23.5 21.8 20.4 21.3 22.0 21.9
104 16.0 15.3 14.4 14.3 15.7 - 151
114 9.0 7.5 116 7.1 7.5 - 85
124 2.1 2.2 1.8 -0.1 2.3 - 16
1 o 13.8 13.7 13.0 12.7 13.1 149 -

¥ AR EA 0 7|AA (2009~20149)
(2) A dFHleoly =AY As Al 2E AT

(7h) Ad QliHlolE =AY A= ARSA A

A Aol E = A AMSFE A= FAY, AARAAE 2 AARLTES 4
T 3 200 YERQIT

0~1529] Ad7z7t T FAFLE NG SlFulolE EALolA 0.75 kg2 2T 0.71 kgh
o =4 yelgow, ARG Ad AdFuolE EAFA 193 kglo 2 hETF 191 kgH Ut
= deElbgt AR e dxTolA 2697 A E SlFuloly =AF 257R T =4 uERR
ok 1~2F4ke] A7
Hup =4 YERg o, AL
o =A et AR TES R 21602 AY SFHlolE EAF 2008t =AU
Elyitl 2~3521e] A7)z T FAFLE E2T 221 kgl 2 AQ ¢lFfHlolH EAF 217 kg
HUh =A Uepg o ARAFFS Ad QdFulolE EAbolM 371 kgl 2 thET 356 kg
o =A YeEhgth AR TS AE ClFHlolE EAIA 17102 tiET 161RY =4 4
Elwtth 0~3F2k9] A7 & SAFS AE QAFuolE =LA 478 kgl = TR 4.69

o, AlmAH e A SlFHolE wAA 935 kgl & tiETF 931 kg

HU} A eyt AFRQ T8-S tERFolA 1982 A SliHlolE EAF 196Kt =A
Eb ket

ok

23}

)
U ol
o|\
20
ot
rlo
X,
oA
ro
U
=
o,
o,
it
>
=2,
>,
—
o0
3
o
M
o
fr
=
BN
4
—_
3
ﬂ
o
i)

)
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E 20 4G AFwolE EALY AE A5

Treatment Control Geothermal

0~1 Weeks

Initial Weight (kg) 711 712
Final Weight (kg) 7.82 7.87
Weight gain (kg) 0.71 0.75
Feed intake (kg) 1.91 1.93
FCR (Feed/Gain) 2.69 2.57
1~2 Weeks

Initial Weight (kg) 7.82 7.87
Final Weight (kg) 9.59 9.73
Weight gain (kg) 1.77 1.86
Feed intake (kg) 3.83 3.72
FCR (Feed/Gain) 2.16 2.00
2~3 Weeks

Initial Weight (kg) 9.59 9.73
Final Weight (kg) 11.80 11.90
Weight gain (kg) 2.21 2.17
Feed intake (kg) 3.56 3.71
FCR (Feed/Gain) 1.61 171
0~3 Weeks

Initial Weight (kg) 7.11 712
Final Weight (kg) 11.80 11.90
Weight gain (kg) 4.69 4.78
Feed intake (kg) 9.31 9.35
FCR (Feed/Gain) 1.98 1.96

() Ad QiwlolE EALe] AF= A AA A

A QIFHIolE EALIA AlSE AES] ARG EAF AdE ® 210 Uyl
1,807.689, A4 Aol =t =
T 172404902 45% HEAT 1~2FA] A@7IE T APEHES dEzToA T3
1451529, A4 S1fHlolE EAlols T 134400902 74% A=t 2~3F39] A
717 F ALEREE A E AFHlolE EAAA 1149129, tlZ2FolA 1,081.92Y 02 6.2% F
7hE Atk 0~3FAke] A7z F AbEn gL diE2TolA 1330569, AE AFHolE EAR
A 1317129 07 21% A7E
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¥ 21, A elguoly E=ALe] A E AAAE A
Treatment Control Geothermal Reductlon
ratio (%)
0~1 Weeks
FCR (Feed/Gain) 2.69 2.57
Feed cost (Won/Head) 1,807.68 1,727.04 45%
1~2 Weeks
FCR (Feed/Gain) 2.16 2.00
Feed cost (Won/Head) 1,451.52 1,344.00 7.4%
2~3 Weeks
FCR (Feed/Gain) 161 1.71 -6.2%
Feed cost (Won/Head) 1,081.92 1,149.12
0~3 Weeks
FCR (Feed/Gain) 1.98 1.96 2.1%
Feed cost (Won/Head) 1,330.56 1,317.12
(th) A EAl =" 54
AGA 28 SHAdH o 2. 5% Wl A A= 8o YeEtSIth FeEE
23.84~3262TCe FxstRom, oft2E+ 17.04~23.13Cql %Eﬁ?ﬂﬂr. EEE 3~9%9
EEagon, ot 2~7%0] EE3 AT
AGA 2" wjdd ¢ - S &% A A= ¥ 220 eIt A A 2= w3 %5}
T T ~A LG ERHE) dudgA w# (XEIEFEZ~EAHT Egﬂ), 5 v (24
A A~<AFuolE U)oz FEsF Tt A sty A FHe H9 ESEE 1889~
19228 Bglon], FFH o2 1904C7F o, JF L5 1883~1951CS Bgjom,
FAOR 19247 e, ofzke] A% FTELEE 1860~1897CE HYon FFHow
1872C7F ygkom, AT+ %+= 1867~19.19CE WY o, Hyrx o= 1891C7F YEFLT

5 =25 EHat

35.00 10%

30.00 | g —— - 9%

\\‘—_——‘\ L e - 8%

2500 | — ; T e —— - 7%
.a%\,’g“-——-.. "._. ,-___-_. 6% s
N R PR ) W w7 - s% iy
SRR LT K - =

“FERER RN

= N RNRKAERRRRERRR R R~

S N N N s | N s B B By | :3§ B | e

9% Y 9 7Y 9 8Y 9 9U O 10UIH 11U 12U 13USH 14U 15U 16U -+
FAEX(®) SNNWORI&EE(%) ——FAE2L(T) —F O 25(T)
9 8 R 2 - EFE W
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w3 wjFdo A FIHY AS EF2ET 4159~4381TE HIow, HFHoz 425
5C7F Ugrom, 7%= 4333~4568C 2 Holom, HFH oz 4430C7}F veburt oFzh
o] AY ETLET 4124~4352TE How, HdAH o= 4209TC7 vstew, =L+
4356~4594CE B ow, HitAo=m 4445C7F ek

EAGE A vl Fe] AS E72EE 4252~4537CE HYow, JHHo= 436
5C7F ysgkor, =%+ 3583~40.08CE HFom, HxHdo=z 37.79C7F et oFzt
o] BY ETEv 4295~4555TCE HAow, HFAOR 4397C7 yston, fJ42%e
37.30~41.80CE Hglow, Ao 3911 T eyt
I 22, AEA =" A - =7 2% (C)

Treatment Outflow Inflow
v 1350 1583
2\]0;1 I (8:00~20:00) Average 19:04 19:24
Agemgu Nt tme U 1560 1567
(20:00~800)  Average 18.72 1891

o) 7 814} %] Day time Me.lX 43.81 45.68

Min 41.59 43.33
Gl (8:00~20:00) Average 42.55 44.30
(AB|EH T~ Night time ng 43.52 4594
Min 41.24 43.56

EAERA)  (2000-8000  Average 42.09 44.45

a0

Gl (8:00~20:00) Average 43.65 37.79

(EAEA~  Night time Max 45.55 41.80

Min 42.95 37.30

ST U - (20:00~8:00) Average 43.97 39.11

A 28 ADS|EFHEZ A4 (COP) &4 ZAat= £ 230 yetddth A A
SANA = AL EFZ~EAGYAToR ST FHe] COP= 2.86, °FtHe] COP
+ 3512 FAFHJoH, H Ao E 3197 A AT
¥ 23 AEs|EE 2 A 525 (Coefficient Of Performance, COP)

Flow rate (L/min) Out-In flow gap (C) Heat absorption (kW) COP

Day time 75 1.75 9.19 2.86

Night time 75 2.36 12.39 3.51

Average 75 2.06 10.79 3.19
A DS EHEZ WY 493 kW



() AL AWl A Y L% 2
A QlFulolE EAL e BF &% 54 A3t T 240 vhehtglth FfulolE EA}
WP eEE 2F ok UM% IS HRom, BN /FoR F3h) ok R gt 2R

324 A dFrHlolE A WY "t 2= (T)

Treatment Control Geothermal Gap
Entry 27.13 27.43 +0.30
Center 27.29 27.43 +0.14
Upper
Inside 27.83 27.77 -0.07
Average 27.42 27.54 +0.12
Day time
Entry 27.19 27.45 +0.26
(8:00~20:00)
Center 27.35 27.35 +0.01
Bottom
Inside 2772 27.84 +0.12
Average 27.42 27.55 +0.13
Average 27.42 27.55 +0.13
Entry 26.38 26.73 +0.35
Center 26.71 26.15 -0.56
Upper
Inside 27.11 26.51 -0.60
Average 26.73 26.46 -0.27
Night time
Entry 26.57 26.83 +0.25
(20:00~8:00)
Center 26.90 26.08 -0.82
Bottom
Inside 27.07 26.87 -0.20
Average 26.85 26.59 -0.26
Average 26.79 26.53 -0.26
F1Hel A AER e gl2ToA] 27.13~2783CE HAom, Ht 2 2742C7F Y
gow A QFFH|oly EAE 2743~27771CE HJow, HFHo=w 2 T7F Jeryt

ofr

SratolE HEAow AG QlFFHlolE =ALeA 012C =A dERET SsteE 2EE gix
TS BHyon, HyHow 2742C7 vgkow Ad SlFuloly EALE
1o A0 R 2755C7F et 2 Extol= o= A4Y <l
mole] FAF A 0.13C ¥A vEbgch F3he] Hi EAF U REs x4 2742TC, A4
A5tullol 8 =AM 2755TC = el A<D QIFFulo] 8 A4 0.13C =A YEE

oFzte] B¢ AT T diETolA 2638~27.11TE HelowH, o 2673C7 o

oEL
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Aqow HFHoR 2646C7F hebyith

Lol = HirH o g thERTolA 027C =A YEeEs stdd 2= iRl A 2657~
2107CE Hgon HaHoz 2685T7 vgom, A SlFuolg =A== 26.08~2687CE
o

Haow, HiEA o 2659C7F Hetut, 2=xtole= HAom x4 026C =4
Ebskth, F310 FH ks tixT 26.79C, AG AdiHlolE =AbelA 2653TC=E YERY tix

(vh) A QIFFHlol 8 =AFS] A 7ARE & AL

A elFulolE] =ALe] AHA7AMEE A= T 250 YEYYUTE 0~1529] AS$ oz
Al 3247 kWh, A2 AFHlolE] =AFE 1191 kWho = 63.32% #ZHAaE Atk 1~2Fx¢] 29
=l A 2565 kWh, A€ elFHlolE =AF= 111.0 kWhe & 56.73% A5 A} 2~35F3F

o] A9 tExTFolA 4492 kWh, A|E AFHo]E =AME 127.7 kKWhe =2 71.57% A% S,
AAA AL HET 1,0304 kWh, A<g ClHlolE EAE 357.8 kWhe & 65.28% 7 H
Atk

3 25 A dFpulely ALl A7AREF (kWh)

Treatment Control Geothermal Gap Reduction ratio (%)
0~1 Weeks 324.7 119.1 -205.6 63.32
1~2 Weeks 256.5 111.0 -1455 56.73
2~3 Weeks 449.2 127.7 -321.5 71.57
Sum 1,030.4 357.8 —672.6 65.28

(1h) A d Aol e =ALe] A7IANE el mE olibsleta WHAF FA}

Ad QlitulolE =ALe] HegFALE o] wp olalsivta WA ZALG Ay X 2690 UE}
Utk 0~15F29 4% tzTolA 2143 kg CO2, A <lFHolE] EAL 7.86 kg CO2eo. &
63.32% skt 1~25F2k9] A5 x4 1693 kg CO2, AE JAFHolH =AF 7.33
kg CO2e2. % 56.73% #radtdth 2~3FAFe] A9 tzTol A 2965 kg CO2, AE 54 o]
B =AF 873 kg CO2el. 2 7157% #AstAth AAAel A= gZzFolA 6801 kg COZe,
A ol o] B EAE 2362 kg CO2e 0 65.28% 7HA a4 tTh.

F 260 AE AdFFHlolE =AEe] A 7IARE o]l whE ojabstekA WA (kg CO2e)

Treatment Control Geothermal Gap Reduction ratio (%)
0~1 Weeks 21.43 7.86 -13.57 63.32
1~2 Weeks 16.93 7.33 -9.60 56.73
2~3 Weeks 29.65 8.43 -21.22 71.57
Sum 68.01 23.62 -44.39 65.28
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(2) sEEA o g A}
7)) TEHA 5] A A EF 2AE A7 BN R 2AE
FAE 7 ZALE

YESIS F2 X AMHMUUX AIBS==I2
HALE S (20039~2014E) =AF S2AAM

SN SSNVUSD (YRF DH)0AN SBHLAED)|
SI®BIIAPETINA XRE 2O0F "MIHX MUY SA 28
JHE DRE S0 USLICH 2 X W8 ASIH FES
Jtel AR ¢ ATHYUUHX ABLESIS AR (2003
E~201411) OMetE DX St $LI @ESH0 FAIDJ| HH&LIc

SFE TH DUUSE JINHFA IR SIHB_BANMN =
BIDt DHSEILICH DWHHSE LEAS B2 SITHABA D22M
El (SRI2L0] 123)0) 22ASAIHLE, MIIQRILS DA =
CIBIAIOI 2o SRS E PBI0 SCI BESIH FAID| dHrzr
LICH

- =SF8 Y DARS

- O

EIFL R e el 432 5
SsFUE: ) A 7 (o)

S RBB : 057) /-}/~')—6cm

- EEARY T8l Sl0iw B9/ HE

&2 EZAHl BESH FHAM ZALRLICH

g A 72

cAWSGn FEAUARGANM = FAFAAEY) €7 8y}
el X A Qg Lol oA A EAL 29 ARATE F
Wt AFUDG ATFEH SHE 98 FAEE 9Po
2 EAAG, Bl NAMeYXA Lol ik ojzie
ZAL Foll ow, o]§ wigoR HAlolA A Doz &7
€& Hestnat Yo

AEZALE B ASY FREe AT ol2le) FHoms o
|32 d& A& FEH=e, whmAH e wagle] A
FAR 3 ZASAFEYUS AEAY T FFE Alge)
oA ol R A FAY] v o) Zabguch

i)

®e N ‘
- @R PRF T4, BFEN AT :
- E-mail : yangcj@scnu.kr, mhs88828@nate.com i
- A 3 :010-7963-9968 (EF4) !
- FAX : 061-750~-3239 l
3 B by c|cp) AR 2d e |
] T @ 8|  aza
QoA ses ons | FARA| (W, ot
F x| Ay AT e RSB L 2
4zya [0 As=s ( w] [ Dze @ss
AU (@ nexE ()2 ATy @ uw

A2k
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@ TEEA E: 184 $4 AT §¢ A5
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E 274D v A5 B

Heat pump water flow temperature

Date (°C) Difference Heat pump COP
Outflow Inflow

First week

2014.12.02 44.35 16.88 2147 4.27
2014.12.03 4411 17.56 26.54 411
2014.12.04 44.02 17.87 26.14 4.30
2014.12.05 44.22 14.98 29.24 4.47
2014.12.06 43.93 11.78 32.15 4.51
2014.12.07 43.81 11.95 31.86 4.74
2014.12.08 44.15 15.29 28.85 4.40
Average 44.08 15.19 28.89 4.40

Second week

2015.01.13 44.48 17.93 26.55 4.14
2015.01.14 44.16 16.60 21.57 4.65
2015.01.15 44.15 18.56 25.59 4.44
2015.01.16 44.15 17.29 26.86 4.44
2015.01.17 44.03 12.77 31.27 4.82
2015.01.18 44.34 15.64 28.71 4.39
2015.01.19 44.20 17.42 26.78 4.71
Average 44.22 16.60 27.62 451
Third week

2015.02.12 44.51 18.31 26.20 4.19
2015.02.13 44.79 17.97 26.82 4.07
2015.02.14 44.47 18.44 26.03 4.29
2015.02.15 44.13 18.67 25.46 3.94
2015.02.16 43.86 18.93 24.93 5.45
2015.02.17 44.03 19.01 25.02 4.60
2015.02.18 44.06 17.90 26.16 4.66
Average 44.26 18.46 25.80 4.46
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(W) AL Qliulolel=Ate] 9 dA7AE-=F AL

A AulolE =AY 9l dAVIAMS T ARE 3 284 vERUIATh 20149 12€ 29 ~
20143 129 8Y AVAFETFS thxTolA 5704 kWh, A<E SlFHlolElEA oA 3121 kWh
Abgo R 4528% FAE AT 20159 1€ 139 ~ 20159 1€ 199 A7AME S 2ol A
536.7 kWh, A1 g <lFHlo]E = Ao A 2894 kWh AM&0 2 46.08% ZFAE At 20159 2€ 12
o ~ 20154 29 18Y HM7IAME S tiEFell A 5150 kWh, Ad QlHlo]E=AF 279.4 kWh
AbEO R 4575% FAE ATk 20159 3€ 6Y ~ 20159 3€ 129 A7AMEHS tHERTol A
7331 kWh, Ag SlFHlolE = AL A 3026 kWh AF&0 2 5872% ZFAE ) 20154 49 14
o ~20154 49 209 A7IAFE S diEF oA 2725 kWh, A E QlstHlo]HE=AF 184.7 kWh
AbgO R 3222% Ak 20159 5€ 5Y ~ 20159 59 11Y A7AMEHS ROl A
178.8 kWh, A& <lffulo]El=Abell A 1450 kWh AF& 22 1890% 74wtk 2015 11¥ 1
o4 ~ 20159 11€¥ 30¥¢ H7IAFE=ES dixTelA 15067 kWh, AQ Q15 o] B = ALel A
896.5 kWh AF&0 2 4050% #ZAa% At 20159 129 19 ~ 20159 12€ 319 A7AE &
ol A 27125 kWh, A1d QlFfulo] el EA el Al 15144 kWh AFEC 2 4417% #aS AT
A AA 7Y A7IAEHS xTol A 70257 kWh, A<D olFulo]E=AF 3924.1 kWh Al
£0 7 4415% FHAE

i 28 AE SdFtHlolH =AY dE HI7IAREF (kWh)

Period Control Geothermal Gap Ijjgélczz ;gl
o018 990 0 e P
ol s 1 026 e e

Sum 7,025.7 3,924.1 -3,101.6 44.15
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(th) 7= dsfulely =AF W9 ot H7F~ A

A Q1o Bl =AF WiF-o] ofF ks A= & 280 WERWATE NH3 (R Yoh)+=
7ol A 1859 ppmez FAEom, HYFI+AE =AM = 800 ppme= =7 5 At
H2S (&3ta)s oA 025 ppme2 SA SN eH, BdFd+xd =AM = 013 ppm
oz ZAHAG. S02 (o]1hstsh) L tix=7olA 089 ppmez SAHHAoH, BjFI+Ad =

ALAE 073 ppmOE EHAUT AD WAL BgA EAL URe] kst A%
9 A7k debdh Choi 5 (201008 AAdRAsge Eafe] gtEiel o] felrtas

s 4ste] AT B71® Fistel Fr19 AL Ad@Tn wasec

£ 28 AE QAFMlelE EAL R AT S5 A

Noxious gas emissions (ppm)

Parameters Reduced P value
Control Geothermal

NH3 18.59+0.28 8.00+0.18 10.59 <0.0001

HsS 0.25+0.02 0.13+0.01 0.12 <0.0001

SO 0.89+0.03 0.73+0.05 0.16 0.02

() Ag Alz=d BAE T4
A Azl dFwolE =ALe] A BAAYE ® 290 JERUATE dlE2F =AY X
H] 88 441941 USDolH, A4 Al AA+= 1767735 USDZ FAHAGY. W1+A3e gz
= bdol A g I A28 9] Ground loopt 50W ©]4F, Heat pumpe 251 olAo & Ho]ql
kvl 7hEAl AL E HES dlE2T EAME 21614 USD, A ¥ EAR= 4846 USD= A4t
HAck 77 AT dE2T e b4, AE EAME 2598 AREaof o] wAlEty] A

2},

z, —=

o
=
8

rr

4
iy

¥ 2. A Az A 24T

Control Geothermal

Installation cost (USD)  4,419.41 17,677.35

. a)Ground loop, >50 year As per the company
Life span 5 years ) .
1. Heat pump, 25 years mstruction

Annual operational cost

(USD) 216.14 48.46

Depreciation time 5 years 25 years
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7h) BFD+A L AF ol =AFe] AE ARSA A

B Fd+xd QliulolE =AIA ALSHE 2HEY] TAY, AARAAY 2 AE8TES
3 Axe= § 310 yebloh

0~47F2ke] A7t 5 FAFS BFE+AL AFwoly =AbolA 1111 kgo & tiZT
959 kgHth =4 Yetgom, AsHdALFS B+ AED AFulolE =AFA 1466 kgo =
g2 14.05 kgR ot =4 YERgth AR R 78S tlE2TolA 1462 BlSd+A D Qi ol H
EAF L3R2E 0 = vebgnh 4~853ke] A7 & SAES BFd+Ad AFHolE EAL
o A 1330 kgo & tx+ 1215 kgHtl EA depom, AASAFH FS djx2TollA 3472 kg
o2 HUddAG clFuolE =AF 3219 kgitt E=A YElut AR TFES iRk
26502 ElFA+AE QifHlolE =AF 261Kt =A YESY 0~8F k2] A g 7|7 ol
gre gakd i QT uolE] EAlo]A]l 2441 kgO® UlET 2174 kg Bt EA LpEyon
AT B FD+x g odFuo]E] EAbelA 4938 kgo & AT 4624 kgRth A YE
Uk AlRE QTS gERTA 21302 HGE+AG AFulolE EAF 202K =A YERSE

S|
&

1l
A

oiX

E 3L AL AiHelE Al AE ARG AA

Treatment Control Solar+Geothermal

0~4 Weeks

Initial Weight (kg) 6.94 6.94
Final Weight (kg) 16.53 18.05
Weight gain (kg) 9.59 11.11
Feed intake (kg) 14.05 14.66
FCR (Feed/Gain) 1.46 1.32
4~8 Weeks

Initial Weight (kg) 16.53 18.05
Final Weight (kg) 28.68 31.35
Weight gain (kg) 12.15 13.30
Feed intake (kg) 32.19 34.72
FCR (Feed/Gain) 2.65 2.61
0~8 Weeks

Initial Weight (kg) 6.94 6.94
Final Weight (kg) 28.68 31.35
Weight gain (kg) 21.74 24.41
Feed intake (kg) 46.24 49.38
FCR (Feed/Gain) 2.13 2.02
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() AE SAFFHlolE EAF el okATbs 2

AE QFulolE EAL Rl bk HASE £ 329 tehlith NH3 (Fmujoht
gxTNA 80~100 ppmoE ZAFO, hFA+Ad EAIAE 15~30 ppmOE 53
HAc H2S (F8ka)E dzrolA 20~25 ppmo 2 4R om, BFdend EAlA
£ 02705 pmes SAHA S02 (1D WL TN 04-05 ppmeE SE
o, BFE D EAAE 01 ppmoR FHHAL BFL AL DA LS
Yo ofAZkast AdEE Avot debgth EPAE AGASEe AHALE A7
wEel WEw FAE WU AT Rustdom, A Hom (0125 AGA 28 B3

R, bEYol, A, vigh &3k Sol WEds dvtal Baskith

E 32 AE QIFHolE EAF We] oFHsks S Az

Noxious gas emissions (ppm)

Parameters SEM P value
Control Solar+Geothermal

First week

NH; 10.00 3.00 0.37 <0.0001

HoS 2.50 0.50 0.11 <0.0001

SO, 0.50 0.10 0.04 <0.0001

Second week

NH; 8.00 3.00 0.46 <0.0001

H>S 2.00 0.20 0.14 <0.0001

SO, 0.40 0.10 0.04 0.0012

Third week

NH; 8.50 1.50 0.26 <0.0001

HoS 2.00 0.20 0.12 <0.0001

SO, 0.50 0.10 0.04 <0.0001

Fd)el= 258C, 2¢ (179 = 1045CE 12~197HA] F&
e Fudoz 129 (1FYde Ht 94642 W/m2, 19 (15Y)ol=
29 (1FYdl= 966.05 Wm2=2 A 5o ALAdE I o] nAE Aoz FAHT
HE71528&2 6136~6513%° FEE&ol FAHAT oA AFS 12217~168.71
kWh/m2/day = &A= Atk G2 +E 129 AF9)d+= Hat 458, 19 (1F7Y)ol+= 461, 24
(1F D)ol = 44852 EA4H o] Ho HlzatA &4 A

rir
—
o
)
¢
)
w
=
5

I
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E 33 B FAA 2T RS 1A s
Ambient Solar Collector Energy
temperature intensity efficiency output (C}ISIE
(°0) (W/m®) (%) (kWh/m*/day)

First week
2014.12.14 0.14 1,582.83 66.55 214.62 5.18
2014.12.15 2.26 849.01 63.41 109.70 4.68
2014.12.16 1.28 363.95 54.56 40.46 4.80
2014.12.17 -4.26 994.64 62.31 126.29 4.24
2014.12.18 -1.96 1,665.51 66.48 225.61 4.16
2014.12.19 0.30 562.12 56.99 65.27 4.31
2014.12.20 2.65 606.89 59.22 73.23 4.64
Average 0.06 946.42 61.36 122.17 4.58
Second week
2015.01.05 5.06 634.77 60.39 78.10 4.45
2015.01.06 5.08 1,479.03 66.79 201.29 4.78
2015.01.07 -0.61 1,544.88 66.33 208.79 454
2015.01.08 0.28 1,396.27 65.78 187.14 4.24
2015.01.09 3.08 1,154.38 65.06 153.04 451
2015.01.10 4.09 1,471.59 66.71 200.04 5.00
2015.01.11 1.10 1,154.69 64.83 152.54 4.76
Average 2.98 1,262.23 65.13 168.71 4.61
Third week
2015.03.14 6.86 1,451.10 66.74 197.33 451
2015.03.15 7.54 1,191.35 66.12 160.50 4.04
2015.03.16 9.81 1,276.27 66.91 174.01 4.28
2015.03.17 11.32 1,046.04 66.13 140.95 4.34
2015.03.18 11.77 252.00 48.55 24.93 3.37
2015.03.19 12.46 653.29 62.99 83.85 512
2015.03.20 1341 892.31 65.66 119.37 417
Average 10.45 966.05 63.30 128.71 4.48
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(=h)

AE QoI EALe] A7) A

AE QFuelE EAbS] A7AHEF BAANE E 340 Vet
E U AE AFvlelH ALY VAT B A3
Electricity use COsemission
(KWh) (kg) Cost
savings
Days Solar Reduced Solar Reduced (USD)
Control  +Geothe Control  +Geothe S+G
rmal rmal
First week
2014.12.14 82.90 44.80 38.10 45.35 24.51 20.84 16.16
2014.12.15 89.40 48.20 41.20 48.90 26.37 22.54 17.48
2014.12.16 74.40 42.30 32.10 40.70 23.14 17.56 13.62
2014.12.17 107.90 50.20 57.70 59.02 27.46 31.56 24.47
2014.12.18 98.70 50.20 48.50 53.99 27.46 26.53 20.57
2014.12.19 92.10 47.10 45.00 50.38 25.76 24.61 19.09
2014.12.20 79.90 42.70 37.20 43.71 23.36 20.35 15.78
Total/week 625.30 325.50 299.80 342.05 178.06 163.99 127.16
Second week
2015.01.05 75.10 46.20 28.90 41.08 25.27 15.81 12.26
2015.01.06 67.90 40.90 27.00 37.14 22.37 14.77 16.37
2015.01.07 89.40 50.80 38.60 48.90 27.79 21.11 16.58
2015.01.08 88.90 49.80 39.10 48.63 271.24 21.39 14.80
2015.01.09 78.60 43.70 34.90 42.99 23.90 19.09 13.15
2015.01.10 71.90 40.90 31.00 39.33 22.37 16.96 14.38
2015.01.11 30.20 46.30 33.90 43.87 25.33 18.54 15.61
Total/week 552.00 318.60 233.40 301.94 174.27 127.67 103.15
Third week
2015.03.14 107.70 44.50 63.20 58.91 24.34 34.57 27.23
2015.03.15 110.00 45.80 64.20 60.17 25.05 35.12 27.53
2015.03.16 108.10 40.60 67.50 59.13 22.21 36.92 26.89
2015.03.17 101.80 38.80 63.00 55.68 21.22 34.46 27.02
2015.03.18 99.40 52.80 46.60 54.37 28.88 25.49 31.05
2015.03.19 101.40 31.40 70.00 55.47 17.18 38.29 30.33
2015.03.20 101.60 39.00 62.60 55.58 21.33 34.24 29.95
Total/week 730.00 292.90 437.10 399.31 160.21 239.09 199.99
Grand total 1,907.30 937.00 970.30  1,043.30 512.54 530.75 430.30

A7 &S 27 wAE 129 1F9)9+= 62530 kWh, 1¥ 1F9)d+=

552.00 kWh, 2¢

(1Y)l = 730.00 kWhE A 5o 1,907.30 kWhE AF&3tath BYE+xd=A+= 129 (4
Fd)el = 32550 kWh, 1€ (1F9)el+= 31860 kWh, 2€ (1FY)ol+= 292.90 kWhes 4 ¥ o
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937.000 kWhE At&stsict. Axpd oz g Fd+xd =AM E vz =4 vl8)A] 970.30
kWh (¢F 51%)9] 7| AM&3FS d3tshe A37F YEbs T

CO2MZE S dxT EAE 129 (1F D)ol 34205 kg, 1€ (159)ol= 301.94 kg, 2¢€ (1
Tl = 399.31 kgo 2 A E O 1,043.30 kgs MiE3IA T BII+AEE=AE 1229 1FY
ol &= 178.06 kg, 12 (1F D)ol 17427 kg, 2¥ (1FY)olE 16021 kgo 2 EA o] 51254
kgs wiEsAT ARAow HIId+AE EAAE gz E=AFe vlsiA 53075 kg (oF
51%)9 CO2 &S #AaA7l= A37F vebyth

(vh) B FD+Ad A ulolE =L G 7| AE R AL

B Fa+Ad AFuolE =AY 2 [A7|AMEF A= ® 350 JERIATE 20149 12€ 14
A~ 20149 12€ 209 A7IAME S dizTolA 6253 kWh, BIFD+A A Q157 H o] E] = ALl
A 2975 kWh AF&O 2 5242% #ZAEAd 20159 19 59 ~ 20159 1€ 11Y A7|A&=%
2 tiE&TolA 5820 kWh, ElFA+AF QI o]El =ALo A 1436 kWh AR§- 22 7533% Fha
H ok 20159 39 149 ~ 201549 3¥ 209 A7IAME S giETol A 681.0 kWh, Bl SE+
A QFHlolEHEAL 2029 kWh AF& 02 5699% #AE At 20159 59 149 ~ 201549 5€
319 A2 gizTeoA 1,144.4 kWh, BlFE+Xd AFH o] H=AF 556.2 kWh AF-§-2
2 51.40% #ZAEAh 20159 69 1€ ~ 20159 69 30¥ A7IAEHS hETolA 12567
kWh, BlFE+x QD Qo] El=AL 769.9 kWh AF& o2 3874% Atk A1E 71719
A7 G2 2Tl A 4,280.4 kWh, Ad Q1FH o] El=AF 2,060.1 kWh A&-©S 2 51.97% 7t
¥ AT

% 35 Hgg+A g elFulolE =AY € AVAFE = (kWh)
Period Control Solar +Geothermal Ga Reduction
D ratio (%)
2014. 12, 14 ~
2014. 12. 20. 625.3 2975 3278 59.49
2015. OL. 05 ~
2015. 01. 11. 582.0 1436 -4384 75.33
2015. 03. 14 ~
2015. 03. 20. 681.0 292.9 -388.1 56.99
2015. 05. 14 ~
2015. 05. 31. 11444 556.2 -583.2 51.40
2015. 06. 01 ~
2015. 06. 30. 1,256.7 769.9 -436.8 38.74
Sum 4,289.4 2,060.1 22293 51.97
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AEE A7AT fof
L Selvtet EAbS ofF W 54 24

o FEYUE Ao F 127 EAFE AET ASER F Ad wEste] ZAF B4 gt
AiF o g oFFHr7t Wol WAEE SAEAIE dAeR 1x 84 FAE 20134
172490ll, 23 A% ZAleE 797890 AAsdY. #H Ao AHABEIE ),
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o gheE A 1d " AEEAR Yo EARAAL dHE GesA] dgton FHd
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Byl gAE A W&t gow gyt EAbbige] 292w (oF 30Y)mr)
wj &3l 9 AFA e A 100m olHE JMgA R F o wgde glE ot

]9l Pinkeye @4<S o] 273l 4= g1l o 7} ol =R 7} < 9
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ARA S w8 FES a‘ﬂii}fv‘}cﬂ %%‘94 7 Bl UH% %kié}ﬂ}. Z7N

wglo] gith
> ALAE
o [E-1l00=

B =
A I Ea e oﬂ/‘i T 1922 CArh uFEe] Hoage Adds] Alzgld
el M= 79.37% L A 7] Al =gl thaf M= R 69.69% ATt 715 (GRak) et gk
ZA3E7] Al ="l tis] A= 0.0Ilm/sH Al A8 7] Al =82 0.03 m/s=2 YEFSLT
[E-1] 7 7FA Adolgh #7]F3o] HAAH SAEANA ALHd wiEd w75 §go A
e A= FA
Winter Season System | Mean | Median Variance Std. Minimum Maximum Range Interquartile Range Std. Error
type Deviation
Temperature (°C)
NV 20.80 19.05 18.34 4.28 15.65 26.90 11.25 8.20 1.11
MV 19.22 21.73 32.44 5.70 8.80 27.03 18.23 9.50 1.24
Humidity (%)
NV 79.37 81.78 321.58 17.93 49.40 100.00 50.60 23.80 4.63
MV 69.69 74.67 400.31 20.01 33.97 100.00 66.03 28.33 437
Airspeed (m/s)
NV 0.01 0.01 0.00 0.02 0.00 0.04 0.04 0.03 0.00
MV 0.03 0.02 0.00 0.03 0.00 0.08 0.08 0.04 0.01

*NV=Natural ventilation system; MV=mechanical ventilation system

o FARI] AzReN eRE T b A2" £9 F b =g (18-1). 2L
eRE 5 BUAR ST B/E AREA SYE BRY 4L FHAAT
aske MR, F ASAAE B3 Bt B BRARD L9 FAR
4739
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Microclimatic parameters
7937

g.g ] 60690
70
63
60 -
>3 A
50 -
a5
40
L
3971 2080 19;2
20
15 -
10 ' 0.01 0.03
o
2 NV | MV NV | MV

Temperature {”C} Hurmidity {24) Adrspeed (m's)

(29 123] A3 T 19 AR 75 HFE BojFe o=
AAg7] A=" e IVERE A7) A" HE] Wit erERE
Sole JEFE A=, otvte o] wiio] AAH 7] Alxgl W] Fdis=rt

2R 09 s Ae®E AlndEd. B8 Ad W & 2 AdsEs 474 211 WA
= e}

26.7°C (Jones % Friday, 1980) % 40 WA 70%(Mui &, 2008)% ZA &+

T7EE s, ALEH HY 7] £5E 02 m/s(Wang 2 Wu, 1999)%
U T Ao] ngAsi), = A9 dFE F9 elAs, A Al=o] "= 39.0°CelH
¥ 2%+ 335 WA= 354°ColtHEsmay % Dixon, 1986).
[E-2]d = Be 4o SAEA 2 7 714 37|A 2"l mE v gz} B2l gk
A Med A7 Uk o SAEA W F7] sl vl @Ak gk Hi ke
AR AEdH 247 PMO xR S v AoR AlgEn) FA|E ] Al 2E
Y PM 10 PM 25 PM7, PM10 @ TSPY ¥%& 23ty Al~drtt Aty o=z
=24, o= V|S7HE FE dudoezE ¥ & v"EAE AASIIZE 24 9 47
uFolth a8y AL FRELS FU)ES FAAY Takai 52 ©)9F A
ANE HIEA=H(1998), 15 =AF U B3 w27 AL ¢ AvdeE AS
WA A o
PM
1800 1505.07
1600 - 1364.47 _T.
1400 -
1200 -
£ 1000 -
£ 800 151034
600 |10
400 - 250.62 325:83
200 - 73.50 73.44 3139 34.14
0 -

(8 124] 49 < 74" A5 vdAa 8848 BojgFe Hfad=



Fbol
Az ek,

YRR oA ATES F AYFEE ZHFoRA VYA IS Sk 9
He o) AFwel PRAE $F W A4 /s BARA 2ASEG. AR
EF g AN Ao FolF F39 ABTAE 2UdATHLee 5

= h=i

TFA Ageld @] Alxdlo] HAE S =AM AEHA wiEdE vEA =4

m@@ Std. Deviation MME Interquartile Range @

m 51034 14370 63833759 79896 000 252125 252125 39770 206.29
- MV 66215 63075 32677491 57164 1590 224070 222480 72845 12474
m NV 250.62 108.05 9571230 30937 0.00 1097.30 1097.30 396.15 79.88
N 32583 35285 4920780 22183 1265 737.30 72465 37285 4841
Er 7350 5655 | 396670 6298 0.00 205,60 20560 7530 16.26
I 7344 4060 516439 7186 895 24175 23280 6545 15568
ETE 3139 3330 53081 2304 0.00 85.80 8580 1785 595
I 3414 2010 1007.64 3174 5.45 97.35 9180 5260 693
NV 136447 30800 631811886 251359 0.00 816285 816285 61205 649.01
MV 1505.07 1083.05 190073151 1378.67 17.05 5255.45 5238.40 207250 300.85

FPE

A2 = PM 5 9 53] PM 1000 tiall o 2 S BolFe, o= A Exde
H(PM5)e] 7k~ w3tk F-92 HAFa Eo7F & don, Jd(PMIO) Sl 43
nz £ s Ay AEPEPMIO) oty HEdE o & AJFS U]%‘:‘P_i”ﬂ Bé‘
WA 2 9l &S YERATH Vincent ¥ Mark, 1981). Wathes9} 19| &

AN M EE = F 7he @ Aol Ael= 40%7FE B AN 3 % 7 —0—7'5& b’

—_

o

’,3
o]
@
™rr e m{o

[29-3] @3 % A 9o G AR ARdl d# A
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2

e Al

Alz=dlel A TAB

([2E-4D. ZA&7]

log cfu/m*Qtt
Al 2= 8l of| A] BT}

4.01
Aol A

Tor

o))

o],

=
o

A+ (Yao

o] €]
219 2 282 log cfu/m’

i

2010)e M Bt

1

ND

)
14
Ho

)

o

o] 9]

ERL!

o]

ﬂw_wo

_io

Std. Error
0.11
0.03
0.30
0.11
035
0.18

Gl

039
0.92
1.07
332
092

Interquartile Range
2.83

MV
E

T
7174 mAEe] HAERE 3l

Range
149
0.58
3.79
1.62
348
3.51

2.06
NV

448
439
379
4.02
348
351

Maximum

299
381
0.00
240
0.00
0.00
3.33
MV

Minimum

A8 FAE=ANA Ag Aol

TC

AEEE]

A

Std. Deviation
044
0.12
1.17
052
137
0.83

mechanical ventilation system
2.67
NV

o]

=
Airborne microbes

2~ €l

Al
001
K
027
187
069
4.20
MV

Variance

]

7

5

=]

2.88
34
248
317
TBC

&

420

4.01
420
2.67
333
2.06
283

Mean | Median

‘ol gt

System type

NV
MV
NV
MV

Natural ventilation system; MV

bolth.

1-(2010) 9] 2 7ot LA st
A

-3l F 7HA

3

-
gl

o
Winter season
TBC
TC
TE
*NV

ae

upe} obajol A 3

o
e

Sy A

HolEt
A
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AA,PA,BA,IBA,VA,IVA, MM
100 7 gg.31
80 -
60 -
Q2
o 40.84
S 0. 36.62
22.66
20 - 19.20 9.08° 22 15.48
' 1.282.76 1.92.86 1.32.95
O - - _— | 1
NV |v|v| NV MV| NV MV| NV|MV| NV|MV| NV|MV| NV [MV
AA PA BA IBA VA IVA MM

[29-5] A% 5 7119 A5 o4F & 4
AbAA Al R FhA] Al =El A AEH VFAY % WH9le 22 AA disiA
40.84 & 83.31 ppb, PACl thalld 19.20 & 36.62 ppb, i-BA°l i34 9.08 & 15.92 ppb,
BAol a4 128 & 2.76 ppb, i-VASl taiA = 1.32 & 295 18|31 VA tisiA =
1.92 & 2.86 ppb, MMell thal A 22.66 & 15.48 ppb, p-Z & & tis]A 0.15 & 0.23ppb,
ol=9 &l A 0.01&0.01 ppb, DMSe] Ws]A 4.67 & 11.77 ppb, DMDSel| tjajAl 0.97
& 0.91 ppbelAtH[1" 5, 6)).

P-cresole, Indole, DMS, DMDS
14 9 11.77
12 -
10 -
g 8
e 6 - 4.67
4 .
2 1015 0.23 001 001 0.97 0.91
0 — [ |
NV|MV| NV|MV| NV|MV| NV|MV
P-Cresole Indole DMS DMDS

[19-6] 99 & FAR Amel oA siE BA

g AR mbg ofefeld @A mAEe] HA ExE 6 W F=
AAEAY Ex Eaie HEol Z72FH A4, AR(E-4DE EH, VFAS
TEE AAET] AlzddA s g gns As g 21 ¢ v ofvt= ghy] o
S FFo fHHY F4 =AM ofH seEe] w=UF Wk He F 7HA
T olf= yHd F Ut st Al wE 4] E}% gr]gola v st
Seo mE Ao St He 7|FolM=, HATE A7Ee] 63 WA 95 %E
FAleke o A&vleke o F2 At 4 Aato] gt

|

[3-4] 7 7k Zolgh &7] Alxdo] e ol §A4 £AtelA Agdd wizd

43 sgrEel B U@ AEd £

rob
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System
Parameters type Mean Median Variance Std. Deviation Minimum Maximum Range Interquartile Range Std. Error
AA NV 40.84 18.62 3599.19 59.99 0.00 210.88 210.88 76.37 15.49
MV 88.31 56.31 7112.48 84.34 5.07 319.00 313.92 113.53 18.40
PA NV 19.20 3.56 1123.07 33.51 0.00 95.65 95.65 15.03 8.65
MV 36.62 14.02 1924.60 43.87 0.75 150.66 14991 72.89 9.57
BA NV 9.08 1.64 246.57 15.70 0.00 52.12 52.12 9.20 0.59
MV 15.92 5.47 44431 21.08 0.00 72.76 72.76 27.02 0.64
IBA NV 1.28 0.00 5.26 2.29 0.00 831 8.31 2.36 4.05
MV 2.76 1.13 8.50 2.92 0.00 8.07 8.07 5.47 4.60
VA NV 1.90 0.10 13.57 3.68 0.00 12.70 12.70 1.52 0.65
MV 2.86 0.82 20.37 451 0.00 14.61 14.61 3.71 0.66
IVA NV 1.32 0.22 6.26 2.50 0.00 9.29 9.29 1.41 0.95
MV 2.95 1.67 9.08 3.01 0.00 8.85 8.85 5.56 0.98
MM NV 22.66 10.92 1215.26 34.86 0.00 123.03 123.03 31.73 0.06
MV 15.48 11.43 294.00 17.15 0.00 60.79 60.79 24.50 0.08
P-Cresol NV 0.15 0.00 0.06 0.25 0.00 0.73 0.73 0.29 0.01
MV 0.23 0.00 0.12 0.34 0.00 1.05 1.05 0.45 0.00
Indole NV 0.01 0.00 0.00 0.03 0.00 0.11 0.11 0.00 9.00
MV 0.01 0.00 0.00 0.02 0.00 0.06 0.06 0.00 3.74

*NV=Natural ventilation system; MV=mechanical ventilation system
25 mg/Le|tHACGIH, 2004).

o EYolol]  FHafA,
Aol o, R Yol T A
2698 ppm 1@ 1L
T-oll ¢f&hd,
S, 2005; Hayes

Al 2l

olide] <

5, 2002; Kim

[e)

R

AR b Wt Al e

[¢)

A=

o,

2006), ©] A

13t 7+
AR R

gl

Gt A gET sekom A7)

Al2=dl2 2849 ppm=E YEMST 29 T E

=
=

=AU g Uole] B 600 WA 1259 mg/L% =l (Radon
o B AT Ao} fAlT

R = 21 3 A % sl © o > =
[3#-5] 5 7FA] Aoldt gh7] Alxwlo] AAE AFoldt &4 At A&ddd w=d
ol=] 3lsFE ul ] o] H A S Ealys
oF shtE 2 24 7] EA el gig A=A S A
Winter season | System type | Mean Median | Variance Std. Deviation ‘ Minimum | Maximum Range Interquartile Range | Std. Error
NH3 NV 26.98 30.90 248.81 15.77 7.25 49.40 42.15 30.80 4.07
MV 28.49 12.50 759.56 27.56 ‘ 1.50 76.00 74.50 52.98 6.01
H2S NV 0.58 0.52 0.23 0.48 ‘ 0.00 1.50 1.50 0.80 0.12
MV 0.23 0.18 0.07 0.27 0.00 0.88 0.88 0.34 0.06
CcOo2 NV 2545 2950 1501498 1225 925 4400 3475 2300 316.39
MV 2406 2820 2241250 1497 ‘ 335 5750 5415 2303 326.69

o [E-Bld @ AR+
}\]/\Eﬂon/qv/] GHG l-:

T 744

ATl CO8 ®S=

]/\Eﬂ,]

A 27

R

Al

ST ok % )

S ERE K

45 2406 ppme] ATH[ZH-7]).
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NH3,H2S,CO02
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Microclimatic parameters

90.5
82.5

29.7 33.1

0.2 0.2

I
[l
L 11 1 1 1 1 1 & 1 1 & @ 1 1 1 1|

5 NV MV NV MV NV MV

Temperature (°C) Humidity (%) Airspeed (m/s)

[2H-8] 29 < A" A5 v7F H4E Hojss Hfad=

SR, elgd BAEEE T oA AsdeA wE faebdn. Eae eE 0
AEEs 247 211 WA 26.7°C (Jones % Friday, 1980), 40 WA 70%(Mui 5,
2008) 2 ZAl = Aol npz=A ‘8]—1’4— F7IEEet AN, ALHE HO 37 25 0.

m/s°] FtH(Wang % Wu, 1999). sl#]¢] & TH 59 delAs, A Aol o
39.0°Cola ¥W 2%+ 335 WA 354°Ce|tHEsmay ¥ Dixon, 1986).

[#-6]l= 54 =AW 871 wiA ngar 549 Fghs Bojsth PM 25 % PM13%
A=, Aol PMY TZol TS vA= Aoz Holt ZAS7] A"
PM7, PM10 % TSP9] s+ 7 7FA A28 BFo A 9kt 377 S71E o o
2 "ERE EARSEH AAGE Aol AuiAor © AfAT] Wl Ao=

a4 g},

1

Ol

(27 ¥ 74 Aold @7) Axgle] AAH SAEA NN 5ol WEH T
M) E A 2] Bl md NeH FA

Summer Season | Systemtype | Mean | Median | Variance | Std. Dev Min Max Range | Interquartile Range | Std. Error
PM o (ug/m®)

NV 67.11 64.03 332.45 18.23 39.65 96.65 57.00 32.46 5.77

MV 87.01 96.10 933.01 30.55 53.95 143.25 89.30 48.30 9.21
PM, (ug/m’)

NV 44.80 | 40.23 203.36 14.26 29.05 76.00 46.95 17.79 4.51

MV 51.46 | 36.70 658.67 25.66 28.40 115.40 87.00 32.75 7.74
PM ;s (ug/m’)

NV 19.42 15.10 114.09 10.68 7.55 36.75 29.20 20.29 3.38

MV 15.08 14.95 24.47 4.95 7.70 23.85 16.15 3.80 1.49
PM, (ug/nr)

NV 8.72 9.00 23.21 4.82 0.75 14.95 14.20 8.49 1.52

MV 7.67 7.50 23.95 4.89 0.70 19.00 18.30 3.00 1.48
TSP (ug/m?)

NV 108.46 | 101.23 | 1837.68 42.87 51.85 189.05 137.20 60.34 13.56

MV 151.06 | 130.65 | 4364.99 66.07 69.35 319.40 | 250.05 72.50 19.92
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PM

151.06

108.46

[y

o

o
1

87.01
67.11

60 - 4480 51.46

Concentrationin ug/m?
[o0]
o

19.42
20 - ] 15.08 872 767

0 -

‘MV ‘MV

PM 10(ug/m3) PM 7 (ug/m?3) |PM 2.5 (ug/m3)| PM 1 (ug/m3) TSP (ug/m3)

[Z2™-9]. AHAE =AF W &718=2] PM (particulate matter) =oh 22} 3=
2 AFE%= PM 5 2 53] PM 100 el ©f %<& ghs BT, ol flelA
AeH Aol H#HAEX] HAPMS)S 72 wg Fol' T =07t & don,
AH(PM10) SUF-E 2 off Fitol] FaFs v oaEx ARS HAAE F5 A5
e tH(Vincent 2 Mark, 1981).
o] o569 T 8Y)X 69 H AHH 7€ T WA stestA A ESEE At
dA o R Fetar Tyt FubE Az 2 Abolo] wiwj R ds B7F QA 97
ghth. epA7] 25X+ 33°CE 971% st 693 99 Alole] Hi k= 20°C7t
A 27 A" g 2 AR 8] A|2F s W TABY A v=e 44
2 417 log cfu/m® gt
AART] w4 R AARY]) G 0 F AU A Hd wEE 247 372 2 4.01 log
cfu/m?o] ATH[E-8]). ZA g7 A~H 53 4 25
it et 27 366 2 3.88 log cfu/m’o] AH([2E-10]). A& 3} wlus) =
AW Al R Y] B ses S sk ol A3 Yao Tol AAE A9k
A 2] ghth(2010). [E-8]2 A5 Aol F 7FA] Adold 7] AaglE A% w452 7Y

& AAT 57
e AEA dele(Hi, A, B, £F oA ¥ EE AHE nelFu gk

>
9,
N
>

(-8l F b gel@ 7] Azdel AAH KAEANA g WEE 3]
ol v ES B HE HEH B

Summer Season System Mean Median Variance Std. Dev Min Max Range | Interquartile Range | Std. Error
type
TBC (CFU/m?)
NV 4.12 4.13 0.00 0.04 4.04 4.17 0.13 0.06 0.01
MV 4.17 4.17 0.00 0.06 4.07 4.25 0.18 0.08 0.02
TC (CFU/m?)
NV 3.72 3.53 0.25 0.50 3.18 4.37 1.19 1.10 0.16
MV 4.01 4.29 0.30 0.55 3.02 4.39 1.37 1.08 0.16
TE (CFU/m?)
NV 3.66 3.60 0.10 0.32 3.26 4.09 0.83 0.69 0.10
MV 3.88 3.96 0.07 0.27 3.45 4.17 0.72 0.55 0.08
= S S 2~ = by rrt = X ta i =z
TS A, AZT] A2l E TABY Hit v%, & Ul Al o) 7t o]
[e] =0 Z = I3 [eX Xe)
R O AR Z Aol= TAHA Fokrth

- 214 -



Airborne microbes
5.0
4.17
45 4 12 372 4.01 3.66 3.88
wd.0 -
S5 -
B3.0 A
.5 -
2.0
S5 -
B/LO A
D.5 -
b.0
8 NV ‘ MV NV ‘ MV NV ‘ MV
TBC (CFU/m3) TC (CFU/m3) TE (CFU/m?3)
[Z29-10]. 2 & 78 A& Fardes BoFe gz
PR Yot efAM, AIZF 7t Hte dAIFS 25 mg/LoltHACGIH, 2004). &A%
Al o, pRUel whe BF AZF 7k B dAES SLkon oA5H
T 7HA #7] Alz=dle gisiAE 1 197F 106 ppm WA 1880 AtH([E-9]). ¥4
e ol Aqel fetd, =AWl fhEYole] FEE= 600 WA 1259
mg/L+=4dl(Radon %, 2002; Kim %, 2005; Hayes %, 2006), ©] A2 ¥ -9 Zxle}
FrAbst,
[3-9]. F 7FA Zold 7] Al=dlo] HAXE SFAH=ANA oAFHo wiEd o
stebs B 24 7hze EA o g3 &4 A
Summer Season System type | Mean Median Variance | Std. Dev Min Max Range Interquartile Range Std. Error
NH3 (ppm)
NV 10.6 7.6 559 7.5 33 28.0 24.8 9.6 24
MV 18.8 20.5 205.0 14.3 1.3 39.5 38.3 28.5 4.3
H2S (ppm)
NV 0.3 0.3 0.0 0.2 0.0 0.5 0.5 0.5 0.1
MV 0.5 0.3 0.3 0.6 0.0 1.4 1.4 1.2 0.2
CO2 (ppm)
NV 1205 1045 143679 379 760 1837 1077 725 119
MV 1276 1150 221856 471 630 2080 1450 825 142
22 1 18.8 NH,;, H,S
£ 18 -
% 16 A
£13 ] 10.6
£ 10
L—Liag .
3%
£ ‘2‘ | 0.3 0.5
X | |
=] NV MV NV MV
NH3 H2S
[29-11]. A48 & F19 A5Y A= 24
[Z9-12]18 A¥rd 334 d=2, 5 7FA Al&de e GHG == Ade7]
Azl A A WstEs BT S, O oFdd o Wk AMssiAd F&
Agol= o =dth AAG AdA Haes v FolA gFA "k 2 Aol A
WAG o] BA COEl WAL AAH By Azwe 4 ok 1276 ppmol Y3t BA
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37] AlzEle] 49 1,205 ppme] At

_ 1400 - 1205.0 CO, 1276.8
o
5
£
3
<
3
g
(]
g
o
=
c
(]
3
(U]
MV

3 E S7|A 2do) upel v wEA S Bokt) 3 kA
A] A4 mAEo] A EuE Bad u 2 YA
AA, PA, BA, IBA

60 - 53.22
55 -
2 50 -
-
: 1
2 35 -
§ 30 -
25 -
S 50 A 16.35
§ sl 1239 644
= 10 - 428 .
5 5 ' I 2.93 B om x
g 0 [ | || e
S 51 N | MV NV MV NV | MV NV | MV
=
§ AA PA BA IBA

[27-13] A48 & FA9 A= 99 o4 sgES 4}

Ad R AT A zmEo A ALH VFAS T He= 7217 AAo| dlsAl 53.22 &
12.39 ppb, PA°l thalA 16.35 & 4.28 ppb, i-BAdl ™l 031 & 1.32 ppb, BAI
el Al 293 & 8.44 ppb, i-VAdl thair = 1.32 & 2.95 221 VA tiair = 0.88 &
1.34 ppb, MMell th&ld 0.84 & 3.83 ppb, p-Z#|Zol] t3lA 1.50 & 2.01 ppb, Q=9
a4 0.02 &0.04 ppb, DMSell &l 467 & 11.77, DMDSel tialA 0.05 & 0.45
ppbel A TH([1¥-13,14,15]).
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VA,IVA,MM

4.5
4.0 -
3.5 A
3.0 A

3.83

2.5 1 2.01

2.0 1 1.50
1.5 -
1o 088 084
0.5
0.0
| MV ‘ NV | MV
VA IVA MM

[28-14] 48 T 779 A59 4F g2 BoiFe dag=

Odour compound (concentration in ppb)

Ay Aware we okl @714 vAgEel sHx REnE 2T W F=
WAEAL B 29 ol ZAZYE A4k dolH(E-10DE BH, VFAS)
BEE AR ALAA € e AE $AF S e ol W] % 2w
Acw AmAth o & B718e U B dAE EARYH AAGAAY, Lo}
Sobse mMABe 246 welAA Jdel B 44 RAE Ao E we ew
sl Ae FmA Aol 4% F4s) 8 Aol

P-cresol,Indole, Skatole, DMS,DMDS

0.8 ~ 0.72

Odour compound (concentration in
ppb)

P-Cresole

[27-15] 49 T A" A5 919 o4F J¢Fes Bl I 2=

[£-10] % 7bA goldt 7] Azdo] A Foldt {4 EALA o do] WEH
43 sgrEel BAo) U@ AEH £
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Summer Season | System type | Mean Median | Variance Std. Dev Min Max Range | Interquartile Range | Std. Error
AA (ppb)

NV 12.39 11.29 92.97 9.64 1.79 36.52 34.73 9.04 3.05

MV 53.22 33.36 2613.64 51.12 4.29 149.65 | 145.36 91.09 15.41
PA (ppb)

NV 4.28 3.94 9.98 3.16 0.16 11.01 10.85 4.69 1.00

MV 16.35 11.23 235.60 15.35 1.36 54.67 53.31 18.60 4.63
BA (ppb)

NV 2.93 2.91 3.01 1.74 0.57 5.32 4.75 3.33 0.55

MV 8.44 8.08 30.45 5.52 1.05 19.76 18.70 8.38 1.66
IBA ( ppb)

NV 0.31 0.10 0.16 0.40 0.00 1.11 1.11 0.71 0.13

MV 1.32 0.58 3.63 1.91 0.01 6.71 6.70 1.68 0.57
VA (ppb)

NV 0.88 0.57 1.15 1.07 0.08 3.70 3.62 6.32 0.34

MV 1.34 0.91 1.40 1.18 0.23 4.64 4.41 0.84 0.36
IVA ( ppb)

NV 0.84 0.67 0.37 0.61 0.22 1.91 1.69 0.96 0.19

MV 3.83 1.20 29.95 5.47 0.17 18.25 18.08 6.65 1.65
P-Cresol ( ppb)

NV 0.46 0.33 0.16 0.40 0.07 1.07 1.01 0.77 0.13

MV 0.72 0.72 0.07 0.27 0.21 1.10 0.89 0.37 0.08
Indole ( ppb)

NV 0.02 0.02 0.00 0.02 0.00 0.05 0.05 0.03 0.01

MV 0.04 0.03 0.00 0.03 0.00 0.10 0.10 0.08 0.01
Skatole ( ppb)

NV 0.00 0.00 0.00 0.01 0.00 0.02 0.02 0.00 0.00

MV 0.07 0.00 0.02 0.14 0.00 0.45 0.45 0.15 0.04
MM ( ppb)

NV 1.50 0.99 2.87 1.69 0.00 5.36 5.36 1.85 0.54

MV 2.01 1.73 1.07 1.03 0.87 4.57 3.70 1.43 0.31
DMS ( ppb)

NV 0.05 0.03 0.00 0.06 0.00 0.20 0.20 0.08 0.02

MV 0.22 0.12 0.04 0.21 0.00 0.60 0.60 0.40 0.06
A&d 59 HILEY
[E-1112 F Aol 23 &4 A W v7$ i B F5 Bolst V7§
Wy A wep A4dd zol(P <005 Bt F Ad T A5HdE &%,
AEE L FEEL BF HE ERFEAP< 006), o W ¥ BAdE #18
HASIANAA A= dF d E4S ST 28 HdE, 2 ASHd =

e 37 =

Variable Temperature, °C Relative humidity, % Air speed, m/s
Season*
Winter 19.6 (+ 5.6) 737 (= 19.5)7° 0.02 (= 0.02)
Summer 315 (£42)° 86.2 (£ 13.7)° 02 (£ 015"
P-value® <0.000 <0.012 <0.000
Both seasons* 239(x 7.7) 783 (+ 18.5) 0.09 (+0.13)

o a-b ol HAVE 2d Tdd AY W Ald He A2 gE2rp < 0.005).
o dolE= = 67HA el et 1270 4R A A s s " :SDE

epae

3 Holg & 7IX 1 it 3
Ho] ¥V £xE oEH 7|E&(P< 0.05)HET ¢ YgkEd, ol 7]
1S n 7] ot JFE Fuses A

oo omo NN
3
i
g3
o g
:(I)L_Al
2
o\

B9

Y
i
e
it

2 oy X
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Ats ),

PM25 % PMI1, 2 PM73 ##EiA, A2 PMe X 493 J&FS nHHP <
0.005). F AE FolA ofEHo= PMI0, ¥ TSP F=7F 7F sk=dl (P < 0.001
2 0.003) ol 37 F71E Ea AgFom ]  ugxE EAZYE A As7) 7
A2 9 47] "iEolth(E 14). Takai 52 o|9F FAMS AYE K8k =d(1998),
5L EA U 22X s ofF e vE Agel 9 Avke S #As)

[E-12] Aldol & a8l F A dAwke] 23 #A S4=A W gz &4 (PM)
94 FHuAdEe] Add Ht (£SD)

Item* ‘Winter Summer Both seasons P- value®

PM, ug/m*
PM10 598.89 (= 669.1)a 77.53 (£ 26.8)b 406.8 (+586.9) 0.001
PM 7 294.49 (+ 260.4)a 4828 (+ 20.7)b 203.78 (+ 238.5) 0.000
PM2.5 73.46 (£ 67.3)a 17.14 (= 8.2)b 5271 (= 60.0) 0.000
PM1 32.99 (£ 28.1)a 8.17 (= 4.7)b 23.85 (£25.4) 0.000
TSP 1446.48 (+1902.1)a 130.77 (= 59.0)b 961.75 (+ 1634.83) 0.003

Airborne microbe, log (cfu/m®)
TAB 4.12 (x0.30) 4.14 (+ 0.05) 4.13(£0.24) 0.678
TC 3.05 (0.90)a 3.87 (+0.53)b 3.35 (£ 0.87) 0.000
TE 2.50 (= 1.13)a 3.77 (= 0.30)b 2.97 (+ 1.10) 0.000

o ab ol A @

. dolEE @29 67

< A= g=2t(p < 0.005).
H A Aol AL HdF +SDE

kd re

SAEA W F REHuAEY Hy FEE ALHAdE 412 loglcfu/m?) o™
o] EH o= 4.14 log(cfu/m®) vt Kim %:— (2008)2 st=re] =AM = F FHrAE9
¥%[4.13 log(cfu/m®) 17} AT Ae LA AT. B AGodA sk
]ﬂ

ol AEe] A A 2 oA % 7}z 305 WA 3.87 log (cfu/m?) 2 2.05 A
377 log (cfw/m®el Wl AATh A7k, Al Al L PgTe sEE BF
ALHARGE &2 o ZoP < 0.05. Adol A At L e FXol
3 S "z o ®E YERGTHP < 0.05).
A4 =AU o4F ssE 2 A Jheo dHd FREE AE
4w, T2 oFF SFE F AL wE wErt 2 32 A9 A THP< 0.005).
DMS % DMDSY s% ¥H9E 77 A&ZHolE 818 ppb, 9JE & 0.14 ppb,
DMDSA 49 AZH= 028 ppbelAaL odFHel= 094 ppbelATh AE&H DMS
7 4EEEY ¥ Ut S EAE DMDSe e ASHERUE ofEH ¢
%%E}. ALHI B2 A4 oF 3¢E TES Ayrd, A& 0.01 & 0.03 pph,
27}HE2 0 & 0.04 ppb, &3l p-Z#E2 019 & 0.60 ppbo] A=A ZfolE H AT

2
i
1)

AEAIZd wet

e 2

o
=
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ol#l B 313E 2 A oFF FFES o3 A Ho] v S Muk ofel e
Fo odFH sRtEd YgIAE FHE e A 237 due AR
A ¥ 2 th(Schiffman %, 2001). 7FE =& ko p-Ag &S AL A dAE P
<0.05). I olfF= ALEFote] e 8ol {4 =A otx BtgtEo] w3k

2 [= S el 2

2
2 VFAY 5% WH9l= 22 AAd dielA = 68.53 & 33.78 ppb, PAC]
el Al = 29.36 & 10.60 ppb, i-BA®l th3lA+= 2.14 & 0.84 ppb, BA°l tjalA]+= 13.07
& 5.82 ppb, i-VA°l dis|A = 227 & 241 183 VA dsiA & 246 &1.12 ppb,
MMel tHafj A= 1847 & 1.77 ppb([FE-13D AT 3124 A Ak whad npe ofgfol A
d717 mA=ol HA TxE LAl W 2 AFEH. dHolH(GE 3)E BY, VFAY

ThEe e AdEvs o5 4de ¥ dne Ads f4A 2dg 5 v 2
olff= 7] H 2& WEd Aot ¥ 2 Ve ¢ B 4FHE SARNYH
AASAAR, ex7k FrksE vgEe] @yol molAA slFRL 7t
AnHor we 2% sAE AW Aol AEHE S/ A Aol
SAHEAGA o3 BatEel wrEsl WeE i F /A F2d olf7 AS Aol
ARz, Adutek &71&o] Aolsty] wEolth. AR, old 2Zox= A
A= Folaidlth H 7oAz, AAZE ARk 63 WA 95 %E A= F5H]
Ao 2tz F4 Al 9 Aol Fadth

[£-13] Adl W2 s F A Aol A3 A §4 B4 W &4 sk 2 o

stet=o] AldA Hit (£SD)

Parameters* ‘Winter Summer Both seasons P- value'

Green house gas

CO ; (ppm) 2463.88 (+1373.3) 1242.61 (+420.6) 2013.95 (+ 1263.04) 0.000

Odorant

NH 3(ppm) 27.85(+ 23.1) 14.89 (= 12.05) 406.8 (+586.9) 0.021

H ,S (ppm) 0.38 (= 0.40) 0.41 (= 0.45) 203.78 (+ 238.5) 0.794

DMS (ppb) 8.81 (+22.52) 0.14 (+0.17) 5.62 (£18.30) 0.084

DMDS (ppb) 0.28 (+0.83) 0.94 (+1.55) 0.70 (+1.36) 0.078

Skatole (ppb) 0.00 0.04 £(0.11) 0.01 (£0.07) 0.032

Indole (ppb) 0.01 (£0.03) 0.03 (+0.03) 0.02 (+0.03) 0.009

P-cresol (ppb) 0.19 (£0.31) 0.60 +0.36 0.34 (£38) 0.000

AA (ppb) 68.53 (+77.89) 33.78 (+42.25) 55.73 (+68.67) 0.065

PA (ppb) 29.36 (£40.31) 10.60 (+12.67) 2245 (£34) 0.043

IBA (ppb) 2.14 (£2.74) 0.84 (£1.47) 1.66 (+£2.42) 0.049

BA (ppb) 13.07 (+19.08) 5.82 (£4.95) 10.40 (+15.77) 0.094

IVA (ppb) 2.27 (£2.89) 241 (£4.18) 232 (£3.39) 0.887

VA (ppb) 246 (+£4.16) 112 (£1.13) 1.97 (£3.42) 0.155

MM (ppb) 18.47 (+25.83) 1.77 (£1.38) 12.32 (£21.99) 0.005

o Aol ARV 24 FUH AY W Ad TS AE g2t (p < 0.005).

o FHAEA HolHE A7 67 =ol AAFE 1271 FHH HA TFY e BT
+SDE YEdT

[E-14]= v71$ 9 o SFFE9 JadA

FE Yo} Abole

Abele A= A

HolFoYh &

A J S HoFEt o5 s
= FAAQA AHRAAZE HAEHASHEP < 0.01) =% B IR
o AFIAZE A AT AR, Kim 5(2005)2 W
Yol 9 2% Alolox]  FAHAA AHAAE HHA
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Kendall®] tau-b

Kendall's tau-b

Green house gas

COo2

721

0.07
0.08

0.19
0.07
0.09

0.17

-.433

-.240°

Odorant

H2S

0.20
0.30
0.13

292
-0.33
0.05

-0.06

-0.08
-0.03

NH3

.340

0.17
0.01

.480

-0.12
224"

0.09

-0.14
-0.15

DMDS

.281
0.00
-0.01

0.01
0.01
-0.05

.363

-0.17
-0.02

DMS

0.16
0.18
-.257,

-0.18
-0.09
-.286"

.330

-0.11
-2717"

MM

.393

-0.11
0.01

-0.02
0.18
-0.04

0.24

-0.20
-0.10

0.02
-0.22
.256

-0.14
0.21
0.16

0.01

-0.03
303"

P-cresol | Indole

0.25
-0.12
412

-0.10
0.15
0.11

0.22

-0.17
407"

VA

0.09
-0.11
0.12

-0.16
0.24
-0.06

0.01

-0.14
0.08

IVA

0.13
0.14
0.13

-.311

-0.05
-221°

-0.08

-0.11
0.01

BA

0.14
0.08
0.10

-.236
0.03
-0.15

0.03

0.00
0.03

IBA

0.03
0.22
-0.02

-0.21
-0.14
-.193°

-0.07

-0.04
-0.10

PA

0.10
0.19
0.02

-.260
-0.08
-.214

-0.02

-0.08
-0.08

AA

0.08

0.15
-0.03

=311

-0.05
-.264"

-0.06

-0.10
-0.14

Parameters

Temperature

Winter

Summer

Both seasons

Relative humidity

Winter

Summer

Both seasons

Air speed

Winter

Summer

Both seasons

*P< 0.05 (2-tailed);**p<0.01 (2-tailed)
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Zo] BF+ 2,140mm(L) x 2,050mm(H) x 2400mm(W)Z=A WjF-ol= 2719
150mm A (% HLME)  cellulosic pad (B, C)& Ango] <}tk =A}
H 7] - (800mm) ol A 2050mme] BF o= #) 7] -f-&(RE))e] SAEHA Tdoz JFTH=
71525 pad AWl Fo] wulE & Qs [H-2]8F o] AAg t3me] thE

plastic plateE A& th. D900mm w712 370 & C39] HAoNA (L) ==

AABEA T =AM A g oFF | S bR Yo}, $ste4 MM, Indole, Skatol, VFA
(Volatile  Fatty Acid) % Wx| Fo| 37| et F&x2=2 C2, C3¢ BFY

ojste] AFEEE o 9t

|' '| Lateral View (EHE) Unit : mm
'nl\\ ¥=2050mm .' | f.l'l | —-— !
X=2140mm |~/ | A |
N\ / 620 620 90p
= |.r“| - L
~ - | T~
=A o [~ #§7/2(10,000CMH)
__ 3 B > s
800 :
Hi 7| 5 2050
_f_ 3 5 firk
600 =
Y | I\ N
A 4 "._ ". i
oz peeED e e
‘ X A=3mm; B=150mm; C=150mm; D=50mm
[1¥]-1] BF 37|25 % 2 Ad

- 223 -



2400mm
17 Row .200: .
2™ Row
- i
~~Sandwich Panel
1% Row|: md?/4x27eax20row=1.06m?
2" Row: mtd?/4x26eax19row=0.97m?
2050mm
[29-2] BF A&
[ ]

o] FaFE L A

At vpe} o] [y -2l F&5
26717}

A Al vl = o} 393 C

;oo
e
T Wk

. L]
\ e ™ ety | o S |
| - At ' o
\ -'\|“t‘.\‘.\i‘. A, |
| A RORE
| O :"\‘\ I"
\ e . '.
| 1
\ \ \
\ \
| \ \
II II
II' | I'|
] 5 I|
\ \
\ \
1
\ =
1 o
| ..
II
\
I|
\
II
\
\
\

224

Hl panel>= D50mm A -z-o] A o 2771, =4 3
2 HFHo]



1o, 3, 5 992 porous media =

Wel Adgde AE TS

|

3

BFe X-Y

=
=

715 & steady-state, non-buoyant flow

Ho

BE7}F §lth¥ air jete

o

-5] &7]

L
sy
Fls

5%l air jet

gy [19-4] F7]% % vector &

, [1§

hyA
-

el

/\O]—

Hom meldy 459
[291-2]¢] U} plastic plate

18 air jet TA1=9

S

of

7l

s

A4 %

o

3

‘CH

i

b=
4r
of

g
v

g

X

™

17

=

o &wrt EAR

7

A

Ho
&

)

B
)
—_—

fite)

o

]3]

miEo =z o

23}7)

]

(e]

_r{ﬂ‘

ujj 7]

Fol C3W &4

5|

-
T

o]

71 4l

Bt

=

als

]

547

- 225 -



Velocity, m/s

bR 7|

.165279%
. 843103
.520926
.198750
.B76574
.554398
L232222
. 910045

.587869 =%

.265693

. 943517

.621341

.2599164

. 876888

.654812

(== = = R T PR TR R

.010459

.332636 [

Plastic HZplate

[1¥-4] BFe] &37]f&

Velocity, m/s

5.165279
.B43103
.520926
.158750
.B76574
.554398
.232222
.910045
.587869
.265653
. 943517
.621341
.259164
.976988
.654812
.332636
.0104558
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Range | Std. Error
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Parameter
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0.60
0.50
0.40
0.30

Air Velocity (m/s)

0.20
0.10

0.00
0O 1 7 14 21 25 3% 42 49 56 63 T0 7T ¥ 91

Days

Y 16, Al A dold EEFE Aol wE Fu el U EE
A2 10 FHol BTG FTNA O ERLS Hel FEu, o) viol o A
Wl B2 58 50 A Pk ke A% vehath Af 2 A= AL g
0 FHo| 47 W 7] 5E WEL mo F7 AAW, AWAd 5§ nEe

Farut,
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Parameter Day ™ Mlean Median Wariance Devs::tlnn Ihe¥imi o Pl s wnn Range Std. Error
o 3 o o 0 o i] o o o

1 3 68.7 709 z24.8 5.0 63.0 72.1 a2 z.9

T 3 F2T F4.2 26.2 5.1 67.0 76.9 9.9 3.0

14 3 72.4 73.4 z3.9 4.9 67.1 76.7 9.6 z.8

z1 3 74.2 F4.4 27.2 5.2 68.9 79.3 10.4 3.0

28 3 51.9 72.9 1651.4 406 5.1 TT7 F2T 23.5

35 5 74.8 Ta.6 23.0 4.8 70.1 797 9.6 z.8

F“:;:;'é 4z 3 73.5 74.4 731 4.8 68.4 77.8 a.5 7.8
49 £l 76.8 74.9 29,7 5.8 726 83.0 10.4 a1

565 3 TA.S F2.0 39.4 6.3 69.9 B81.7 11.7 3.5

63 3 74.9 73.4 70.6 8.4 67.4 84.0 16.6 4.9

70 3 73.0 73.0 121.0 11.0 62.0 84.0 22.0 6.4

F7 3 44.9 38.4 333.4 18.3 30.9 65.6 34.7 10.5

a4 3 74.9 73.4 70.6 a.4 67.4 84.0 16.6 4.9

91 3 ‘B4.0 835 17.8 4.z ‘80,0 a8.4 B4 2.4

« e = o] @9l = Pa(pascal) 9.

ot
Phillips,1991) Wi, A&, 9% d Atg fxel7] g q 5
] %*3—8}924@}111 %—; 2000). A °FF = FgES gy
PAEe 93 &AM Day 55 1965). A A #HEE o °}
grEuyel  (NHy), 324 AWaE (VFAS), WIS =

33t = o] A tHCaiet.al 2006). ©]2 3 EE2A(COYE T8 24 7t T 3UEA, 55
AN FE SF FAER ST mAdEdd o8] 2 Aol mAEEC]
71dE FaA 7 2L B3 ojitEtE AR Ao

°]
FEYck A1y 1®E el FEsh EFnd AT H Edse 1ol
FEd(19 18), ol Rkl Falvh uhole WEl A2% Wl A BARHE AL

eb,
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I 164 mlel 2 FH E9 Al 7hA] et miFE AH(IY Dol mE

Parameter Day M Mean Median Variance gl Minimum | Masimum Range | Std. Error

I T e e I [ I e
| e s | =zer 233 | 100 5.00

x oFR o}l (NH3) = ¢tRUole] w9l ppm(100% & F2E 10 94,
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—8—Inlat

== fiddle
14 == Cutlet
12
= 10
€
=
E=
2 6
=
< 4
.2
(1]

0 1 7T 14 21 28 35 42 49 56 63 TO 7T &4 91
Days

a9 166 Hpole Y kFo] A 7FA Foldt xEFE A (ZE 7l

E 4 A8 A0 @, F9 87 0 gl shzel uig A 24,

Parameter Day ™~ Mean Median Variance De:it:t-bn M imum Rasdmum Range Std. E
0 ] o o o o o o o 0
1 3 9.56 X 4.70 2,17 7.33 11.67 4.33 iz
7 3 4.39 433 0.56 0.75 3.67 5.17 1.50 0.4
14 3 5.56 5.00 0.83 0.96 5.00 6.67 1.67 0.t
21 3 2,06 2,00 0,34 0.59 1.50 2.67 1,17 0.3
28 3 1.50 1.33 0.19 0.44 1.17 2.00 0.83 0.2
35 2 .39 433 0,34 ‘0.59 3.83 5.00 1.17 o:
S 42 3 3.00 .00 0.69 0.83 2.17 3.83 1.67 0.¢
as 3 3.39 317 D.29 0.54 3.00 4.00 1.00 0%
56 3 3.33 3.00 2.33 1.53 2.00 5.00 3.00 0.t
63 3 1.67 Z,00 0.33 0.58 1.00 2.00 1.00 0.5
70 3 1.67 2.00 0.33 0.58 1.00 2.00 1.00 0.
77 3 2,67 2.00 4.33 2.08 1.00 5.00 4,00 1.2
84 3 2.67 2.00 4.33 2.08 1.00 5.00 4.00 15
91 3 2.67 2.00 4.33 2,08 1.00 5.00 4.00 15

« ot yol (NHs) = ¢uole]l ©r9jE= ppm(100% & F=E | 1099,

SR AMAE (VFAS): 2917 2008 24 527 2700 Q764 o 5982
wol Fid] ot 2] Halsl vele W Azw WA, 598 FoAA Hak

o A TE AL e

Z A acetic acid): AHEA Sl wlo]o HEH U e %

A= AzZre] FUIEhH kel TRELE FUFSIUE AS Hol Fuh ol nAE
=
[e)

o] ofn] WAYE AL oush ARHow, XAl
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—8—[nlet

—a—Middle

100

50

Acetic acid (ppbv)
2

0 1 7 14 21 28 35 42 49 56 63 70 77 84 91
Days

= = =1 T 3%
T x4t Ui =31
¢} H A Z = 5 Z A S H X
¥ 5 A BEAo 7)1 x3% =9 34 U XAt g A4 24
Parameter Day ™~ Pean nedian Variance De:itadtion PN mum Naddmum Range std. Erfor

o 3 o o a a o o o a

1 3 10.3 10.2 0.0 0.2 102 10.5 0.3 0.1
7 3 226 219 B83.4 9.1 13.9 31 18.2 58

14 3 19.3 20.0 101.1 10.1 9.0 29.1 20.1 5.6

Z1 3 24.5 23.6 102.7 10,1 14,8 35.0 20.2 5.8

28 3 17.1 16.0 95.7 9.8 8.0 27.4 18.5 5.6
35 3 14.9 179 78.0 8.8 5.0 21.9 16.9 L5

Acetic acid®

PP 42 3 14.7 15.0 49.3 7.0 7.5 216 14.0 4.1
a9 3 15.6 14.6 57.4 7.6 8.6 23.7 15.0 a.4

56 3 14.8 13.8 50.2 73 6.2 22.3 14.1 4.1
63 3 12.7 11.8 95.0 9.7 3.5 22.9 19.4 5.6
70 3 59.6 83.7 2087.6 a5.8 .8 BE.3 81.5 26.4
T 3 B2.4 83.7 2366.5 48.6 6.8 96.8 90,1 281
84 3 55.8 63.8 2075.5 456 6.8 96.8 90,1 26,3
g1 3 34.1 ‘34.4 886.8 298 4.2 63.8 59.6 172

#22F (AA) = 24e] &= ppbv(A A 715, 109 2 =2E)<).

Z2y2db Ay 22w A9 AnkRor ZEs2dt wE7F SRt
Aol | Emdthe s Hol Eoh gy wds Ao A £ ouiA 4
Abolell Al Zuike]l Adke]l ¥ okt oA ofF ue Sg=el 27t vhele
A Al2E golA A UERY T oA A S TRyt v
dastsdl, ozl ZRyibs FET Aol v wAdEe] 7 WA Hia
drel ofm EAs AN =7 TV & ZRIAAY RS FaAT= b

- 233 -



= O =
dzdgrke AL vl
= [ rilet
35 == {iddle
—8—(utlet
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E 25
i
-
o 20
&
=
g 15
&
& 10
0 1 7 14 21 28 35 42 49 56 63 70 77 84 91
Days
2% 170 vio] @ HE QFE] Al 7HA Aeldt EFF AF(2E 7)ol
g W L2y 2qkel] i =3
=) > 5 = 5 T2y S =
X 60 A A 7z 7 34 U Z23 4k dig FAA 4.
Parameter Day L] Plean median Wariance Devs-it:t‘hn i i Pl 3d Range Std. Error
o 3 o o o o o a o o
1 3 3.40 3.33 0.12 0,34 3.09 3.77 0.67 0.20
7 3 21.18 23.63 25.12 ‘5.01 15.41 24.49 9.08 z.89
14 3 20.37 18.81 78.45 8.86 12.39 29.90 17.51 5.11
2 3 15.13 18.80 55.15 7.43 5.58 20.01 13.42 4.29
28 3 23.91 22.59 6.51 2.55 22.29 26.85 4.56 1.47
35 3 23.91 232.59 6.51 2.55 22.29 26.85 4.56 1.47
Lt 4z 3 11.22 12.80 10.31 3.21 7.53 13.34 s5.81 1.85
a9 3 10.61 11.36 21.64 4,65 5.63 14.85 9.21 2.69
56 3 13.81 13.83 32.51 5.70 8.10 19.50 11.40 3.29
63 3 19.56 19.03 65.34 8.08 11,75 27.90 16.14 4.67
70 3 11.58 8.22 137.93 11.74 1.88 24.64 22.76 6.78
77 5 8.99 1.56 183.87 13.56 0.76 24.64 23.88 7.83
84 3 5.77 1.56 63.82 7.99 0.76 14.98 14.22 4.61
91 3 2,04 11.19 52,60 725 0.95 14.98 14.02 4.19

22 24 (PA) = TReite] B9l ppbv(AY 71F, 109 & 2E)e.

AwrA el vlolo WME S A A% ;60 ek i, o] AR Azbe] Zbaw
maweste] BEsh Aadts AL nel o oAL AR Bl o)
BAYSS @) o] Anw, muw e FE7 T oAd BE Fol padd
Ja-REZ A Avad 20 Ade AwnFeAq oli FEEA R
Frnds doA o Bt A wel Fuh ey WAE 479 NG F
WA WE Aol A o] n-YEl=ale]l Aol B ¥k olAe o Ui HiEe
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a7l wlole HEl Alzwl el WSS etk ¥ owal ZE 5ol
o] h-HEIEA FETL gadtltdl, ol ola-FEEAL &3 Al e
nAgEel 7 WAl AL dEd oln EAE UM ET TV F ZRI 4
PEE g2 d dzaite A ovar.

—&—Inlet
3 —&—Middle
== Ot
-
£ 6
=9
=
-
=2
MR
2 3
=
5 2
=
1
0
0 1 7 4 21 23 35 42 4% 36 63 0 77 84 9]
Days
9 172 ¥lel Q. BE FEFo] Al 71A] Aoldt B FE A H (2" 7Dl
e 9 oola-RE 2t Ya w3
E 70 A A 7z 7 8 U o] A-FE 24k tig FAA A
Parameter Day L] Mlean hrtedian wariance Dej::t‘ion htiminmum Mz sdmum Range Std. Error
o 3 o o o o o a o o
i 3 .15 0.15 0.00 0.02 0.13 a.17 0.04 o.01
7 3 1.06 1.06 0.01 0.08 0.98 1.14 017 0.05
14 3 1.67 1.55 0.26 0.51 1.23 223 1.00 0.30
1 3 1.39 1.39 0.00 D07 1.32 1.486 0.14 0.04
28 3 1.28 1.50 0.20 0.45 0.76 1.58 0.82 0.26
3as 3 4,10 3.56 4.54 2As 2.26 5.47 £.721 1.24
m 4z 3 1.01 0.80 0.29 0.53 0.561 1.62 1.01 0.31
49 3 2.78 1.50 6.16 2.48 1.19 5.64 4.45 1.43
56 3 1.13 1.09 0.01 0.09 1.06 1.23 0.7 0.05
63 3 2.96 2.70 6.51 2:55 0.56 5.64 5.08 1.47
70 3 0.50 0.50 0.00 0.05 .44 0.55 0.10 0.03
7T 3 1.77 0.55 4.87 2.21 0.46 4.32 3.87 137
84 3 3.97 4.32 11.23 3.35 0.46 F.13 &6.67 1.9
91 3 .48 171 10.01 316 1.59 7.13 5.54 1.83

xo] 2-HE| 2 2Hi-BA) = o] 2-FE|Z 2be] @l ppbv(AH 71E, 109 G H2E)

o Aol vlele Wele] AW g5 E 7ol vhsh Qv o] A= A7kl FrEhE
olA-FE| 2] FEVF Fadte e Hol Frh o RE mAE EAo] o]
WAHSS oAt o Az, ok -RE2ie] s ¥ WA "E Fo
daEdn 2y HF T FolAs AUt ol Aot AHow viH At



weba ol - FE2Ae] 9] nih § & AUE oW § Be Fo APES
BAFol & HolthAAL 13 A%HTh.

+ REEA AvHY 260 A¥e AR RE2Al Rk ucs el
O =gts 3e Ho v 28y vAE AFe] AR 7 oHAl ZE AR o A
we =] gatel o gk olAe oA U st Bk ol BE A4
oA A PSS YERHT

—8= nlet
=i Middle
40 =@ Dutlel
15
z 30
£
- 25
=
g 0
=2
E 15
8 10
5
0
0 1 7 14 21 28 35 42 49 5 63 70 77 84 91
Days
H 174 vlolQ I FEFo] Al 7HA] Aolgt xR FE A M (™ 7l

¥ 8 dd Ao 7|3 S 8 Ul FE =R did A4 =4,

FParameter Day ™~ Mean median W riance :t:‘;wun PAinimUm Miasdimum Range Std. Error
o 3 a a ] o o a o o
3 3.77 3.74 0.00 0.07 3.72 3.85 0.13 0.04
7 3 12.97 13.11 12,07 547 9.42 16.36 5.94 z.01
14 3 11.01 12.04 7.62 2.76 7.88 13.10 5.22 1.59
21 3 11.52 11,23 9.87 ‘3.14 8.53 14.79 6.26 1.81
28 3 a.53 B8.96 5.71 2.39 748 12.15 4.68 1.98
35 3 8,49 9,66 4.62 245 6.01 9.80 3.79 1.24
B"?"m‘,‘m‘“" a2z 3 8.43 7.13 16.39 4.05 5.18 12.96 7.78 2.34
a9 3 7.60 6.36 19.65 4.43 3.92 12.52 B.60 2.56
56 3 10.92 11.20 15,01 3.87 6.91 14.65 7.73 2.24
63 3 5.04 4.23 -22.86 4,78 0.71 10,17 9,46 2.76
70 3 1.21 1.47 0.27 0.52 0.61 1.54 0.94 0.30
FF 3 1.28 12T 0.03 0.18 1.10 1.47 0.37 0.11
84 3 12.19 1.27 363.13 19.06 1.10 34.19 33,09 11,00
‘91 3 16.55 7.83 233,34 15.28 7.64 34.19 26.55 8.82

#PEZAHBA) = FEZ Abe] B8l ppbv(A 4 71E, 109 @ whEE)e).

o F oA WE Fol RE2A BEst 22

rlr

g, o]2e RE2S B8 Aol
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Parameter Day ™ Miean e dian Wariance De:;:t‘hn Pinimum N dmum Range Std. Error
0 3 o 0 o 0 o 0 o 1}
1 3 0.32 0,34 0.00 0.04 0.28 0.36 0.08 0.02
7 a 1.54 1,50 0.21 0,46 1.10 2.01 0.92 0.27
14 3 1.98 2.04 0.03 0.17 1.79 2.12 0,33 0.10
2 E} 1.80 2,03 0.18 0.44 1.29 2.08 0.78 0.25
28 3 2.48 Z.44 0.14 0:38 2.13 2.88 0.75 0.22
35 3 2.35 226 0.83 0.91 1.49 3.31 1.82 0.53
r;m 42 3 1.98 1.61 0.94 0.97 1.25 3.08 1.83 0.56
49 3 3.14 317 247 1.47 1.65 4,58 2.95 0.85
56 3 1.64 1,74 0.05 0.22 1.39 1.79 0,40 0.13
63 -3 FRE S 112 0.08 0.29 0.91 1.48 0.57 0.17
70 3 2.45 2.51 0.30 0.55 1.88 2.97 1.00 0.32
77 3 1.50 1.37 0.11 0.33 1.27 1.88 0.61 0.19
84 3 3.74 1.37 17.68 4.20 1.27 8.60 7.33 2.43
91 3 4.14 2,06 14.95 3.87 1.75 8.60 6.84 2.23

%0 - ZAHG-VA) = o] A4 %3] &9+ ppbv(A 4 71, 109 & 2 E)Q.
e Volatic acid: ZzH(29 30 Ade AukRola A Z4t
PTolA o E=dtheE AL Hol Foh ey mAE o] A
kel = WA HE Alolol A O =Skl o] AL oFF = shetEe] 3
4y A" oA 2SS vepdoh 7 ARy Fof
S = T

A oﬂli];ﬂ’ o];ﬂ% 4 =4S 383k iﬂ%]o] 0]

=f—=[nlet
—a—diddle
18 s Ohutlet
16
= 14
Z 12
=
‘s 10
=]
2 g
2 6
3
4
2
]
0 1 7 14 21 28 35 42 49 56 663 T0 77 & 91
Days
a9 178 vlo] & HH Fo] Al 7HA] Aoldt REFE A (a"E Nl e
FW 74 2200 W9 =%
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100 9 Ao 7z FH 34 U 2 24k gk SAA 4.
Parameter Day L] Mean Median Wariance De:::t‘hn MV v Pasdmum Range Std. Error
(1] 3 o o o o o a o o
1 3 0.01 0.01 0.00 0.01 0.00 0.02 0.02 0.01
e a 218 2,21 0.34 0.59 1.58 TS 117 0.34
14 = 1.67 1.58 0.26 0.51 1.21 2.21 1.00 0.29
21 3 2.02 1.99 0.12 - 0.35 1.68 2.38 ‘0.70 0.20
z8 3 2.06 1.86 0.36 0.60 1.58 2.73 1.15 0.35
35 5 2.45 - 1.85 3.92 1.98 0.85 4.67 .82 1.14
V“‘*‘-""_‘" 4z 3 2.62 1.74 3.69 1.92 1.z9 4.82 3.53 1.11
a9 3 4.50 5.10 3.89 1.97 229 5.10 3.81 1.14
56 3 1.62 1.61 0.45 0.67 0.95 2.29 1.54 0.39
63 i SERT 2.08 3.78 1.94 202 5.32 B.37 1.12
70 3 1.58 1.14 0.74 0.86 1.03 2.57 1.54 0.50
7T 3 2.00 2.32 0.57 0.75 1.14 2.54 1.40 0.44
B4 3 7.08 2.54 65,01 B8.06 z.92 165.40 14,07 4.56
a1 3 10.30 10.82 40,58 6.37 .69 16.40° 1271 3.68
«7 ZAHVA) = 24 249 ©9l= ppbv(AIZ 7], 109 3 H=2E)9]
Aol wole Welel D e & 100] e} gli=vl, o] Ak Agbe] 713
A A sEUF AT e Kol Frh oA HAE &A4o] on S
Sju gy, ol AT, A 2o HEIL F oAA B Fol gaEAh 2y A%
> e}
Foll A= A7t olde] Ayl dAAoR wE ATt webA] A ko] A go K
o Fe A9E dodd o B Fo ARES BAFl & Ao AR L oA

o}
Ae gE: P-AdE AW RE AP ANRA padE FE
SRtk gTold o Fds A4S wel Fuh

—a—[nlet
- —a—Middle
' o 1111 [
&
5
=]
§ 4
g
2

0 1 7 14 21 28 35 42 49 56 63 70 77 B84 9]
Days
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Std. Error
0.01
0.02
0.02
0.02
0.02
LE 5
0.03
0.21
0.01
1.66
1.63
0.44
0.35
0.66

Range
0.02
0.05
0.08
0.06
0.06
0.53
0.10
0.72
0.04
5.00
5.39
1.38
1.10

2.26

0.03
0.11
B.13
0.11
0.0
0.58
0.11
0.88
0.06
5.16
5.80
1.61
1.33
2.81

Nasdmum

A imwm
0.01
0.06
0.06
0.05
0.00
0.06
0.02
0.17
0.02
0.16
0.41
0.23
0.23
0:55

(2™ 7).

1

9
pul

S‘ld,_
Deviation
0.01
0.03
0.04
0.03
0.03
0.30
0.05
0.36
0.02
2.88
2.83
0.76
0.&80
115
xp-ZHE = p-Z & TE ppbv(A A 71E, 109

o))

o
=

al

A

0.00
0.00
0.00
0.00
0.00
0.09
0.00
0.13
0.00
B.30
B.00
0.58
0.36
1.31

Variance

oh=

AN

fes ]

Median
0.03
0.07
0.07
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0.07
0.03
0,44
0.03
0.18
1.61
0.36
0.36
1.33

Hl dzxs}

Mean
0.02
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0.09
0.08
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= 20
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0 1 7 14 21 2B 35 42 49 56 63 70 77 84 91
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T 182 vlol e WE AFe Al JEA eld mEFE ALY Dl wh
T WMERE wesd fd =%
E 120 g B 71 2% 7 8 o =23 EE ek g $AA A
Parameter Dray L] Mean Median Wariance De::ﬂdthn MV o i3 sdmum Range Std. Error
[1] 3 o o o o o i} o o
1 3 1.05 1.06 0.00 0.04 1.00 1.08 0.08 0.02
7 a 13.00 11.70 20,08 4,468 9.32 17.939 B.67 z.59
14 3 13.10 15.21 0.92 0.96 12.08 13.99 1.91 0.55
21 3 12.45 10,39 18,75 4.33 9.54 1743 7.89 2.50
z8 3 11.10 9.62 14.87 3.86 8.21 15.48 7.27 2.23
_ 35 3 10.55 10.63 1.43 1.19 ‘9.32 11.70 z.38 0.59
M ercaptan
mefcﬁa_'rh;_l*( 4z 3 a.84 B.66 32.84 5.73 4.80 16.07 11.28 3.31
a9 3 6.51 B.60 15.90 3.99 z.48 1046 7.97 Z.30
56 3 13.50 13.21 11,22 3.35 10.31 15.99 6.68 1.93
63 3 13.50° 13.21 11.22 3.35 10.31 16.99 6.68 1.93
70 £ 2.36 0.00 16.76 4.09 0.00 7.09 7.09 2.36
7T 3 .73 0.00 179.47 13.40 0.00 Z3.20 23.20 T.73
84 3 7.73 0.00 179.47 13.40 0.00 23.20 23,20 7.73
91 a 773 0.00 179.47 13.40 ‘0.00 23.200 23.20 7.73

sl 2ghek Ehe = WlEgher Mege] wel ppbv(AA 71E, 109 % H2E)Q).
. olBEA (COp: BIY 3= AP AAE

FTollA o =g s Bl Fu
7 Aadded, ol A2 olitstdAas 28
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BE AT W AssAE g gue 9Y AFl B EA 36,
HPC #jAE RE #71 9% #2e 430 223 2 9% 2428 AFsA
v

W% frlgga gEUcl 4H7b 27kA BAelA dwd 5 92Otk (Kirchman,
1994), o1l Folol i@ shite] bsd AR GANRE FH §E Ak HFR

o BH(RAL) o3 F8Y 7} 9l
] % b ARA A= 2004
& wolzeh ol At

Day of sampling | Place Mean Median | Variance | Std.Dev | Min. | Max. Range [ Std.E

0 | cellulosepad 1 1.63E+04 LE3E+D4 | 4S0E+04 | 2.12E:00 | 161E:04 | 1.64E+D4 3.00E+402 |  150E+02

Cellulose pad 2 2.70E+03 2708403 | 2008404 | 141E+02 | 2.60E+03 | 2.80E+03 | 2.00E+02 | LOOE+02

1 \ Cellulose pad 1 2.48E+04 2.44F+08 ] 1256:05 | 354F:02 | 241F+04 | 246F:04 | S500£#02 | 2506402

Cellulose pad 2 2.43E+04 2.43E+04 1.80E+05 424E+02 | 240E+04 | 246F+04 | 6.00E+02 3.00E+02

7 | Cellulose pad 1 2.56E+04 256E¢04 | S.00E:05 | 7O7E:02 | 251E+04 | 261E:04 | LOOE+03 | 5.00E+02

Cellulose pad 2 2.53E+04 2.53E+04 1.B0E+05 | 4.24E:02 | 250E+04 | 2.56F+04 | 6.00E+02 3.00E+02

14 | Cellulose pad 1 263E+04 263E:04 | 450E:04 | 2026402 | 261E+04 | 264E+04 | 300E:02 | LSDE#02

Cellulose pad 2 261E+04 261E+04 | 2005404 | 141E+02 | 260F+04 | 2.62E+04 | 2.00F+02 |  LOOE+02

21 | Cellulose pad 1 2726404 2726:08 | 2005404 | 141E:02 | 271F:04 | 2736404 | 200E402 | 1.0DE+02

| Cellulose pad 2 2.75E+04 275E+04 | 2.00E+04 L41E+02 | 274E+04 | 2.76E+04 | 2.00E+02 1.00E+02

28 | Cellulosepad1 | 2.80E+04 280F+04 | 2.00E=D4 | 141F+02 | 2.79F+04 | 281F+04 | 200E+02 | 1.00E+02

Cellulose pad 2 2.84E+04 2.84F+04 1.25E+05 3546402 | 2.81E+04 | 2.B6F+04 | 5.00E+02 2.50E+02

35 | Cellulose pad 1 2.70E+04 270E:04 | 2006204 | 141E+02 | 2.69E+04 | 271E+04 | 200E402 |  LOOE+02

Hetsrottanhic Cellulose pad 2 2.73E+04 273E+04 | A450E+04 | 212E+02 | 271F+04 | 274E+04 | 3.00E+02 |  150E+02
Bacteria b | Cellulose pad 1 2726404 272E+04 | 3.92E:06 | 198E+0D3 | 2.5BE+04 | 2B6ED4 | 2.80E+03 1.40E+03
Plate Counts Cellulose pad 2 2.71E+04 271E+04 | 5.00E+03 TO7E0L | 270E+04 | 271E+04 | 1.00E+02 5.00E+01
(CFU/ml) 49 | Celllosepadl | 2.65E+04 265E+04 | 245E:05 | AO5E02 | 2.61F+04 | 268E04 | 7.00EF02 | 3.50E:D2
Cellulose pad 2 2.62E+04 262E+04 | 450E+04 | 2126402 | 260E+04 | 2.63E+04 | 3.00E+02 1.50E+02

56 | Cellulosepad 1 2.68E+04 268104 | 125605 | 3.54E:02 | 2656+04 | 270E:04 | 5.00E:02 |  2.50E+02

Cellulose pad 2 2.85E+04 285E+04 | A4.05E+05 6.36E+02 | 2.80F+04 | 2.89F+04 | 9.00F+02 | 4.50E+02

63 | Cellulosepadl | 2.78E+04 278E+04 | L2BEs06 | 143603 | 270E+04 | 2B6E:04 | 1606403 | BOOE:D2

Cellulose pad 2 2.85E+04 285E+04 | 2.00E+04 1A1E+02 | 2.84E+04 | 2B6E+04 | 2.00E+02 1.00E+02

70 | Cellulose pad 1 2.76E+04 276E+04 | 500F:05 | 707E+02 | 271F+04 | 281F:04 | L00E:03 | 5.00E+02

Cellulose pad 2 2.87E+04 287E+04 | B.O00E+04 | 2.83E+02 | 2.85E+04 | 2.B9F+04 | 4.00E+02 2.00E+02

77 | Cellulose pad 1 2.33E+04 283604 | LB0E+0S | A24E+02 | 280F+04 | 286E+04 | 6.00E02 | 3.00E+02

Cellulose pad 2 2.85E+04 285E+04 | 2.00E+04 | 1.41E+02 | 2.84F+04 | 2.86E+04 | 2.00F+02 |  LOOE+02

84 \ Cellulose pad 1 2.76E+04 2.76E+04 ] 5.00€+05 \ 7.07E+02 \ 2.71E+04 \ 2.81E+04 1.00£+03 | 5,00E+02

Cellulose pad 2 2.85E+04 285E:04 | 2.00E+04 1A1E+02 | 2.84E+04 | 2.B6EH04 | 2.00E+02 1.00E+02

91 | Cellulose pad 1 2.83E+04 283E+04 | 1BOE:05 | 424E+D2 | 2.80E+04 | 2.B6E+D4 6.00E402 |  3.00E+02

Cellulose pad 2 2.87E+04 287E+04 | B.O00E+04 | 283E+02 | 2.85E+04 | 2.89E+04 | 4.00E+02 2.00E+02

E 4= ANAA veledH Y 45e MY WA melEth oy Az Al
b W bsd 719% AT FEE FhatHE A4S tehith ol A E
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Day of sampling Place | Mean Median | Variance Std. Dev Min. Max. Range Std. E
0 I Cellilose padl | 0.00E+00 I 0.00E+00 I 0.00E+00 0.00E+00 0.00E+00 0.00E-+00 0_00E-+00 0.00E+00
Cellulose pad 2 1.40E+03 1.40E+03 5.00E+01 T7.07E+D0 1.39E+03 1 40E+03 1.00E+01 5_00E+00
1 I Cellulose pad 1 | 1.63E+03 | 1.63E+03 | T7.20E+03 8 49E+01 1.57E+03 1.69E+03 1.20E+02 6.00E+01
Celulose pad 2 3.03E+03 3.03E+03 5.00E+01 T7.07E+00 3.02E+03 3.03E+03 1.00E+01 5.00E+00
7 | Cellulose pad 1 | 3.34E+03 | 3 34E+03 | 1 80E+03 4.24E+01 3.31E+03 337E+03 6. 00E-+01 3 00E+01
| Cellulose pad 2 3 22E+03 | 3.22E+03 | 2 88E+0D4 1.70E+02 3 10E+03 3 34E+03 2 40E+02 1.20E+02
14 | Cellulose pad 1 | 3 20E+03 | 3.20E+03 | 1.25E+03 3 54E+01 3.17E+03 3 22E+03 5 00E+01 2 50E+01
CE‘E‘LIQSE.Padz | 3 10E+03 3. 10E+03 6.13E+04 2 47E+02 2.92E+03 3 27E+03 3 30E+02 1.75E+02
21 I Cellulose pad 1 | 3 16E+03 I 3.16E+03 I 5 00E+01 7 07E+00 3_15E+03 3 16E+03 1 00E+01 5 00E+00
| Cellulose pad 2 | 3 45E+03 | 3 45E+03 | 2 45E+03 4 95E+01 3 41E+03 3 48E+03 7.00E+01 3 50E+01
28 | Cellulose pad 1 | 3. 44E+03 | 3. 44E+03 | 1.25E+03 3. 54E+01 3 41E+03 3 46E+03 5 00E-+01 2 50E+01
| Cellulose pad 2 2 95E+03 2. 95E+03 | 1 80E+03 4 24E+01 2 92E+03 2 98E+03 6 00E-+01 3 00E+01
Total 735 I thﬂme Paf-fa 17! 3 12E4+03 I 3.12E+03 I 5.00E+01 7.07E+00 3.11E+03 3 12E+03 1 00E+01 5_00E+00
c 1;_):3 Celulose pad 2 2.95E+03 2.95E+03 1.80E+03 4.24E+01 2.92E+03 298E+03 6.00E+01 3.00E+01
B:n::: 42 I Cellilose pad 1 I 3.19E+03 I 3.19E+03 I 4 50E+02 2126401 3.17E+03 320E+03 3.00E+01 1.50E+01
(CFUlml) | Cellulose pad 2 2.95E+03 2.95E+03 | 1.80E+03 4.24E+01 2.92E+03 2 98E+03 6.00E+01 3.00E+01
49 | Ciflidosc pad 1 | 8.25E+02 | 8.25E+02 | 2.21E+04 1.48E+02 7.20E+02 9.30E+02 2 10E+02 1.05E+02
Celllose pad 2 2.95E+03 2.95E+03 1.80E+03 4.24E+01 2.92E+03 2.98E+03 6.00E+01 3.00E+01
56 | Cellulose pad 1 | 3. 70E+02 | 3.70E+02 | 5.00E+03 7.07E+01 3.20E+02 4 20E+02 1.00E+02 5.00E+01
Cellulose .P"“iz | 2 55E+02 | 2.55E+02 5.00E+01 7.07E+00 2 50E+02 2 60E+02 1 00E+01 5_00E+00
63 I Cellulose pad 1 | 2 10E+02 | 2 10E+02 I 8.00E+02 2 83E+01 1 90E+02 2 30E+02 4 00E+01 2.00E+01
Cellulose pad 2 2.55E+02 2 55E+02 | 5 00E+01 7.07E+00 2.50E+02 2 60E+02 1.00E-+01 5 00E+00
70 | Cellulose pad 1 | 2 10E+02 | 2. 10E+02 | 8 00E+02 2 83E+01 1 90E+02 2 30E+02 4 00E+01 2.00E+01
Cellulose pad 2 2 55E+02 2.55E+02 5 00E+01 7 07E+00 2 50E+02 2 60E+02 1 D0E~+01 5 00E+00
77 I [;E_H_E!-k)_s_?_;)_a_{_j} | 2 10E+02 ! 2.10E+02 | 8. 00E+02 2.83E+01 1 90E+02 2 30E+02 4 00E+01 2 00E+01
| Celilose pad 2 9.35E+02 9.35E+02 8 41E+04 2.90E+02 7.30E+02 1 14E+03 4 10E+02 2.05E+02
g4 | Ceflilose pad 1 | 1.05E+03 | 1.05E+03 I 4. 50E-+02 2.128+01 1.03E+03 1.06E+03 3 00E+01 1.50E+01
; Cellulose pad 2 9 35E+02 | 9 35E+02 3 61E+05 6 01E+02 5 10E+02 1 36E+03 8 S0E+02 4 25E+02
91 | Celulose pad 1 | 1.05E+03 | 1.05E+03 | 4 50E+02 2.126+01 1.03E+03 1.06E+03 3.00E+01 1.50E+01
Cellulose pad 2 935E+02 9.35E+02 3.61E+05 6.01E+02 5.10E+02 1.36E+03 §.50E+02 4. 25E+02

[e] o o = PN —

. UFFe T SAe) A5 Aor #7149 v weke] S Aol tHS AT E o]
ARG 2005). o] Ale B 238 AE(PFE) giEdA 9 "o (
O157:H7 e Bgk 237] 4nje Add, 2002 69-7¢). o it
3L O AN= e O A= 5 o S 5L 2=
Fo FalekA g, 28 dHP L 5 oA A AFES U 5 Jon
7HE AE LEo R Q% AlE HES ot (g O157:H7 2 &3k 417
AHlo} AdE 20029 6€9-79)

[e) [e] [e) = O =] o)

OIS A SAMAFE FHE A4 JRE niam X &), VsHow
HA71d ol (A7 EAg T H SV S5 98 ATPE RHEXT A&7 EA)8HA
Fevhd way W4 sFoR ARY & U EAS FYA ged Axs
B e soFelm 7ol sb of 2.0 vhe] T m el (um)elm 2 o] 0.25 - 1.0ume] 3 Al E
A Aol 0.6-0.7 um3°]tH(Kubitschek &, 1990). o] A2 o} t}3t 712 QoA 2 4

5 2= O FE = = o 2=
itk @714 27 ZolA digie ETE AF HEES ARSAA F49, 0409,
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S hng AEHER, Ygarel WE A vgBo} Y Aa AE LS Fa
28] QBT GRol AlE s o), o]d ARETL e FFe FaE AL
gl (Madigan 5, 2006).
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Day of sampling Place Mean Median Variance Std. Dev Nin. Max. Range Std. E
= Cellulose pad 1 0.00E+00 0.00E+00 0.00E+00 I 0.00E+00 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 ‘
Cellilose 2 0.00E+00 0.00E+00 0.C0E+00 0.00E+00 0_00E+00 0.00E+00 0.00E+00 0.00E+00
i Cellalose pad 1 2 45E+02 2.45E+02 2.45E+03 [ 4.95E+01 2.10E+02 2.80E+02 7.00E+01 I 3.50E+01 ‘
Cellulose pad 2 4 50E+01 4 50E+01 5 00E+01 7.0T7TE+00 4 00E+01 5.00E+01 1.00E+01 5_00E+00
- Cellulose pad 1 4 OSE+02 4.05E+02 5.00E+01 l 7.07E+00 4. 00E+02 4. 10E+02 1.00E+01 I 5.00E+00 ‘
Cellulose pad 2 1.50E+02 1.50E+02 2.00E+02 1.41E+01 1.40E+02 1.60E+02 2.00E+01 1.00E+01
14 Cellulose pad 1 ] 1.70E+02 I 1.70E+02 2.00E+02 [ 1.41E+01 1.60E+02 1.80E+02 2.00E+01 I 1.00E+01 !
Cellalose pad 2 1.55E+02 1.55E+02 4 50E+02 | 2.12E+01 1.40E+02 1.70E+02 3.00E+D1 1.50E+01
o1 Cellulose pad 1 1.85E+02 1.85E+02 5 00E+01 | 7.07E+00 1.80E+02 1.90E+02 1.00E+01 | 5.00E+00 ‘
Celllose pad 2 1.55E+02 1.55E+02 4 50E+02 2.12E+01 1.40E+02 1.70E+02 3.00E+01 1.50E+01
a8 Cellulose pad 1 1.45E+02 1.45E+02 5.00E+01 I 7.07E+00 1.40E+02 1.50E+02 1.00E+01 | 5_00E+00 ‘
Celliulose 2 1.55E+02 1.55E+02 4.50E+02 | 2.12E+01 1.40E+02 1.70E+02 3.00E+01 1.50E+01 |
= Cellulose pad 1 1 45E+02 1 45E+02 5.00E+01 [ 7.07E+00 1.40E+02 1.50E+02 1.00E+01 I 5_00E+00 ‘
Total Cellulose pad 2 1.55E+02 1.55E+02 4 50E+02 2.12E+01 1.40E+02 1.70E+02 3.00E+01 1.50E+01
Escherichia coli Celhilose pad 1 1.50E+02 1.50E+02 2.00E+02 l 1 41E+01 1.40E+02 1.60E+02 2.00E+01 I 1.00E+01 ‘
Counts (CFU/mD 4z Cellulose pad 2 1.55E+02 1.55E+02 4.50E+02 2.12E+01 1.40E+02 1.70E+02 3.00E+01 | 1.50E+01
o Cellulose pad 1 ] 2.30E+02 I 2.30E+02 2.00E+02 [ 2. E3E+01 2.10E+02 2.50E+02 4 00E-+01 I 2.00E+01 !
Cellulose pad 2 1.60E+02 1.60E+02 8.00E+02 | 2.83E+01L 1.40E+02 1.80E+02 4.00E+01 2.00E+01
= Cellulose pad 1 1.20E+02 1.20E+02 2 00E+02 | 1.41E+01 1.10E+02 1.30E+02 2 .00E+01 | 1.00E+01 ‘
Celllose pad 2 1.60E+02 1.60E+02 2.00E+02 2.83E+01 1.40E+02 1.80E+02 4 00E+01 2.00E+01
— Cellnlose pad 1 1.20E+02 1.20E+02 2.00E+02 I 1.41E+01 1.10E+02 1.30E+02 2 00E+01 | 1.00E+01 ‘
Celliulose 2 1.60E+02 1. 60E+02 8.00E+02 2.83E+01 1.40E+02 1.80E+02 4.00E+01 2.00E+01
— Cellalose pad 1 1.20E+02 1.20E+02 2. 00E+02 [ 141E+01 1.10E+02 1.30E+02 2.00E+01 I 1.00E+01 ‘
Cellulose pad 2 1.60E+02 1.60E+02 8.00E+02 2.83E+01 1.40E+02 1_80E+02 4 00E+01 2.00E+01
- Cellulose pad 1 4 00E+02 4 DOE+02 1.62E+04 l 1.27E+02 3_10E+02 4 90E+02 1.80E+02 I 9.00E+01 ‘
Cellulose pad 2 3.30E+02 3.30E+02 1.80E+03 4 24E+01 3.00E+02 3_.60E+02 6.00E+01 3.00E+01
51 Celhlose pad 1 | 4.00E+02 I 4 00E+02 1.62E+04 [ 1.27E+02 3.10E+02 4 90E+02 1.80E+02 I 9.00E+01 !
Cellulose pad 2 3.30E+02 3.30E+02 1.80E+03 | 424E+01 3.00E+02 3.60E+02 6.00E+01 3.00E+01
51 Cellulose pad 1 4_00E+02 4 00E+02 1.62E+04 | 127E+02 3_10E+02 4 .90E~+02 1.80E+02 | 9.00E+01 ‘
Cellalose pad 2 3.30E+02 3 30E+02 1.80E+03 4 24E+01 3_.00E+02 3.60E+02 6.00E+01 3.00E+01
o HIAE YATL VS5 Hom Hy|Aol W moko|n] 1g SAloln ¥EAE uhEXH]
= Alrtolth, i Al dubAog 28 FEEIA)Y WA st wAdE
g HEadolyt FAEE EW iyl Eo] EAlste XelA A% Zhsst Abstaa
w0l 44 + 05°Ce] FHoZHEH 48A17F ojujol At 7t~ E AFEE] Wk (Doyle
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Dayv of sampling Place Mean Median Variance Std. Dev ‘ Min. Max. Range Std. E
Cellulose pad 1 0.00E+00 0.00E+00 { 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 ‘
0 = !
Cellulose pad 2 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Cellulose pad 1 345E+02 3A4A5E+02 ‘ 4.50E+02 2.12E+01 330E+02 3.60E+02 3.00E+01 1.50E+01 |
1
Cellulose pad 2 3.75E+02 3.75E+02 5.00E+01 7.07E+00 3.70E+02 3.80E+02 1.00E+01 5.00E+00
Celllose pad 1 5.55E+H02 5.55E+02 ‘ 4 30E+02 2 12E+01 ‘ 5 40E+02 5.70E+02 3.00E+01 1.50E+01 ‘
7
Cellulose pad 2 3.50E+02 5.50E+02 3.20E+03 5.66E+01 ‘ 5.10E+02 5.90E+02 8.00E+01 4.00E+01
Cellulose pad 1 7.50E+01 7.50E+01 [ 5.00E+01 7.07E+00 1 T.00E+01 8.00E+01 1.00E+01 5.00E+00 [
14
Cellulose pad 2 3.50E+01 5.50E+01 3.00E+01 7.07E+00 5.00E+01 6.00E+01 1.00E+01 5.00E+00
Cellulose pad 1 240E+02 2408102 ‘ 1.80E+03 4.24E+01 2.10E+02 2.70E+02 6.00E+01 3.00E+01 |
21
Celllose pad 2 3 50E+01 5.50E+01 3 00E+01 7.07E+00 5.00E+01 6.00E+01 1.00E+01 5.00E+00
Celllose pad 1 7.00E+01 7.00E+01 { 2.00E+02 141E+01 6.00E+01 8.00E+01 2.00E+01 1.00E+01 {
28 i |
Cellulose pad 2 5. 50E+01 5.50E+01 5. 00E+01 7.07E+00 5.00E+01 6.00E+01 1.00E+01 5.00E+00
Cellulose pad 1 141E+03 141E+03 { 6.05E+03 7.78E+01 1.35E+03 1.46E+03 1.10E+02 5.50E+01 ‘
35 | 1
Cellulose pad 2 3.35E+H02 3.35E+02 1.25E+03 3.54E+01 3.10E+02 3.60E+02 5.00E+01 2.50E+01
el okifored Cellose pad 1 5.50E+01 5.50E+01 ‘ 4.50E+02 2.12E+01 4.00E+01 T.00E+01 3.00E+01 1.508+01 |
(CFU/ml] 42
¢ J Cellulose pad 2 4. 15E+02 4 15E+02 3 00E+01 7.07E+00 4 10E+02 4 20E+02 1.00E+01 5.00E+00
Cellose pad 1 5. 50E+01 5.50E+01 ‘ 4.50E+02 2.12E+01 4.00E+01 7.00E+01 3.00E+01 1.50E+01 ‘
49
Cellulose pad 2 4.15E+02 4.15E+02 5.00E+01 7.07E+00 4.10E+02 4 20E+02 1.00E+01 5.00E+00
Cellulose pad 1 1.50E+01 1.50E+01 [ 5.00E+01 7.07E+00 1.00E+01 2.00E+01 1.00E+01 5.00E+00 i
36
Cellose pad 2 1.05E+02 1.05E+02 1.43E+04 1.20E+02 2.00E+01 1.90E+02 1.70E+02 8.50E+01
Cellose pad 1 1.50E+01 1.50E+01 ‘ 5.00E+01 7.07E+00 1.00E+01 2.00E+01 1.00E+01 5.00E+00 |
63
Cellulose pad 2 1.05E+02 1.05E+02 145E+04 1.20E+02 2.00E+01 1.90E+02 1.70E+02 8.50E+01
Cellose pad 1 5.00E+01 5.00E+01 { 2.00E+02 1.41E+01 4.00E+01 6.00E+01 2.00E+01 1.00E+01 ‘
70 g a 1
Celllose pad 2 1.OSE+02 1.05E+02 1.45E+04 1.20E+02 2.00E+01 1.90E+02 1.70E+02 8.50E+01
Cellulose pad 1 5.00E+01 5.00E+01 { 2.00E+02 141E+01 4.00E+01 6.00E+01 2 00E+01 1.00E+01 l
i T
Cellulose pad 2 5.50E+01 5.50E+01 5.00E+01 7.07E+00 5.00E+01 6.00E+01 1.00E+01 5.00E+00
Cellilose pad 1 5 00E+01 5.00E+01 ‘ 2.00E+02 1. 41E+01 4.00E+01 6.00E+01 2.00E+01 1.00E+01 ‘
o Cellulose pad 2 3. 50E+01 5.50E+01 3.00E+01 7.07E+00 5.00E+01 6.00E+01 1.00E+01 5.00E+00
Cellulose pad 1 5.00E+01 5.00E+01 ‘ 2.00E+02 1.41E+01 ‘ 4.00E+01 6.00E+01 2.00E+01 1.00E+01 ‘
91
Cellulose pad 2 5.50E+01 5.50E+01 5.00E+01 7.07E+00 J 5.00E+01 6.00E+01 1.00E+01 5.00E+00
= SKe) o 31O X Alod o = 2= olrl:x =]
o WHIF ZIRAR] wEE AEAA Heddbdor nks 4 Qv Aol oldFH
=) ; oht o o o
AN = o] goh(Grayston B Wainwright; 1988). 1ejt} o] oW A% H2SS
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Day of sampling Place Mean | Median Variance . Std. Dev Min. Max. Range Std. E
Cellulose pad 1 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 I 0.00E+00 | 0.00E+00
’ Cellulose pad 2 0.00E+00 0.00E+00 0.00E+00 | 0.00E+00 | 0.00E+00 | O.00E+00 0.00E+00 | 0.00E+00
i Cellulose pad 1 2A4E+H03 2.44E+03 125E+03 | 3.54E+01 | 241E+H03 | 246E+03 | 5.00E+01 | 2.50E+0L
Cellulose pad 2 146E+03 2.46E+03 125E+03 | 3.54E+01 | 243E+03 | 248E+03 | 5.00E+01 | 2.50E+01
Cellulose pad 1 247E+03 247E+03 8.00E+02 283601 | 245E+03 | 2.49E+03 I 4.00E+01 | 2.00E+01
: Cellulose pad 2 2.46E+03 246E+03 | 5.00E+03 . 7.07E+01 | 2.41E+03 . 251E+03 1.00E+02 | 5.00E+01
it Celllose pad 1 2 49E+03 249E+03 5.00E+01 T.OTEH00 | 248E+03 | 249E+03 | 1.00E+01 | 5.00E+00
Cellulose pad 2 JATEHD3 2ATE+03 5.00E+03 | 7.07E+01 | 242EH03 | 252E+03 | 1.00E+02 | 5.00E+01
Cellulose pad 1 2.46E+03 246E+03 5.00E+01 [ TO0TEH00 | 245E+03 | 246E+03 I 1.00E+01 I 5.00E+00 |
A Cellose pad 2 2 48E+03 248E+03 4 05E+03 . 6.36E+01 . 2 43E+03 . 2 52E+H03 9.00E+01 | 430E+01
i . Cellulose pad 1 1.83E+H03 2.83E+03 -1.80E+03 . 4.24E+01 | 2.80E+03 | 2.86E+03 I 6.00E+01 | 3.00E+01 -
Cellulose pad 2 171IEH3 2.71E+03 5.00E+03 | 7.07E+01 | 266E+03 | 2.76E+03 | LOOE+02 | 5.00E+01
i Cellulose pad 1 2.55E+03 2.556103 430E+02 | 2.12E+01 | 253EH03 | 2.36E+03 | 3.00E+01 1.50E+01
peseiiisans Cellulose pad 2 1.66E+03 2.66E+03 3.00E+03 [ TOTEH] | 261EH03 | 2.TIE+03 | 1LO0E+02 | 35.00E+01
bacterial count Cellulose pad 1 2.55E+03 2.55E+03 4.30E+02 212E+01 | 2.53EH3 | 2.36EHD3 I 3.00E+01 | 130E+01
(CFU/mi) - Cellulose pad 2 2.67E+H03 2.67E+03 . 5.00E+H03 . 7.07EH01 | 2.62E+03 . 272603 1.00E+02 | 5.00E+01
= Cellulose pad 1 1.97E+03 1.87E+03 2.00E+02 141E+01 | 196E+03 | 1.98E+03 | 2.00E+01 | 1.00E+01
Cellose pad 2 2191E+03 2.91E+03 S00E+03 | 707E+01 | 286F+03 | 296E+03 | 100E+02 | 500E+01
} Cellulose pad 1 237EH03 237EH3 5O00E+01 | 7.07E-00 | 236E+03 | 237E+03 I LOOE+01 | 5.00E+00 |
% Cellulose pad 2 2.00E+03 2.00E+03 245E+H03 . 4.956+01 . 1.96E+03 . 2.03E+H03 T.00E+01 | 3.50E+01
% . Celllose pad 1 221E+03 221E+03 [ 3.00E+01 . T07E+00 | 2.20E+03 | 2.21E+03 l 100E+01 | 5.00E+00 -
Cellulose pad 2 104E+03 2.04E+03 1256403 | 354E+01 | 2.01E+03 | 2.06E+03 | 5.00E+01 | 230E+01
50 Cellulose pad 1 LITEH3 197E+03 200E+02 | 141E+01 | 196E+03 | 1.98E+03 | 200E+01 | 1.00E+01
Celulose pad 2 1.57E+03 1.57E+03 221E+04 | 148E+02 | 146E+03 | 167EH03 | 210E+02 | 1.05E+02
- Cellulose pad 1 2ABEH3 248E+03 | 4.50E+02 212EH01 | 246E+03 | 249E-03 I 300E+01 | 1350E+01
Cellulose pad 2 136E+03 136E+03 J.00E+03 | 7.07E+01 | 231E+03 | 241E+03 | 1.00E+02 | 5.00E+01
o Cellnlose pad 1 1.97E+03 1.87E+03 2.00E+02 141E-01 | 196EH03 | 1.98E+03 | 2.00E+01 | 1.00E+01
Cellulose pad 2 L5TEH)3 1.57E+03 221E+04 | 148E+02 | 1460H03 | 167E+03 | 110E+02 | 10SEH02
ol Cellulose pad 1 14BE+03 248E+03 4 50E+02 212EH1 146E+03  2A9E-03 I 3.00E+01 | 150E+01 |
Cellulose pad 2 236E+03 21.36E+03 5.00E+03 | TOTEH01 | 231E+03 | 241E+03 | 1.00E+02 | 5.00E+01
o AFGA FHAA A"l AAE AT MAES E AT SARFEANA AT
micro florag AF&atth weba E=AMAE A7 Ade vtoledy 34 (W5,
T, 7%, =85 pHe =43 o &4 o mAE dds AT
Aom Bk AFA] W& 3dE AA et A AAE A o]
© SIM iAol A= A, T H oyt gE o] ARl Bk o ¥ FE 249
B4 ot o8 Algdn. H FAMGEE ® ELIMUEFTS AMEA Fibra
Arbs "AZY H2S 7has A A Rgd vkgste] 42 JHEd FIE S
cbEkth SIM v = v o] b ufitol] whaid A o]t
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Sulphur Reduction Test
Days ellulose pad Cellulose pad 2

0 P 0]
1 P P
7 P P
14 P P
21 P P
28 P P
35 P P
42 P P
49 P P
56 P P
63 P P
70 P P
77 P P
84 P P
91 P P

TE UEVF =2 FHlE AdEA Arete Fokstd e dotd Au 3] FAE
oo d = u}t. I Lo Bo] e dEHas dHy] AF vAE EI=
=2 w29 WA f7] SFE, R Yol (NH3),R 3t=S ze#stA A vHO neill
2 Phillips 1992) Ats &4, 95 Fx87], 270 E4, 2 1A% A5 7] vl
IR = AFE Sk = o HES 4 1) A = 7} W-525
& REgk o (Cambra-Lopez, Aarnink 5 2010). A 3 AE=(SCBs) &< gdetst Ay
7] #4259 QA 747}01]74] S n T dE 59, 7] w7 v gAEo]
7 2 5F = BogA #H =A4E Ao & F Ak (Carpenter 1986). T

ol 7kA, NH3,3 8t A2 (H2S) (A Sl A i), ol AsterA(CO2)(H A &5) & &7
) AldER JtAES AYA " A elA v ZFUIES AErE T
A th(Israel-Assayag 2 Cormier 2002; Dosman, Lawson 5 2004; Charavaryamath %
Singh 2006).

H 2] FAN A AFEEE FAAE SCB oA #A4kE F e vAE & FAA
AEgHAS h 9w Z=ZAA gvhBlake, Hillman % 2003; Zhu, Johnson % 2013).
FAA Aol A= FHAHARG) = FHA A ool ofsf HWAdom HolH
T o™ (Roberts 2005) W5 AZelAl Azte APES =T + Aok & AFolA
HEDAZHS A"HEd 22 23] A AAl FAkddA 718 de /\}%QJ— A=
2HEY gAA ol 53] %] Akl A de F3xE Ao]7] Wi o] tH(Delsol, Anjum
s 2003). EHIEgAEHl oigk Al ARE g dukHQl FEjel gAA
AgHoln, By Z5 HEHGAZY AEFgE FHA(TcR) tigt 71 Zd
| o] SCBeo doJ&2F & TcRFAA disiAe vawd & deix A
%t} (Hong, Li % 2012; Ling, Pace 5 2013).

Al N2l TcRFA AL (tetB, tetH, tetZ) H%3} #HE& HE o d (RPP) 2 Al 71
OE (tetO, tetQ, tetW) 33} 5 Wl ZA(EFP)S & A5 s Mgt A2 9
F AR Eo] SCBO ofoj2E &l X% o™ (Hong, Li 5 2012) TcR/# A5 o]
HEDAZHA gk F he Fo3 A A3 7IAS(HEs A7l dod Al
AddE Aoz AWH)S H 5381 7] wiEo]tH(Chopra % Roberts 2001; Santamaria,

jus)
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Lopez & 2011; Roberts, Schwarz & 2012).

o Mo IE = EAIRRYH HEHE w7, 7] Wl 4A obF ®H V=R RYH Yo s
71 tis] 71AA FelE = o]&¥ th(Martens, Martinec 5 2001; Chen, Hoff %
2009; Sun, Guo & 2010). F £¢lo] Hle]eAHE F& Yot oH Hag it
D wMiAE wES EFolv 7IAA FelEs At 2) wiAdde HAEC] ©HA
AolA, Mol EHE Fo9Q 29t F71E w#AE  Adrk o FH, dERYol,
et 2 AN {7157 SFEY wWES =017 A volLdHE AMEShe

s Frhs) Hkt

LENA HA fFH AAdeA ye= F] oupl Alde wiEE =ol7] $sl

Hlel e e o] &S Hrbetax 718" A9 = F4idth SCBY g

A zgle A wiEE = A Aol e Al Aol 917l wiEel, SCB

Zh7kolel e AFAR olAdHE TV WA LHdEEdES AT vbo] L EH 9

37 BhE BEgd. vl IHE  AREEA SCBAlM des= w7l vl

S =A™ AT FFe A, 4 e, B dH o2 = SCBE =84t

AFAR HAA = AE S9EADS Fol& o A =0 E Holg. ZAF ehe] F7]

7] edEdel dd HEoF =AF H E=AF G AFACAA At AMEEd gig

A gapel Wk AHIE A T AT gle AFA], 16S rRNA<H

rr
N
N

H

TcRFAAES 16S rRNA 429 gPCRY V3 2o s dFur} Hiseq
MEstE o] &3llA ofdle] FAES tHFY] fldE & A7 AAE A
(1) vto]2FH = SCB W9 Alit A= dozZE o2 A4S o9 WA 7]=71?
(2) 16S rRNA<} TcR+r qu].g] F/3<& SCB W9 nie] gy =2 &l Hsts =712
o 2 AFdAE, dFHY AEstE AFESIA SCB Ul & wio]lFE £Ho] Ad AE
qol2E v AL FTFHoR THEIIAT =S AYY BA Adst WHES

o
AHEEIA] ol el #FEEVI7E €AY EUMsEd WAdE AEGOSFEES w9y
W tH(Sogin, Morrison & 2006).

e 71 TS M FFLS Firmicuteso] &=t ol EE AEES 451%E
Z}A] &) ©. 1 ] HE Bacteroidetes(23.6%), Proteobacteria(22.2%), 2
Actinobacteria(2.4%)7F <8tk EE A9 40%= EF%HA X3t FirmicutesE
gk mpoleAE o Al B A2 HE Afolol A HlmL ko] Aty zol7F S
HAPH-A, P = 0.04) (17 54).
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3)

100

a0
80
70
u Unclasiified
60 = others
50 - H Firmicutes
40 ¥ Proteobacteria
B Bacteroidetes
0 -
® Actinobacteria
20
10
0

Primary filter Secondary filter

T 202 Hio|2EE | M1 H A2 EE ¢te| SCB M= olo{2Z0iM

Bzl 7Y S5e Mo 29| oA g

27) W) A Zetel 24e ol e bl o ZA FFL WATHANOSIM EA
R = 085, P < 001; 2% 55). Al WE|A FAF mEo|x wlolodE el 2
Qe 2RE FA9 A O Ad vdEel o YA

[Transiormn: Square roof ]
[Resembiance: 517 Beay Curtis similariy |

20 Stress 0 | Sample
# Primary filter
* B Secondary filter |

T2l 203 HIo|EE Q| M1 2 M2 HE{ZEH F=HEl EE £ SCBo

=01 A= M M= o|o{2Z Z=te| Bray-Curtis & 2| NMDS
gPCRE AF&3llA 6 F79 TcRTZAAE(tetB, tetH, tetZ, tetO, tetQ, E tetW)
F7t2 AZssldn. 28 FE 5 oA 6 FFY TRAAAELS EF =
FEFoR FAHJHLH 56). TcRFHA F353F RPPE(tetO, tetQ 2 tetW)
TcRF%3} EFP(tetB, tetH % tetZ; t-H 4, P-value = 0.04)Ht} dA3] =2 EHA|
78 EA AT 4784 TcRF-A A 4= (tetH, tetZ, tetO, tetQ, 2 tetW) 11 2 A2
4 i AfolollA AA ggtom, 1 FEFe vlo]QFE Y Al HEA FA

flo rlo o

- 258 -



5e+07
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2e+07 3e+07
1 1

1e+07
|

Average log copies of 16S rRNA gene m—-3

Primary filter Secondary filter

0e+00
L

12l 204 SCB & HIO|QEE2| A1 &
M2 ZE{ LA 16S rBNA SXXI=9]
2f

1e+06
l

@ Primary filter
m Secondary filter

Average copies of tet genes m-3

Jmht

tetB tetH te tetO tetQ tetW

n 0et00 2et05 4et05 6et05 8et05

12! 205 SCB = BIO|EE 2| M1 & A2 HE| LM HESIAIZE

o
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o WS T e SA=EAS A= &Il il ®argk uf dvk Tymezyna

(2007 whel ey WA 7E A, a2y A A B AAIA des WELE

ot d Z&delgts Ae B8t Martens(2001)+= BFo] L HE 7} = Aol A

L= AE dojrEs 9 FeAolgts AS TAsAY. 2o A Aot

ol o)xe] < ZHI}(Martens, Martinec 5 2001; Barth, Talbott & 2002)%=

SCBe] &7] vj& Al&dold Yo 37 vl e Ldeds ol H a4
o

rr
=

FLONSOS 1 A

Green -5 (2006) ?'{,ngﬂ Aol = Aol EAFERH 150 R E ool il 9=
At EAAl A% 2AE 2dAE F dS FEE =AY 7] A&FHloRRH
HEdts 1S B Gibbs 5(2006)0] AAIFA Ao 53] BAS
7P E AL, Staphylococcus aureus’t AlE it =AM U2 A F 7P wol
+ Holth. Gandara S(2006)°] AAIF AF= HE 1 EA-=

ol x] ZEA|HF A A& o] ¢l Staphylococcus aureus®= T A F ol A
DSt 219 A7 A= vo] LB 7F SCBAlA He s &7

) e LAELAS Foli FAA AFgHe] e Hdd 2 T WA JAY oldE
o=

ALgE F dthe e BTtk

B PFORT1
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0 1 7 14 271 2B 35 42 49 56 63 70 77 B4 91
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Z+5F & o] tH(Tchobanoglous %, 2004).
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A 3A3A= dF+43 Qo
4) 1. AA¥E GHOG (=24 2 o}# 712 : Greenhouse & Odorous Compound Gases) # 3+

Al &

Aol Astrld (MAE ) Holo] AT|E mAst(uMb) et a7 (R ES)
AaS 3t} o] Holo vy &S FUAH =&egr 22 o o3 A (Riis
and Lyngbye 2005 & Le et al. 2007), ®IEA oAl A }FHgE2
71 A 2~8lo] o]&te] 7|2 wiEF W} (Markfoged et al. 2011). oz A7 dELS
Asd 712 F) = &8st "= o H 3= AFAI7I LA skdth =AF

71T 9748 759 dHsEE FAS= A2 AR Lol okdth o] ZAE

2
M

O ~—

AAs7] skl EARS WMEF/IE AR biofiler Axsgol Basth o
biofilter(e] % /BF/e} At oFAE EgAom Agar o ue &LH49l

Alaglo Rz el 9t

Biofilter= & <3 A 7714 24 soil beds, biofilter, bio scrubbers, bio trickling
filters, engineered biofilter 55 X33ttt BF+= 7|E24 o2 dl=(pad)oll A2 3=
n A Eo] o HFES 7] 818E, carbon dioxide (CO, ), water (H20), F7]1%
(inorganic  salts) So= WEA7I= 71&, F  F2  (adsorption)d} A3
(biodegradation) &4 @3t} 7|E2H o= BF= 7|AA9] SHSFES AFZ o=
= F Al wiA(cellulosic pad)dl PAE FZAA AEslget, o]t FA 9
AR = biofilters7F LAEAS A A= o #ojsts 7|2 71Foz d#A
BF9] ot sgtEe] At 718 Al 744 712 v ¥ 2

D AT v A (cellulosic pad)el F3 — A4 S/ 83 (i)~ A
@ FANF — AH FHe] YBY FY — P

@ AANF — g g — AR

Biofilter= Aol weba AA Aol Zerbid A S5Ado] A= t=oh
V|EA o olF WFEES BFE&Y Ade dFS vH7) °

AbFAIAE 0] MR TR 7] we] o3k 2l

filter™= biofiltersk 2Eo] FFHAAALE SR o AX 7= 3}
7oty dwt BFAM=  oFH3g=e]l Aewsdd  FFHEHAt A
TSOKE &alEd, o= mAdEe] Aedd &3 Ads A% "oyt "
adez BFE AR g7l FAolAY A9 oF 7 it

ayeg wAEL BFY 7H 83 a]lolth gyt mAEe] AAl 24
WA ZIAY g Al 7]= FA0]7] witeltt, vl a2 thAHIUH) A 5
ek M7 v Avh AARAAH mgES e 7GR 29
o S)e AAsk= dH AdsiH g v
AAs = ve S48 vgEHol
st A oA A st EAsk=
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W=l "AHEALS] GHTALHE A H, o8 VxR FUFEER
H] 5 =AH12m x 20m)ell ¥t+= pilot BFE A A8H

22 dk+ pilot BFE Al#stiew o] pilote] 214 ddol A=AE ER1eH7]
stol  dn] FFESEIES FHHAY. VLA eE BFe @esh (simple),
A2 A (compact)e]™,  AH]&(cost-effective)s  HAAZASE  He  AHEH
(practical) A| = 8]-& Al zakit. whef 484 BF7F &40 o5 Addvy
FE7E A ook @Al bR A W wfjie] FAko] wig- 9
Feolnr AEH BFe /HEE Ak g4 drE g

A= A FAS A ’é Al-AZpeto] FUFES EGo AXAg BFE dlto=
3 A 4(%25?90) ME oA E AALES F4ek dH Utk

A 7713k E Al A &8 (Volatile organic compounds removal efficiency)
(1) AMEA (AA:Acetic Acid)
g9+ Al (emergency planning regulations)®ll 23t AA+= &2 = (Rogers,
1994) &RFETE 48 20%0 &3t 1 E AAvE Sl A golu ofd x| ol A &3]
Al zA= de] 22Ut
o AddArol ost VFA (343 Aih) 5 AAY AEdse] 7MY =vn
B %S (Smet, Lens et al. 1998, Ramirez-Saenz, Zarate-Segura et al. 2009). &
ATl ME MgAdFet vz =2 [19 119 Zo] AA7F v VFA SExHt
wal&o] 4 =4 Yehyt
AAE o o]24 et (2) o 9ste] B3 olibsteAaE [T ¢

Acetic acid:

o
H
E

C2H402+202 — 2C02+2H20 (2)
Acetic acid
% f_?’,..- TE--b--B
. 2 i %
80 ST e B N
i =t ! ] A 5 2 £l
0 it eaiis = L - ~H--41--Et
s ﬂ_,'-!"' 2 i E 2 i
a9 e | *. A EEEE
1| i . - - - %
; - : o OB B P
an i _ e 3 ke o :
i ; i i 2 2 ; i
:" I—— i L .i. il :{ | - =
% o 2 - B o
11 ST i : B : 5 1 o
o — = I& : G i
L] 1 T 14 M B 3B &2 4 % 63 T T OKM W
¥y =4.TBTx + 34.762
R* = 06608

[19 1] A A& Acetic acid AAE&
SAPoll Al Al St AAE A(DAA B vkef o] B3 oitstetiA=z AREE 5
ATE . AFoA A7 FoH91Y) AFEZ=I= BFe AAZES 90-95%=
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EAEAT 2 AT AHES T 1 59 BFE 229 55 ¢4A45HA fH g
A AL o' A A E A gt
(2) 2232 2 (PA:Propionic Acid)

o == V] BaFHAAA PAE VFAT F AR B ¢S kgt 2 A9
BFE #F5= 7t #4% 243 4" 49 PA 5ol e Aoz FAHATH
22PA % (year 2013-2014) A-elA BFel fF&&° <g A7 (A%)E PAFE=<}
w71 (HFR) PASEE S5t AREES Akt

e AEZTQA = BFE [29H-2]dA 9 o] PAE Ad 7|7 10001 W ALl 99%09
AALAT. =& AALES AE2e2~ = ¥ AMAste §5F A=
71908k Alow FAH A

« PA Z3l= ol &4 spetiEAdl el At v A3)d 2o, [ 2] 10001
A7 T AAA PARS &S YERd Aot
Propionic acid:
C3H602+3.502— 3C0O2+3H20 (3)

Propionic acid

L ==

i i -

o) — ....._,__1':
- &
8 BT i il
- = il i
) M s e e e St T U il
o) [ o e

N P 1 B | o |

-' ﬂ' ------------- - .'...j..- ah. e 3‘\. -.—. - ;‘_- - :k . -\E-- -
% E ] 4 i - -
& - 2 - ; : i
P . % o =4 = _k
» —_ i o B - o &
k)] = : 3 i 5 i
= | | = = e =
; i
1| ” .. ..J_':...w. -fe - - FE...« - Pt 3.
= " i % £ * 7 % 5
0 B

L] 1 7 4 M M O3 42 $H 5 ad M T O H W

¥ =4.5044x + 27.393
R = 0.716

[29 2] 3214 PA A7

fol
o

(3) &4 (BA:Butyric acid)

* VFA T Al A F83 oHSFES BARZA AW, Tzt
BAE= "= ME T U HCAA frlEe]l EsE
JE w7t JL%% ot v Eo A &7 pockete] A 75

adRE, BFY mAdE dAS Al&Fe Wt wjg Wzksitt, 2228 BFY 1a&%
FrA st g AEd fgdfe] dasit £ d9¢] BFe 7240 BA =S
HANE AAsH7] 9ske] F2(A9 30737 °C) FA38+ ). (Dragt and van Ham 1992).

o I AFA BA9 A7 F (100¥) AAZLES 95799% ([19 3DZE YEFRLT

o= APAT Otten, Afzal et al. (2004) H i} Aol e ZA¥E BHAY. 15
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AP grEe] oy Zpx e oA E 2000A1H(eF 83) ARV T X AFAAS

4o 2 25750 ppmv F%E9 BAE TF(HAIZ 23, E 1] o 7)) /E] 8] +perlite o A ]
BAAAESES A9 100%0] 717ty wustgl

Butyric acid

L0

d 8 8

RE "

g 8 & 2 8

=

O 1 7 14 21 ¥ A= 42 45 5 44 M 7T 4 0 m
¥y = 5550y + 9.5113
R* = D.G545

@ BAY o274 shetd wrgA e Ui Aol

Butyric acid:
C4H802+502— 4C0O2+4H20 (4)

e 2 A7 BAAA EE&ATES T 1d w9t BFE 259 55 dA45H

FAE A A " FAE gl 2y dFre =
biomass& Al7st7]  flste]  A7IA] AFo] &

7 &ol LAk g},
(4) #F# =2 AH(VA:Valeric Acid)

e VAT straight-chain alkyl carboxylic acid &2 3}82]& C5H1002S.2 %7]3%kt}
t}2 low-molecular-weight carboxylic acids®} mFE7FA &2 wj$- B3 FH S dhakelio
VA =F%Hd 9 & T ZJ9s 3420 ¢

o [2F AfellAel Zo] #E Aol HF7IE <t (100d) VA A& 80~90%c°l
o]2t}. Lennart et. al (1999)2 7I53%, SAMFH, FAMEA Go] t & FAFAA
VAFEE A3 oy ddFAto AR VAZE 785 At

- 270 -



RE %

Valeric acid

BEMD e o e s G R S B S R R R SR S S R SRS E RS SR S LR F SRR TR RSN

0 1

¥ = 4.6716x+ 15.104

R* = 0.5976

(5)
e iBA (iso-butyric acid)< carboxylic acid®. 2 3}sh2]-2 (CH3)2-CH-COOH¥} 7t}

Valeric acid:
C5H1002+ 6.502— 5C0O2+ 5H20 (5)

o] ~K-el A (iBA:iso-Butyric acid)

RE "

o 1 7T M4 1 B A 42 4 & & T T M O m

¥y =53101x+ 56834

R* = 0.5706

[2¥ 5] AA14 iBA AARE
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iBASl 4%, [1¥ 5]9F #o] 3rd wk, 8th wk, 10th wkellA ¢ iBA A|AH&E &<
10~40%= Yesth o= Al el o3 #d4 Qo= olsfHuy et 2AE
A PAE s d FE5A7E etk 2y 11th wk o] Fel=
AAZEC] 80~90 %ol o] &t

(6) We wEr (MM:Methyl Mercaptan)

e MM (CH; SH)> HEE S (methanethio)Z% =& i, 7HF MeSHZ%® %7]4d
MMe] &= fal(aE) TRy 24 ¥ gRaAE AXE Aot} At A=
F71% MMo| 2ppboll A% olxd Axz 7zket dbH A4 F = 100ppm ©] 4l
wEzHooF fal T Ao tH([EPA] 2008). 21 B2 ALHEL d3] A7l x| Fo] gl
MMeol| tisiA %= wlgetA vkttt 28y A 71 =55 W AMEES UgET
Ax AstEth (Brenneman et. al, 2000). 19 749, $7o] I 2ste] Tl A WA,
Agse wael g AaH Fuedt 2 ol fgel B Fr ok

Methyl Mercaptan
10 wrare
b
&0
T = F o
$ | AT R
E =0 = - el 3 :
! = B LT i
il : =2 =Tt - - - B 'a'
5 N ! :'.._.--' &
“] - = il _— = : :
1] .....'.'._ A el e - e
T T . A . sL -
o o 5 £ > 3
i I ﬁ . | i B
0 1 7T 14 1 3B 35 41 # 5 B4 9l

y = 3,7356x + 11.B11

R = {(.4555

[Z27 6] B4 MM A7 EE
A3t vlel 2ol MME sulfide®} methyl group-donating 33E =2 A o] lth
Demethoxylation of syringate (an intermediate microbial metabolite of lignin)-<
MM FH(Ef)elH, F2 LA =A JE SegdA ST MM 3=
Adg Wee FrNxdda AEHHHoz M hollandica ¢ THE Ay
methylotrophic methanogenso] ¢]3}e] ZA¥t}t  (Lomans et al. 2001b). [Z¥
6loll A eF ol FiA oz MM BAIA Axase] dddes w2 (= 60%) A

ol gt o]l 7]QlE 4 Ut

(7) 9+®= Yo} (Ammonia)
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dEUole] 3skAe NH; o2 FAo|ty, dEYol ogstar, 274S AzegH,
4 WHAZ HAAQFoR Ha(aFE) o ==9E Hiustes gL drh oF 9
Hd Al s E=E 5 ppmEHA, ol ¢doly S
dryolo] AV =W &F 7] E=24oln

Sheridan et. al (2002)2 TlE& gk Ha&=
SHAATEEE AP ABAN, RS FEile) AYEE TTo%0 o2,
BF #&4 pHe =+ 6787} A4stttal Rt 3 252 AAg=9 34§09
16% A3t dRyol AAEZES 7723% A3t Hasdt, a8z 2
ATANME o] WM pHE FAALH, AALES [198 7% Zo] ¢F 80%E
FA3H9
Ammonia
100
m — M
-
N B __“ h;;.riun..g.
0 SH g BN BN
4 ; 0 Ed
. - : :
i 50 4. B .
=4 : : 1
40 4 g -
a0 i i gx E
T T: - -
0 L 5
0 MW 7T OB 9
y = 5.2109x + 6.5393
R = 0.7569

[27 7] BA1A dRYol AARE

(8) DMS (Dimethyl sulphide)

Dimethyl sulfide (DMS) T= methylthiomethane & & 229,

718 (organosulfur) & 24 3} (CH3)2S I} #Ztl. DMSS -84 (k) o] v

37 °C (99 °FlME Fe 7tdA8 dA=ZA = S F sls A== Aok
A

DMSt 58719 AF3t0), sl 9%, Aol o2 YHS F2 FE Yk
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Dimethvle sulphide

oo

RE "%

T
o |
1

¥ = 3 1246x + 19.062
R* = 0.503

[29 8] AA1% DMS AA &&
AgArel st QAo pilot peat] A BFEZANAM Z71A4 Al
Thiobacillus thioparus’}F DMSZE At3lA| 7Itha W s}, B od:fLoﬂ A= [29 8]
%ol BF= DMSE ¢F 60% #4238ttt

(9) DMDS (Dimethyl disulphide)

Dimethyl! disulfide (DMDS)2 713} &%= 24 (organic chemical compound) 3}3%+
CH3SSCH3ol® 7Hd wgh o] &gt & (disulfide)olth o] AAE 7Aoo =
k= HA 7 ok

DMDS= SH5A &9y o9
DMDS =& 3%y wol A=& 2,
Agency for Research on Cancer):= DMDSE ot B4z BERFedn), 28v BE
T2 DMDSe| =&%&= A2 174 A Hs=A =T

T A)

= 5

r°" flo

&, DMDSe] 3415 slaje] wEur),

il
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Dimethvle disulphide

RE %
s

n '.-:::. =5 _ ke = s o Ll e
g 1 7 M4 N W OB 4 4 5 & W T OH N

y - 3.81x + 39.490
R = 0.341

[Z29 9] A A4 DMDS AA&S
Dimethyl disulfide (DMDS)2 A &% $HA = oFHE Witsts S F==ZA HA)
Axibdolty, AFAA, EwstrAedeld vz HAstH otHZEA dVHS
gt DMDSE 38X A17]= ofe] W Ee] AMR L v 2 Aol A= DMDS
AAEL [29 9]olA BRe ke o] 55 A4 oF 80%° o] &t} o]+ 8th wki-E
3714 v A& 47} BF padoll A SH A FE FA 5

Ay

U, 22472~ A A &S Greenhouse gas removal efficiency

(1) o]4tslgtAa (Carbon dioxide, CO, )

ojAFstErA o] 318kl CO2E A FA (M), FH (MRt Aol A A F=] o=
Aol 715 CO2 s%+ f1Ad wet 0.036% (360 ppm) ~ 0.041% (410 ppm).

A =AM CO2%E 7|24 o2 HAo] S5 #5x9 Aol et

- 275 -



Carbon dioxide
100
)

RE %

10 --*ﬁ s

7
y = :.11771 1.1:4?
R:= 05117

ﬂﬂﬂnén

113114249'-5637&7?&9]

[Z27 10] A4 COz AARE

B AT BFA CO, = MAESY ZFd o3 e #7189 REEARE
AP 28y CO, & BF AFE2 d= fat5o] o)  &aldo] CO, 9
AAZE] [29 10]% #Zo] 10~50%°] ol&t. ® & CO, A7tsd
A2k stn] A & o] 712, CO, & duAder &&st7] wEor olsjd
At g s e EAS WS flste]l =
g z

o
AAE fste] CO, & A=2d=2 FAAA FFAES A= A= st

* oy

el 4= it} o]+3] o]s3] dlwnsgml
g 2=

T JAEd AEd FEEF WH HSFEAR] ofF H 2
g3ty 9ste] BFE A A A 2069 E‘r pﬂot BF= A%
A=A, AsAEFF g (data logger), , wE, S, AR 548 287
To= FAso] Qv HEg BFAIZHS J\]i@ AEerds fAste] =42 FA,
monitoring & X %= ¥E g3t}

10034 7+e] BF Ad A3 AA (Acetic acid) 90795 % (%Y v%= 418 ppbv &
Aglo] Aol FFHAAH ), BA (Butyric acid)= 95799 % (HE4 &

|

F

|

= A T 7.83pphv &
2A50] A FH ), PA (Propionic acid)= 99 % o4 (HZ Y ¥ %+ 0.96ppbv
2 BAH Ao FHALEY), VA (Valeric acid= 80790 % (HFY =+
1.03ppbvE E4 % o] Aol FHAEQ), iBA(Iso-buteric acid) 80790% (H €Y T=+
1.60 ppbv = EAE o] A9l FHJEHY), dEYol= 80 % ol Fo®E (HEFY w5+

1.0ppmo.2 A xo] AL oHHE QAT = gl FEHl <), MM (Mercaptan methanol)
60 % oo R (HEFY FE: Tlppbv & EAHo] A9 oHE <xg 4 g
A1), DMS (Dimethyl sulphide)™= 60% ooz (HF5Y %= 12pphvi
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N

EAwo] Ao EHAEY), DMDS (Dimethyle disulphide):= 80 % o] o & &

F%+ 0.1ppbv 2 AL FHAAEH Y. CO2 (Carbon dioxide) 10750% 2 HFd s+

700ppme 2 EAEo] A st BFe ofx 2 2AvlA ARELS A=

Yzt F 2&S NS A FUkAT 7 28 o= dAdEoh
5 2. 3719 A, AL, HA 2Ew 2~ b daaA 24

(1) m 71744 (Microclimate parameters)

e

é

o A 7|7 = g v 714 A4l Hi 75452 0.3m/s, 255 20°C, AUlsEs
32.4% ZA *JFHZI 2 Azt
[z 2] Hu=Ate] 07|14 A =X|of 2t SHEY
Descriptive Statistics
Range Minimum Maximum Mean Std. Std. Variance
Statistic Statistic Statistic Error Deviation Statistic
Airspeed 0.4 0.1 0.5 0.3 0.1 0.2 0.0
Temperature 1.7 18.9 20.6 20.0 0.5 0.9 0.9
Humidity 5.6 28.7 343 32.3 1.8 3.1 9.9
o WUFE =AY HolEgor AW (ﬁuﬁ) FSORED®, FAM) 5 3AH, FolWFgdo s
2R, T0h), st(F) & 3 AR F 9AF Wi F& 2%, §% 5 IEHTE
st e, Hyre [19 11]3 2o
Air speed (m/s) Temperature & Humidity
[ T 40 - .
0.5 i
v =0.18x- 0.0744 ]
08 Lo ___B:L_;.p_ﬁu_d_,_'_:.'. _______ * giy
5 - i
0.3 '."" 20 - = | }
0.2 _.._._._..._._._._.‘___.-_'..J.:_.. RTERCLEA R 15 - 'Ii i
10 - i ]
0.1 . ________________ . | \
§ 4 '|
0.0 . . ; 0 = ‘
F M E Temperature ( 'C) Humidity ( % )
s Ajr speed (m/s) - - - - M8 (Air speed (m/s)) BF ®M BE
(23 1] AR %, &5, 45
(F : Front of room, M : Middle of room, E : Rear of the room)
o B oAgdAe AW & F0W R FRnc W dehgon, ex ¥ FEE 2/
HEEHAJT o= STAI2F w7 sHo] E o] AR Eo] FU|EFo] ThEEA
7] wWiro g ot
(2) YA 4 (Particulate matters)
o wd ugEAY A BAEA)Y BASHES [E-313 2l PM 10 (um)
HytsE+ 325 (um), PM7.0 (um)e] 4%, 166.6 (um) &2 7} =4t
[£ 3] ©9 vF=Ae] JAd =43 A) EASA (um)

- 277 -



Descriptive Statistics

Range Minimum Maximum Std. Variance
Statistic  Statistic Statistic = Mean | Stl. Emor |, o tion Statistic
PM 10 151 246 397 325 44 76 5729
PM 7 51.7 140.0 191.7 166.6 14.9 259 670
PM ;5 2.3 34.7 37.0 36.1 0.7 1.2 1.5
PM , 22 25.9 28.1 27.2 0.7 1.1 13
TSP 557 1149 1707 1350 179 310 95921
Particulate matter
1,800 "
1,600 1
1,400 - .
1,200 -
IJ:"I' il by
B0+
o -
400 II;
200
0 - 3 -_ - W -
PM 10 {jum) PM 7 (am) PM 2.5 {um) PM 1 {um}) TSP
eF oM mE

(29 12] 2o EAte] a7 AE AT E e £

(F : Front of room, M : Middle of room, E: Rear of the room)

D] HlFEAR] A 5% WAwRe A fFxs (29 13]39 2o,
EAEALS [#F-3]d e gtk PM109 A$, S3de] AW, Fuwdg E7
UEltth olE F3do] AR ow Lxvl va 458 ol H§Eo] dEaly)
g Ao Folx FEo] wWol WA FEVF molxl BoR oA YA
A717F Ad ez 22L& PM7.0, PM25, PM1.0 5& A $7]d 9l3le] i€t

(3) &7]15 A= (Airborne microbes)

[ 4]« FAvAE SAIEAES YERd Zolw, TBC (total bacterial count)®} fungi
FE= 247 1000 cfu/m®, 4.0 cfu/m® (table 4)o.2 EAFEAct WA nAELS
Fopg oz Aol Alg AFHA] Total Coliform(TC) and Total E.coli(TE)S A<
AF(2M)sATHIE 4D. ol AW #A4a 2 HAeA= g 4s AT
A37E A

=

a

-

R
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[ 4] 29 HlSEAE 27| Rarde SASA

Descriptive  Statistics

Range Minimum Maximum Mean Std.  Error Std. Variance

Statistic Statistic Statistic ) Deviation Statistic
TBC 18.0 92.0 110.0 100.0 53 9.2 84.0
TC 2.0 0.0 2.0 0.7 0.7 1.2 1.3
TE 2.0 0.0 2.0 0.7 0.7 1.2 1.3
Fungi 4.0 2.0 6.0 4.0 1.2 2.0 4.0

[2® 14]¢} o] TBC= Hd¥elAM 7HE =7 dested, 713/ F@olk= M3
fex]
AN

Aerial microbes

; . ; . : n.-.._,
TBC(CFU/m7y TC (CFU/my TE{CFU/'m"} Fungi{PFU/mr)
EF 5)M nE

[79 14] A5 HHleA A8 37158 F nAEEE
(F : Front of room, M : Middle of room, E : Rear of the room)
(4) = yo}l, 334, o]akEErA (Ammonia, Hydrogen Sulphide and Carbon

Dioxide)
o W EAY] NH; , H2S, CO, (Ammonia, hydrogen sulphide, carbon dioxide)2]
EAEALS [F-5]9 Zuh o5 HY IHEEE ZHZE 68ppm , 0.4ppm,

1,317ppm 2.2 Y ERG T
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[ 5] ¥ =AF2] Ammonia, hydrogen sulphide, carbon dioxide?] EAE4

Descriptive Statistics

Range Minimum  Maximum M std. E Std. Variance

Statistic ~ Statistic  Statistic ean - HTOT Deviation  Statistic
NH; 15 6.0 75 6.8 0.4 0.8 0.6
H,S 02 0.3 0.5 04 0.1 0.1 0.0
Co, 500 1050 1550 1317 145 252 63333

*ammonia (NH3 ), hydrogen sulphide (H2S) and carbon dioxide (CO, )

e Ammonia 5= AWoA E7tAHo R FHA Zolxtirl TH A AsE ATES
HAt o= F7|FE0]l oA dAHA KddA o= v @ﬁgi HAr},
Odor compounds
’ Mmeaell @20
NH3 HIS
(ppm) «F s M sE (ppm)
[29 15] FH=A1e] A dRYol &3l5d w5 3
(F @ Front of room, M : Middle of room, E : Rear of the room)
o VA OE tRYolE HAY LFoA FHlHY, FItrie 1"5:%01 7] g = EA
s = Aow o 4733}([2% 15] =), Bl =AM Y CO, &= 71402 A9
TF, F71EY 2714 wE TelA HAEH, g7 1 «10}04 EAP 94—ri HH71HE‘r

sl
)
N
N
s
o
ftlo
_l {
o —
ol
ol
38 d
ui
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Carbon dioxide

1,800
1,600 irica
1,400 ¥ = 250x + 18167
1,200 ST RE= 09868
1,000
H'DEI 2
600
m - d
mﬂ"" ——— e —— L ———

0 : . .

F b1 | E
mm— CO2 (ppm) - - - - MEH (CO2 (ppm))

[29 16] 2 H v FE=AEY] COp (ZATFE) FRiE
( F @ Front of room, M : Middle of room, E: Rear of the room)
(5) Odor compounds analysis (VOCs)

e acetic acid (AA), Buteric acid (BA), propionic acid (PA), valeric acid (VA),
iso—valeric acid (iVA), iso-buteric acid (iBA), Dimethyle sulphide (DMS), Dimethyle
disulphide (DMDS) % ¢] volatile organic compounds (VOCs)e] TA®EA A=
[¥-6]o Fo1# Ut} olE59 H-s=+= 2H7 260, 63, 94.6, 27.6, 22.6 22.2,13.3 1,946,
245 ppbve o2 FA AT A AA, BA, VA FEHs= 52 21 #A7
de Ao wekE

[£ 6] 2o MSEAe] oA B2

Descriptive Statistics

Range Minimum Maximum Mean Std. Std. Variance
Statistic ~ Statistic Statistic Error Deviation  Statistic
AA 90 219 309 260 26 46 2078
PA 58.2 28.8 87.0 63.0 176 30.4 924.1
BA 81.2 60.5 141.7 94.6 24.3 42.1 1776.1
IBA 26.8 16.5 43.4 276 8.1 14.0 196.9
VA 234 14.7 38.1 22.6 7.7 134 179.9
IVA 35.7 0.0 35.7 22.2 11.2 194 374.5
P-cresol 9.8 6.8 16.7 13.3 3.2 5.6 31.0
DMS 3106 524 3630 1946 906 1570 2463833
DMDS 171 74 245 143 52 90 8160

* AA © acetic acid, BA : Buteric acid, PA : propionic acid, VA: valeric acid, IVA: 1so
valeric acid, IBA: Iso buteric acid, DMS : Dimethyle sulphide, and DMDS : dimethyle
di sulphide. (unit : ppbv)
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Odor compounds

AA PA BA IBA VA IVA Poeresole
(ppbv)  (ppbv) (ppbv)  (ppbv)  (ppbv) (ppbv) (ppbv)
"FuM=E

(23 170 A9% AAEAS] A QA HARTRe B
(F : Front of room, M : Middle of room, E : Rear of the room)

« 29 F AR FAFEE FRAL b BA dehe] 59 dgor %
vhebteh ([ 18]). ol FHolAe o ol o} E wol W7|ay] WES
e o)

H

dy
_1

o
T

=

Odor compounds

DMS (ppbv) DMDS (ppbv)
aF uM sE

(17 18] 49 F WaAEAe] 449 GHAFE

(F : Front of room, M : Middle of room, E : Rear of the room)

6) M §Ee] 2EY s 3

ot

<= (Stress hormone level in blood of swine)
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. W) MEEAS sEds RO FEE [E-76 JEh Aok wSE] B IeG,
o

IgA, ACTH and Cortisol 77} 220mg/dL, 50.6mg/dL, 2.3pg/dL, 1.7 ug/dL o=

=4 = A
* 7. dHEALS] HISE Y22 s=24

Descriptive Statistics

Slgtlilsgtfc hggg;ltl:;n l\ggtlll;ltilcln Dlean sl Lo Degitgt.ion ‘Slit‘;lasntlcce
IgG 25 209 234 222 7 12 154
IgA 1.0 50.2 51.2 50.6 0.3 0.5 0.3
ACTH 2.8 1.1 39 2.3 0.8 14 2.1
Cortisol 0.7 1.2 1.9 1.7 0.2 0.4 0.1

* units of IgG, IgA, ACTH and Cortisol was mg/dL, mg/dL, pg/dL, and ug/dL

Swine blood hormones
3 - Y S Sy PR

p - R mmm
225
200 -
178
150
125
100

=R &%

IgG (mg/dL) IgA (mg/dL)
aFsM sE

[O2 19] A4S SCBs (ZH=AhS| Ml X|EHoMe AEAZESE

(F : Front of room, M : Middle of room, E : rear of room)

rr

7} ACTH hormone A HW #F&53 A4S Holy cortisol =+ 5%
=

ol mE EsE 719 Il
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Swine blood hormones
4.0
is
3.0
1.5
2.0
1.5
1.0
0.5
(LX)

ACTH (pg/mL) . Cortisol (ug/dL)
=F aM =nE

[OE 20] &&2|Zt & Hs=AL M XEe| AEHA 22 =

(F : Front of room, M : Middle of room, and E : rear of room)

A7 T oFH 24TV 9 2E#H A FEA F@aAdA H2SE IgG ¢
HAAE Holu CO= IgAE F ()9 AaddAE Bttt BA® ACTH®}t

AAAAZS Bgon iBA, VA, p-cresole cortisol#= =& A(F)9
Btk ([ 8).

(7) 3¢} 227~ @ g5 2EfAE 7] Pearson A Al G 1A

- 284 -



¥ 8] dH 247t~ 2 A AEHAZETI Pearson A3 A FSEA
Param .
. AA PA BA IBA VA VA P-cresol  DMS DMDS  NH3 H2S co2 IeG IgA ACTH  Cortisol
eters
AA 1.0
PA -0.1 1.0
BA 1.0 0.0 1.0
IBA 1.0 0.1 1.000+ 1.0
VA 0.9 0.3 1.0 1.0 1.0
Odorous
VA -0.9 0.4 0.9 0.9 -1.0 1.0
compounds
P-cresol  -0.9 -0.3 -1.0 -1.0 -.999% 1.0 1.0
DMS 0.5 0.8 -0.6 -0.6 0.8 0.9 0.8 1.0
DMDS 0.3 -0.9 -05 0.5 -0.7 0.8 0.6 1.0 1.0
NH3 05 0.9 0.4 0.4 0.2 0.1 0.2 05 0.6 1.0
H2S 0.4 1.0 -0.3 0.2 0.0 0.1 0.0 -0.6 -0.7 -1.0 1.0
Green house
co2 1.0 0.3 0.9 0.9 0.8 0.7 0.8 0.3 0.1 0.7 -0.6 1.0
gas
el 0.4 1.0 -0.2 0.2 0.0 -0.1 0.0 -0.6 -0.8 ~1.0  1.000%*  -06 1.0
_ IgA 0.9 0.4 -0.9 0.9 -0.7 0.7 0.8 0.2 0.0 -0.8 0.7 -.997+ 0.6 1.0
Swine
h
OTmOne actH 10 0.0 1.000%  .999s 1.0 0.9 -1.0 -0.6 -0.4 0.4 -0.3 0.9 0.2 -0.9 1.0
Cortisol  -0.9 0.3 -1.0 “1.0  -1.000% 1.0 1.000+ 0.8 07 0.2 0.0 0.8 0.0 0.8 10 10
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SH Zre] AdAAE #dEsy] IdE W JHUE A3 Aol HAFIAE
[e) e}

FH 2 A 7}iﬂ ZFA~® %53} (Standardization of reducing GHOG system)

ZE A~ (BF: biofiltration system)

Al, Azt BFE oisti<s 54 dH vSEAR JYAAIA oo ofF gl
Alzdel §88 A5 ©] BFE cellulose pad ZE 9} A <=3kA) ~H]
o} = O

(airspeed), A X2+ (pressure drop), &% (humidly), =% (temperature) %<
T AE HFSAAM o] datas ¥UH, +9HH T & A+ data logger=

AN
N
N
A o
)
MP

% o
>
D

o, oo Ip mx

o g
2
o,

:Io&
ot
X fo

N
o~
— 0oL

S,

Aol Gilife) 7B )8 (O HAF /1 BFE A9,
1A, 27 AFEZ= A= FAA A PR 718 T
1 AR ool tylR e B E A= Ewel 3

g gA@ ot MAR ANBEE FA s 3

ohvleh ghmulol 7h2E g (SO o} ol S(NHAN)S ekl ohwi]o}r}

iR

>
o Of -ﬁ
L
rlr =
o

o 1o O nd 4
it o2
4=
A
o

v
=
L)
X
ol
O
s
m{}
[‘:10
o:

. BFe] A4 (Performance evaluation)

(1) BFH7} &5 -
Gas Detection Tubes: ammonia, hydrogen sulphide, carbon dioxide &%=%&
AT 7171 dE 59 Gastec
Gas Chromatography - mass spectrometry (GC-MS) : volatile organic compound
(VOC) 5% 54 A

BF 3% 7t¢ BF7F &4 HAA dHs=E ARE
BFe] =9 &7 Astew oH T &= A8t
BFel 7FsOmE) 57 71402 BFY otH 34 &&o dA4AA d3FdFs HAA
ot = Febri FK) A
BFFAAl ARl @ajel dat 24 eggou wi7|Aloll= Y %= humus & HAH7F
ke o
A7 BF A9 dmUobtre ¥EE GasTecll7l2 ZA® A% 5
pm=195pme] B BEAAA, WE @Ml TES 1 pm YrE
EQQ‘”‘:} 2 A5 BFe Ammonia #A|A &

e
ol
]

PN
T

e

n.t{o
flo wo
o'e)
S
©
a3
X
o
=
—_
(=}
(o]
8
ea
o
ol
fr
L)
lo
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© =271 24 (AAFA,
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=
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o ARHoE AilAe] AlS AA (Ul ~E AJA, Shoulder length barrier A]4d)o]
putmEe] Aol AFS MAX e Aow Huy
W2 AEE A A 24 A
FH A | GAAAAZ | Dol a5 | Jitol g A=
Season | Treatment ) _T BxAE i ]TF_TT HAE 2= BCS
(piglets/litter) (kg/hd) (piglets/litter) (kg/hd)
SSFC 10.6 £ 0.33 | 1.38 £ 0.40| 10.3 £ 0.21 | 7.37 £ 0.11| 3.5 £ 0.01
Spring
SLBFC 11.3 £ 0.28 | 1.46 £ 0.37 | 10.3 £ 0.20 | 7.37 £ 0.12| 3.5 £ 0.01
SSFEC 9.6 £ 0.32 | 1.34 £ 0.38 9.2+ 023 |7.24 £ 0.11| 3.5 £ 0.01
Summer
SLBFC 10.2 £ 0.21 | 1.42 £+ 0.40 9.8 £ 0.21 7.24 £ 0.13| 3.5 + 0.01
SSFC 10.5 £ 0.27 | 1.37 £ 0.41 10.1 £ 0.22 | 7.88 £ 0.12| 3.5 £ 0.01
Fall
SLBEC 10.8 £ 0.23 | 1.45 £ 0.30 | 10.5 £ 0.21 | 7.88 + 0.12| 3.5 £ 0.01
SSFC 10.2 £ 0.30 | 1.40 +£ 0.35| 10.0 £ 0.23 | 7.71 +£ 0.13| 3.5 £ 0.01
Winter
SLBFC 104 £ 0.23 | 1.43 £ 0.31| 104 £ 0.22 |7.71 £ 0.13| 3.5 £ 0.01
¥ SSFC : YAIALS] 7 25 AJAMoA] Ewiale] EutE 2 7 AFSSE 5
#* SLBFC : 9JA1A}¢] Shoulder length barrier Aol A #rkale] EutEw 27 Al{3 &
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o JAEA R AAE AEAE FA4S A A= F 19 2y

o AAd & Al gglel AU, 5 D dEUol T AAHHY o BF ¥ 3o
ol QA47F JalEe AT AEY A Sof] S m A Lo Aow AGHAY.

o Y 2% AL E IS @ ALdE AsAdALE ostE UEol oEd =
ol AR =A yEwy] wio] o8 2xr dalEe AT AEd A ot Eks
e Aow ATGEH A

o AWk oz FA Ao AgFgte] JAEA Y &% AUEE 2 FE o] F9%
2ol 7F (A THp>0.05). Y dEUol TR dfdow A wio] XHolr}
Aoy AadAFEE ol E FAEUY] wio] JalEo] HAAT AEF o ofgddS
n X2 ek AHow AETh

E L YAEAL Y AEE Y kR Yol Frd s = Ay

Treatment Indoor Relative . . .
: o Air velocity Ammonia
Season o Ammonia temperature humidity
Facilities (m/s) (ppm)
(ppm) () (%)
5+3 191 £ 0.74 | 514 + 1.6 0.01 + 0.00 19 + 053
Single stall 10+3 202 £ 0.75 | 534 % 1.7 0.01 + 0.00 11.3 + 0.44
, 15+3 20.1 £ 0.87 | 54.4 % 1.9 0.01 * 0.00 148 + 0.62
Spring | 543 19.3 + 0.65 49.3 £ 1.7 0.01 = 0.00 4.7 £ 0.63
Shoulder ™ 5013 17203 + 077 | 514 % 1.8 | 001 £ 000 | 109 % 0.54
length barrier | 543 21.0 + 069 | 525 + 1.7 0.01 £ 000 | 15.9 + 1.63
5+3 311 £ 083 | 793 * 1.3 0.06 + 0.03 21 + 1.65
Single stall 10+3 308 £ 0.76 | 788 * 1.3 0.05 + 0.07 93 + 255
o 15+3 319 £ 098 | 799 * 1.3 0.04 * 0.04 155 + 1.23
mmer Shoulder 5+3 315 £ 075 | 78.1 = 2.7 0.05 + 0.11 3.7 + 155
enath barrier 10+3 314 £ 088 | 792 % 15 0.04 * 0.03 126 + 1.21
9 15+3 323 £ 0.88 | 797 * 2.3 0.03 * 0.04 165 + 1.56
5+3 221 £ 089 | 507 * 15 0.01 % 0.00 41 + 063
Single stall 10+3 219 £ 0.75 | 521 * 1.7 0.01 + 0.00 11.2 + 053
ol 15+3 232 £ 0.79 | 525 * 1.9 0.01 + 0.00 15.2 + 0.66
a Shoulder 5+3 223 £ 075 | 522 + 1.9 0.01 + 0.00 5.7 + 0.23
enath barrier 10+3 231 £ 0.77 | 533 % 1.8 0.01 % 0.00 116 + 053
9 15+3 229 £ 0.96 | 538 + 2.1 0.01 + 0.00 16.7 + 0.99
5+3 232 £ 0.67 | 51.1 * 3.4 0.01 + 0.00 59 + 0.66
Single stall 10+3 227 £ 0.86 | 51.1 * 3.4 0.01 * 0.00 103 + 0.76
wi 15+3 230 £ 0.68 | 51.1 * 3.4 0.01 * 0.00 14.9 * 0.88
inter Shoulder 5+3 233 £ 093 | 498 + 1.9 0.01 + 0.00 49 + 0.76
enath barrier 10+3 237 £ 1.90 | 512 1.7 0.01 % 0.00 11.9 + 0.65
9 15+3 235 + 0.92 | 524 * 2.0 0.01 % 0.00 153 + 1.87
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CFU

216

209

201

148

112
177.20+78.3

175

269

301

177

186
221.60£49.2

66

49

61

51

40
53.40+22.9

38
31

32

39

55
39.00+12.7

148

I3
=0

1-2

—

0

—

0

Treatment
Single stall
Shoulder length barrier

Single stall

Shoulder length barrier

Spring

Shoulder length barrier A A}S F7o] <7t =4 YEFREA
Season

& THpP>0.05).

Summer

195
199
184
166
178.40%£60.5
299
225
298
161
126
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Single stall
Shoulder length barrier

Fall




R 221.80*=28.9
=81 151
1-2 106
. 1-3 104
Single stall -1 88
1-5 74
Winter e 104.60x12.4
=81 136
1-2 175
. 1-3 153
Shoulder length barrier - 90
1-5 81
L 127.40£33.6
o Ewtr =9 wiAlds U AZMSE] A3 = 3% 33 @4t
o ButmEol WA 9 AR Ao o, MNP 2% AH ALS 533} Shoulder
length barrier AlA AMS 58 EFAA &37] 2 35719 ARG g5 o=
ettt
w3 mEY WAAG D AR A
Treatment BHAISAH S A2 AEY Hl 2
) PCV, J&V, Parvo, AR, _ - - -
Single stall 230 2 S50 &5
FMD
Shoulder length barrier PCV, JEV, AR, FMD 280 ¥ SEI| s
o AW AW grEel FEE QAUES AARS AR AR ® 4,5 63 2k
o AalEel BCS, HubAg 2 HAdAAAFTd gk AJAd AHE gyrr 1A EH
& THpP>0.05).
o JA=9 BCS, HytAkAg 2 Hd A Ao tigh dEYol % A g3yt JAAHHA
& A THpP>0.05).
o JAal=9 BCS, HiAbAa 2 Ha A ATl st Al AHEleh Yol T A9
A a st AA-AEHA & AtHp>0.05).
o ZAyAHo g Jalrle] A{ A (U A5 AJA, Shoulder length barrier A14)3}
pEo}l 7t daEe] Aagel G MAA e Aow Buvg,
o oo ANES FEl & uwf, /i ~F A A5 ¥ Shoulder length barrier AlA A
ol @73k Aol pelzh ¢yl wie] BAZWoN QuES] @Ee Fugow
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AE 2% A AgHTGE QUES

9= Shoulder length barrier A& AF&-o] vl 2=

® o4 AR A2 kel s QaEe] BCSol tig EAAE 2
Treatment Body o .
B o Significance probability
Season e Ammonia condition
Facilities (p-value)
(ppm) score
5+83 3.2 £ 0.25
Single stall 10+£3 3.0 £ 043 A -
1543 3.2 + 0.25 14 = 0.067
Spring 543 | 3.4 £ 0.17 FEHo} T = 0.731
Shoulder ™ o453 734 = 0.17 A« Yo} ¥% = 0.303
length barrier | 4513 | 33 + 0.25
5+3 2.8 £ 0.25
Single stall 10+3 2.9 £ 0.17 A = 0.225
1543 2.8 + 0.25
Summer ol 1o} % = (.188
Shoulder 543 2.9 £ 0.17 A« oFRU o} =% = 0.344
length barrier 1043 3.2 £ 025 N o o .
9 1543 | 2.8 £ 0.25
543 3.2 £ 0.25
15+3 3.3 £ 0.25
Fall Yol % = 0.962
Shoulder 543 34 £ 017 A« kYol % = 0.114
length barrier 1043 84 £ 0.17 N o o .
9 1543 | 3.3 + 0.25
543 3.2 £ 0.25
Single stall 12?2 gg i 812@ A4 = 0.187
Winter — — dRYol % = 0.554
Shoulder 543 54+ 017 AA « oFRUo} E% = 0.168
length barrier 1043 3.2 £ 025 . o .
9 1543 | 3.3 + 0.25
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W A R} S JAES] PRARR] e BAAY A%

= =]
Treatment Average o .
3 . . Significance probability
Season el Ammonia litter size
Facilities . . (p-value)
(ppm) (piglets/litter)
543 11.1 £ 0.93
Single stall 10+£3 11.0 £ 1.32 A -
_ 1543 10.8 £ 1.20 s . 0063

Spring 53 | 11.3 + 050 Frok i = 0.500
Shoulder o3 113 * 0.50 A4« gtYol B = 0.851
length barrier [ 4513 [ 11.3 + 0.50

543 10.0 £ 0.87
Single stall | 10+3 9.3 £ 0.50 A4 = 0.130
1543 10.0 £ 0.87 '

Summer olr ol 5% = 0.500
Shoulder 543 10.3 + 0.50 A x okRUol % = 0.212
lenath barrier 10+£3 10.3 £ 0.50 = v ° - )

¢ 15+3 10.3 £ 0.50
543 10.3 = 0.50
Fall 1543 10.3 £ 0.50 or ol e 0.500
! Shoulder 5+3 10.7 + 0.50 A])HU*—LO]—DL]Z].—LL:_E : 0518
lenath barrier 10£3 10.7 £ 0.50 = o ° ’
¢ 153 10.7 £ 0.50
543 10.4 £ 1.13
. 15+3 10.2 + 0.67 -

Winter ok Yol =% = 0.500
Shoulder 543 10.6 + 0.73 A« ekEUol % = 0.868
lenath barrier 10£3 10.8 £ 1.09 = o ° ’

9 1543 10.7 £ 1.00
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% 6. A AAE dEYol w2 A= FdAAA T digk SAA A
Treatment Average o .
3 . . Significance probability
Season o Ammonia | birth weight
Facilities (p—value)
(ppm) (kg/hd)
543 | 14 + 0.18
Single stall 10+£3 1.4 £ 0.16 R
1543 | 1.4 + 0.15 e = 0.119
Spring 5i3 15 + 018 %qu}' %:'E = 0841
Shoulder ™o 14 % 0.17 A el SR = 0.774
length barrier | 4513 | 15+ 0.14
5+83 1.4 £ 0.24
Single stall 1043 1.4 £ 0.20 A4 = 0.383
1543 1.3 =+ 0.11
Summer ol Yol X = 0.591
Shoulder| °%3 | 1.4+0.12 A s oFmUo} =% = 0728
length barrier 1043 14+ 018 o o .
g 1543 | 1.4 % 0.15
5+3 1.3 £ 0.25
Single stall 10+3 1.5 £ 0.16 A4 = 0.259
15+3 1.4 = 0.09
Fall dyol H% = 0.487
Shoulderl 5%3 | 15 %021 A s el o1
length barrier 1043 1.5+ 0.29 o '
9 1543 | 15 + 0.19
543 1.4 £ 0.29
Single stall 12?2 11 i 8?3 A4 = 0.286
Winter — — ol Yo}l Fx = (0.848
Shoulder 543 14 £ 0.29 A ol e
A % e}
length barrier 1043 L4+ 0.17 - daeer 087
9 15643 | 1.4 % 0.17
o A
o WA B AGA AP YNEA ) LE AUFE D EE Fo| fo)7
2ol 7 A ATHpP>0.05). ey dEYol ki c9FHor FAFr] uiEo  xolr}
Aot FadAFE otz FAHSY] wiEol dES] A 2EF i ogEgFS
o)X A FokS Ao g FAE T
o AlAY YolATe A ME 2E Al ALS Tl H]8Fe] Shoulder length barrier A4
b Aol ORzE A VhERRAR, Frol Mol Aol 7k 19 E A erHp>0.05).
o /M 2% A A% A3} Shoulder length barrier A& AMS 5 EFolA 237 9
5719 AR FEgh AoRE Ve
o JAalAte]l Al Al (il ~E A4, Shoulder length barrier AA4)3} 9tRyol F=7}
QAES B FFL VAA @ Ao tehgn,
o ARAHoE N ~E ANA AS3} Shoulder length barrier A4 AFS 7He] A4 3}
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o 3atd =

o ol fAEAL WFO AAE ANE BAEL AT
AgTdz BEd g2 2 4499
AR el A Aol 2
A%t Bl 3ol o Aol

59

L oolwAEAF W AEE A ddas 4 2y

Treatment Indoor Relative . ) .

. - e Air velocity Ammonia
Season | Stocking | Ammonia | temperature humidity

density (ppm) (c) (%) (m/s) (ppm)
543 29.1 £ 0.74 | 63.4 + 1.6 0.06 + 0.00 4.6 + 0.34
Low 10+3 30.2 £ 0.75 | 63.4 =+ 1.7 0.056 = 0.00 | 11.4 £ 0.63
1543 30.1 £ 087 | 644 1.9 0.05 = 0.00 | 14.8 £ 0.24
543 29.3 + 0.65 | 68.3 + 1.7 0.06 + 0.00 49 + 0.54
Winter Medium 1043 30.3 £ 0.77 | 63.4 + 1.8 0.06 £ 0.00 | 10.3 £ 0.52
1543 31.0 £ 0.69 | 67.5 + 1.7 0.06 = 0.00 | 15.4 + 1.34
543 30.3 £ 0.73 | 68.3 + 1.6 0.05 + 0.00 4.2 £ 0.54
High 103 306 £ 0.86 | 66.4 + 1.5 0.06 £ 0.00 | 10.6 £ 0.56
1543 29.9 £ 0.65 | 67.5 + 1.3 0.05 £ 0.00 | 154 £ 1.73
543 28.9 £ 0.52 | 62.4 £ 1.5 0.06 =+ 0.00 45 £ 017
Low 1043 30.5 £ 0.22 | 63.7 + 1.1 0.06 +£ 0.00 | 11.1 £ 0.30
1543 29.4 + 0.65 | 66.2 + 1.3 0.06 = 0.00 | 15.6 £ 0.34
543 29.9 + 0.11 64.3 + 0.9 0.05 + 0.00 49 + 0.14
Spring Medium 1043 30.7 £ 0.24 | 654 + 1.0 0.06 + 0.00 9.8 + 0.32
1543 305 + 0.64 | 67.5 + 1.6 0.04 £ 0.00 | 15,1 £ 1.17
543 31.5 +£ 0.12 | 66.3 = 1.1 0.04 + 0.00 4.7 £ 0.42
High 1043 30,9 £ 0.65 | 64.6 + 1.3 0.05 + 0.00 | 10.2 £ 0.23
1543 306 £ 0.45 | 65.3 £ 1.4 | 0.04 £ 0.00 | 149 £ 1.24
5+3 33.9 £ 0.24 | 82.4 + 2.1 0.06 + 0.00 4.8 £ 0.26
Low 1043 32.3 £ 0.583 | 83.7 £ 1.9 0.07 = 0.00 | 10.1 £ 0.43
1543 326 + 0.23 | 86.4 + 1.4 | 0.07 +£ 0.00 | 15.1 £ 0.72
543 33.1 £ 034 | 842 + 1.6 0.06 = 0.00 5.2 + 0.25
Summer | Medium 1043 296 + 0.65 | 85.2 £ 2.3 0.05 = 0.00 | 10.2 + 0.83
1543 31.4 £ 0.26 | 81.3 £ 1.9 0.07 £ 0.00 | 14.7 £ 1.35
543 31.8 £ 0.42 | 82.9 + 2.1 0.08 + 0.00 4.9 + 0.41
High 1043 31.3 £ 0.37 | 816 £ 2.3 0.07 +£ 0.00 | 11.2 £ 0.34
1543 32.1 £ 0.47 | 82.1 £ 0.9 0.06 + 0.00 | 14.3 £+ 1.63
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o FAEAF UFo A AAdE AS FAS A= 1 29 Bt dx
A FdE 53X 2 2 fFAEAeH, SAEA WY 2k ddsE 9
Y A el A ZolE YEbA Ut AEFY A=A W 229 dds
ol wlske] =2 AEko] AT

E 2. 5A=A U AEE Al e 54 A9

Treatment Indoor Relative ) . .

Season | Stocking | Ammonia | temperature humidity Alr velocty Ammonia

, ) (m/s) (ppm)
density (ppm) (c) (%)

543 26.2 £ 0.25 | 76.3 £ 1.9 | 0.12 £ 0.00 4.8 £ 0.45
Low 10+3 25,56 £ 0.26 | 75.7 £+ 1.4 | 0.15 £ 0.00 | 10.2 = 0.24
1543 25,56 £ 0.46 | 746 £ 15 | 0.14 £ 0.00 | 14.2 £ 0.62
543 26.7 £ 0.52 | 75.2 + 1.3 | 0.14 + 0.00 4.2 £ 0.34

Winter Medium 10+3 25.3 £ 0.45| 755 + 1.6 | 0.12 = 0.00 9.8 + 0.54
1543 27.4 £ 0.62 | 76.3 £ 1.7 | 0.13 £ 0.00 | 146 + 1.34
5+3 25,6 £ 0.72 | 746 + 1.4 | 0.13 + 0.00 49 + 0.62
High 10+3 265 £ 0.13 | 73.2 + 16 | 0.11 £ 0.00 | 11.1 £ 0.72
1543 26.7 £ 0.37 | 775 £+ 1.7 | 0.13 £ 0.00 | 149 + 1.32
5+3 27.9 £ 0.25 | 79.4 + 1.3 | 0.14 + 0.00 4.9 + 042
Low 1043 254 £ 061 | 774 £ 15 | 0.15 +£ 0.00 | 11.9 £ 0.13
1543 257 £ 0.32 | 76.3 = 1.1 0.13 £ 0.00 | 15.4 £ 0.12
543 26.5 £ 0.56 | 78.4 + 0.3 | 0.13 = 0.00 4.1 £ 0.62

Spring Medium 1043 26.8 £ 0.21 | 754 + 1.6 | 0.15 + 0.00 9.9 + 0.73
1543 259 £ 0.72 | 795+ 1.7 | 0.16 £ 0.00 | 145 £+ 1.37
543 27,8 £ 0.34 | 76.3 £ 1.2 | 0.13 + 0.00 5.2 + 0.83
High 10+3 291 £ 0.73 | 79.1 £ 1.3 | 0.13 £ 0.00 | 10.6 £ 0.26
1543 28.8 £ 0.23 | 653 £+ 15 | 0.15 £ 0.00 | 144 £ 1.27
543 3156 £ 047 | 81.3 £ 23 | 0.16 = 0.00 5.8 + 0.23

Low 1043 325 £ 0.26 | 8.4 + 36 | 0.17 = 0.00 9.6 + 0.52
1543 312 £ 056 | 8.6 +23 | 0.15 + 0.00 | 142 £ 0.72
543 33.1 £ 0.27 | 841 +£25 | 0.14 £ 0.00 59 + 0.24
Summer | Medium 1013 324 £ 025 | 832 + 33 | 0.16 £ 0.00 | 11.3 £ 0.45
1543 31.9 £ 0.77 | 841 +29 | 0.17 £ 0.00 | 156.2 + 1.66
543 31.3 £ 0.54 | 82.2 + 1.1 0.17 £ 0.00 5.2 + 0.24
High 1043 329 £ 0.64 | 823 + 33 | 0.18 + 0.00 | 10.9 £ 0.82
1543 33.1 £ 0.25| 8.1 +29 | 017 £ 0.00 | 156.3 + 1.24
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Stretch, Lly : Lateral lying, Vly : Ventral lying, Sc :

* W : Walking, Sh : Shaking, Str :

Scratch, Ro
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Standing, Fsr :

. Rooting, J : Jumping, E : Eating, St :
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A% 27}

B

15.8
19.8
22.7
17.6
20.1
23.6
14.4
156.1
22.6

D 9%)

1.8
1.6
1.3
2.4
1.2
1.3
1.2

0.7
. Ventral lying, R : Rubbing, E :

Vly
42.3
29.1
18.5
40.7
28.6
18.9
8.1
15.9
19.0

Lly
27.9
33.4
38.4
26.0
33.1
36.5
70.0
54.7
39.3
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HA Fe A4 A (S

. Lateral lying, Vly

4.0

Ro
11.3

11.4

15.1
18.0
12.1
15.4
17.6
17.3

0.9
1.0
1.1
1.2
1.6
1.9
2.2
1.7
1.1
. Rooting, Lly

Stocking
density
Low
Medium
High
Low
Medium
High
Low
Medium
High

. Sitting, Ro

Season
Winter
Spring

Summer

* Sit
Eating.




53] ALY FHolt AMFET oyt AlMol& 8 &S 173 o =
Aol vigAlgt Ao AU gl o Fdde Y9 2E#HAE 1d 35
Ak weks ndsE Bt 2l Ao RRHAT.
%L olfrA=Y AlEE AedE A SA A9
Treatment Starting Finishing Daily weight )
. - ) . . Mortality
Season | Stocking | Ammonia weight weight gain (%)
density (ppm) (kg/hd) (kg/hd) (g/hd/d) °
543 5.6+0.4 17.6+0.4 415430 0
Low 1043 5.5+0.4 17.0£0.4 411423 0
1543 5.9+0.4 17.7£0.5 420+25 0
5+3 5.1+£0.83 18.0+0.4 423+29 4
Medium 1043 6.1+£0.3 17.9+£0.3 423422 0
) 1543 6.3+0.4 18.2+0.4 426+34 0
Winter 543 6.1+£0.4 18.0£0.4 422429 0
High 1043 6.3+£0.5 18.0£0.5 418+34 10
1543 6.3+0.3 18.1£0.4 423+37 0
o SD @ 0.217 SD @ 0.024 SD @ 0.009
Significance
- AM : 0.224 AM : 0.154 AM : 0.042
probability
SD*AM :© — SD*AM : — SD*AM : -
5+3 5.9+0.5 17.7£0.5 423126 0
Low 1043 6.0£0.5 17.8+£0.6 422435 0
1543 6.0+£0.3 17.7£0.3 419434 0
543 6.4+0.3 18.4+0.3 429429 0
Medium 1043 5.8+£0.3 17.6+0.3 422427 0
) 1543 5.9+0.83 17.9+£0.3 427+34 0
Spring 543 6.1£0.3 17.8+0.4 419433 0
High 1043 6.2+0.3 17.9£0.4 418+29 0
1543 6.0£0.3 17.8+£0.4 421441 0
o SD : 0.766 SD : 0.589 SD : 0.072
Significance
N AM : 0.640 AM : 0.636 AM : 0.430
probability
SD*AM : — SD*AM : — SD*AM : -
543 6.1£0.4 18.9+£0.5 457427 0
Low 1043 5.9+0.4 18.6+0.4 452426 0
1543 6.1+£0.4 18.9+0.5 456+35 0
543 5.7+£0.4 17.2+0.4 412429 0
Medium 1043 6.4+0.3 18.0£0.4 415144 0
1543 6.3+0.5 17.8+0.5 409+28 0
Summer 543 5.8+0.5 17.0£0.6 401124 0
High 1043 5.9+0.4 17.2+£0.5 404421 0
1543 6.0+£0.4 17.2+£0.5 400124 0
o SD : 0.527 SD : 0.004 SD : 0.000
Significance
N AM : 0.427 AM : 0.501 AM : 0.690
probability
SD*AM :© — SD*AM : — SD*AM : -

* SD : stocking density, AM : ammonia.
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o §AES AE AYTY AW 4 Ave ® 63 2T FAHE A5 AR
Faglol AU ETE Eole| wel FEATH dIFTAIFe] Fotre AS=E YEuth
53] Ay Fove AMGET ofYgt AJdol&E &S Y W THEERE ALSEhe
Aol vigbAlet Ao AFEHAY. 28 ofFde Y9l 2EHLAE 1Este] dEE 9
Abgete e nEsE 2eUt JE Ao FRE
E 6 FAES] AME A AN 24 A
Treatment Starting Finishing Daily weight )
. - ) . . Mortality
Season | Stocking | Ammonia weight weight gain (%)
density | (ppm) (kg/hd) (ka/hd) (a/hd/d) ’
543 18.94+0.4 36.6+0.5 633140 0
Low 1043 19.1£0.3 36.9+0.3 635+35 3.5
1543 18.7+0.3 36.3+0.3 629+51 0
5+3 19.4+0.4 36.1+0.4 598+35 3
Medium 1043 19.2+0.5 35.7+£0.5 588+33 0
) 1543 19.3+0.3 35.8+0.3 591434 0
Winter 543 19.3+0.4 35.3+0.4 571445 0
High 1043 19.1+0.4 35.0+£0.5 569+39 0
1543 19.2+0.4 35.2+0.4 573+48 2.4
o SD : 0.070 SD @ 0.005 SD : 0.000
Significance
. AM : 0.605 AM : 0.544 AM : 0.555
probability
SD*AM :© — SD*AM : — SD*AM : -
5+3 20.2+0.4 38.0+£0.5 634+44 0
Low 1043 20.9+0.5 38.7+£0.5 636+42 0
1543 20.4£0.5 38.0+£0.6 629+38 0
543 21.5+£0.3 38.0+£0.4 589+39 0
Medium 1043 20.6+0.3 37.1+£0.3 591+41 0
) 1543 21.940.3 38.4+0.3 590442 0
Spring 543 20.7£0.3 36.7+£0.4 570144 0
High 1043 22.1+£0.4 37.9+0.4 566+46 0
1543 21.9+0.4 37.9+0.4 573+49 0
o SD : 0.229 SD : 0.466 SD : 0.000
Significance
N AM : 0.571 AM : 0.639 AM : 0.992
probability
SD*AM : — SD*AM : — SD*AM : -
543 23.2+£0.5 43.4+0.5 721451 5.8
Low 1043 22.5+0.3 42.7+0.4 7234159 0
15+3 22.4+0.4 42.5+0.5 719456 0
543 23.0+£0.4 39.7+£0.4 597455 0
Medium 1043 22.9+0.4 39.7+£0.4 599+39 0
1543 23.4+0.3 40.3+0.3 605+42 10
Summer 543 23.1£0.3 38.9+0.3 565+44 0
High 1043 23.2+0.3 39.1+0.3 569+46 4.7
1543 22.8+0.3 38.5+0.3 559429 0
o SD : 0.414 SD @ 0.001 SD : 0.000
Significance
N AM : 0.673 AM : 0.811 AM : 0.718
probability
SD*AM :© — SD*AM : — SD*AM : -
* SD : stocking density, AM : ammonia.
o AME ALAEE o] fA4E 2 §HE PRRS %7 AW FANE 24T Ave E 7,
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® 7. AHE

A o] fA= PRRS S571 A7 AAMA 7

Season Treatment 1 2 =y =N THE *
0l =1 0.082 0.121 0.10 0.0356 N
olg2 0.084 0.098 0.09 0.0295 N
Hqes 0|23 0.119 0.112 0.12 0.0187 N
0124 0.128 0.165 0.15 0.1124 N
01 =5 0.114 0.139 0.13 0.0452 N
0l =1 0.135 0.11 0.12 0.0541 N
olz2 0.094 0.145 0.12 0.1543 N
Spring E 0l=3 0.113 0.088 0.10 0.0547 N
0l =4 0.122 0.079 0.10 0.0441 N
0l=5 0.128 0.124 0.13 0.0325 N
0l =1 0.155 0.18 0.14 0.0547 N
0172 0.132 0.117 0.12 0.0446 N
s 013 0.141 0.088 0.11 0.0248 N
0l =4 0.112 0.079 0.10 0.0234 N
0I5 0.124 0.099 0.11 0.1520 N
0l =1 0.074 0.112 0.09 0.1145 N
0l =2 0.122 0.087 0.10 0.1462 N
HYE 01123 0.118 0.152 0.14 0.0452 N
0124 0.134 0.119 0.13 0.0147 N
0l =5 0.115 0.144 0.13 0.0159 N
0l =1 0.186 0.16 0.17 0.1134 N
0l =2 0.116 0.13 0.12 0.0124 N
Summer Eo e 0l&=3 0.148 0.098 0.12 0.0421 N
0l=4 0.145 0.088 0.12 0.0541 N
0l =5 0.149 0.114 0.13 0.0662 N
0l =1 0.089 0.07 0.08 0.1102 N
0l=2 0.115 0.08 0.10 0.1403 N
nes 0173 0.126 0.098 0.11 0.1114 N
0124 0.098 0.142 0.12 0.0543 N
0I5 0.147 0.178 0.16 0.0552 N
0l =1 0.189 0.13 0.16 0.0222 N
0l=2 0177 0.11 0.14 0.0841 N
MY T 01%=3 0.158 0.154 0.16 0.0621 N
0l =4 0.169 0.099 0.13 0.0228 N
0l =5 0.111 0.079 0.10 0.0885 N
0l =1 0.089 0.074 0.08 0.1143 N
0l w2 0.138 0.09 0.11 0.0419 N
Fall sS4 0123 0.199 0.08 0.14 0.0551 N
0l =4 0.201 0.156 0.18 0.0564 N
01=5 0.115 0.124 0.12 0.0128 N
0l =1 0.211 0.129 0.17 0.0845 N
0l =2 0.115 0.127 0.12 0.1122 N
s 0123 0.087 0.114 0.10 0.1187 N
0l=4 0.148 0.189 0.17 0.0627 N
0l =5 0.169 0.09 0.13 0.0452 N
0l =1 0.110 0.097 0.10 0.1114 N
olz2 0.099 0.113 0.11 0.1659 N
Winter NYeE 01%=3 0.167 0.111 0.14 0.0558 N
0l=4 0.135 0.15 0.14 0.0884 N
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01=5 0.168 0.141 0.15 0.1012 N

0l =1 0.099 0.16 0.13 0.1056 N

0l =2 0.147 0.118 0.13 0.1145 N

E e 0123 0.115 0.136 0.13 0.1562 N

0l=4 0.204 0.07 0.14 0.0784 N

0l =5 0.178 0.099 0.14 0.1063 N

0l =1 0.128 0.08 0.10 0.0985 N

olg2 0.114 0.181 0.15 0.0214 N

nes 01%3 0.099 0.081 0.09 0.0335 N

0124 0.079 0.121 0.10 0.0235 N

0l =5 0.137 0.077 0.11 0.0369 N

% 04 o]/dold 44
E 8 AW WEw $4E PRRS 571 A7 AAs

Season Treatment 1 2 g Z gt THE *

=41 0.115 0.133 0.12 0.1358 N

=42 0.092 0.127 0.11 0.0576 N

MY T =43 0.131 0.188 0.16 0.0339 N

=44 0.144 0.079 0.11 0.0614 N

=4d5 0.126 0.129 0.13 0.1522 N

=41 0.174 0.112 0.14 0.1122 N

=42 0.102 0.077 0.09 0.1662 N

Spring Eo e =43 0.168 0.151 0.16 0.1252 N

=44 0.111 0.112 0.11 0.1447 N

=45 0.153 0.174 0.16 0.0152 N

=41 0.156 0.163 0.16 0.1139 N

=42 0.146 0.113 0.13 0.0124 N

=t =43 0.136 0.077 0.11 0.1158 N

=44 0.114 0.098 0.11 0.1511 N

=45 0.149 0.114 0.13 0.0292 N

=41 0.089 0.07 0.08 0.2102 N

=42 0.145 0.128 0.14 0.1903 N

NLeE =43 0.125 0.118 0.12 0.1411 N

=44 0.142 0.147 0.14 0.0943 N

=45 0.143 0.128 0.14 0.0784 N

=41 0.152 0.113 0.13 0.0568 N

=42 0.155 0.112 0.13 0.0325 N

Summer g e =43 0.138 0.114 0.13 0.0514 N

=44 0.125 0.139 0.13 0.0547 N

=45 0.132 0.117 0.12 0.0352 N

=41 0.151 0.088 0.12 0.0248 N

=42 0.117 0.079 0.10 0.0289 N

Yes =43 0.124 0.099 0.11 0.1520 N

=44 0.174 0.112 0.14 0.1114 N

=45 0.125 0.087 0.11 0.1488 N

=41 0.188 0.152 0.17 0.0452 N

=42 0.144 0.119 0.13 0.117 N

HNYeS =43 0.135 0.144 0.14 0.0159 N

Fall =244 0.189 0.16 0.17 0.1134 N

=45 0.206 0.13 0.17 0.1124 N

R =41 0.203 0.098 0.15 0.1121 N

S=+ =42 0.149 0.088 0.12 0.1522 N
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=43 0.119 0.114 0.12 0.1611 N
=44 0.189 0.07 0.13 0.156 N
=45 0.112 0.08 0.10 0.1403 N
=41 0.12 0.098 0.11 0.1004 N
=42 0.128 0.142 0.14 0.1543 N
HEE =43 0.142 0.178 0.16 0.0552 N
=484 0.177 0.138 0.16 0.1152 N
=45 0.154 0.112 0.13 0.0848 N
=41 0.133 0.154 0.14 0.0256 N
=42 0.128 0.13 0.13 0.1521 N
NEE =43 0.159 0.117 0.14 0.1441 N
=44 0.174 0.18 0.18 0.124 N
=45 0.188 0.139 0.16 0.0234 N
=41 0.189 0.128 0.16 0.1022 N
=42 0.079 0.169 0.12 0.1245 N
Winter B =43 0.121 0.087 0.10 0.1363 N
=44 0.122 0.144 0.13 0.1152 N
=45 0.144 0.139 0.14 0.1447 N
=41 0.158 0.14 0.15 0.1056 N
=42 0.186 0.163 0.17 0.1134 N
DeEE =43 0.124 0.135 0.13 0.1254 N
=484 0.148 0.158 0.15 0.042 N
=45 0.123 0.128 0.13 0.0569 N
5 04 olgeld 373
o AW UL o fAE MEA 557 AW FANE 24T AW ¥

9 A AASEE ofAE ATAY 5F7 AW A7 Az
Season Treatment AR APP2 APP5
0l =1 80 80 160
0l=2 160 80 160
NS 01 =3 80 80 80
0l =4 160 80 80
0l =5 80 40 160
0l =1 80 80 160
0l =2 320 40 640
Spring = 01 =3 80 160 80
0l =4 80 80 160
0l =5 160 80 160
0l =1 160 80 80
0l=2 80 160 160
eE 01=3 160 80 80
0l =4 160 80 160
0l =5 160 160 80
0l =1 80 80 320
0l =2 80 80 80
NLE 01 =3 80 80 320
Summer 0l =4 80 80 80
0l=5 160 80 320
0l =1 640 40 80
e
0l=2 80 80 80
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013 80 320 640

olx4 80 80 80

0l=5 160 80 160

0l=1 160 80 80

Ol=2 160 80 40

as 023 80 160 80
0l=4 80 80 320

0I5 160 40 160

0l=1 160 80 80

0ls2 40 80 80

MY T 013 80 80 80
0l=4 160 80 320

0l=5 80 80 80

Ol =1 80 80 320

0l =2 80 80 80

Fall ST 023 160 80 80
0lx4 160 160 640

0I5 40 80 80

Ol1 80 80 160

0l=2 160 160 80

nas 03 80 80 40
0l=4 160 80 80

0l=5 80 80 320

Ol=1 80 80 160

0ls2 80 80 80

MNYeE 013 160 80 160
olR4 80 80 160

0l=5 80 80 320

0l=1 80 80 80

0l=2 80 160 640

Winter E =T 013 160 80 80
0l=4 160 80 160

0I5 80 80 640

0l 1 80 40 80

0ls2 80 80 160

nas 0l =3 40 80 80
0l4 80 80 160

0I5 80 160 80
1 SAEo] 2EY 22X (cortisol) FEE

o AWM AEREE o FAE U
ydXel

310, 112

o)
E]_—}}]\-T:T-

F10. AEE ASEEE o] fAEe AEY A TEE (cortisol) FE AAME I
Season Treatment cortisol con. (pg/ml)
0l =1 8456.25
0lR2 8427.32
Moo 0l=3 8395.63
Spring 0l=4 8444.39
0I5 8474.27
a2 8,439.57+29.94
zuc Y 8447.63
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NER 8445.27
013 8449.17
0124 8512.39
0195 8388.44

== 8,448.58+43.87
NEX 8459.36
NER 8494.28
Qoo 0193 8488.65
== 0194 8429.68
01895 8469.88

k= 8,468.37+25.80
011 8437.86
0192 8391.25
Hac 0193 8491.02
0194 8449.51
0195 8455.22

k= 8,444.97+35.99
X 8452.42
0192 8472.81
N 0133 8478.64
Summer S== e 8480.82
0125 8371.58

k= 8,451.25+45.92
R 8460.43
0192 8492.47
Qoo 0123 8483.01
== 0lR4 8458.25
0|25 8493.93

k= 8,477.62+17.22
NEX 8455.53
0122 8498.43
Huc NEE 8444.31
0194 8358.28
0|25 8473.94

o 8,446.10+53.19
EX 8355.33
0l2 8482.87
o 0193 8463.63
Fall S== ED 8429.29
0195 8482.56

o 8,442.74+53.51
011 8418.28
0|22 8369.45
Qo 013 8488.39
= 0lR4 8457.74
0125 8453.59

oo 8,437.49+45.43
NEX 8333.49
NER 8411.22
oo 0193 8428.75
Winter Ne = 014 8348.48
01895 8477.92

k= 8,399.97+59.37
=g 0131 8460.43
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0l=2 8492.47
0l=3 8483.01
0l=4 8458.25
0I5 8493.93
g4 8,477.62+17.22
0I=1 8328.25
0l=2 8447.77
Soc 0l=3 8499.48
== 0l=4 8424.91
0I5 8474.23
g4 8,434.93+65.87

SAAE ~EH A TEE (cortisol) F% AAME

Season Treatment cortisol con. (pg/ml)
S 41 8455.22
SAH2 8478.31
Hac 243 8433.17
2484 8458.12
245 8437.44
oz 8,452.45+18.06
A 8418.87
EXp 8427.89
. ~o 243 8441.57
Spring S=- SA4 8463.48
245 8471.21
o 8,444.60+22.44
EXl 8369.33
EXp) 8509.52
Jac EEE 8519.78
= A4 8487.93
245 8498.29
e 8,476.97+61.34
EXl 8324.98
EXp 8463.34
Hac EXE 8415.28
2484 8469.17
245 8409.45
o 8,416.44+57.86
A1 8447.99
ERP 8489.27
—o e EXE 8453.33
Summer S== SH4 8446.29
245 844428
P 8,456.23+18.77
A1 8480.57
ERP 8492 .81
Jac F43 8424.02
== 244 8492 .62
A5 8453.88
P 8,468.78+29.62
A1 8482.24
ol
Fall . S92 8425.55

- 308 -




43 8478.78
S44 8444.46
=45 8426.09

= 8,451.42+27 64
S8 8433.21
EVEp 8497.40
o =43 8490.38
S=+ S54 8488.59
S45 844851

= 8,471.62+28.78
S 81 8487 .55
EVEp 8484.41
Qoic =43 8438.76
== 284 8490.54
=45 8476.25

= 8,475.50+21.22
S 41 8431.96
EWEP 8409.81
Hac =43 8349.73
S454 8401.71
S45 8411.22

o 8,400.89+30.69
S 41 8449.33
EWEP 8486.39
. - 243 8433.57
Winter S=- SH4 8424.46
=45 8452 11

) 8,449.17+23.70
S 41 8482 .24
42 8505.08
Qo 43 8457.76
== el 8498.46
S45 8496.28

) 8,487.96+18.82

o AEE AAE ol fFAE Wt §AE W] YA HAFA Y= F 12, 133 2k

T 12, A28 AR R o fAE el dahAE gAA

Season Treatment CFU
Ol=2L-1 259

Ols=2L-2 235

= Ol m=2-3 307

Olm=g1-4 182

Spring Ols=2L-5 229

s 242.40+45.63

Ol m=8tM-1 233

ES e Ol m=gtM-2 265

0l R=2M-3 271
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N 204
SEZM5 219
e 238.40428.97
T 320
EETTE: 198
OIS ESH-3 245
e o:%%gH—zt 206
NSELH-5 241
o 242.00448.28
NEET 108
ISE2 95
EETE 120
NE = O:%%%*L—Al 120
EETES 109
o 110.80+10.84
EETE 85
EETE: 120
e IS EZM-3 133
S== Ol =EeM-4 152
NEETVES 104
EE 118.80125.82
EETTE 102
OIS EH-2 130
e 91
ez O:%%E‘;H—él 89
EEEES 134
e 109.20£21.44
N 169
EETTE 220
EETEG 241
NEE OlS=Y-4 204
OSE%L5 224
T 211.60£27.20
N 159
NV 227
- NSEZM3 196
= OIS EUM—4 213
OIS EZM5 229
o 204.80+28.81
N 215
OIS ELH-2 183
S =83 196
e o:%%tﬂgH—zt 207
NS ELH-5 197
o 199.60L12.11
TS 265
ISELL—2 174
Hae EETES 185
== SEs—4 199
oS Es 5 206
o 205.80+35.33
S EZM-1 185
sex OIS ESM-2 196
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