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BRI Y A wRINY ZIEGEY R

WefFEEE : LITAER H 18 H 5 #EZHM - 11242 H4 H

W B

AT ST AL R R R IR MUK RS » B3 A RARE RO K AR B K E B
FERAVE/E - BSOS FIFAIRE 23 — 120 kg 49 LD (Landrace © x Duroc ) [AIF 64 58 » falfi R A K B HR (T
- I DSBS RS AR LR 2 2 JEIR K BETE I BKHE o+ 45 EY BRI K 500 L 57
10 m’ 2 ETEABRANY - BRURSLAGEE R - 45 2 BRSSPI - JRREK - R LR R MR A
HEAH - UEBRERARST - SRS IERIER Bob il - SRRSO (P1) « 4455 2 — 3 i
(P2) ~ B BV (P3) BBt SNV (P4) 2 AR HIE SRR - SSRH0T  SBRIIRIR SE - RE R R
IFHRH (gainvintake) 35155 0.90 ke/day/head 224 ke/day/head % 0.40 - UM % P2 I P3 Y EUBMERE A R (P
< 0.05) - BRERIIRIT LB RAER Ay 3,380 Liday SR RIGER G LBIRRET BIE 62.0% K 25.6% » SHTARGHIE
SR AR S SR RK B - G R R SRR A TE DA R ST
S FHSSTRISERH -

BRS¢ AR - BERE - KRR -

i

BRI BN SRR A M H a2 FE A - (ERE 79 G EV U STTR I B EZ B g T Eain
Fir (LATT i et A ) R LB a8 BRIy = 7 W8S & B FEIG E = BB K i R - 1 & I A 2 B =LA
B 5 T - FEERI/KER KGR ATTEINEEFUWCERZRRE T » fUKE RSB ERKESEES - &%
(2016 > 2018a) AEFTEHIME ~ H 5 MR E S 2 R EISE 3 A [EIH 45 HE5E & R /K 2B K& TILE - 4553
FEE RN PR BRI S - SRR i B A S A AV ET KRR -

=ERARHEEMERSERGHEGRES  HRAFR - Rtk MMENTLE KR - BN RZEEHTE
&g (Intergovernmental Panel on Climate Change, IPCC) #3515 H » HR G R0 E = EIEE B — S kK> 25 f% -
BRI REEBE > MHAVNREERY —  GZEHREMMUF - IR = RAS P E T E AR
JiZ %4 < Harasimowicz et al. (2007) $5tH » /AR A Y/ E &K R A S B R M AEY) AT A RS - LHE
BIEOK ~ EEIRERY) ~ REETT/K SIS % - Lusk(1998) f5H » JHRAR BRI Z 2RI ~ s ] R e
ViirEr R FEHI(LEERE A& (chemical oxygen demand, COD) mIZEA: 5.6 TLIRHYHILE » AR P H & EAE
55 — 80% ° Rasi et al. (2007) Jz Harasimowicz et al. (2007) f5H » /BREH 55 — 65% CH, ~ 30 — 45% CO, fifi =
L& (H,S) K/K5R > #YE (calorific value) 7F 4,800 — 6,900 keal/m® » {TEIFEIEHE(RAET (2019) A5 EFEEE KT
FR/KAERE > H COD - 4:{EEE4 & (biochemical oxygen demand, BOD) i % % [El#E (suspended solid, SS) 73 HIARE AR
600 - 80 4 150 mg/L » pH {EZE{E 6 — O P - (FECGEHMERAE (2018) fE KB 106 4 HARI B AT A
B DUBURZKEY COD K SS REETEE R » NILEEREHCERRBUKHY COD K SS R R/ /K 5E S - #%5F
(2018b) FFFHIRGEE 52.9 £ 1.8 kg 1Y LD AFEEIEN AL L » FHUERERIRRRES @ BEE PR rkESE
EEAIA T = 1 YK » TR AERUATE 90 L VBT RERE - /K B RE (hydraulic retention time, HRT) 73751 5y

|

() TR R B am BT e i & sE 2733 5% -
) TR EZ B AR 24 -
(3) #E/EZE > E-mail: tmsu@mail.tlri.gov.tw °
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20 H K2 30 H - 4558 HRT 20 H4HAY _F7B% COD ~ 444 (total nitrogen, TN) ~ ##85% (ammonium nitrogen, NH,'-N) £
4&1gk (total phosphorus, TP) JE[E By #3Zthlz HRT 30 H4H &5 > HRT 30 HAHAVAR ~ HiM A biRkESR - DUCE
HITEAFERISTRE Bk HRT 20 H4H Fsrsr (P < 0.05) < &5 (2018b) F5i » FREFEZEE HRT # & (HRT 20 H vs. HRT 30
H)» EE&KH COD EEHIL - HEHERERER/) (HRT 20 H vs. HRT 30 H =5.78 vs. 4.84 L/d ; P <0.05) » [H:Ei
BHEAEAERVAR @ MIEMERTJEE R EEAVHEIUT - HRT SEEESEAFSRE K B E T -
Kelba BRNEE R RO S TR B E R e B E - DU KR RPN 2 A EERE » KA RE
BrEtENSRKRERERANFE S - et S RIER - REVKEMNR - HREENERIINE 2 -

MR T A

—

akEBEN Y SR

() =XEp(FE 20192 H15HE 6 H 6 HRA#ST » B P95 E 22.6 £ 5.1 kg Y LD (Landrace @ x Duroc &) A%4
64 THEE A S A KRB R R ERASE & > PR 8 (B xH=4mx23m = 92 m"/ fll) - Efd
8 UH » SR L TR A R A AN > SUEAETEA 1.15 m” (R - R R EFK BT R RS
HENRC (1998) BV ARG SIS SRR EERE (R 1) » [FHEFIEREL 120 kg &R AR
5 -

* 1 HEREIRELERK

Table 1. The compositions of experimental diet (as fed basis)

Item Growing period Finishing period

Ingredients %
Corn meal, CP 7.8% 64.25 73.32
Soybean meal, CP 43.8% 26.30 19.00
Wheat bran 3.00 3.00
Limestone, pulverized 1.20 1.00
Dicalcium phosphate 1.30 1.00
Choline chloride, 50% 0.10 0.08
Molasses 2.00 2.00
Salt 0.40 0.40
Soybean oil 1.20 —
Vitamin premix' 0.10 0.10
Mineral premix’ 0.15 0.10
Total 100.00 100.00

Calculated value
Digestible energy, kcal/kg 3,410 3,369.00
Crude protein, % 17.09 15.16
Cu, mg/kg 15.8 11.5
Zn, mg/kg 98.0 85.9

! Vitamin premix provided per kilogram of diet as following: Vitamin A, 6000 TU; Vitamin D,, 800 IU; Vitamin B,,, 0.02 mg;
Vitamin E, 20 [U; Vitamin K, 4 mg; Vitamin B, 4 mg; Pantothenic acid, 16 mg; Niacin, 30 mg; Pyridoxine, 1 mg; Folic
acid, 0.5 mg; Biotin, 0.1 mg.

* Mineral premix provided per kilogram of diet as follows: Fe (FeSO, + 7H,0), 140 mg; Cu (CuSO, * 5H,0), 7 mg; Mn
(MnSO,), 20 mg; Zn (ZnO), 70 mg; I (KI), 0.45 mg.

(i) FEENTRBEIIANEEE - MRS 2 BEE 1 R DR & FHIeEE 100 ke 1% - ABKE 1 X
LR R - sTRARVERE - WA BRI SRR G5 -

(i) FEFEEENEACBHMESN FEEZEM R ERNE & ER A EREY IR R /N
FEFE (FaB 7 108 —245%) -
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I & 2 ] (E— KA ) DEERREMNEEACT LIRS » PR AR EDR o7 B R BE K G K RE o - B
FH AT 4R BEER P 2247 (programmable logic controller, PLC) H Eh#Zeil#E H /K 25 & 10 i 7T EREM - & H
e KES 500 L > BIEREUHEEE HRT £ 20 H - #ERENT ¢
() #EZKHT 30 778 ¢ AF I A SUEREE N 2 HP RS HAE -

(i) #EZKHT 2 7y © DAEEBIEKREE LUK 2 28 B B B RS N 1 - s ARTAENE X 241
AR R R EERP SRR IREH -

(i) #EZKHT 30 Ph R #EKI% 30 7 BB B UBREME N 2 HP R GE/KAE A 0.5 HP [ifas 2 #3FEES -

(v) #EZK : DL0.5 HP J5)Je B 22 u LUK B BEsEs - e /KIE | 2 R K A B L =UBRERE -

(v) #KE &2/ N\EEFREEIIAREE AL 2 HP $EREE8 2 4788 > WA H /KR 30 43 ie ki pE
e -
L 24058 E % » & 2 BEREMEERE 2K~ FEK - RRER DBREKEREMEESR » EITaBET =
55 (pH value) ~ 52 E (electrical conductivity, EC) k& COD -~ 44[&E|JZ4) (total solids, TS) ~ $HEE L [EPY) (volatile
solids, VS) ~ TN ~ TP ~ #f (potassium, K) ~ §i (copper, Cu) K §¥ (zinc, Zn) J2E 54T -
IV. ZZ R R PR EE © FEENE S IR E R AR ORI R » 3 A PREESE & R R - FEEEIRE 100 cm JiE 7 7K Bl
(P1) ~ FEE PR (P25 FEESE 2 fWEASE 3 W BRREIMFTIR ) ~ F8E N E R (P3) K Fid s MNaVGm (P4) 22 Akt
V. JBREEMKT I ¢ RABEREENEERER 3 R > WEREBRSTERS 1
VL o3t 77
(i) pH{H ~ EC k& COD ¥ : 7l TE e IRIR (R E N5 2 NIEA W424.53A ({TEeIRIRREZ IR G
Fit » 2019a ) ~ NIEA W203.51B ( {TESEERR (R B IR SRR T - 2000 ) Kz NIEA W515.55A ({TEPEIRE R E
SEITARERAT 0 2018) VAL -

(i) TS kz VSIERME : RETETIRRE ReEE A2 2 NIEA W210.58A ({TEFiIRIR IreEZ IR ERT » 2013 ) J5
B e

(i) #HE © SHTHPERREREE N E 2 NIEA W423.52C (1TE R IREZIREMERFT » 2004 ) J77A5t R 2 -
KPR = KB EURE + /KPS 0B + K el EURE - K REE - hi RS A
KRB ZME - 77 RIS IET B R R Z R A Ea T NIEA W419.51A (2006a) ~ NIEA W418.53C (2019b)
2 NIEA W451.51A (2006b) 57557472 °

(v) #8H% @ SHTEPERRREE & 2 NIEA W423.52C27.53B ({TE IR IReEZ IR ERAT - 2010 ) 757457
Mrz e

(v) 1~ SR EE ¢ 2FERE (2020) 57k 0 B/KEEE 50 mL B0 A 3 N AYEEES 10 mL » DISEIEEE S 350°CE
BUETTRE % - DUR TR AL (Spectrophotometer Z8100, Hitachi, Japan) 73472 -

v ZEREEEm - AL AkesE (ofll#iE 0.2 — 20 ppm ; SEBHE LB TSEMRE L - tiER)If - HA)
HIE BRRE

o) JHFRER ¢ BE— 09 1 00 ZEEFAG AT E ST (Shinagawa Corporation, Japan) st #f8%% @ FH " ~ = -~ U[FE
B RTHE ARERS 1 K -

o) JHFRRT ARG LR — BAVEEHIES (Thermo Fisher Scientific, Inc, USA) 3 #r/ERH I ke — 4
(bR E L E R -

VIL &Etor i

B EERMRE  BRER - WERESE KBRM T ML Excel 2019 3R SE51{E « HAh /3 &R

SAS #iat o M EHEEEG Y — A 4R MERE ZUR2 7 (General linear model procedure) #E 17 8% J5 73 #f1 (SAS, 2002) » LA

LSMEANS &t Al 51£5 R B AH Y 5/ N 07 P39 SR i 7E > P DAET B I8 20 B 80N E 74 (Duncan’s New

Multiple Range Test) > 1% E i EEAH Y 22 S EHE M (P <0.05) -

4

R B R AR

L FEEERMERE
AEABEFE AR (SFPUHEEE 23 kg E 65.5 kg ) BIHEEH] ((PHIREE 65.5 kg £ 119 kg ) sy BIARE A BAE »
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HHENE i e s k3,410 B2 3,369 keal/kg ~17.09 i1 15.16% ~ 15.8 B 11.5 mg/kg K7 98.0 £ 85.9 mg/kg i (7=
1) JH{LREEUHE L E & 8T G NRC (1998) #HEEERSEE 20 — 100 kg FEEHVEBFE R » I 2 EMENEIR
EEERESHCA R (2010) #E - A RIAFEINE T 1R 25 1 110 ppm B2 25 #1100 ppm HYE SRS - slbail
RARYIEER ~ SRE 8 MEPERECE ST Al By 0.90 kg/head/day ~ 2.24 kg/ head/day F7 0.40 (3= 2) o WA T RIAEEAE R
AR RG ELY 48 kg B 39 kg (Y LD PA%E » BFEA(EREFE & 2 IR EESY 115 kg » 45RAFAVE - B
B3 KEPRRER ST B R 0.70 kg/head/day ~ 2.28 kg/head/day Kz 0.31 ( #ZF > 2016 ) » J5EZEHI A 0.72 kg/head/day ~
2.20 kg/head/day Jz 0.33 (#£55 > 2018a ) » AukEnsE 18 B K G RPUCRELER S (2016) BAERE (2018a) Er{E - #F %
(2016) ~ #£%5 (2018a) BLAG ER & R [EIBRAE S 4ETT » &£ (2016) BilERSE (2018a) (A EREUBHIE - ST 6 BAA
RANESE - FEFEHA 1.5 m® (2R AR AR /KEERTT - EMEEE 8 A EINESE - EH5EH
A 115 m’ fEER - SRTATBIREZET (2021) B85 F B EIEER T > AFEEEEREE 1 —
3 m’/pig ° BfFEfE HAE I E R & B s E & 2= %K (Flohr ef al., 2016; Thomas et al., 2017) © A&
Snrt & S BRBH IO AG B I A B 25 ] BHBHICRR T (2016) B1&RSE (2018a) /N - T BAF Al - HEHI B 54 €2 )
BIEEMKRFEENIRBDRERREAR - A B AETFE S ARG BT -

*2. oS EERMERE

Table 2. The growth performance of experimental pigs

Items Mean SD
Age, day

Initial 87.7 5.6

End of growing period 141.7 5.6

End of finishing period 195.1 7.8
Body weight, kg

Initial 22.6 5.1

End of growing period 65.5 9.8

End of finishing period 119.1 7.0
Gain, kg/day

Growing period 0.78 0.12

Finishing period 1.01 0.13

Overall 0.90 0.08
Intake, kg/d

Growing period 1.72 0.15

Finishing period 2.80 0.40

Overall 2.24 0.19
Feed efficiency, gain/intake

Growing period 0.46 0.08

Finishing period 0.36 0.06

Overall 0.40 0.04
11 SpaH P /K E Ry

S B B PR R (o A 4 e B USSR R R TR Y U8R - PSR EN B SR B R it R E R B AR R B K
B AEEERSRER - BREARK - [HEEK - BRER FBR KR IR AR R R e T KE A - 3t
8 IR o KA » EEIEME S R Ay pH {E 7.69 ~ EC 6.57 mS/cm ~ COD 838 mg/L ~ TS 2,410 mg/L ~ VS 840
mg/L ~ TN 224 mg/L ~ TP 186 mg/L ~ K 360 mg/L ~ Cu 0.16 mg/L f1 Zn 0.27 mg/L ( ¥ 3 ) - [REE/KZIEKEBE S
BEWRRE R FER s (P < 0.05) » [fiERE R E COD ~ TS ~ VS ~ TN & TP HYEFRE - RISl Fy 86.84
77.27 ~ 85.34 ~ 81.80 Jz 85.04% (FRHAKREIR ) « Aukbafy T RN A AR SEFI S EEE Y - EaliRiHr A
e « SREE L EREM AR B /KL HE 2 r 8 HIRR T /K E 73 i » 3 Cu M1 Zn JRE (16.55 F11
26.07 mg/L) & FHE ML EE/K (2.03 A1 17.81 mg/L) Fyis (P < 0.05) » BUREE VL AMAME ARG F Cufl Zn H &R
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Table 3. Water qualities of pig wastewater at different treatment stage

Items Water A' Water B Water C Water D SE
pH value 7.69° 7.25¢ 7.61° 7.47° 0.05
EC, mS/cm 6.57° 9.57" 10.4° 10.1° 0.41
mg/L
COD 838° 21,000 2,790° 12,900° 704
TS 2,410¢ 20,100 4,570° 12,100 609
'S 840° 13,500° 1,980° 7,620° 436
TN 224¢ 3,600° 662° 1,530 78
TP 186° 2,000 303¢ 1,420 70
K 360° 1,100 785 1,090 20
Cu 0.16° 2.03° 0.28° 16.6" 0.45
Zn 0.27¢ 17.8° 1.03¢ 26.1° 0.81

' The Water A, Water B, Water C, and Water D were the manure ditch flushing water, raw wastewater, anaerobic supernatant
and anaerobic tank mixture, respectively.
»"¢4 Means with in same row without the same superscripts differ (P < 0.05).

II.

FhE B PREMERT ~ REFIERE ZEhER

SR E AL B HAEFE SR E R B SO R S 15 0 s RIDLEseRIE (Ail#iE 0.2 — 20 ppm ) » JHIESE
e P RIEEE I 1 A RS E /KB (P1) ~ F8556 2 WELEE 3 Ml 2 BRItz (P2) ~ &N BN (P3) KFE
FZYMNEELG (P4) 55 4 [EESVEFURTE (7 4 ) » &F005ERT P3 IEREEIE /L P1 ~ P2 & P4 £ (P < 0.05)
k% P3 A1 P4 HYERERIEL P1 f P2 Fyrsy (P < 0.05) » fEHUSRAT ~ RAVELERTTIHET - FEPRIFEERT P2 (0.53 vs.
0.25 ppm) 1 P3 (2.36 vs. 0.77 ppm) Y& RS B FE % Bysr (P < 0.05) » 1ff P1 A1 P4 Y EUREEEUE ik
R e o MEE AR - W g MIKEZ A F (Sociaal Economische Raad, SER) #i7E » 8 T{E&E
J& 20 ppm EREE NHYSREEIGHE A8 8 /NEF - £E 50 ppm BEE = HYE N R EENG M 5848 15 73§ - Donham
et al. (1989) 5% - T/E ANBNEEFBEILHM 7 ppm 2 ZUREIREE T  Reynolds er al. (1996) W5t - #5 TAEA
BRE 7 fFVREIRME Ry 7.5 ppm ; Wathes (1998) i SV & IR R EURE N 20 ppm © 585 (1997) FHE[EH
WEESERIR P & FURERRY S ppm - MTEFERERESE (2007) NS5 EH05 A D RREREVAER 1 ppm -
A KRR A TER EDE S EURBER - DISEPR eSS & N B (P3) IYEURE 2.36 ppm s
HEZHTHUEFSE (Donham et al., 1989; Reynolds et al., 1996; Wathes, 1998) 55K, » [fij P4 BEAREmFgf5emi ~ 1% (0.66
vs. 0.62 ppm) » EFE{ TEBEERIE (RAEE (2007) A5HY 1 ppm FURER{E F (K -

T4 FEEMEATRERRE L

Table 4. Comparison of ammonia concentration (ppm) before and after flushing in pig house

Items Before flushing After flushing SE
Pl 0.18° 0.10° 0.05
P2 0.53™ 0.25"” 0.06
P3 236" 0.77% 0.33
P4 0.66° 0.62° 0.08
SE 0.24 0.08

' P1, P2, P3 and P4 were the wet-pad side, the 2™ to 3™ pen, fan side in the house and fan side outside the house, respectively.
“® Means with in same column without the same superscripts differ (P < 0.05).
*Y Means with in same row without the same superscripts differ (P < 0.05).
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IV. JHRE & R Ly o3

B SREM AR R - AR PSR R~ RILBORIE > S7HIF 3,380 + 189 L/d - 62.0 +2.18% & 25.6 +
151% (%5) > (SFHGI70 R MBAIEMR - PHE (LR FILTE 338 £ 19 200 R 86 Liday » S35
8 64 5 - (SEHSTIRAIER - PHR AL RAIR 528 - 327 & 13.5 Liday - §85 (2018b) 55 EATER
AR F AR S L RURRIIRE > Kk 11 1 (whw) LEBINA S K SRR K » (R KBS ik A
SEEUBRE S - ATV SR 8 20 KR 30 K - SER BTN 60.5 — 62.7% ] » BUARBAFIF4E
B (62.0 £ 2.18 %) FHIT »

5. EHIURREERER KHBEOY

Table 5. The production and composition for the biogas from of the experimental vertical anaerobic tank

Items Mean SD
Growing- finishing pig, head 64
Vertical anaerobic tank volume, m’ 10
Biogas production, L/d 3,380 189
Biogas compositions, %
Methane 62.0 2.18
Carbon dioxide 25.6 1.51
Production', L/m*/d
Biogas 338 19
Methane 209 —
Carbon dioxide 86 —
Production®, L/pig/d
Biogas 52.8 2.95
Methane 32.7 —
Carbon dioxide 13.5 —

" Estimated value, Production = biogas production + 10; Methane production = methane concentration in biogas + 10;
Carbon dioxide production = carbon dioxide concentration in biogas + 10.

* Estimated value, Production = biogas production + 64; Methane production = methane concentration in biogas + 64;
Carbon dioxide production = carbon dioxide concentration in biogas + 64.

TEEL /AR E & (specific biogas yield) Kz ELF 27 & (specific methane yield) 757 » COD ~ TS Al VS BYELHRE
=457 AR 319 £ 50 mL/g COD/day ~ 333 £ 51 mL/g TS/day J% 498 * 85 mL/g VS/day » LA fEE= I fy 198 + 33 mL/
g COD/day ~ 206 + 32mL/g TS/day ¥ 309 + 54 mL/g VS/day ( 3= 6 ) » Z3t (i FHYEEE/K TS 284 20,000 mg/L
(%3) tHERES KIEHGIE R 333 f 206 mL/g TS/day » BiEESE (2016) {EFH TS &5 2.0% HYHEHIE SRENT
FRECHAL - EBERILLERESR (335 mL/g TS/day) KELF GRS (226 mL/g TS/day) &55LAHYT » 1 VS AYLLIERE
B R EE e B s 498 2 309 mL/g VS/day » W AIFESE (2016) sERFTS-AYLLIERE & (471 mL/g VS/day) fELH
B R (317 mL/g VS/day) fH3T - {HiZ Bonmati er al. (2001) 1£ 8 Bgras DI A& S /KIZEHIRRERDREAE 35°C THRIERT
1S5 EL A GEE & 403 mL/g VS/day » DL Kz Chae ef al. (2008) AYIF5E 437 mL/g VS/day B -

A5 COD HYLL FREE & & 198 mL/g COD/day » EEZ(SE (1995) /547 COD &YRJFEA: 0.21 L H e 2 4558
FHAT > MEEZ McCarty er al. (1969) F&HYE/ATE COD &yn]EA 0.35 L 2 MEm(E f/) - S5 RER B e &
s » IPCC & T (HEFRES » #2407 Van’t Hoff — Arrhenius J7,43 DUF S R EEE iR & (Dong ef
al., 2006) > #X Habtewold et al. (2018) f5iH} - BE/KE e EEE VA RAVEE) il e 2 2 E i e SRR Z -
I8 LA ENRE X g 2 B RS PRS2 2 > HERS A RSt i 70 A 2L (Rennie ef al., 2018) -
[t IPCC (Gavrilova et al., 2019) s ez &FR TREIZ A1 A G E S - Wi JE R R B RS RS A R PR iR
(storage emptying frequency) 49 A% & - L7 MNEEZK R o7 A 6f e B e B A I 2 FR e (B &%) (Batstone et al., 2002)
R WEPERGEENEZERNE - FlNZR S T B E &% McCarty ef al. (1969) 2 HAVHERE
ZRNFER -
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*6. HIUAHRBMEIUHARERMERER

Table 6. Specific biogas yield and specific methane yield of the experimental vertical anaerobic tank

Items Mean SD
Biogas production, L/d 3,380 189
Methane concentration, % 62.0 2.2
Influent, L/d 515 10
Specific biogas yield', mL/g/d

COD 319 50

TS 333 51

VS 498 85
Specific methane yield*, mL/g/d

COD 198 33

TS 206 32

VS 309 54

' Specific biogas yield = biogas production (mL/day) + inflow wastewater (L/day) + COD, TS, VS concentrations of inflow
wastewater (mg/L) x 0.001 (unit conversion).

* Specific methane yield = biogas production (mL/day) x methane concentration (%) + influent (L/day) + COD, TS, VS
concentrations of inflow wastewater (mg/L) x 0.001 (unit conversion).

W A

L {ERREME R o AT aE R - A FeR S S B i F B K Ry > BURHIAIEEE BN U A
HERBIL -

1L CEECE RIS RTBR(% - S8 N B I MR RIRE B - FEEeRisE S (FE55 2 MBE 3 2
PEFEIRIAT R ) ARy R R S R R R o

ML 2 AR PRSI T DU &R LA - B RS e EEEEN - S RiBE - M aREEsE S e E s
BEEPR - DIER LIF A BBz R mE -

W

=Rk

TEIRREZBS - 2021 - 405 T Ehia B - hEERE] 110 4 12 A 30 HEIEAE -

ITEERIEORES - 2007 » ZE @544 P A HI AR — [E B 5 JYIR 22 205 A B - hEERE] 96 429 A 11 HITER
RN RFEEIRE 2T 0960068131 5FS{EIE -

TR (RGEE - 2018 - F3E fu5/K F/KERG/K 5 aBUERL - FEERE 107 4 12 A 26 HEEIE -

TBBEREIRER - 2019 o JBUR/KEELE - hEERE] 108 4 4 H 29 HEIE -

TR R IR O BRI AR BB P - 2000 - /KR B8R FOHIE 7504 — BEE A (NIEA W203.51B) - FEE[RE 89 4F 11 H
23 HIRERTE 70017 580

TR ERIR (R B IR IR B AT - 2004 o /KP4 E il 7574 (NIEA W423.52C) » thEE[RE] 93 4F 8 A 9 HIRFR T
0930057400 BE/\ 4

ITEER R E S IRIRARERPT - 2006a - /KBS IR EE SR HITT 74 — 3 e FER T A (NIEA W419.51A) o HhEERE] 95 4
8 H 8 HEEZHT5E 0950062980 /N5 o

TR ERIR (R B IR AR R AT - 2006b © /KR gL &l 7574 (NIEA W451.51A) - E2RE] 95 4 3 H 31 HEF %
55 0950025578 BELNE

TBPBREIRESF IR - 2010 « /KAl 7704 — 73 0L Rt /44 Z A (NIEA W427.53B) - HHEER[E] 99
19 [ 15 [IBEHTE 0990084224 BE/NE o

17 B Be B8 B O o8 55 BB B A B P < 2013 o /K 400 R 1 98 R B8 F [ 8 A R 5 & — 103 ~ 105 °C §Z /8 (NIEA
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W210.58A) - FEERER 102 4 1 A 15 HIEBZERFE 1020004998 5704 -

TR RS R B IR ARER T - 2018 - /KPLEER A BN JT7E — HEZEEST (NIEA W515.55A) - EEREY 107 4 11
H 22 HIREFZMFEE 1070007386 5% ©

TEbi R reg B IR IR ST - 2019a - /K2 S FREFEE ( pH (H ) HIE J774 — BEfiE (NIEA W424.53A) -
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Effects of growing-finishing pigs in water-pad cooling pig
house on growth performance and water quality

of wastewater treatment "

Tein-Ming Su®®  Yi-Hsiang Weng ® Cheng-Hsun Chung ® Wei-Zhi Liu * and Ting-Hsun Hsiao

Received: Aug. 18, 2022; Accepted: Feb. 4, 2023

Abstract

The purpose of this study was to investigate the effects of raising growing-finishing pigs in a water-pad cooling pig
house with manure ditch on the growth performance of pigs, biogas production and effluent quality after anaerobic treatment
of wastewater. During the experiment, 64 LD pigs with an average body weight of 23 kg grew to 120 kg, and both diet and
drinking water were given ad libitum. The manure ditch was washed twice a week with the anaerobic treated wastewater and
the raw wastewater produced was stored in a water storage tank. The raw wastewater was automatically controlled into a
10 m’ vertical anaerobic reactor at a rate of 500 L/day. While the anaerobic treatment system was stabilized, the flushing water
for manure ditch, raw wastewater, anaerobic treated wastewater and the mixture in the anaerobic reactor were collected every
2 weeks to analyze the water quality. The biogas production and compositions were also determined. During the finishing
stage of pigs, the gas samples of manure ditch before and after flushing were collected to detect the ammonia concentration,
and the sampling sites included wet-pad side (P1), the 2™ to 3" pen (P2), fan side in the house (P3), and fan side outside the
house (P4), The results showed that the weight gain, feed intake and feed efficiency of pigs were 0.90 kg/day/head, 2.24 kg/
day/head and 0.40, respectively, during the experiment period. The ammonia concentrations of P2 before and after flushing
were 0.53 and 0.25 ppm, and those of P3 were 2.36 and 0.77 ppm. The ammonia concentrations of gas samples after flushing
were lower than those before flushing (P < 0.05). The average biogas production rate during the experimental period was 3,380
L/day. The concentrations of methane and carbon dioxide in the biogas were 62.0% and 25.6%, respectively. The results of
analysis of the mixture of anaerobic reactor showed the copper and zinc concentrations were significantly higher than those
of the raw wastewater. In conclusion, it is recommended to flush the manure ditch regularly and remove the sludge in the

anaerobic reactor for the maintenance of the air quality in the pig house and reduction of copper and zinc accumulation.

Key words: Manure ditch type, Pig farm, Water-pad cooling pig house.
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