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LD %4 12 BEEE AL L > SRR R (T - X /KT e » S HUWEREE KRR I ERES » K
HELPHRMER K=1:1(ABK) K125 (BREEAK)F2HEAEIRERAK » KER > BEERETE AT REHE
200 L 19 6 {ERRENE - /KSR EFRH (HRT) 43515 10 ~ 15 K 20 H > ik S4HER RS HRT &5 1.5 H > J8E &5E
MRS K EE L - &SR REKE = EAEHTE - A B/KIVLEFE S E (COD) ~ £ {LFHA R (BOD) - f&FE#E (SS) -
HAS (TN) FI4ERE (TP) JERE 43 A1 B 904 ~ 298 ~ 638 ~ 488 Fl1420 mg/L » B MEEE =it B BE/K o 15 /KIS REHE Ry
B - K= R % HRT 10 H4H Y COD ~ BOD ~ SS ~ TN #1 TP JE[E 43 Al B 823 ~ 257 ~ 545 ~ 453 F1 369
mg/L > B8z HRT 15 H4H & HRT 20 H4H % & (P < 0.001) > [fif HRT 15 H4HFR COD JRES) » HA/KE R IR g
Hgz HRT 20 H4H Ry o siBpsi BTN > B BE/KE&EERE R 10 H & 1.5 HIViFE M - KE IR & RUR KIE
#E o M A BE/KEEASHE 20 HRREUEFE A 1.5 HIFSEEHE » /KE MEART A - &4 1 SREREKE = ERAEH
% TN F1 TP B » EEIEES RIBHANEEEE T » o] LA AR EREE - (e EmEER -

REsHEE - KIVIEREIRR] ~ BHEREK - KR -

4

BB FRAKFARE R - ERRIPEEKEREFA % > HEEREEE - Mima g8 T - K&
TR R H B E - SSMEPCERURUKE R RE] 106 FHHGIRIREURK 2 M HOKEBUUK 52068 (TTEbER
BRREE > 2018 ) > FEERTVKEABZEMEKEL S REDER -

H (2001) 45 - DL 100 BIRIFEMIEE) —BIEEFEBM S - EHEMESTHFAKEL 189 m’ - fRikItH
FZKRAIKIRE 113 m* - ik H 7 K B R EHEFE &1 60% » BURNEFESIT KA ERD - BKEHER
Do {HEKEFD > MHEHIEEK TS AYIRRE RS 25 - #5F (2016 ; 2018) jKF A%& A &0 Bl ( SOF 4 )
HorfsTRIbIET (PSF 4H ) se=fisiRItiiar ( TSF 4H ) 57 3 Tt m&Staatie - 45 RA R as i £ RIS G SRR &
BN B B E 8 - /84S PSF J TSF 458 R PR K - & 73 5I{E Ky SOF 4HHY 74 — 84 J2 35 — 43% >
JE&/K &R By SOF &Y 65 — 85 K¢ 38 — 49% (#£%F > 2016 ) > fE515F (&R > 2018 ) PSF K¢ TSF AV E/KH & 53 A
{2 %y SOF 4HfY 61 — 77 J 41 — 51% > FE/KE R Ky SOF 4HEY 61 — 78 Jz 41 — 53% o BERAH 2 i i SR HUED o7 I
ARECE PRI - AIERET SRS K E ROV BOKER - AR IE B AR A K B R R e 3 s - &
REAME R VIS KEER & - E5h - By TIRREHCEEROKEIR R SRR - TR B g ST B R R (R g B
EEIERSESEREEYHEAEHENE 2013) RUKI5A 0 a5 s baofll B BRI A (2015 ¢ 2017) F7A% - Fafd
HEEh B KRR R HREEYIL A - DUCKERFEEYSECR - HECHERME B85 T0HT
DU -

EEAEEABIT (1993) (RUAEHEFES (K + /K oK =1 5) ETEFMAERKEHEREEE - A58 8
PIEAL (FEEE 100 kg (A5 ) HYBE/KELL 30 L/d » BREE IR RPE BRI /K IS i o3 il B 10 H R 1S H - {HEFEETK
FEEEKER) > B/KRES e - B EERME T DHSEESRER - RSB asa 5N T i AE
PTAERNRHERKESEANT GROUKEEZSIME - NIEABRSEEE (2016 ; 2018) HUEREER - B E a8
(D) TRt B G R e BRI JE d 2556 2695 5 -
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S AR fe = iRt SEPREL 2 /K FHEHIELH - 585 2 TR ROK - R AU RE T A BRSSP S B 3 LA ]
KIS R - B E R B S R K A = B R B K E 2L -

M A

I FREfMEBIZEAEE TR &
(i) 1€ 2016/2/22 FitE - TR R B g &b E A G 0GR s Bz R K » B HZEA 20 L FEK
A 6 EARUETELY 200 L 2 A5 SRR S ((FERSHAAS @ & x E x 15 =200 x 30 x 40 cm 5 HRUATE © K x &
X 5 =200 x 30 x 33.5 cm ) > #E(TERE S JERE -
(i) UZEERRETR EEACE A 6 (B 5 7 SUBR RRE > 2 {8 X il ~ 2 {8 Y 18 > DU 2 {8l Z 18 2 A RS TE 53 7 Fs 30
20 F7 IS L ( FEEEAFIAG  XFl : ExE xS =25x36x40cm; Y :20x30x 40 cm ; Z f#i : 17.5 x 26 x
40 cm ) - FHRUAE SIS B Ay 33.5 cm > {7 A/ NRIIR AR PRI AR S BT 2 IR SR B 2 HER L 22 3R > EfTUEMED S
JEbIE -
IL ZEPRUSCEE iR B
(i) 7F 2016/3/21 % 2016/5/29 HARS #E1T » # PB4 e 47.4 kg /9 LD (Landrace @ x Duroc &) %44t 12 58 ~ REA
FRELNZFE S RN L - BH L~ T nleRedsaiE (£ 1) 1 X > FREERHE s F e e
BT EE P EE SO SR DAFIRS - B /K DA CEIUK 88 202 B AOK S o (L > (- F39R8EE 107.7 kg IF 4R -

* 1. ERSAEEREER

Table 1. Dietary compositions for experimental pig

Items % (as fed basis)

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

Calculated value
Digestible energy, kcal/kg 3,369
Crude protein, % 15.16
Cu, mg/kg 12.5
Zn, mg/kg 85.9

' Vitamin premix provided per kilogram of diet as following: Vitamin A, 6,000 IU; Vitamin D3, 800 IU; Vitamin B,,, 0.02
mg; Vitamin E, 20 IU; Vitamin K;, 4 mg; Riboflavin, 4 mg; Pantothenic acid, 16 mg; Niacin, 30 mg; Pyridoxine, 1 mg;
Folic acid, 0.5 mg; and Biotin, 0.1 mg.

* Mineral premix provided per kilogram of diet as following: Fe (FeSO, * 7H,0), 140 mg; Cu (CuSO, + 5H,0), 7 mg; Mn
(MnSO,), 20 mg; Zn (Zn0O), 70 mg; and I (KI), 0.45 mg.

(i) & HUWERERFE SR RPRRTFERRES - IEELEHIIIA 1 & (ARK > B+ R 5K =111 15k
ERRIIE LK ) K 2.5 5% (B /K - B+ R K =11 2.5 185k /3 SRt K ) 2K (H
FYPREEBAESHIRIEK ) - SREEEZY) (total solids, TS) & & P43 By 2.33 Jz 1.63% HY 2 Fli A [FIRE
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J&K -

(i) AEEVEENTEIREZ B EEABIKEHFEEN > B - g RERANE & T{TEl

BEZETEEARITERIYIE LR/, FEFEE (FREF5E 105-115%) -
1. &K R HRAE S o4

() FHELLHTEEKDAFLIE 0.20 mm 27 43 B T DR 5 B -

(i) UZEE (1) BE/KDL 2 x 3 /IR F8at > sl EATIREIRE TR ARUETELY 200 L A AR ERE - Hrp AX
AY e AZ FEEANARBEK (B +JR7K=1:1)>BX BY K BZAEABEEI/K(E+JR:/K=1:25) AX
B BX {8 ~ AY B BY 18 k7 AZ B BZ 817K JJ{2 B4 85 [H (hydraulic retention time, HRT) 4351 £ 10 ~ 15 J 20
H o BIEHHEA 20 ~ 13.4 2 10 L BB EEK » PR 2 RGO x 3 78 HRT #Y 6 {EpEa -

(i) FREJEFER 2 EEK » DIFLIA 0.20 mm 2 57 EEfRiEER - B5EREE -

(v) FREEK#EER  FEATEM TEIRE AR 2 R ve JBURERG o Rl 2540/ HRT B4y K 1.5 HifEREt =
#IK 0 B 6 /NI 1 HEZR - B H 4 #E 2R FIFIREDN S EM AR R - B/NSETHIA 0.9 LR EE/K - W2
/NI R IR R 2 IR R AR i 2 HIR 22 R - AX Bl BX 18 ~ AY Bl BY 8 i AZ 1 BZ 8§ 2 5%
BRESTRE 30 ~ 20 Kz 15 Lo SR AL 5.25 ~ 3.50 K2 2.50 h 7 BE/Kife ABREME - Bl H#E AR EMEN
JB&7K o A4 18.9 ~ 12.6 }2 9.0 L - &AM [ 2 BE /KIS RARIERRE » RINR 2 » BB B R BRAMIEES
JEERVAER  SBIHREE - FOMETTIR)IMELE SV30 - IR &I EM TR E MR -

T2 BB KRS AR ERE

Table 2. Types of wastewater used by each treatment group and operation settings

Al B
Items
X Y z X Y 4

Anaerobic tank

Amount of added, L/day 20 13.4 10 20 13.4 10

HRT’, day 10 15 20 10 15 20
Aeration tank’

Time of added, hr/batch 5.25 3.50 2.50 5.25 3.50 2.50

Amount of added, L/batch 4.73 3.15 2.25 4.73 3.15 2.25

Amount of added, L/day 18.9 12.6 9.0 18.9 12.6 9.0

HRT’, day 1.5 1.5 1.5 1.5 1.5 1.5

' Manure and washing water were mixed to have A and B wastewater at 1:1 and 1:2.5 by weight ratio, respectively.
* HRT: hydraulic retention time.
* Each batch was 6 hr, and influent rate was 0.9 L/h.

IV. SREBUHIE T H

() €& EREKTRIFINE  SHBHRER @ sTEARMERE -

(i) & 2 AR5 By B /K B [E R o B 1% BE K - DU S R ERAH R A R TR 1% ~ BREFE /KR 1% Bl R R 3
"L o KEREEETRE (pH {H ) BIEEEE (electrical conductivity, EC) » LA (LERFE & & (chemical
oxygen demand, COD) ~ A{LFE & & (biochemical oxygen demand, BOD) ~ 5% [E 5 (suspended solids, SS) ~ 4&
4 (total nitrogen, TN) Ei4& g (total phosphorus, TP) JEE 1 2K -

V. ok

(i) pH{H ~ EC -~ COD ~ BOD ¢ SS R : 77 HlfRITTE e iR (ra€E 2 &5 2 NIEA W424.53A (1TEbe iR 5 v
IR MRERFT 0 2019a ) ~ NIEA W203.51B ( {TEEERIE (REE IR IS m ER AT - 2000 ) ~ NIEA W515.55A ({7
B e 2R 55 On s F ER B Am B T > 2018 ) ~ NIEA W510.55B ({7 Bbe B3 Or s F IR St gl - 2011 ) J2 NIEA
W210.58A (TR IR IREEF RS bR - 2013) JikaotrZ -

(i) HEF - S2RTEPERRREE S Z NIEA W423.52C (TTEFER R IRE B IR RERT - 2004) J5iAE1HZ -
K HEERE = K BR M EURE + /K R oo i B EURE + K IR EURE - /KB E A - SoiiEREE R
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YR EHE » 7S BT E REZ IR S M ERAT NIEA W419.51A (2006a) ~ NIEA W418.53C (2019b)
2 NIEA W451.51A (2006b) J57557172 °
(i) 445% © SIBITEGIES(EES 4 NIEA W423.52C27.53B ( {TEIa s (RS IB G ERAT - 2010 ) 7455
Mz e
VL &i&tor i
BB & AR R IR RE S B IR & V19 {E RARAE R 72 DL Excel 2019 515 - HAth i & H*UFH SAS #ist oy
M S B 1Y — f% 4R ME 5 =N F2 7 (general linear model procedure) #1785 77 43 7 (SAS, 2002) » %5 75 iz B %
(P <0.05) > FFLLBRE T 2380 HI5%)% (Duncan’s new multiple range test) * f@ 7 A [5) g /KR RE RN [E] 7K 745 B AR L
R AR R R ER R /K E R Y7 SR - DURBE/KORIE x 7K 74 B i 2 A EUTE -

%n%gﬂn nHH

L FEEERMERENERIEER

AL I8 E 474 — 1077 kg NAERAE S LD 546 12 58 - FiHfaEE—E 32 - PIHAH
I EE (average daily gain, ADG) ~ ¥ & & (average daily feed intake, ADFI) J% gaf}% (feed efficiency, G/F) 4737l 7317
0.86 ~ 2.34 kg/d 2 0.37 (23 ) » BLERSE (2020) {8 F 1B 2 52.9 kg Y55 HE » fE IS 8 112 kg B 242 >
ADG - ADFI & G/F 43715 0.85 kg/d 2.38 kg/d % 0.36 FIAT - #7255 (2012) (I E4984 R 30 kg /Y LYD 5SS
PIIREEE 110 kg » 4552 B AR S ERHAR] ADG ~ ADFI K G/F 47515 0.78 — 0.81 kg/d ~ 2.33 — 2.69 kg/d Kz
0.30 — 0.34 » JREUAGERIEEES AL - Aalpsd Eaia e b TG SEEREFHEA FEIRE RS
KZH » 58 ERBHEAIKIEERTREIRE - 25 6% (2009) st HELIR 104 BEEHERIIME - KB esEeE
BPRHEM 8 2 DAEEEABRATRE - SA—R B2 12 5 - slBp AR S 1 (E K PRI B E 3 7l Ry 737 k2,912
g/d  BERTE (2009) FHAEAGE SO Jz 100 kg HUFEE » HEEEHEME Sy 816 K 980 g/d ~ FRIK 3,390 K2 3,960 g/d » DA
FeEFEE (2020) S FE(E KRB FHBRM & 737 5y 0.79 F 4.20 kg/d B /D » M e DR A SRR SR E R E R K
S -

*®3. ERFELERMENFERIFEE (n=12)

Table 3. Growth performance and manure excretion of experimental pig (n=12)

Items Mean SD Range
Initial body weight, kg 474 52 40.0 — 57.0
Final body weight, kg 107.7 5.1 99.0 — 119.0
ADG', kg/day 0.86 0.07 0.76 — 0.99
ADFI', kg/day 2.34 0.05 220 — 237
FE', gain/feed 0.37 0.02 0.34 — 0.42

Manure excretion, g/d

Feces 737 130 439 — 1,029
Urine 2,912 652 1,805 — 4,539
Urine/feces ratio 3.98 0.75 2.89 — 6.43

" ADG: average daily gain; ADFI: average daily feed intake; FE: feed efficiency.

1L 7R [EDR e /K [ o B A% 2 /K E
AR B & sl Bm A H R E RS A s ARS8 2 MR AYEEK - TEs BRI i & & B HE 4R K E
FRHESIT » RIS AT 5347 - 4595 pH EC +COD ~BOD S8 TN L TP 5351 7.37 £ 0.16 0.1 0,00
dS/m~13.7+47mg/L~29%*25mg/L~74%109 mg/L ~ 173199 mg/L & 1.1 0.7 mg/L - FHEL5Z R AIEEKIF
EDRITHERT » ABE/K (F+ PR 2 sk =11 1) HKERRT pH {EEL B BE/K (Z + FR : sk =11:25) fiiE5s
Hh - HEg/KE R BEr B BEKEE Rim (£ 4) © A BE/KHI B BE/KEUEER 7 B 1% - COD ~ BOD F1 SS JRfE
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EHRAIE(K (24 ) > BOD K SS HYEFRFITHILT 11 — 12% F 9 — 10% - (fifk " pH [EHEZESL - A B/KHIKE
TR SR B FE/K Ry (P<0.05) ©

* 4 FEIREEKER T BERTRAY/KEZ b

Table 4. Water quality changes before and after solid-liquid separation (SLS) of wastewater with different concentrations

Before SLS After SLS
Items SE SE
Al B A B
pH 8.10 8.28 0.13 8.20 8.35 0.12
EC, dS/m 20.22° 12.52° 0.69 20.80° 12.60° 0.68
COD, mg/L 24,231° 17,689° 624 19,127 15,589° 618
BOD, mg/L 6,315 4,610° 236 5,605 4,063 209
SS, mg/L 20,755 14,551° 279 18,887 13,114° 253
TN, mg/L 3,222° 2,730° 246 2,331° 1,713 219
TP, mg/L 1,799 1,124° 225 1,012 812° 144

' Manure and washing water mixing were mixed to have A and B wastewater at 1:1 and 1:2.5 by weight ratio, respectively.
“® Means in a row with in same SLS with different superscript differ (P < 0.05).

1.

Cheng ez al. (2019) 35 4 » # 5% FE 7K BOD 7E 2,000 — 30,000 mg/L > TN 1 TP 43 7l & 200 — 2,055 mg/L F
100 — 620 mg/L - AR A FE/KEKER 53 BiE% A TN F1 TP 4350 5 2,331 f1 1,012 mg/L > B EE/KRIR 1,713 1 812
mg/L » i B BE/KAY TN 5 » B 5ij% Cheng er al. (2019) BFE45ER » HhER 2 FeBE /KA S PR ELH e K ELEHR AR -
Chynoweth er al. (1999) 5t » #EFERE/KAVAHR & IRFE EFHL ~ GPRIAHRY - TR TES - 67048 )75 M HAM RN R
(BIARERDRE ) TIAFTRIE > Cheng er al. (2019) FURFTEER R DI — B NEBFIGIERST » B EREHTY
FEEFRL - FEETREAIERIAHR EF IR AHE]
NIELREE RS KRR R I R B B R 2 7K

A R E R ?ﬁffﬁﬂﬁﬁx)ﬁk_um@— AITE - (BAESERIEIE B34 (A A BKAYRAH (AX ~ AY
K AZ 1) SEEBHEE 1 X MERRERERIEAVEDK T hE R ITE - NI R e SR #E & DIFLFS 0.20 mm
Zﬁ%&ﬁk_/fiﬁ/}t'éjlﬁ;ﬂﬁ A BKEREBEETR ~ MERIE/KBIEER Mg REERAVKE - bk TR R BT
pH (B4 » BB L B K Fofm (R 5) » /KIS RIS 10 B - BR T RSB R AR S e B /K # s &Y
pH {E R R ERIZHY EC Fb - Bl HRT §50f (115 H &% 20 H ) & Ky (P < 0.001) - FREJZEER/KEHY BOD ~ ik
S E /KSR AY EC B BOD - DU ISR 1% /K'EHY COD ~ BOD ~ SS ~ TN Jz TP » {EE&/KIRE K HRT H A
ABEEHISCROONE (£ 6 ) AN AZ 41 (£ A BE7/K ~ HRT 20 H ) REJEH 1% /KEHY BOD ¥ ~ FREEE K
BEIRHY EC > DURIRRpEE % /KEHY COD ~ BOD ~ SS ~ TN K TP % B BX 41 ( (] B /K ~ HRT 10 )
B Rym o 1 AY & (5 A BEK ~ HRT 15 1) REEH/KAEJE & HY BOD JRIEE - ik BX 41 Ry (P < 0.05) A
L

A BOKRVSAHEOBENR T - IERH - REZEIE B RRHE FEFE - LERHIZKE COD ~ BOD
Ko SS A B 95% PLE (R 7)  MEEARFFETEFEREIREE (2019) FIE 2 600 ~ 80 F 150 mg/L JBUA7K
A ERERESKRER AR - A B FE/KHy24HF: BX 4HAY BOD JR[% (89 mg/L) 4 » /K'H COD ~ BOD
G /EV B ERURUKIEERE - BURIER YR SR R K A AR - %25 (2020) REELLFHBHEIK < K=1"
LAGH)~1:25B&H) R 115 (CH) % 3MRERK » LREEHL 10 H ~ BRFEEHLY 1.5 1% > COD
BOD =% SS /}.?—J#HZLJ\ C 4HEHZET A 4 BK - FERRESSEE 5 A 4H (COD 71% ~ BOD 65% -~ SS 86%) B¢ B 4H (COD
74% ~ BOD 76% ~ SS 89%) HYEFRFREEAER KK > HEAGERRER IS P9 HRT S B RIEAR (% -

=R U B R A BE/KHY TN R TP R BB Z it B BE/K For o 10-Fam TN B¢ TP R ErfEE HRT £y
FER MR (P < 0.001) - 2 FEA[EIREFE/KER T RREFS BLHY TN KFRREEIE AL > B 2L B BE/KHY TN Kz TP
KFREREL A BK Ry (P <0.001) - [ff TN B¢ TP Ay LR B EE HRT RITGEE S (R 7) > BREKH TN
2 TP RERR S RK TR > & A $Em TN 80 TP Z RFR= - [ B FE/K4HAY TN 84 TP K HRT 15 & 20
HEY TN KRR EE 90% UL - AGKERIERR SR B SRR B - S N0 BEff @I SR e 2 M2y > A&k
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FREFEE 12 /KE T TN 49 10% E1 TP & 20% » [KIMF{R T #E ABR RAE EE S ELY TN B TP 2% > JR(#H{S TN K TP
L ] 7y il P 20 0 SR R PR BE (R PR BB AR Y A PR R R & WHST (95 > 2003 5 2R /& » 2005 5 &% » 2020 ) $5
o BFERE KA = BB /KR H % SRR AR K&YLE 200 — 400 mg/L #120 — 100 mg/L 7 [ » As{ER{EH B
JE& 7K £ 4H AR SRR %Y TN R TP JERE (3R 5 ) B ko - mifEf A BEZK24HAY TN B TP 2RI
w7 g e o i 2 FER B RS KAR 10 ~ 15 & 20 HEFSEEEER 1.5 HIREEER - (Ve SRR E R
Eiir? S - Beuckels e al. (2015) 5 > 1ERE/KP EFRIEZEEK P EURERZE - FTFE B S LUA RO E R

TERE/K TR BReE » MR RE EE S 23R » BE K TN RS Em ol sEf2 8 TP IV ERRE « BURKE - W
/H“ W TR AN /K E BB LFIRIRE (Giannuzzi er al., 2011) » [E ~ BEEEY)EE P RES
V&8 2 (Razaq et al., 2017) - HTLLENIFIA -

TS BOKRE RBRE R HEK T (= s S S i B B K 2 s
Table 5. Effects of wastewater concentration (WWC) and hydraulic retention time (HRT) of anaerobic treatment on water
quality after each treatment stage

WWC' (W) HRT’ (H) Significance’
Items SE
A B X Y z w H W x H
After anaerobic
pH 7.87 7.98 7.79° 797 8.02°  0.05 *k ok NS
EC, dS/m 20.5 125 17.1° 16.5° 16.0° 0.2 Kok Kok NS
COD, mg/L 1,916 1,017 1,841°  1371°  1,187° 90 Kok Kok NS
BOD, mg/L 635 332 627° 445" 378¢ 22 ok ok *
SS, mg/L 1,326 790 1,463° 994° 717¢ 18 ok ok NS
TN, mg/L 1,035 579 1,002 756 662° 55 ok ok NS
TP, mg/L 895 456 857° 629" 541° 46 xk xk NS
After anaerobic filtration
pH 7.84 7.97 7.79° 7.92° 8.02°  0.04 ok ok NS
EC, dS/m 20.5 12.4 17.0° 16.5° 15.9° 0.2 ok ok *
COD, mg/L 1,566 886 1,529 1,135* 1,014 73 ok ok NS
BOD, mg/L 516 286 526° 369° 307° 18 ok ok *
SS, mg/L 1,091 670 1,188° 850° 602° 15 Kok Kk NS
TN, mg/L 931 521 902° 681° 596° 49 Kok Kok NS
TP, mg/L 716 365 686° 503° 433° 37 ok ok NS
After aerobic
pH 8.52 8.42 8.52 8.49 8.39 0.14 NS NS NS
EC, dS/m 13.1 7.7 11.4 103 9.4 1.1 Hok NS NS
COD, mg/L 904 266 823" 491° 441° 47 ok ok ok
BOD, mg/L 298 71 257° 163° 134¢ 10 ok ok ok
SS, mg/L 638 91 545° 315° 233° 7 ok ok ok
TN, mg/L 488 157 453° 276 238" 28 ok ko ko
TP, mg/L 420 106 369° 236 185¢ 21 ok ok ik

' Manure and washing water mixing were mixed to have A and B wastewater at 1:1 and 1:2.5 by weight ratio, respectively.

* Hydraulic retention time on anaerobic treatment of X, Y and Z are 10, 15 and 20 days, respectively, and the aeration
treatment is all 1.5 days.

* NS: not significant; ** P <0.01; *** P<0.001.
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Table 6. Effects of wastewater concentration and hydraulic retention time (HRT) of anaerobic treatment on water quality

after each treatment stage

Items AX' AY AZ BX BY BZ SE
After anaerobic
BOD, mg/L 758° 637° 510° 496° 254¢ 246° 23
After anaerobic filtration
EC, dS/m 21.34° 20.42° 19.69° 12.73¢ 12.50% 12.07° 0.20
BOD, mg/L 606" 522° 418° 446° 216° 197 19
After aerobic
COD, mg/L 1,276 753° 684° 371° 229¢ 198¢ 47
BOD, mg/L 424 261° 209¢ 89¢ 65% 59¢ 10
SS, mg/L 971 535° 407°¢ 119¢ 95° 58" 7
TN, mg/L 689" 407° 370 218° 145 107¢ 28
TP, mg/L 599° 368° 295° 139¢ 104%* 75° 21

" AX, AY and AZ used wastewater A, the manure and washing water mixing 1:1 by weight ratio; BX, BY and BZ used
wastewater B, the manure and washing water mixing 1:2.5 by weight ratio, respectively. The hydraulic retention time on
anaerobic treatment of AX and BX, AY and BY, and AZ and BZ are 10, 15 and 20 days, respectively, and the aeration

treatment is all 1.5 days.
"¢ d¢ Means in a row without a common superscript letter differ (P < 0.05).

R BKREROKTE RS KBRS 2 8

Table 7. Effects of wastewater concentration (WWC) and hydraulic retention time (HRT) of pig wastewater on the pollutant

removal efficiencies

WwWC' (W) HRT’ (H) Significance’
ftems A B X Y Z SE Y H W xH
%
Anaerobic stage
COD 90.03 93.48 89.62° 92.32* 93.34° 0.21 oAk ook ook
BOD 88.68 91.83 87.14° 91.20° 92.43° 0.10 HoHk HoHk HoHk
SS 92.98 93.97 90.86° 93.89° 95.68" 0.04 oAk ook okok
TN 79.86 81.93 75.92° 82.33° 84.44° 2.22 NS oAk NS
TP 88.66 85.07 82.65° 88.43° 89.52° 1.66 * ook NS
Acrobic stage
COD 49.66 78.46 50.00° 69.47° 72.70° 0.88 okok ook okok
BOD 50.74 84.08 55.00° 71.15° 76.08" 0.37 Ak Ak Ak
SS 54.04 90.85 59.00° 75.94° 82.39° 0.16 okok ook okok
TN 55.25 77.79 53.47° 70.94° 75.15°% 1.31 HoHk HoHk HoHk
TP 50.74 80.40 52.31° 68.98° 75.42° 1.61 okok ok okok
Total removal rate
COD 96.23 98.50 96.28° 97.79* 98.02* 0.23 okok oAk o
BOD 95.28 98.46 95.68° 97.23 97.70° 0.05 Ak Ak oAk
SS 96.93 99.38 97.25° 98.38° 98.82* 0.02 okok ok okok
TN 84.84 94.26 84.77° 90.73 92.00° 0.42 HoHk HoHk *
TP 76.63 90.58 74.78° 83.84° 87.37° 0.39 okok oAk *

' Manure and washing water mixing were mixed to have A and B wastewater at 1:1 and 1:2.5 by weight ratio, respectively.
* Hydraulic retention time on anaerobic treatment of X, Y and Z are 10, 15 and 20 days, respectively, and the aeration

treatment is all 1.5 days.
* NS: not significant; * P < 0.05; ** P < 0.01; *** P < 0.001. ND: not determined.
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Abstract

The purpose of this study was to investigate the performance of the three-step treatment process in the treatment of
high-concentration pig wastewater, using a model tank. Twelve LD pigs with an average weight of 47 to 107 kgs were
arranged in individual metabolism cages. Feed and water were provided ad libitum during the experimental period. The
feces and urine of individual pig were collected daily, weighed separately, and then mixed together. Two concentrations of
wastewater were prepared by mixing manure and washing water at ratio of 1:1 (wastewater A) and 1:2.5 (wastewater B) by
weight. After solid-liquid separation, the mixture was injected into 6 anaerobic tanks with an effective volume of about 200 L.
The hydraulic retention time (HRT) of anaerobic treatment was about 10, 15 and 20 days, respectively. The HRT of aeration
treatment for each group was about 1.5 days. Results showed that after the three-step treatment process, chemical oxygen
demand (COD), biochemical oxygen demand (BOD), suspended solids (SS), total nitrogen (TN) and total phosphorus (TP)
concentrations of wastewater A were 904, 298, 638, 488 and 420 mg/L, respectively, all significantly (P < 0.001) higher than
wastewater B. The COD, BOD, SS, TN and TP concentrations of the HRT 10-day group after the three-step treatment were
823, 257, 545, 453 and 369 mg/L, respectively, which were higher than the groups of HRT 15-day and HRT 20-day. Except
for COD concentration, other water quality of group of HRT 15-day was also significantly higher than that of the HRT 20-
day group. The results showed that even after wastewater A has undergone anaerobic treatment for 20 days and aerobic
treatment for 1.5 days, the water quality still fails to meet the discharge water standard. On contrary, wastewater B subjected
to anaerobic treatment for 10 days and aerobic treatment for about 1.5 days, the water quality meets the discharge standard.
In summary, after the three-step treatment of high-concentration pig wastewater, the concentrations of TN and TP were still
high. Taking considerations of compliance with law and treatment costs, the wastewater can be reused for irrigation on

farmland as a nutrient source for crops.
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