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THTERL 9 NMARBRAL, 43 3 ARV r 8 3N LI 208 375, TR I217 50 d (20 d Y146 HH+30 d k58 1) . MBR
BB 30L, ASHEAKRK, 15 I a i BIE 25~30 d, SO 88 /K I HI7E (20 +5)C, 7T pHAE R 7~8.
iKW, B RN AR EFEE (COD). & A (NH-N). B% (TN) AL (TP s 57k
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(LB 1), Kx5Ex@ =460 mm»x280 mmx700 mm, A H BE AR 7y R AU ORI DX 2 FB 5y, ARBLEE A

BAKBL 90 L, AR 30 L. M T By 1E AR % ik i
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I g AN A 43 Ab R, B AN IR B 2o R e St i A K i 2
AT

G l— Valte
ﬂ 5 12
|
13
7
>
> oo o | 10
I°°°u° S :oD

: 9 8 14

LKA 2528 3HEFHL 48REX SRR 6MRZIE 7K
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14. 7K

1.Collecting tank 2.Submersible sewage pump 3.Mixer 4.Anoxic zone of
bioreactor 5.Dam-board 6.Peristaltic pump 7.Membrane zone of bioreactor
8.Gas flowmeter 9.Air blower 10. Sludge outlet 11. Self-priming pump
12. Vacuum gauge 13. Overflow port 14. Effluent

H{1 BREDREETE

Fig.1 Schematic drawing of membrane bioreactor

1:20 SRAIX A FENLIE B, BEFENLIN L 2 60 r/min;
IS DX T 084l 8 M U S BRI I, R TR e B —
A, SMUBEHRR D .. BN R MR L (PVDF)
DAY (MU PLE R ARG R AR, 2 fmh
0.1~0.2 um, EEJE 40~45 um, HME 400 um, FLEEZR
40%~50%, #EAFIEF1-0.01~-0.03 MPa, [ 14 %%
AN 0.2 m%,

ARIGR B [ i ge it 3 &, [FIE4T.
1.2 RIEIFIK

RIS K R R, R 3 ik, IR
TERESEREREE 1638 3k, TREM 4493 3k, HIEH 4050
K, RN TIEITT A, B /KRR 1. 4K
AR AN REAT, R 3% 5 H 3 EEH 175 K R
K, VKR 30 min J5, HIL BB RAE N A4 SN B
3K
1.3 Rt

AIE AT MBR 7K 745 B A] CHRT) « [HIAELL A
JEE DO RAEURIR S (DO) 3 MSHETIIR, #4103
HOEFE 3 KT, 2 3 AKPIER R R &, B 9
PRI A, BRI O ANMEEE (£ 2) .

F 1 BIHEKEHE

Tablel Characteristics of piggery wastewater
) MU SRR IR R S BT URL ) T ON op i
2 A T R I - Ammonia Total IR . .
N Total nitrogen/ . Ratio of COD to Ratio of COD to total
COD/(mg-L™") (mg-L) nitrogen/ phosphorus/ Suspended fotal nitrogen phosphorus
(mg:L™) (mgL™) solids/(mg-L™")
3277+1192 361.0£1333 203.8£51.2 65.0+23.1 1999+738 103£52 56.8+35.7

*2 EXRWAE
Table2 Scheme of orthogonal design
JI DX 5 R SR R B

AbFRA Dissolved X KRR EIgEE
Treatment 1850°ved oxygen in Hydraulic Reflux
membrane zone of Lo o
groups bioreactor/ (mg-L’l) retention time/d ratio/%
1 <15 3.0 200
2 <15 1.5 300
3 <15 0.75 400
4 1.5~3.0 3.0 300
5 1.5~3.0 1.5 400
6 1.5~3.0 0.75 200
7 >3.0 3.0 400
8 >3.0 1.5 200
9 >3.0 0.75 300

1.4 SRYIMEES

VYR I T R A I T S K A E gy, vs YR R s Bk
Tk B5e2rmn 3 & MBR S iifiaRe 10 5%
15K, MR VS K (A ML AN 1o v U b 3 66 T 11
20%; #RNK, [ MBR HUIMAVGE, 8 V2% A MLSS
4 000 mg/L, fef 1d JaiE Szt K /K, il H K COD
VR G IRE H 2 L PR R 2 400 AT 80 mg/L!™, 2
Jei AW BRI 75 K PR RS A5 B LA $E =y MBR JE7K R B
H2 MBR KR KIEK, IeEie 2w, 9
thses. 3 BRMNBEEMGIREAINS, HEREAN
H g, 5 d R IR E R

1.5 REIET

5K EUK BTG 28 MBR S, 8k
K, SR X V5K G RAR B DX, X 75
TRV HH 55 B 2 At ] AR AU X, MBRH 7K B E IR (7]
i, HKdE Ly 5 min: 3 min.

piiBUNE D E I ) B g W i = Y 0 | E ki
MBR 2171 HRT, [FIJEERIEX DO, XKML 5 5E
FPFENE LSS T, BT A A RHLIE 1T 3 45 6 &R
N ERNEAT R

A H g AR 7 ik g Yeds B ISt E] (SRT,
Sludge Retention Time) Jj 25~30d; LA INEREMN, 1F /%
Mg pH {EFETE 7~8-

9 MIEHEABEHLALA R 3 LTRSS, Bk 3 A
WFRA, MERKRE KEIT | M, RO
50d CHLARIILEIA 20 dv ARG 30 d) o RIS R 23 A
2013 4F 12 HE 2014 42 H. 2014 42 HE 4 H. DLk
201446 H& 7 H.

1.6 FHERDWAZE

RIG A BEIEIRG 1 d RFE 1 IR, BN RN S HORAERE
i 15 o FEMCRETHREMH 09:00 HEAT, RFE S5
SEEAK EATH K, % pEURE 500 mL, BT SURHH A £ o

IKBEFEAR ARSI 23 . KRR AR 43 H7 5320y 1),
Hodr: fp2Edi%E (COD) FUSZE (TND K S IR
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e DRPEE AR ER B Ak (DR6000 28 4M 1] WG 23 66
i, US) , &E (NH,-N) RAZEER A e (YLK
JEZEAL KDN-102C, FARAEA R AR , Lk (TP)
KRR 76 (7230 g W] WA e e, il
KR, TR ABURTF BRI S (MLSS) K Rk,
FRIHEBECR 28 kKL (R B2V K AR LR
FEH SPX-70) , R MRS Bk

SN AR AR X RN X 1Y) pH . (HI98103, & KA
442 7)) A1 DO (HQ30D, £ [H HACH A ) 75 H 09:00
F117:00 P5E .

KM SPSS B B s AT J7 225y M AALUZ TTEST
LA

2 HERE5N

S A ¥ I 7 28 BT T3 SR

A N4 (MBR) HISATRCR R 3 fioR. bRk
¥ 3 4b, MBR %t COD HIFHEBRFE AT 92%;: MBR *f
NH, "N EFERK RN, AP 4 (R LR A 2
SPRIBRERN 3.3 4%, HRPURAE R 30— MBR
I TP PP LR E, FEARFFE 58%~82%.

MBR [HEEKFHL G (BL COD ) « MLSS Fly5ie i
2 O(LLCcoD i) 4k 04~83kg/(m’d). 6480~
19 117 mg/L 1 0.06~0.58 kg/(kgd), TEAIRIK 541 T, MBR
JESX. MLSS 555, MBR REARSZ AN BRI K Ffir o

2.1

x3 BEEYRMBFHZITHR
Table 3 Operation effect of MBR

e A BT

CoD NH,-N TP KA RS VA TR A 1]
posi! HEK HBEK K fif A R T 75 I B
Treatment TR KR R NS S Ey T Organic load Mixed liquor Sludge load

. ; - ! K
Concentrations ~ Removal  Concentrations ~ Removal  Concentrations Removal of influent/ suspended rate/(kg'kg™-d")
of influent/ rate/% of influent/ rate/% of influent/ rate/% (kg'm™-d™) solids/(mg-L™")
(mg'L™ (mg'L™h (mgL™

1 2604+1019 94.2+1.8b 231453 31.6+23.0d 61.2+19.1 60.2+18.5b 0.87+0.34c¢ 89924+2078¢ 0.10+0.03¢
2 3583+1340 92.0+3.8b 178+55 28.1+18.7d 79.9+23.9 60.3+18.6b 2.39+0.89b 10473+£2503b 0.22+0.14b
3 3638+975 79.5+10.3¢ 203+31 30.9+10.2d 53.8+19.4 70.5+£20.7b 4.85+1.30a 13868+3004a 0.37+0.15a
4 3583+1340 97.8+1.5a 178+55 93.8+5.0a 79.9+£23.9 81.5+t14.2a 1.19+0.45¢ 9403+2434¢ 0.11£0.05¢
5 3583+1340 97.4+1.5a 178+55 91.2+8.1a 79.9+£23.9 68.6+13.8b 2.39+0.89b 12280+2678b 0.17+0.08b
6 3638+975 96.6+2.6a 203+31 56.3+18.1¢c 53.8+19.4 78.7£14.9a 4.85+1.30a 15226+3219a 0.33+0.07a
7 2604+1019 97.2+0.9a 231+53 88.9+6.9b 61.2+19.1 60.1£19.9b 0.88+0.36¢ 9026+2763¢ 0.10+0.03¢
8 2604+1019 96.8+1.2a 231+53 85.8+8.1b 61.2+19.1 57.9+14.6b 1.74+0.68b 11579+£2513b 0.1540.04b
9 3638+975 97.5¢1.3a 203+31 87.1+13.8b 53.8+19.4 77.1£20.3a 4.85+1.30a 16458+2204a 0.30+0.06a

e SRR R PR IR 5% KT LR B35 . BERA PR S Y S %4 L COoD it

Note: Different letters in each column represent significant differences at level of 5%.Organic load of influent and sludge load rate are based on COD.

2.2 FEEYIRNIEERTSIK P COD B ABREIR

IREIIE] MBR #&ACBEEEK. H/K COD REEE 2
Bz, 37K COD JFisikIE A 1260~6 200 mg/L, MBR Hi7K
COD JiERE J(2024201) mg/L, EZH 94.3%45.8%.

o Hi/KInfluent *AbFE1 Trtl = AbFH2 Trt2 <AbFE3 Trt3  xAbFEi4 Trt4

o WEISTHS  +4bFE6TH6 - ACELT Tr7 = AbFH8 T8 a4LFHO Tr9
|

% 7000 | o
=S eooof AL I ° 2]
KE~ 5000 Acclimatization : Trial period
i 50 [
w g 20 |
AsSE |
Sfs i

S |

“ |

0 25 30 35 40 45
1247 [ARun time/d

T BIP AR 1~9 FoR K ALBEAL K COD i .

Note: Trt 1-9 in the legend represents effluent COD concentrations of each treatment.
B2 BAMREEEATEAZF UK, Bk COD ERE
Fig.2 COD concentrations of influent and effluent of membrane

bioreactor during entire trial period

RN 2 A ER SR BEIE AT S HCA A T AT BN AR, 26 3
I T B KK IR B ik 6 200 mg/L B, Ab#E 3
(DO<1.5mg/L. HRT 24 0.75d. [lJitk 400%) ) COD
LBRFALN 79%, Kk B 7K e g A 4859 5
T IR Al 2 A3 A6 v i 5 /K ATy R R L 1 2
FRACR, X} COD £BRFEEIRT 97%. AT, wiRkisirZ
A G, MBR WHETHE/K COD HATRUFH B34

R HEABRPPhdiGe

HHFA (DO) KI5 (HRT) FARFLEAT COD
LRI 3 PR, 24 DO R <1.5 mg/L 34
£ 1.5~3.0mg/L I}, MBR X} COD [JEREEHm (P<
0.01), 153 97.3%11.4%; 114 DO JFTHEASE M 1.5~3.0 mg/L
WP E>3.0 mg/L I, %f COD [ 2:BREMIA 2

2100 x
2 % 2
BE ] EE
Sg 3
K ] e
85 40 1 S5
84 20 % 84
8% 8
T wme KRR
Dissolved oxygen/(mg-L™") Hydraulic retention time/d
a WA b KR
a. Dissolved oxygen b. Hydraulic retention time
22 100
w8 %
&= 90
# g 85
88 %0
v 75
8 70
200 300 400
[F]3% EtReflux ratio/%
c. [Alt L

c. Reflux ratio

e A= B PR E T REROR LR RAL 5% T LR .
Note: Different letters in each plot represent significant differences of removal rates at
level of 5%.

B3 AN REBEATHHT COD XREHh
Fig.3 Effects of operational parameters of membrane bioreactor
on COD removal rates
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MBR %f COD ] % bt HRT 34 7+, HRT
H0.75.1.5 F113.0 d I COD 2R H4 2 91.2%+5.9%.
95.4% =+ 1.6%F1 96.4%+0.9%, HRT Jy 0.75 d Isf COD 2
Fra B ACT HoAth HRT M %£FRE (P<<0.05) , HRT
X} COD EBrZM g n] fig & i@k MBR 175 e s 2040
AR TSI o

BEFE I EL 18 0, MBR % COD [5£R & N4
#, MR LA 300%48 FE] 400%I, COD 1) 2: fRr# 6
FEL (P<0.01)

2.3 BEEYMEMNEMSKPEMEBRYR

MBR HE/K. HIK# NH,-N F TN K& 4 Fis.
HEZK NH,-N F TN Ji e S 3 [ 40 51 4 80~370 mg/L
160~680 mg/L, Hi 7K 1) NH, -N H1 TN P34 i f ¢ 15 53 )
4(56.6154.0) mg/L FI(91.6+69.1) mg/L, XV )2 5%
I3 70.0%+27.2%F1 70.7%+20.7%. DO<1.5 mg/L
(1) 3 ANARERZG) NH, -N [ LB %/ T 32%. TN 1%k
HINT 50%, HKIREEMN R R Hofh 6 N bERAL K
(1) NHy'-N Fll TN P34 i 5 533 (54.1£51.1) mg/L
F(67.2440.3) mg/L, X W[ 2B #5374 83.3% +£15.5%
H179.6%%15.1%.

oifi/KInfluent o4bEH1 Trt 1 +4bFH2 Trt2 akbFE3 Trt3 -4bFH4 Trt 4
MBS Trt5  =AbPH6 Trt6 wib¥i7 Trt7 <Ab¥i8 Trt 8 o4bFH9 Trt9

=~ 450
% 400f o R
2ol wimem o i)
2 Acclimatization | o Trial period
mﬂﬁg 300F  period ol
< L o o 9 o Q
£ 250 o o o
e o (o]
320 goo °O§og°880°8§°8
w3150l 8 o oO::9 ; ﬂ‘é?".eo
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Z 50 *u ¥ 5 & 2w,
Saii, §;§|!:g§,;.=§i.zgl
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JZ47 I [ Running time/d
a. AR
a. NH,"-N concentrations

ojft/KInfluent ®4bFE] Trt1 -AbFH2 Trt2 -AbF3 Trt3 x4bFi4 Trt4
ALPPES TrtS <4bPE6 Trt 6 wihbFi7 Trt7 +AbPES Trt 8 «AbEH9 Trt 9

800
7, 700¢ C o
&0 | 9
oS O gy N 0o
=& Ei >
ﬁ.g 500 Acclimatization : 08 0® Ooii@fiﬂﬂ °
§ petiod ° Trial
%E 400 Ogo P o©° o periodg go
IR H BTy
Sl Co° T ,e%8el°% 8 008,
E0r g Sk -E oo GreENoil
100 5 -;i'.ﬁ ;!§§;¥:+ .
Ll'iil 5 gix*.ll !a.!!o¥§,
0 10 20 30 40 50

Z47H ] Running time/d

b. TN UK
b. TN concentrations
T BT 1~9 Fon AT HZK NH,-N TN Bk
Note: Trt 1-9 in the legend represents effluent NH,"-N, TN concentrations of
each treatment.

B4 PR SEATTAR TR, KRG RRAE R ERAE
Fig4 Ammonia nitrogen (NH, -N) and total nitrogen (TN)
concentrations of influent and effluent of membrane bioreactor
during entire trial period

MBR 124724006 NH,-N FIl TN 2 B 158 mntn 18 5
Fi7 . DO K F- 5y, MBR X NH, =N (5784 2 B sk,

REANFEM . Y DO JF)E M <1.5 mg/L Jm %
1.5~3.0 mg/L I}, MBR % NH,-N fl TN [FJLfr&% (P
<0.01) BFiE; Y DO RE K IE— D g >
3.0 mg/L I, HAR NH,-N [P35 L BT m (P
<0.01) , {2 DO JRHEIRIE N 1.5~3.0 mg/L [FALEEL] 4
FAEFZ 5 1) NH,-N £BR#%E) 5T DO>3.0 mg/L 1%
ABRZ, R E DO FEk)E (1.5~3.0 mg/L) X4
WGk NHy N B[ SR 2, {5 HRT A8l Lo it i
[F A AN 20

§180 1§§
WS 8§ Y
%27 =0
e 60 &2 6
He 3 1]
2 %230
ek ®E 40
IR ,% 0z 3
% 0 = 8%
. 1.5~3.0 >30 <15 1.5~3.0 >30
ik %A Dissolved oxygen/(mg-L™") ik Dissolved oxygen/(mg-L™")
a. VAR RS RBR A b IIR LR R R R
a. Effects of dissolved oxygen on b. Effects of dissolved oxygen
removal rates of NH,"-N on removal rates of TN
o 100
s 8
g% 70 B 70
S8 60 &< 60
HE 30 "'TT S 30
&z 40 T 40
w3 &2 30
o 2 Mz 20
Z 19 =1
0.75 150 ~3.00 k 1.50 !
K I B K745 B 1)

Hydraulic retention time/d
c. 7K )5 SN [T 3o G R 25 B e fr s

c. Effects of hydraulic retention time on
removal rates of NH,'-N

Hydraulic retention time/d
d. 7K S5 BRI TR0 A B B R 5
d. Effects of hydraulic retention time on
removal rates of TN

=190 10
S 8 B 80 . a
&2 4 & gg \:
#E 50 #2 3
&=z 49 ®E 10
S WZ 3

ax) %8 £ 2

2 10 , I

200 E 400 %00 300
[Flfi EReflux ratio/% [E]37¢ E Reflux ratio/%

e. M7t ELX U5 25 B 2R s
e. Effects of reflux rate on removal
rates of NH,'-N

£ [ HE X S 2022 R B2 fR 5
f. Effects of reflux rate on removal
rates of TN

e A= B PR R T REROR ERRRAL 5% T LR .
Note: Different letters in each plot represent significant differences of removal rates at
level of 5%.

A5 JRANRE BEATAHT R RS RERF Q0
Fig.5 Effects of operating parameters of membrane bioreactor on
removal rates of ammonia nitrogen (NH,-N)) and total nitrogen (TN)

B /K Jyst B9 ISt (HRT) $840, MBR X/ NH,-N
TN [ ZEBRRCRA W =, H % HRT M 0.75 d 3504
1.5d B, NHy'-N [2BREEEERS (P<0.01) ; HRT
M 1.5d F2% 3.0 d B, TN [ 2: 525 238 (P<0.05) .

ANFACFRRRL LS NH,-N FT TN (B A7 L. 24
[ EL AN 200%32 =13 300%H, MBR % NH,™-N F1 TN (1) 2
BREFIYEFERIN (P<0.05) , {HX4[RIGELLRE— 51N,
NH,-N Al TN LFRZFMIEGIEIAEE . AKX MBR 4
X DO [z gh 3R, [RIEE R 200%H1 300% M HAEIX.
DO TR IE S35 4(0.41 £0.20) mg/L F1(0.5040.15) mg/L,
HRIT R, YR A 400%0, H4EIX DO Bk
JEFEFE)(0.61£0.21) mg/L, MR T RALIEE S, Rtk T
BTN SR LFRZNEAR T 80% I EEE bR,
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2.4 PEEYIR N ENTKPEXBRBFLIIRBRR
TRETFE MBR K ARREAE 1.6x10~1.3%10"
AL 2ZJ8), GBI RS ESR (10000 AL U, A
TR 1 MBR X SR B LR 2B %0 99.9%+0.08%,
KIS 30~19350 /L (KB 6) , 86.4%[Ht
K 38K o R TR i s 21 1) SR HE TR U 1) 1 A 2 g e 2L
Ko MBR 7K 8 KW o A2 1 KR s i /N, A2 3
AR o R 22 (1) 403 BB 1 2 I A K R 3K
BB T, O T H R K R SEHE R ] K A 2
A, IHE— B FACTE, AT SN E T K

2.6 FEEYIRNBZBEITSHEML

IEASIRI A A 22 b 4 Rk 4 o, b 4.
B I C AR FESH DO HRT ML, #5013 4
KPR BIEAR T 1. 2 13 Fon. 18475506 COD M
NH,"-N 53580 K/ NAIUF % DO>HRT >Rl LE, Xt
TP R ZEMIINE X HRT>DO > [l EL, &S50
COD. NH,'-N. TP X[ &M (P<0.05) .

x4 WMEMTESNER

Table 4 Results of range analysis and variance
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Fig.7 Total phosphorus (TP) concentrations of influent and

effluent of membrane bioreactor during entire trial period
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Note: K, K, and Kj; represent the removal rates of the 3 levels of dissolved
oxygen (DO), hydraulic retention time (HRT) and reflux ratio in ascending order.
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Abstract: Waste-water is very difficult to treat, especially the waste water from swine farms with high contents of organic
matters. Addressing the environmental problems incurred by waste-water is important for the swine farms for their
sustainable development. The raw waste-water from swine farm in this study was treated by submerged membrane bioreactor
(MBR). Three levels of dissolved oxygen concentrations (DO: <1.5 mg/L, 1.5~3.0 mg/L, and >3.0 mg/L), three levels of
hydraulic retention times (HRT: 0.75 d, 1.5 d and 3.0 d) and three levels of reflux ratios (RR, 200%, 300%, and 400%) were
used to form nine combined experiments treatments using the orthogonal design. The nine treatments were conducted in three
batches in a swine farm with manual manure dry-collection method. The farm was located in Henan province. The MBR was
designed with an available volume of 30 L, and the inside temperatures of bioreactors were controlled at (25+5)°C by heating
rods, and the pH values were maintained around 7~8 by addition of acid or alkali. During the experiments, waste-water was
pumped to MBR automatically, and sludge retention time (SRT) was controlled at 25-30 d. Each batch of the experiments
lasted for 50 d, including 20 d of acclimatization and 30 d for the trial. The results showed that the average concentration of
chemical oxygen demand (COD), ammonia nitrogen (NH,"-N), total nitrogen (TN) and total phosphorus (TP) of the MBR
effluents were( 202+£201) mg/L, (56.6£54.0)mg/L, (91.6£69.1) mg/L and (19.2+10.0) mg/L when the influent having COD,
NH,4™-N, TN and TP concentrations of (3277+1192) mg/L, (203.8+51.2) mg/L, (361.0+133.3) mg/L, and (65.0£23.1) mg/L,
respectively. The corresponding removal rates of MBR were 93.6%+9.5%, 70.0%+27.2%, 70.7%+20.7% and 68.3%+17.4%,
respectively for each of these measured parameters. MBR could also remove the fecal coliforms from waste water efficiently.
A removal rate of (99.9+0.08)% was observed, and the amount of fecal coliforms in effluents ranged from 30 to 19,350
count/L. About 86.4% of the effluent could meet the hygiene requirements of the national standard. The range analysis results
indicated that the importance order of operational parameters on the removal of COD and NH,-N was DO>HRT>RR, while
the order for the TP removal was HRT> DO>RR. When DO increased from <1.5 mg/L to 1.5-3.0 mg/L, the removal rates of
COD, NH,"-N, and TN increased significantly (P<0.01). However, when DO was further increased to >3.0 mg/L, significant
difference (P<0.01) was only observed in the removal rate of NH,"-N. In comparison with HRT of 0.75 d, the removal rates of
COD NH,'-N and TP increased significantly (P<0.01) under HRT of 1.5 d. As for reflux rate (RR), the removal rates of
NH,4-N and TN at RR of 300% were significantly higher (P<0.05) than those at RR of 200%, but significant differences
(P<0.05) in the removal rates of COD and TP were observed between RR of 300% and RR of 400%. With reference to range
analysis results, the optimized operational conditions of MBR were DO of 1.5~3.0 mg/L, HRT of 3.0 d and RR of 300%,
which corresponded to the Treatment 4 in the experiments, in which the COD, NH,"-N, TP concentrations were
(69.3+48.7) mg/L, (10.0+£8.2) mg/L and (14.0+£9.9)mg/L, respectively, and the corresponding removal rates were 97.8%+1.5%,
93.8%=+5.0% and 81.5%+14.2%, respectively. The effluent from MBR could be disinfected using ultraviolet to ensure
biosecurity if the disinfected effluent was recycled for on farm flushing, which implicates the water resource conservation in
swine production.

Key words: waste water; membranes; bioreactor; dissolved oxygen; hydraulic retention time; reflux ratio; swine farm; effect



