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Abstract A pilot-scale anaerobic membrane bioreactor ( AnMBR) was used to treat high-strength kitchen
wastewater, and the effects of sludge retention time ( SRT 20, 30, 50 days) on operational performance were
multi-dimensionally investigated. The results showed that the AnMBR provided excellent operational stability at
each SRT, with a constant pH of 7.2—7. 8 in the digester and a high COD removal efficiency of over 96% based
on membrane permeate quality. Although decreasing SRT elevated the organic loading rate ( OLR), an overly
low SRT remarkably reduced the COD conversion efficiency. Optimal AnMBR performance was observed with a
SRT of 30 d. The OLR and biogas productivity reached (8.7 +1.3) kg COD « (m’ - d) "'and (4.5 +0.8) m’
- (m’ +d) ", respectively, while the COD conversion efficiency remained at (82.1 +7.3)% . The accumula-
tion of colloidal and soluble macromolecular organic compounds was the major reason for the decline in membrane
filtration performance, and their concentration decreased when the AnMBR was operated with a SRT of 30 d.
Thus, the membrane flux improved and the propensity for membrane fouling was alleviated. Ca’" precipitated in
the sludge mixed liquor, and its concentration remarkably decreased as the SRT was shortened. Moreover, re-
ducing the SRT lowered the long chain fatty acid ( LCFA) conversion efficiency, but undegraded LCFAs were
most likely to form a precipitate with Ca®*. Thus, the inhibitory effects of free LCFAs on microbial activity were
attenuated, further contributing to the stable operation of the AnMBR.

Key words anaerobic membrane bioreactor; kitchen wastewater; sludge retention time; membrane foul-
ing; long chain fatty acid
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B JeF KB A TR M R e s s ab # ), &2 AL
Boh 1 mm (5 4048 W 3 08 5 1R O SO e gk K, i K
KEBFabR 3R 1 Pron . BEoK B COD (TCOD) %5 i

1.1

P£ COD(SCOD) A ¥ [ 44 (SS) LA F 4% 1 B i [
A (VSS) ¥ BE 4 W35 5] (89.8 £9.3) . (43.9 =
5.1) (36.1+4.1) (35.2+3.9) g- L' COD/N
25 ~30; Hih T AR, pH HAL K (4.3 +
0.4), BEEKZEMBIHEE R (4.1£0.5)g -
L' AR RHLEE & B FE, K Ca®" ¥k i ik 5
(986 i83)mg-L710

x1 BEEKKR

Table 1 Kitchen wastewater characteristics

K BT HE A LR DA K fE

TCOD g+ L7! 89.8+9.3
SCOD g L' 43.9 +5.1
VSs g L7! 35.2+3.9
SS g+ L7! 36.1 4.1
pH - 4.3£0.4
i Ag g-L7! 4.1+0.5
Ca** mg - L~ 986 =+ 83

COD/N - 25 30

1.2 AnMBR &M 5IETIR

AnMBR Z5H#UnE 1 s, TAERA 1 m’, 5
HAER T O B I (2 AR MBS ) | 1 AR R e AR
H0.095 m’; 5B B i A £ M (MEMOS, 78
=) , #8431 ity 100 kDa, 2 5 J& 7K J K (A
P T pH) 55 5k 4 VR G DAIS BB A K A BT Ak
e o PEFRA (25QY - 2SS, By J5 b ) 4 1l i I i
F2.2m-s " EHEER0.23 MPa, =4 2.0 m -
h ™" f b T RE AR IE I R S TR A, I,
JCTE AN PR RS Y B IR M AR by 3
ST IRATHALTE (2817 3 LA L) R 1
m’ ,MLVSS 7 21.6 g« L', % [ B ¥ I 75 (36 =
1)C . a8 il HE U & DL 4E 5 R [ SRT T8¢,
AnMBR 7E SRT 7 50 .30 120 d T.50F, 4% 51 3% 48
1547 8075 F1 75 do AR A K A HE U8 R R L K B
AT B K DL RAIE B A% 3 KT 5 7R A b B
T A D A5 T AT 48 bR A2 AL, I s BRI AT
22T Ve (IR K Bk, T 0. 2% AR &1 . pH oy 2
HER R DL S 1% EDTA 353E) o
1.3 SHNERH*

AR5 (KRR K W W 43 BT J7 3 ) e 3R A o 7 1%
%t TCOD . SCOD (0. 45 pm fFL g Bk 3 ) \MLVSS |
MLSS . B B F1 ¥ % V£ WL 8 ( volatile fatty acid,
VEA) AT 5 T8 R0 iR AT A 420 2 O L i
iF & (TG3,RITTER) , {8 b H e Wk B2 % FHH 0
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Fig.1 Schematic diagram of pilot-scale AnMBR
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%#Tﬁ%u‘ﬁum.z £0.7).(4.5+0.8)F1(3.9
+0.9) m' - (m’ - d) "', COD #fb# (g COD,,,
~d™'/(g CODy, - d7") ) LERT 25 d i B Py ik

0 U
0 20 40 60 80 100120140160180200220 0
10 100

@ ;gﬁ @@w .
5 8r ,\M\ 80 i?ﬁ
E %ﬁ &
& 6 atoctugtd 60 2
B @P =
’ (Q'O @ 1
B4 s L fg&w oo £
lg:’ 2 K 20 ©
=3 @]

ORI © Wt S i A CODFRLE
0 2IO 4IO 6|O SIO 160150 Iﬁll() 160 léOZ(‘)OZ‘ZO 0
BATHE)/d
B2 A SRT T.40F 9 AnMBR J2 1744 fiE
Fig.2 AnMBR performance under different HRTs
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A P A I [E AR, AnMBR 7 SRT 50 #0130 d
TH T AE 5 F] 80% LA iy COD Fefb KRB & 2
O R BB o B A, 5 B AR SRT B AR BE S
AR TEIE KA HL G, (R G A Y SRT 2 i 3%
Bk COD ek, 3 M iafy T T Wizt RUR &
A %FFEZE8, AnMBR 7€ SRT 30 d T4 F o] 315 %
HEALFRALRE (LR 2) .
#2 AF SRT BETHEITHBERLL
Table 2 Comparison of steady-state performances
at different HRTs

S 50 d 30 d 20 d
OLR/(kg COD - (m® -d) ') 6.1x1.1 87%1.3 9.1x1.6
JEE ok coD/ (g L") <1.5 < 1.7 <3.5
JE 7k COD %%/ % > 98% > 98% > 96%
WAL= g/

i \ . 3.2+0.7 4.5%0.8 3.9:0.9
(m” = (m” - d) ™)

COD ¥4k %/ %
VFA ¥/ (g- L") <0.2 <0.4
MLSS/( g- L") 31.9£2.1 28.6+2.424.7+1.9
MLVSS/( g- L™ ") 23.8+2.2 22.9+2.121.8+1.8
MLVSS/MLSS/ % 74.2 +3.3 80.6 3.1 86.6 +3.9

83.8+7.1 82.1+7.372.2+6.2
1.1+0.1

2.2 AnMBR B&EMHESHF

PRAEIE A TE A BL I T s 47 26 10 N i & i B
MRAC LG, VEA ZRH pH AR 23 400 ) 3 A= 90 1
P, DU 235 SO0 AR08 19 B AR, 58 2 45 38 iU 1
WS L IE K, VRA W L pH OB
(alkalinity , ALK) 5548 47 38 5 8% F LA PP IR 4001 1L
ARGk ENE" o B 3 BT, BOAR AR R K
T HRMR AL Bt K pH AL (4.3 £0.4) {HE %
B AT B Be AnMBR AL E Y pH IR A 4E FETE
7.2 £7.8 ZI[a], 4 SRT #4124 50 d if, {5 IR A
Wb VEA JEMRML (/N F 0.2 g+ L) JEHE#E
SRT W45 ZEWr FFFE 1.1 g+ L' (SRT 20 d),
AnMBR #£4~32 17 1 P9 19 DR EUTH AL B 36 3 5.6
g+ L7'(CaCO, 3) Ll I, H VFA/ALK I8 & AR 515
0.2 LN, —MilK VFA/ALK {E T 0.3 EIk &K
B E R BRI KRR . N, DL B AR
PRLEA F2 W, 76 R AnMBR &b FH 25 v i 48 J5F % 7K
R, SRT 4 f BAR S T & VEA W (02
HILRGAES SRT 1817 TOL T 38 H & 80 A
P, X —J7 H A B F AnMBR [ &5 A W) & e 11
UE VEA 1 i 85056 1k, AT 8 2 7 VFA B K
B —m, i TFTEHEKEARIGEN
COD/N(25 +30) , 2 11 J5t R i 7 A= 19 2 A DA KK

K HR AR AETE Y — 26 7 ph R AT L)t 7S R AR
AT AT Bl T 4 7 IR AT A 2R 58 N B R - A o Ui
Hb BB KIE BA BRI & E . CA RRIR
RS, 3 5 < ) (] 911k BE % A R4 i D U3 AR W 0k
FER IR AZRE L i T AT 5T B A TS YR B A
T IR A T B I Ak R R A TH AL RE (2 as AT 3
L) A B BB A S AT AR BE . (R
i, 5843 mT LA A A g R OO S TR R A R
o 2, I, AnMBR 3B 47 250RE FI RS & 1k AT
FEATR LG R W L A% BE 08 1l /24 Jof I K i 3
JERREE T IEE B B
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it S
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o | ot Lt PP

4t 14
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Fig.3  Stability evaluation during AnMBR operation
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B Fe R B 4 o 13.3 15,3 1 12.6 L+ (m®
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Fig.4 Effects of SRT on membrane filtration performance

2.4 T SRT THK§REAHE (LCFA) 1 Ca®* #Y
5%

IR 5 W % W48 Do A PP B A — o MR R 1
BAIMAR (4.1 £0.5) g« L") LA BB ey vk B 1
Ca’ ((986 £83)mg - L"), EAHFIEM ,iE Y

M Ca® " W BEAT 35 T 15 U8 20, Wi A B T U % s
TG AR SR Y Ca® T AR AE S B CaCO, AN
Ca, (PO,), ZETCHLULYE B9 AR &5 1m0 ELAE Jo i g 1o &
SRR, KAENE TR (LCFA) th ol LY Ca®* %
T BB TR DIIE T o X IE Y R i
AL FEG Ve E5 10, 52 ma A% T, 5 % 25 3 i)™ &
IS e Y R A F SR 52, I B A LCFA &1
RS 7 240 i 55 75 e 2 T, 0 IV B2 T e 2 00 ) 40 i
WIS EGTR FiE P70 Hik, %) AnMBR A ]
SRT Fa £ 1847 W B iy LCFA il Ca™ ¥R E4T T 1L
BArHr. WK 5(a) Brsx, AnMBR 5 1R & 1
Ca’ " ¥ B B2 W 0 w85 T LA JBE K b B W B, O B
F HEVE B3 N H 2 540 mg - L' (SRT 50 d) & #i
FE{K % 1250 mg - L™'(SRT 20 d) . iX 7843 {5 W1 1
BB R IR AN AL B p, Ca® T & AL D)
(I8 2 EBULE 3 1L BE ob T S 45 48 SRT RS A
A0 e AT L R R ok B, DA R AR TS TR TR A TR
MLVSS/MLSS( W3 2) , g% T 15 IR 45 L .

3000 [ (a) C K SRS
2500 |
5 2000F
ohn
g
B 1500}
% 1000}
Q
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4000
(b)
3500t
=~ 3000}
2
@ 25001
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%
< 1500F
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Fig.5 LCFA and Ca’" distributions under different HRTs

AnMBR FEE B TR Bry LCFA Y& Ji 25 46 40 5]
5(b) frsn 7€ SRT 50 .30 #1120 d 247 L& F 1578
IBA W H B LCFA ¥k B2 43 51 o 1 3601 860 Fi
3270 mg - L™', ¥4 SRT 45 % & 20 d B, £ 5 1)
LCFA 5 B G 5% 10 6 W 25 F [, At i 2



6362 70N R S %10 %
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COD/g-LCFA) o IUA, B SR 8 IR i 25 25 LCFA
A WA B T5IRE G W # LCFA # i
AR R T AR I K R AR I T A
HOR B B LCFA 2090 A2 DU 3 508 AP AE,
HHEA TR 5 #64 Ca® " B WUTLIE (LCFA,-Ca) s B
IE AN AR R B b AR 1 Ui B LCFA RN 3t
A T P A AR, AT A B T AnMBR A2 E
817

3 4 #

KR TAEZRF N 1 m® A i D% S A 4y
#r (AnMBR) 4 341 55 e B 48 o 2 K, WIF 55 ¥ U 4 7
F[E] (SRT Sy 20,30 1 50 d) % H i 17 50 RE 14 5%
ey, 25 SR W .

1) BEAR JoF P2 7K A WL BT R B R = e
J& AnMBR 7E 3 4> SRT T4 F ¥ REFa € istr. M
b 45 5 SRT B SR RE 08 A A4 & A ML IR AT, H R
filkiy SRT 2 g & FE L COD #% L %, AnMBR fE
SRT 30 d T8 T Al 4K 45 fe fE Ab PEALRE , A ML 17 fior
iEF)(8.7+1.3)kg COD - (m’ - d) ", COD %k
RN (82. £7.3)% ;

2) SRT 75 fk 45 Wb 25 5% mi B 2ok 0% %% g, 2 J2
MLVSS FiI MLSS ¥ B Jf AN & 250 m [ 2 . R
TH AT P B AR S 0 A 1 K o 5 DL B
T B DR AL RE T R R E N, HLE A G
il SRT /] LA 25 H) ok HE AR 2R, DT A 6% 2 e I
i U S Y

3)VEBHEAK Ca’ " SR IR AT,
T3 45 1 SRT BB 98 A3 203 AR H 2R ARk B2, AT
W TG R AS LR o EAh, SRT 4 5 & PR ALK 5%
JEWI TR (LCFA) %% 4k 32 {H J& oK [ i i) LCFA AR n]
B Ca’ B R UL IE, H L 5 T i B LCFA X
A VR B AR T, #E A BT AnMBR R £ E
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