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Rk, EHROSE AT R AN AN R

L PGNP RS S HE TR, P62 710055; 2. P9 @R R, PEALK IR 538 4 BHFH
KR, PE% 710055

1 FE AR K e B A RO B B & B AR AR R, AT TSR R S e R R R AR Y I W A (anaerobic
membrane bioreactor, AnMBR) AbFEFEHE IR /KL GE B3 I B AL W) e N SR i VR s ka5 8, 78 (ONIR) & A& g
290, 3000, 4500mg-L™" i, F#L AnMBR WHIEET™ 53511 85.2% . 73.2% . 51.7%, “EWIA T {5 F e 7 32 4
& 932%. 83.7%. 63.7%. MiERERNFAER, AnMBR XS YIRERAE S T SR AT 0 327+E 4 500 mg- L™
B, %l AnMBR Xt 7 56 & /K H 4k 24 75 %18 (chemical oxygen demand , COD), £## . H HAYEBRFR 40 H 94.0%.
95.7%. 86.8% [#MKZE 92.4% . 90.2%. 80.2%, "W FMIEICLBRFAERFLE 92.7% . 91.6% . 84.3%. it —LHHFEK
B, mEVREENFES A (free ammonia, FAN) AFFTESE T80 AnMBR K IFERE FRERY E2 5 . HAEZA i 3 000 mg L™
5] 4500 mg L' B, H L AnMBR 598 H AT IE MR Y1729 (soluble microbial products, SMP) S5{E ¥R &
¥ (extracellular polymeric substances, EPS) 52 T 84.1%. 62.6%, Hh, FFHFHEEAISZMAEWRE =W
FEY I A HAEINE T 17.9%~27.1% B SMP & 85 2.6%~9.3% [ EPS & & . ¥ &M (volatile fatty
acids, VFA) WU R TG PR SRR 45 R, mvk R A E 2 T LR MEAR A P i B = Bl v, i AR o i 38 i )
TG R B R RS T B L RER = el 1 o AN ST 45 5 vl Ry 22 it v v P A 2L ) AnMIBR b B33 4 14 7K 3k
RERIN RS

K TR IREREYRNE s A B Y

Bt TR IS AT ACT 3, AR RSB TR IBAERE N . ISR RE TRl A bR & e
FEAET RS . SR, HIYesm iR, SEURA AR A s e LA fE T [ F= 5 XU H AR i) & e 2
Ko PRARBEHAR @ RE A — RSN PR A WL A s e iR bt , R —2RE RIS K
{ERBRAL B AR Hirp, PRAEBRAY) i % (anaerobic membrane bioreactor, AnMBR) J TR K2 5 8/ 2
JEEARSE A, nsePin] #4815 B[R] (hydraulic retention time, HRT) 57545 & i} (1] (sludge
retention time, SRT); MEEEA AT K P /K HOMERS AR et BT ], AL HOKAE AR, PRIEE AR B[R]
BHEF T RGEREIR ISR . WANG 550 #F5ER I, 7E 21.2 g(L-d)'(Bh COD it) MmA ML (organic
load rate,OLR) 1#§ #i. I, AnMBR 4b 3 525 2 K 7] LASCBE 90.1% i) COD X B3 ; PU W 58 &,
AnMBR A EFUER COD EERFE (2 90%), it TFHAIRETS IR &  60% , 7] S s e
mIze; BU 5 N AnMBR AMHEZEK ST 96% 1) COD LBRR, HAHK T H—MESui =X
JZ Wi %% (continuous stirred-tank reactor, CSTR) R #&/5 83% MUH Er=3K; YANG &5 2 T — b F -5 IR
K ERE AnMBR #2540, @it b SRT/HRT Hfl, 7€ HRT & 1.0 d, OLR iy 4.7 g-(L-d)"'(A VS i1) B,
WERRFFRRE e i, AT, SE M EBERERGAA, B AnMBR AR KRG 4 LR 5 H
B ISR Ay T A Seif k.

FIBKTERRENEN . REFERY, HEREAYITED AT K G Bl B rh 2e7 4 Kt
Wi EEA: 2023-11-01; EFAAHA: 2024-01-17
E2E&TH: EBRAKRBEILSHBITH (52000148)

E—EH: WU (1999—) , H, WL LLE, 1941976077@qq.com; BRUBIE(EE: EmIR (1990—), B, M+, Bl##%E,

gjwang@xauat.edu.cn


mailto:1941976077@qq.com
mailto:gjwang@xauat.edu.cn

1284 ok L B ¥ W %18 %

A HERERY, FEFRE KIS S 2 AR RS REERE Y = A wg vk, IR CnE Tk,
VEMFRIR A L BERLHE™ !, M Z A (total ammonia, TAN) B iR IAF] 1 500~7 000 mg-L™' B}, WIfEss
SHRA BT R MRGEPEARE T (NH,) FREIREAE] 3 000 mg- L' B, P2 Hbad sz 5
—EHMHEER], 24 NH, BB AF] 3 300 mg L' I, PR b FRllaspoe ety SR, AR
N —ENE, RELBERGH TAN M EI{E R 3 000~6 000 mg L™, BFxf g il ) &,
] e R BE RGP BOaRSE | BRI Srbrkl, AL R BEPARESS A, N B S T bl A%k
FEEFPUR], e RO R IR BRI, ST EnR B AR P bE R R . o, AEWIRAE
AR AR AP AU TR, PRHR R R i HE R B ZE srikini a5 32 Y, B
B FLBRZE A A A SR T B RE A L AR SRR gz viRe A A T (DR A R ke . e AT
W 8.0 g L7 WIREEBER G, B Foe Bl #&5 7.5% B fer=R. 0, PAN S50 AEY)
RHATIRARBEZRG T, SATHRAIM L FAN BB i v FEAIR 58%, i T2 Al ; WANG %51 &
M, FEERMEIRELBERG T, BRI T HEY AN T1%3% (extracellular electron
transfer, EET) &), ®H T Methanosarcina F=H e I LT CO, b= BESRHCIE #k

HBIRCA T IR I R T Z A LS Ak e s e A OCHGE , (B BIFSR  58m k FE 2d A
A5 T AR Y R A X AnMBR Ab BEALRE (19 )R 3 0E SO e/ AL . SET 0k, APPSR E T % M
AnMBR 5IEFAY IR AnMBR 250, 58 T AFEEANMAME T AnMBR A0S ERE K I e &
RURE, TSP RBRECR . Hhe™38, e i L™= BBl S AT 1 A= a0 s il
MG RAN R S AR E PRI

1 MR5REE%

L1 MR SERAIMER

AWFTER IR A YR ek B VG2 iR I R B SRR K b A Bt Je] 22 B R AR R
SN AEMBEITS . A eSS , L RITF20 C WKARTAVRIAE, DABTIERRIAR T, FEZE M I
PR HARYESCIR RSN — 5 T ) I RKARRE, (L HIREEN LSS MR SO R A WIS . EHUIRIEBOK
AbPRI R R ER S B 25, (] 50 H (0.25 mm) ARSI KRR RS iR EE i vk D0 O Ak
Jitft) COD, HMCIMERUR TR ; ZERRENEEA BEEAR, SNGEIE 4 C ORI, DIGRREE
JRES) IR AR RE . S BAEI R e 5 RN A 2 A B IR L2 1

* 1 MRSERAIELIMEER

Table 1 Physicochemical properties of the mud and matrix

, S A e/ PR 1 A MCOD/  #f#EtECoD/ 2 EHE HERTENR TR/
Rl g/ 1 AL -1 pH 1 1 1 1 1
(gLl /(g L) (gL (gL (gL (gL (mgL™)
Fe 24.6+0.3 11.4+0.4 7.7+0.1 — — — — 24.6+0.3
e 24.6+0.3 21.5+0.4 7.9+0.1 18.0+2.3 1.4+0.1 4.5+0.1 1.4+0.2 32.4+1.4

1.2 AnMBR HHESEITIR

ABFFE T B S A A B AR I — 2t AnMBR(E 1), TAEAECh 2.5 L, RNIREHR 37£1) C, JiF
B4 0 FL A2 022 um A9 B i 8 £ 4 (PVDF) “F AR I (SINAP, " [H), A R m L 312 cm?,
AnMBR #J#EK | KR IG5 (BT100-21; Longer, HIE) A Sh#Ed , KV EE &8 0.35
L-(m*h)™", H/KBRRESEE N 2.11 L-(m*>h) ™' HHSUIARIEARERSIE (C50s-42T; Hilin Tech, HE) KA
M ARTTEBLA 10 L-min" AR EEEERRER, AL REPEA )15 B R il B L S Sy 5 G e

RGP AR i e B S R R B RR I S E T, & 2 40 AnMBR, 435l %4 (CT) i
HEYIRAEIMAL (BC)o AR TR A EA R, FEEgRdrrh 500 °C 4a%830H 2 h )5, ik issilkish
0.25~1.00 mm. BC MAEY) AN 10 g L7, —IREIN5ERL. 75 BC AHRE 1AL Eig i DLkt b A= 1 e biHE
Pk, Wi, fERGUBTEFRIAEY AT, 2 40 AnMBR /) HRT, SRT ¥l 8 d. 48d, OLR &
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1 AnMBR ZE3[E
Fig. 1 AnMBR structure diagram

23 g(L-d)'. RGisfridEd, [AEGAMHETh NS NH,CL 558, 81708 3 B, 75
BT . BB LR BE, = B BorH N S s A B R B 4300 0. 3 000, 4 500 mgL™'. FUL, 241
AnMBR &1 T Brilan 4 A BC-0, CT-0, BC-3000, CT-3000, BC-4500 5 CT-4500,
1.3 YEBWENITTE

RY TR, EWIN AnMBR 7K COD, VFA, £, Sa3= M pH &30 ; SRHIE%
RRE PR R OGEE: (DR6000, A K B oA (i) AR ME COD; SR ATARARIES b 230
EEM; SRR E IR e 20 . AnMBR JRE A B4 TR S R4S G DL A AR T
(LMF-1, Wale, P[E) EmHIE, B4 H,. N,. CH, il CO, Bill5E R A M %L (GC-TCD; 7900,
K, hE), FAEERE R 140 °C, F4S 160 °C (1) TCD Kilgs, A NWR o RASAHEAIEY (GC-FID,
Panno, H[E) A5 SO0 LB R I #8002 VFA, i%4E &y DB-FFAP, HERE TR R 260 C, A4 LA
10 °C-min" FYFEFM 100 °C FHEF 200 Co KA AR LN E BEA (TAN), AR LIEARE
F (NH,) A s 2 Mo b . I &k ARG (1) 115, FAN RS2 TAN WK |
pH MR 3 NS

10" )
Pra ZCNH;-NX 1+—2729,92) )
T

1 07(0.090 18+

K ppy MWEEZTREEE, mg L' Cyy v NRETRIREE, mg L' pH ARSI ; T AR
A, Ko
14 HEMSHEE

Rgiafrad i, SRABAE LT A A A N5 IR AW TS Y 774 (soluble microbial
product, SMP) ST EWINIANEEY) (extracellular polymeric substance, EPS) ¥l ; MR- S40ML5 & 1) B
TR, ¥ EPS 70 MAAEIZE A Y (loosely bound-EPS, LB-EPS) 5'%%#5454 /1 EPS(tightly bound-EPS, TB-
EPS). & 1434t SMP 1 EPS IYZ4% . H1H & COD Fidh, RH=4E5O0EE (3D-EEM) X4 H L2
53 BARRE S - T34

FEE CT 5 BC L= Beidite, BI5X7E AnMBR H8inA: Yy e A s i A8 1k 3l 0.5
1.0, 2.0, 40, 7.0 gL' 5 MKEERI ZTREN . NTREN . T RREMME R BT#EAT LE ™ A e 16 M52 56 (specific
methanogenic activity, SMA). e KFREE RN AT R PSS e i beisite, SCs i is IRIR G ek
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At IR SO g NS ; M AnMBR HH 30 mL 15eiR A3 120 mL MIEMH, A 2 mL b mkss
W HESTEA MR 3 min, SRJGH TR ZES B TEREIE, T 35 C KIBHERT 140 r-min!
Fig%, 10 min JEHERPBKRA AR AR SR B 2~3 h il 1 IRE SR, B4R T 1 d,

2 RS

2.1 EFEXT AnMBR IERERGHNHISZING K ik ROE BRI

RN ARG, MEZE AR, CT AmH k=& (& 2(a) B&EFFMK, CT-0. CT-3000, CT-
4500 =il 1.7, 1.4, 1.0 L-d™", XRHEE=F K 85.2% ., 73.2% . 51.7%. =ik REEX=H
BeRE = AERRREN, X T RE R TR R INE P RCEYN TR IS HEISRE T 2 A L TRl A
TR FemA= My o] SRR S AIPHIISEN , F BC-0. BC-3000, BC-4500 SZI2H 45 M Befs454 1.8, 1.6,
1.3 L-d' AW ke i, X R~ % 93.2%., 83.7%. 63.7%, LT CT A9 E T 9.4%. 11.7%.
23.4%, FHAYR TR AnMBR K £ COD #4540k CH,, #2587 KK B IEF FIRcE; I
FRROIEER, AW R eI EF A . AAF5ED 20 R, AW B mT LA el
WA FAEIBIRAR . AR E YN B SRR S e i (EAE RN, B2 2 Sk B A
FIsEM, AR TGS IR AA R IE R GE, AnMBR MKORA 25 380 0 F Bt P S it i eue 1 (B 2(b)). FERE N
50 gL' Ay CSTR W, HHLAME RAVA 184.6 mL-g ' i k=3, i i A Wy heam A fdi i g = R4 i 1
31.3%2", T AnMBR IRRAEARIZER . X ATHEFR T AnMBR #5887 IUREMERUAEY), Mii—EfeRE I
YRy T R AR N IR AT e

2800 - , , | 1207 | | ,
2400 L RSB BT [Epgzatl | B —o—CT | 1 — P
o \ \ : 100 | : A 3]
o
. 2000 1 14 1 1 1
e 1 I I S I I
< 1600 & 5 2 @ 80f X X
& : o £ | :
£ 1200 2 B e0f I I
i B | 1
£ 800 1 1
m 40 + | 1
400 - T I I
pE | |
0 20 1 1 1 1
Q Q Q \}
\ & Q)GQ S S P
i )/d &I
(a) = H bk hg A (b) FBELE R A

[El2 AnMBR HIF=FETRE S Rk~
Fig. 2 Methane productivity and methane yield of AnMBR

IR RSO EZEN Sy, VRA SRR LB R EZL PR =Y), 3L+ R4 COD fE3%
FEIKES AnMBR HUKH B AR fL, SRR AT T 2 41 AnMBR (U20PHGRE . 4l 3 fos, Bifi
ERRNMEE, CTHE /KT COD4M5IHR 1.0, 1.1, 1.4 gL', X EBRZE R 94.0%. 93.7%.
92.4%; 5 CT 414fkt, BC 41 COD 435l 0.9, 1.0, 1.3 gL, 53510 94.6% . 94.2% . 92.7%. "I, &
FRER_LFXT AnMBR (1) COD EFRFBEMAK, T AEY s, Y SEsiis i ng coD Lk
R, BRI, REE AR AMIIEES, AnMBR HKHE A S EEETEE, ERA M50 3 000 mg L™ Al 4
500 mg-L' i, CT AH/KhEARE RN 555.5 mg- L H1856.2 mg- L' AWmmyBOmgAR 1 kb & H
B & &, A 537 mg' L' fil 697 mg-L™', i3 8 A LFBREH CT4LM 80.2%~89.4% #2 /& F] BC Y
84.39%~90.2%. [Flfi}, AnMBR H/KH 28 (K 3(b)) & EREEZ R A RSN, £ CT4HF N
51.5. 634, 143.7mg'L™", BCZH 2l 51.2, 59.9. 1232 mg'L; ZWENERRGER—MRm kT, 75
CT 40 85.9%~96.1%, 1 BC 4K 89.0%~96.7%., iBEZWIFE LI, AnMBR {EALFRFE K bt
BEHMNEPRRENLT M, X RERH FAEARIISE N8 BMEREAR, LA i i3 e
P K HEH TR, oK H VEA(E 3(d)) FISm4EREAE 120 mg-L7'(LL COD i) LI'F, UiHiZRS iz
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JaEprE BrEkT Fr BT [ 11T Ja BB BrExT [Sgg=ratl B BT
4.0 : : , 100 600 , , ,
_ 480}
190 5 90
T 24 : : : E«: %ﬂ 360 : ! ' &
- 5 o CT-ih K (COD) & = | Fo- CT-tik (£) i
) | i-o- BC-i#1/k (GOD) 180 % 2 | o~ BC-H!k (£ 4) go &
g ol :+CT-COD£[§%§ S B sl A CT-Z M g
o : © % : 10~ BC-Z A N
| {70 R : ' DR 70
08} 120 | I\
0.0 : i . L . 60 0 ; i . L . 60
0 25 50 75 100 125 150 0 25 50 75 100 125 150
i ff)/d it fal/d
(a) CODHE K K R84k (b) ZWliH ik Je B 1L
Je Bl B B Bl B BT [SggEsannl JEFPT B BT i BLIT [SpgEsattl
3000 100 150 8.0
| EACT-Z % & CT-Pfk —o- CT-pH
| EJCT-TH: = CT-Ji; o BC-pH
90 . " EABC-4% E"BC-NIR 178
2400 1§ 4 a2 : BC-TH EABC XK
o 0 @ -
X o ' v
? 1800 ;\% b . .
= 70 & ¥
g 1200 o B
= 60 %= I
= \ Z
600 | S0 3
0 . . . . . 40
0 25 5 75 100 125 150
Ay al/d I ji)/d
(c) HEEHE K KRR (d) HIKVFAZEAL

3 AnMBR X%#E &R, COD HIEMRMBERAGEI TIZIRHKTE) VFA SREE K
Fig. 3 Removal efficiencies of COD, polysaccharide, and protein by AnMBR and the content variation of VFA in effluent

i EARARER, HEESi BT, R0 pH RUETE 7.3~7.6(K 3(d)), BHIZEXT VFA HE%E T
TR ARG AL BESRE FREMIRHET, e b, T VFA A li% S 58 AL IH AR R AT,
VFA il TAERAHLAF A FARER, (BB T RGUsi i3RI EAN, R M VFA 2R S —
MHZE . GEEEICESIEAYVUEFTYML, FEERKRK R SIRICECRA T4, Kk, EARES, B
R R N T — R = B RE T, (HIEA B R VFA FUEM S,

AR B LU R B F (NH,) FiE & (FAN) 2 FE I Fwmoh . o8 T it— 23w & &%t
AnMBR JREEBEEM , A0 T FER AR B NH, 5 FAN BRI L, FAN &Rt
FIMIE, HAE A A SRR L BT R Z 2INHI A EZ R N2, SR, LI 22 B 20, FAN B9748
AR TR AR I AR BB RS I A P R 2R . FAN WeBEAZ TAN e pH AR
3SR, XL FILEIE T FAN FE PV . EARBFSE Y, AnMBR JREUT5UEH NH, 1k
(] 4(a)) BEER AN H 345.9~469.7 mg L' Bl m ] 4 966.4~5 218.7 mg-L™", CT %415 BC 41
ZHAK; HTFRAMMIEEG, AnMBR #2040 1> HRT A ek 2 53 FAH R EE & &, L
NH, (¥ B R B W b T, AR, BRI EEAE 40~45 mg-L™' 19 FAN X7 B e a5 A4 0 ol
FHEON, fEARRFIE T, W A AT B, FAN(E 4(b)) i 5T & ik BE By 15.7~35.18 mg L™ 2 &5 5|
123.4~125.5 mg-L™', fEG A~ 3 000 mg- L' 5, £5d 14 HRT(8 d), FAN AYFiH 1Rk F] 51.9~
81.5mg' L', AnMBR FUAZHIBH B AIIH], X577 EEEEIT IR FREEER—8 AR 45,
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Kt

el

B BRI

= 4500
23000 F

i+ 1500

T
] ] 0 I I 1 i ] ]
0 25 50 75 100 125 150 0 25 50 75 100 125 150

(=}

Hif )/d i al/d
(a) JRA% K HNH ok A Ak (b) SRz ok HFANUR IR BE A2 Ak

El4 SRPEREFSHESRNKETL
Fig. 4 Changes in the concentration of NH," and FAN in the digestate

F Tty TR A 2 R [ A R AR SZ Bk Wiy B FAN BU520, 401 [ Z2 3] FAN 5 NH, B2 20
i, FrLL FAN ROV B RE R B AR BE R GE = HGERRE A Ak, 04b, B — B, X2 &k
FICRAT FR CEEBfE R 20.7 mg-g Y™, XFEE CT 4, AW BOmIE 5 BEFE BC & 2R,
UL AR I A i W A R i A A
2.2 SRR HIHIRE K A MR R E AR ER

TEARIIRE AT, ey rT ReiE s /i G4 (SMP #il EPS) LLERIRY A & SEEfl
HACRIEFR, AFFRARRIE A AT T 2 20 AnMBR HiEH50i SMP Fil EPS AR 520 ity
BT T 2007, 4553200, CT-3000 4 SMP. LB, TB i) COD fH 1503.6. 1527.9. 1404.3 mg-L™ 43l
=% CT-4500 119 2 767.9. 2307.7. 2457.8 mg-L™'(I&l 5(c)); AEWAmIBTREARA = In) /il , EZA
i 3 000 mg L™ #2F+% 4 500 mg-L™' i), BC 41 SMP, LB, TB i COD H 1234.5, 1830.2, 1024.5
mg- L #2535 2017.4, 2399.2, 1921.9 mg-L ™', BC-3000 #H%§F CT-3000, SMP F1 EPS ) COD {H43%!
FEAR T 17.99%~27.0%; BC-4500 AH%FF CT-4500, SMP £l EPS fit) COD {HF#K T 21.8%~27.1%., —=4i7¢
HOGE i — R, ERE AN SR R TP RIS R i, B Y)
(953U AT R S E PITEAS R 25 S AR A FROAP LRI SCCH0 AR B ZEfd: T 2 AR =
Wingsem, BEIS TR IR, X PTRE R I TAEY R I 2 LAS A AT i E YR P A R B A
Y, A B R R TR R A T, AR IR Sy —TrE, el Re SAEYIRA S
DIET b #2, {5 B s AT -r Foe iy T ) e i 1ol T o 28 i sy Sl AT O ik B2 A ih a4
B = S A SR,

. . SMP-CT [ SMP-BC
oo BT I sovo SN QM RC S B
2 ESTB-CT = TB-BC 2 SLe-cl SQLB-aC 8000 (I TB-CT =] TB-
L 800 ~ 3200 ~ 6400} -
E g a
% 600 5 2400f ~|-|» T 4s0r —
@ 400 — uﬂﬁ 1600} L —— § 3200 F —
i — o —— 2; —
% 200 ;_ T sl = 1600 F —7
1 0 1 0 1
3000 4500 3000 4500 3000 4500
RS A7/ (mg - L) ARG T/ (mg - L) RS/ (mg - L)
(a) SMP M EPSHY 4 it e i (b) SMP K EPS it 4 [ J e ik i (¢) SMP J}2EPSf#COD

&5 SMP K EPS #%iE, RS COD BTk

Fig. 5 Variation of polysaccharide, protein contents and COD in SMP and EPS of digestate under
different ammonia loading conditions
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2.3 RENTEE A BRGE MRS & A 4R BB R EF

AnMBR ZEARIEETT/ T, RENIRETGIRMAEYTEESE A A e AR m =428k, XTR%
B TRUREAT R, [FIE—E R L AD RARIIRE ARG % B2 FGE BOR IR AR 4 1B
BOh R ER, L, XERRGAT L HBEE T TR E S5 R, BEE Z A
P, CTHMZ R SMA 1 16.3 mL-(g-d)'(UA VS i) FF&E] 8.9 mL-(g-d) (% 6(a)); NER SMA
21.5 mL-(g-d)”" FFEH] 19.6 mL-(g-d) (4 6(b)); T R SMA Hy 22.1 mL-(g-d)”" FFEF| 19.7 mL-(g'd)”
(K 6(c))e HITEANLEIIE VFA BEAMSBREIARSIRALRGE, IH A SMA ZZ &AM
i, BT AnMBR X} IR FHRE AT g S80™ HUGERAE MR E2 R . AR, BV
AR IR T AnMBR 2R SMA K, 4 242 mL-(g-d) ', AHEST CT-3000 425 T 2.4 1% =9
K] LU /3 DIET ff B2 S05 SR80 bt TR BRI VFA AL i, 4 CO, i J5ih
CHM™, X—id e T EEReR, ifs BC AMET CT d/=AH &) SMA. 74h, CT ks
X SMA X i) COD 1 1.0 gL' FF&EH 0.5 gL', i KN SMA Xf W i) COD i 2.0 gL' F[& N
1.0 gL, RUAMEHEZAMTERENRS, PRI, REEBERG T VFA IR 1%
TR, AR FEME T R EERA Y5 SR, BC i KR SMA XRHY COD H1 2.0 gL' 25 N
7.0 gL', RUAEYHAIBI$ES T AnMBR X =R E SRR HBET T, X AT Re 5o ClE 7R H
LR YRR B A O

307 _5-CT-3 000 —o-BC-3 000 30T_5-CT-3 000 —o-BC-3 000 307 _5-CT-3 000 —o-BC-3 000
T 3 CT-4 500 —»-BC-4 500 o % CT-4 500 —o-BC-4 500 T -3 CT-4 500 -@-BC-4 500
< 25t < 257 < 25t
) ) )

20 <~ 20} T 20}
= =
E sl Eil, 15} E sl
2 3 2
% 10 g 1w % 10

5t S 5

05 10 20 40 7.0 05 10 20 40 70 05 10 20 40 70
2RI L) PRI g - L) TR e - L)
(2) ZESMA (b) PAESMA (c) THSMA

6 TRRALEFN FRESRRELRENE

Fig. 6 Specific methanogenic activity of anaerobic sludge under different ammonia loading conditions

3 #Hig

1) BV (3 000~4 500 mg L") 4201 i 4% AnMBR AMFIFRRE R KRR P 5%, 7EANT)
RN, AEPHAI TR R G = 28T 9.4%~23.4% , WA T AW S ad Bl s e

2) TEREFIMHISAT T, BRER) EPS 43las B B 38T, AW il Be M Wi (AR A EE 2504 N 19)1E
g, HEBEERAEY RS I RS =, B B ARSI EPS ARt BEAr A

3) BARERY H = B BE G Ml 2 S B0 fer 7 B OB R RIS, R VR R AT SR e TE R T
45.4%, TP RBOINAT B E TS AR E T R CRRCHRETE, X T RERAE VIR S 2 Ml Y 2L
YEFIPLA

2 £ 3 o
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Inhibitory effect of high concentration ammonia nitrogen on anaerobic
membrane bioreactor treating swine wastewater and the associated biochar
regulation performances
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Abstract To investigate the ammonia inhibition during anaerobic digestion of swine wastewater, the effects of
ammonia loading rates on anaerobic membrane bioreactor (AnMBR) treating swine wastewater, and the
regulatory benefits of biochar addition were studied. The results showed that when the ammonia load rate was 0,
3 000 and 4 500 mg-L"', the methane yields of conventional AnMBR were 85.2%, 73.2% and 51.7%,
respectively, which could increase to 93.2%, 83.7% and 63.7% by adding biochar. With the increase of ammonia
loading rate, the pollutant removal ability of AnMBR decreased. As the ammonia loading rate increased from 0
to 4 500 mg-L™', the removal rates of chemical oxygen demand (COD), polysaccharide and protein in swine
wastewater by conventional AnMBR decreased from 94.0%, 95.7% and 86.8% to 92.4%, 90.2% and 80.2%,
respectively, while they maintained at 92.7%. 91.6%. 84.3% after biochar addition, respectively. Further study
showed that the existence of high concentration of free ammonia (FAN) was the main reason for the decline of
fermentation efficiency of AnMBR. When the ammonia loading rate increased from 3 000 mg-L™' to 4 500 mg-L™",
the contents of soluble microbial products (SMP) and extracellular polymeric substances (EPS) in conventional
AnMBR sludge increased by 84.1% and 62.6%, respectively, of which aromatic proteins were the main
substances of microbial metabolites. Addition of biochar reduced SMP content by 17.9%~27.1% and EPS
content by 2.6%~9.3%. The experimental results of methane fermentation activity of volatile fatty acids (VFA)
showed that high concentration of ammonia nitrogen mainly inhibited the specific methanogenic activity of
acetic acid-degrading microorganisms, while biochar addition was conducive to maintain the ability of sludge to
degrade acetate and produce methane at high concentration of ammonia nitrogen. The results of this study
provide some suggestions for the operation of AnMBR treating swine wastewater with high ammonia nitrogen
contents.

Keywords  swine wastewater; anaerobic membrane bioreactor; ammonia nitrogen inhibition; biochar;
microbial products
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