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Progress and prospects of microbial fuel cells for treating livestock and poultry wastewater

LIU Zhuangzhuang', LI Tong®, LIU Chongtao’, SONG Jianchao®, LI Yangyang', TAO Xiuping”, SHANG Bin', ZHANG Wantong’,
CAI Yangyang'

(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081,
China; 2. Institute of Urban Agriculture, Chinese Academy of Agricultural Sciences, Chengdu 610200, China)

Abstract: Rapid scale—up and intensification of the livestock and poultry farming industry generates massive amount of wastewater that
greatly contributes to the environmental pollution in the vicinity. The microbial fuel cell (MFC) is an electrochemical technology that
enables removal of organic pollutants in the wastewater and power generation concomitantly with the aid of microorganisms. This technology
has a great potential in treating high—concentration wastewater released from the livestock and poultry farming. The present study described
the categories of MFCs and current research status of its application in wastewater treatment from two aspects: 1) removal of organic
pollutants (e.g., chemical oxygen demand, ammonia nitrogen, total phosphorus, and antibiotics ) and 2) electricity production performance.
The potential of using multiple MFC technologies together in wastewater treatment was also elaborated. This study revealed the existing
problems associated with current MFC technologies and provided directions for future research, including equipment scale-up,
development of novel coupling MFC technologies, interpretation of interactions among controllable parameters, and in—depth exploitation of
mechanisms underlying pollutant removal and electron transfer.

Keywords : microbial fuel cell; livestock and poultry; wastewater; pollutant removal; electricity generation; technical coupling
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15 (Chemical Oxygen Demand, COD) . % % (Ammonia
Nitrogen, NH;=N) | & & (Total Nitrogen, TN) Fl &
(Total Phosphorus, TP) HE il & 43 51| 5 4l 515 G4 1)
93.8%.51.3%.42.1% #1 56.5%. # & F2FH &3
AR TS G R, b R R A SRR K
R FREE 15 Y (R dR Ry 5 Y, 2 15 G BT 1 E s R
Ko BT, KA PRHEAR T2 F 24y s ks
P35 (SBR)!" il 48U/ 580 1. 25 (A/70)™ A ) I s
for (MBR)T1 i AR A T5 98 IR (UASB)! 45 . &
W H BIRIEIK— T 2 T Z2H AR &
AL PRLLR B HRBCEOK , H & & SR K
WEPREH A T2 IR AL PR+ A0 T2+ BR .
IR FRIE I K A gl A T2 A RS T 3k 2 HE sk ]
Fbmie B HGs AT R R o il B i Al 2 24 70 T B
B FE—E R R KB, H2G 50 800 iF g
ARPK R AR5 17 AR &, [ 5 T 2R
MR . BB R K T ERHE N A LAY AR
5 G, T A2 W0 AR) L Tt (Microbial Fuel Cell,
MEC) Ak — Rl AU IR 7K b B A, FORT i 7K 2R A
i PUTs G AT e ) 0, FLJCRR SR RE L 4 A BRI AT
KA b B e B A S i AR, Rk
B BRI K AR e AR B2 I K AT S MFC IR
FEIsAT IR HETE R IR, AR T A LR s H MFC
XF K G ey CR ALY RRBE) A R 1) 22 B
ML A ARGl G T EOR A WG W RE 25555
DB, DRI, MFC BATE B 85 I G K AL B A B 7
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& AR A BT T B AR A MFC B AR b B & & 954
J K R S, i 3 MIFC A B 55 B % K A7 A
) IR PR 2R AR A 58 K J Iy 1wl .

1 MFC43

MFC ) F A 27 3l A 0 A R A 5], 7E B AR =
ARSI 7 s R W B ALK A LY, 7 AR
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PRG3R M AR, B T ST U T
ZAK[0:  Fe (SCN ) 55 |1 B M 3 181 & 26 38 J B i >,
REHF IR KA ML) T i Ak 27 B B3 RE A0 o Ha RB T X
LY R SE A R0 R BRI, mAER 1T
Ak BRA & KR K ) MFC 3 22 4 4% B — MFC FIAS &
MFC,

1.1 B—MFC

B — MFC 1E P2 /K Ak B B ] d5 25 die BEAS 119 e
W a2 A2 W= &Y MFC (Dual Microbial Fuel Cell,
DMFC) Fl1 A 3 %I MFC (Single Microbial Fuel Cell,
SMFC)™. AnlEl 1 Fr7s , 38 fe R B DX AE T 2 75 i
i B 8 (57545 58 B 1 52 40 55 55 3 BRa 5 ) oK s iz
i 0 Ry AR 25 B AR 250, AU MFC JEE 28 Bl B 15
oy B 2= FEA A 2, 5% MFC JFE 28 ToRR R, (30 B
P, PARNEAY R MFC PHAR 35 34 R DRAACIRES, 4 LA
ST Fe(SCN) A5 T2 AR BRI HL 52 1A I B AR 2
N BEECREES, BFSERW], B — MFC AR b 3 5y ik
B B 2 2 B B SRR KA AL R RACRAN AR
K e B v B T A TR MIFC A R X 75

() ——
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Figure 1 Schematic diagram of dual MFC(a) and single MFC(b)
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Yl 2 BRACR R AL ISR R R Ak 52 3 )iz
Kk
1.2 #8& MFC

SR ARA B R A5 AV R 4 4 K AR OR, | [ P A
22 H I K T MFC 556 4 3 35 (Photosynthetic Algal,
PA) AT (Constructed Wetland , CW ) LK B, 51
(Electro Fenton, EF) 255 R AHZE & HFE4 MFC, 3E—
AR T MFC AL E 8 SRR K 0 i 5

N 2a i, A4S MFC AR JEUE R A 3 25 1
A AR WF S E OB B S MFC H AR S5 5 i A
oA BE S B W K kL FL Tt (Photosynthetic Algal Mi-
crobial Fuel Cell, PAMFC)®, 7E PAMFC B %=
o E o AR AR A A AE L T2 kS
5 &8 )7 )2 v (Oxygen Reductive Reaction, ORR) =
JRK o PAMFC B0 i A6 T (o Ok m] 3 S5 11
R B Sy B A 450, SCRER B K A LA B
BB R A B A A s B8 IR 5, T E— 2P 4R v
MFC X % 7K v A BILA) AR 55 ) o 1Y) 25 BRAOR ™
CW J& %) H AR %y L 32 N s AT, 4
P AE ) R TR GO W S, L S B A

AW = EOEAER, R 08 R TONE B TR
e A WO B 0 o i S 3o R Ol S B I K v
5 YL W) B TR I AL BRI CW R G e e E 4 o S AR R
P2l A b A AR XA IR AR X I, X 5 MFC Y
TAE B B3, CW 5 MFCHEA W& R 40
JE 7K Ah 3B R U e £ fer Y RE T, B AV K Ak B
WA (K 2b) . 76 EF-MFC 4 258 (K 2¢) H, B
2 LR ) AR R A 5 R R A PR T £ 3k
2B, FEBAM AR 5 L T2 AR 0. 25 A B H0 0 45
B sz v 3 Ao AR 38 i A U] AT L AR AR HL 0., A
A 20,5 B 28 PRI A Fe?* S A S8 AR SRS N
A B T PR AR R [ B3R - O™, B E N
Az L - OH W28 BH % 28 4b B %) 10 K 64T R U 48 AR 43
i, IR MFC AR BRI K v 5 Y i g
2 B—MFCEBSFHEEKBPHOFARIVIK
FAESR | Ak £ 2% 3 % MFC b B & 6 258 15 K 1Y)
9 NI e B A= PR BE B ANy [ S
X TG Qe bR BB A 2E E I MFC £ B & & 975
K R TG Y A R E IR R T MEFC
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Figure 2 Schematic diagram of PAMFC(a),CW-MFC(b),and EF-MFC(c)
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XFE B IR K R AR R R bR RIS R AT R AL
R(ER D).
2.1 BETEYHER
2.1.1 COD £

W 1R, MFC Ab R E & F5 58 5 K (1 25 B AR
(V<1 LEIBFSE &5 76%, 1 L<V<10 LY (5 12%,V>10 L
) d5 12%. AT %0, H AT MEFC XA 135 8 556
KB TR T /NS B B . MFC b P 75 85 2
JR K e FE A AE 1 000~10 000 mg- L' ATkt
M [F] B — MFC 257 | 35 85 % 58 2 K P 2 ROk Iy 45

B 1) [a] (Hydraulic retention time , HRT) 25 F4 J& /3 ¥ AN
[F] S W 45 14 T MFC 2 B X COD ) 5B,

AN T] MIFC 285 8 700 2 55 i LX) 3 8 33 4 PR /K Hh
COD ) 25 B3 R SRS Min 28031 X1) 3 200 03 51 X5 B
SMFC il DMFC X 4 37 & K- 2F 33 % 7K COD #4 25 bk
ORISR R M W A5 F R SMFC X COD 1)
EBRFE T DMFC, X /& i T DMFC I %= P Y 4R
R T 3 TP A R B ZE R IR IR AR, I
T 2] 7= e AR 7= v DS A P T Y g R
B, R A MFC 2 B A 0 2 — 8 A B 1 5% i) MFC X

R B—MFCHESFEEKPTRYERMN=BEREFAR

Table 1 Pollutant removal and electricity generation performance of microbial fuel cells(MFCs) in livestock and poultry wastewater

Ml vz B (B% B2 it . B o 3R 88 i
Wastewater t MFCt Volume/L concentration/ Hydraulic retention Pollutant ol rate/% Maximum power Ref. X
astewater type ype olume, (mg' L,, ) lime/d ollutant removal rate/7o densily/( mW . miz) elerence
FIE K SMFC 0.012 COD:4 000 1 COD:44 156 [31]
Ak SMFC 0.02 COD:3 228 1 COD:20 11 [32]
TP:113 TP:72
KK SMFC 0.02 COD:4 950 2 COD:82 749 [33]
NHi-N:1 142 NH;-N:35
g K SMFC 0.028 COD: 1240 42 COD:86 110 [13]
NH:-N:198 NH;i-N: 83
g K SMFC 0.028 COD:8 270 10.8 COD: 84 228 [34]
AKX SMFC 0.028 COD:4 000 3 COD:72 1362 [35]
FIE K SMFC 0.07 COD:60 000 10 COD:91 2300 [36]
TP:780 TP:75
FIE K DMFC 0.075 COD:3 688 2 COD: 82 122 [37]
FE K SMFC 0.1 COD:7 500 0.71 COD:59 750 [38]
A 370% 0k SMFC 0.125 COD:1010 3 COD:70 0.34 [39]
271/ %N SMFC 0.2 COD:2 090 4 COD:85 349 [40]
FIE K DMFC 0.25 COD:10 100 — COD:82 948 [41]
IR DMFC 0.25 — — COD:80 883 [42]
IR K DMFC 0.25 COD:2 500 4 COD:64 771 [43]
WK SMFC 0.295 COD:5 845 0.71 COD:81 176 [14]
NH:-N:623 NHi-N:91
Vi1 DMFC 0.3 COD:42 843 — COD:70 438 [44]
KK SMFC 0.35 COD:39 000 5 COD:89 831 [45]
K DMFC 0.8 COD:3 300 20 COD:83 0.5 [46]
WK DMFC 1 COD:5 400 21 COD:86 88 [47]
K SMFC 1.5 COD:2 325 3 COD:85 — [48]
K DMFC 225 COD:500 0.25 COD:88 — [49]
kK SMFC 6 COD:5115 4 COD:79 49 [50]
NH;-N:208 NHi-N:79
TP:96 TP:71
K SMFC 12 COD:6 500 3 COD:49 — [48]
K SMFC 100 COD:7 200 5 COD:52 — [48]
K SMFC 110 COD:2 200 0.17 COD:65 92 [51]
T 4% MFC 45 B RF MBI R HE P —7 2R SCijk e o i 8 15 2., R I
Note: Sorted by the volume of MFC equipment from the smallest to the biggest. “—" indicates that the corresponding data information is missing from
references. The same below.
http://'www.aed.org.cn — 347 —
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COD FERRZCE . BT, MFC A BIER JEA i DMFC 1
SMFC A, 38 45 XU f2 2 MEC9f1_E i 2 MFCT-)
o MTEE I KA T PP SRR R
e ] FE S G & B IR K 1 MFC 3 B A A
BEA N6 B 6 R A K T e Bl A 22 S 4K, K
775 30 MFC XA [RI R 28 1) & 88 35 58 2 7K i e i)
EFBRACR B R ry 225 . A5 R I, MFC X% COD/
TN(C/N)EEAR R K H COD MR ALE, Bk
SR SMFC AR BE C/N A 2.1 B 2R 23R E CcOD %
B 2L R 20% , Jeon ZEPF5Y & B, SMFC X UASB
JK COD 4 22 B R AN K 44% , MFC XF 9 Fh & 7K COD 2%
s 23 AR A1 140 JE IR T 2 T R /K AE MIFC A PR T 22
1o VR B DR AR AL T R UK C/N BIRSAR, §i J5 K (k) ] A
FEPER, S2BR I MFC AR BRIR SR /K (C/N>2.5) R
BT IRK, IXOR BT IR K i i A i K
fI%, X MFC BHR 2 DR BE IR B /N . A, DA
TGRS A 2 IR U A= 1, A 1) 55 B e s ]
TS I m A B . (EAS I MY & HRT 2 B 4%
S MFC X COD B R BRALH, Min SE AT Kim 55
6 FH ¢ 4 M [R] 9 238 MFC AL B R R 7K COD A%
JEIK , BT 2K COD ¥ A 1 240 mg- L', HRT XN
4.2d,COD £ Z 51k 86%, 1M J5 & iE /K COD Y N
8270 mg- L' ,HRT 7 10.8 d,COD £ [5% J 84%, Wi #
ERRFEMY, — Bk, HRT 8K, MFC %f COD £ 4%
B B HRT 3 R 3 — R, 4k 228 mAnA
2 i E R coD AR, WL, 1k MFC 1) fie ££
HRT X 3 8 F2 585 /K 1 i A5 B AT 20

2% 1A H, MFC XT3 & FR 58 K th COD Z:B%
FRZIE60% LA b (B E & IR 50 R KW LA, 48
MFC 2k 3 5 7K COD Y FEAT = T & & 97 FH Mk 15 G
YIHERCR #E) (GB 18596—2001) , iX % T MFC 4b B 5
W B B IR A KR U= — B R AR AR, AR AT i
S A T T S ECL AR S Oy T 5T LA =5 MFC 1)
Y LBRAE . W TR H AR A 1 2 A AR T
FE P RE R B3 i, B AT MFC b FE & 6 57515 8 K
FIFFE AL F /MR BE . IEAk , 5 DMFC A H , SMEFC
RIS T i A A W SCRBFE B AT T LN AN (B
3O R RST e T4 B3 SMFC PHAR = (1 A
T, T R 0 B B R RS K A PR RE T AN TR] EE A
B RSE T S AT B AR 2= P DR AR ER B 19 5 #L 1) E
AU ASBA A o T2 8 RHOR A & Zbk ol aod 3
B RSkl A AT 2200 F AR 1Y) B BN £ R ik B
BRI H W
— 348 —

2.1.2 NHi-N Z:Bx

MFC XK 21 22 SR A ARG A= O FH AR A
WITER . AEYE RS : O Se L s e A R RS A AR
FFE A SR BT T, A 20 B K 7K v NHG SR ARy
NO: NOs, 7E B R E BT T, S RS L Bk NOFE 1k
R Na, DT B BR AR ;s @R A AR VE T 7E R
W RS  NOAE N T2 4k, il IR s A AL
W NHISAE N Nos @S FEm Ak S Ak VR L 35 NHEAR L
NO:, AFFA 7 NO3, HH NOELHEAE N, AEAEVE
B2 B T BAAR AT pH T (B PR R ), &
TR R T 7 ¥ 2 R, 3 3O B e R P B 2 PR AL
BRI, HMFC 221 25 B Ze B 4 2 P £ (14 38 o g 184
KN, Wk 1 R e E Y REHEAEYIERT T MFC W & &
FRFH K 1 BRI KZTE 70% LA_E40 AT Zhu
SERIRIESE H NHE-N (19 2 BREARAIC, S 35% , ] g2 ik
HAHEAK C/N AR (HAE N 2.3) 520 T Ak A s s Ak
T AE DG S EUEYIBR EROR AR R 1T
7, MFC X} NHi-N 9 L BRBOR R4, H MFC X & & 7+
B I 7K R IO RCBIL A TR A, T — 2B ik 5T AT ST B
KR LT 00 2T B L L BRAIL
2.1.3 TP £

MFC X & K R i 25 bR s i 4% - O 54
Bl AR T i A W e DR AR S U R B i A T
FWEE A, B RE DI T s I i s i iS U , i
1 HERR 45T e i 0 SHE S R G0 Qa i PR K A
SR DR AR W A A S 1 SR W TR T T
WY, FHSCHFSE EIESE T MFC X 3 8 55 58 % /K Hh i
A RAF B R BRAOCR , 8 AR 0 B O F) A SMFC
A FRA I IK TP R BR B ITE 70% o4 o Bk, F5E
RILMFC P K H [N & AT BB, Ichihashi 46
FIFMEC 2B% T 75% (ko 4.6%~27% W5 LA
ZEA TR AT H AR BN R 1T, R EHRE T i A [l Ae L
il RIS AR S5z I A 75 BH AR J i p HAEL T w8 , 2 7K A il
DL 2 T T . AT BB 4E MFC X & & F7 5 %
I IFSE 25 5 T 1, MFC Xt K i et i 2= 3k
e ABE X 2 BRALE A5 30 AR T Y
MFC X W 10 25 B AL, L% 5 AR A 54 iR A 3 7
BE AT ARHE RO S5 RBRR M B R
22 MAERNER

Pk F A FREE Ak B AR R 7 S T 24 40 1 A
i 245 55 IR 1 7™ A 3k 4 7™ A R NS R RN AR AR R
BE, E BT 2 2R e B P OR ] B B A
BB IR K P BT E XA A W B B A A
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T KRB B Z ik TEEA BB AR VAT A2 DL L
X IR R SRR A AE W . HRn, KB R &
DS TRURAELY/P OB IR TN k=R (AN U/ -3 1Ly
3 E A BRI ASERAR ) 1/ MFC X FHt
AR RE R LB B A — 2 L #, 7E MFC R4 T
A TR YRR AT A P U E b A R
Rif At Ty R BT B FE PR T B — 2 AR e, BB 7 7
H, 1) [ B 2 it B A= R B AR 2 07 Wang S5E°OIE
BIHLAE ZAE MFC REELH ISR T R BRACE T &, 5
JEAE FIEE R A AR R D R, A R T
T2 S WA DGR R AR 2

RIRFE S IE K PP R R WS MFC
REZ (][ 56 22 , Zhou S MK T AN Fh 2P R 75
BEYT A RS, MFC 7= s P B A2 2, 1% ] A
& BT R A AEAE 2 0 B A P b i S B
AT IS 5 A, WS INAS [ R S B A8 28 X /K v
COD .NH:-N.TP i 2 B HA 2 #:4F 1 , 76’ i 5 1k
AEYIRERILFEERT, £/ E P AT A
(BRI R 100% . 76 FIRBFTE SR I, Zha S5
— R T HiAE R S E AR LA X MFC M BB 1 5%
Wiy, 5 SR BA L A BE S RO VD B A MFC BB R
GFH R BE . Cheng 57N —Rlug B - Kz A= 9 ¢
Do FHF BEAR A A 0, 2006 25 1 T T e R STk (Sulfa-
methoxazole , SMX ) . fitfi W B (Sulfadiazine , SDZ ) it
e F s g (Sulfamerazine , SMZ) 25 B5 2% 43 51 5 85%
65% 1 71%. 5 SMX # Lt , SDZ 1 SMZ ) 2 Bk ki
i, 3% S 5 SMZ ., SDZ [ figt it 75 B4 38 5 B 7 = 1
SMX, i 1§ SMZ . SDZ X DL #% /& ¥ B fg™, B 4b
Cheng Z5% H 434 T MFC BH AR — 9 4% -2 — PH AR 4
% 823 1718 20T B e S o A R R BRSO, 7 FH
W -FAM A R, SMX . SDZ H1 SMZ 14 2= (5 343 51 Sk
54% .18% . 15%, L T B —BAM AL . iR o Hr 2B,
MFC H ™= LA A R i HAA B i hoi: A
XoF TAEGE A5 7K A BRFE AR, MFC X4 4k 5 1 22 Bk R
PR I, MFC AT B A RIBOK R AREOR
5 H AT MFC 22 Bt A 2 AL T B 5 0 R 25 AT AN 175 B
T B2 RIS R B 2 R L 5 VR s s
2.3 FEEMERE

BB IR KA WU BB TG K R, S A
FER MEFC (1) K LR, W3k 1 iR, 71% B0 9% I
KT H B =T 100 mW - m?, {Y 14% ik T 20 mW -
m”, (R, B 8 FRAE K KA MFC 2 S 7E BRI A
)3 MEEPN -

http://'www.aed.org.cn

MEC 2% A4 A 25 M 2L s YRR, Min S5
X Bt SECOBIE 5 R B, A [A) R 25 R, DMIFC 7™ L 1
REAIR T SMFC, AT g P4t B : —J& DMFC Bl % ik
TR AR, B4 AR 4333 3 ot A2 4 ik A PR
E, JA DR AR H B A W P 3 P 5 R T A o
DMFC (1) B4R 25 AR 25 43 B T, 338 K 7119 335 1 BHL
J7, Bt P AR K, B AR DMEFC (4 77 Ha MBSO it
F 2 R B R 1 SMFC, 28 /S 3 Rkt 23 5% i
MFC F IR A FREE , H 2 H A ISR SMFC 28 S
AR SIS, 5 i — PRI . ARl AKK i 25
R0 MFC 2% B 09 7= B M RE™), an & 1 BroR , o B
ZFM Yokoyama ZEPVHI Ma SEUIE 5 BT 77 A ) B K )
R E/NTF 20 mWem”, H A HEEEHT Yokoya-
ma SEIF G AR 1) B R T % A AR Y SR AT e 2
T T A BRI SR 3 I K AR g K R 8 S R
FEAF TR, B PR R AU B — 2 h 2R s i
SSRGS AR WL, 3 B A K BN AT I
WY (), i e 5 H ) S5 7 PR B 5 A A il
HL A D B S5 B LA R T TR TR
(AL, 3 IS 1 PN LS 3% A Ak R AR A | 18 17T 5
M) MFC T o S8 b, 445 BT A BRI /K 4% 448 g 2k
TR, AT S IR M e AR e PR 15 0 7K B4 42 fih T
I, /D TR B R R RBZ IR . RSk, MFC ™
HLPERE S5 kK COD ¥R BE A 2%, 76— 22 1Y MR R Y L Y
T R I B B E K COD He 3 A 3G R i 8 in™, Xin
LB Tehihashi 28R40 COD=30 000 me- L' B %
K, e R Ty 2R i 43 ) AT 3k 8832 300 mW = m ™2, iX /&
o4 R COD & B Sk 7™ W B A= 40 A1 DR 3 ) s g G
/IRl ol N 1 R 1) e O = | SRR e L 77 )
BRI | I FRA 48 1 Ty 0 28 e

UL AR, BIF5E  T0 2od BE AR R e S o v 12k
AR A 2N 25 A R 36 10 B4 P 3 ke 0 1 45 7 G
KA R MFC AR & & FR A R K B =l M . Ni &6
A 2o T AR A ) B AT AR AT AR 1) 7 FL PR R L 3X
JE RN B R 4 v 1 A R SR K A R TR £
HET R S R Y 2 R B AR BRAIR T MIFC 1
Py B, 2 1 45 =5 MFC 7™ HL PR RE o Xin S8R Zhu S5
3 HILA Cu0/rGO FIZ2 4L Co N F135 Zefn /F by 23 < B
WAL, 5 0 LS80 PuC B AT HE , i F Cu0/
rGO FIZA£L Co N 245 i AT ¢ 1 1) LL 3R TR BRI R
S 2 FLAE R, T Sk BH AR H AR A A SR b 4R I Y
PR TG A A, 305 ORR BE %, 1 3K A5 8 iy (R 2R
R AR GRS T MFC FEAS TR BE 6 BE R 1Y)
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FEHLERE  WFIE R B, 30 CAAFTR 7 v B A s 1P e
1o, B R AR5 B AT 1K 948 mW -m ™, 33X 2 T2 i T
JEA A T3 0SS 2 AL T RS T AT AR R
ST RE ST, AL B, 6 R GE N BHIEARG , it MFC
i DA 5 A BB T3 U EE, DR, DR e
R, Wang S5 16 tH— B = 209 MFC HLAL 22 Bl A=
PITEAE , MFC R ST 577 H A5G 10 4l R R0 S A0
F, P ERE I TR . WS R TERE FHAR AL KL AN
BF AR A A0 79— T4 5 MIFC 7= Fi P BB 1 B 5 e
16, G B AN TR RP IS K g 6 PRI 350 ™ B BT, 0T
P B RE R A B AR E

3 MAEMFCEBEFREERKDHFARIIR

¥4 MFC £ R (PAMFC ,CW-MFC 1 EF-MFC)

R 3 SR, ok PRI A B & 8 SR E K
(£2). FA MFCH AR T 40 B & & 7778 K /K 1 B
S IR AR T e T e ) 2B R0 R PR BE T 5 IHT
3.1 BEESEMER
3.1.1 COD %R

PAMFC B A 56 28 AT 0 oA HL i s, 38 4o i
PN AR S 1 e 3 R PR A WL DA B B 4 s o [
iz iy i is AN, ik B K BRE K A
LR H B, S SO AT S 200 T AR 3 4 i)
FeAh T X MFC 1) BHAR FIBA R , 1% 7K 56 J5 ZE BRSOt
G TR RN BB SR o % R HTR , COD & B AT & ik
92%. 5 HABFFEA H, H COD & 22 BR 211 1] fE i
s — R I A = 3D TR G Ao, IR A 5
AR ALY, BRI K R COD MR ; — x50

R2 MAEMNFCHESFEEKPTRYMERIN=REREFAR

Table 2 Pollutant removal and electricity generation performance of coupling microbial fuel cells(MFCs) in different livestock and

poultry wastewater

BEIKHeE

IK J145% ]

15 Qe LR A CYNVIE Sl

F KT A A % '
W FK;/K%H ““//I[]:)ET v 1]4&m " Influent concentration/  Hydraulic retention Pollutant Maximum power R ?fiﬁk
astewaierype pe ormert (mg-L™") time/d removal rate/% density/(mW-m™) clerence
KK PAMFC 0.27 COD:2170 0.83 COD:92 — [78]
NHi-N:501 NHi-N:90
TP:50 TP:82
FEAEIK PAMFC 0.125 COD:3 270 6 COD:89 1 000 [79]
NHi-N:217 NHi-N:83
KK PAMFC 0.15 COD:4 250 8.2 COD:98 67 [80]
NHi-N:251 NHi-N:80
TP:50 TP:26
KK PAMFC 0.4 TOC:790 10 TOC:94 413 [81]
NHi-N:325 NHi-N:86
AKX PAMFC 0.4 COD:7 786 21 COD:96 218 [82]
NHi-N:1 820 NH;-N:99
TP:125 TP:99
KK CW-MFC 3.7 COD:1 058 1.1 COD:77 9.4 [83]
AKX CW-MFC 8.1 COD:583 1 COD:81 2 [84]
NH:-N:40 NHi-N:75
TP:8.9 TP 86
KK CW-MFC 16.2 COD:509 2 COD:93 3.4 [85]
NH;-N:38 NH:-N:90
TP:8.3 TP.98
3% K CW-MFC 5.7 COD:516 2 COD:81 47 (86]
NH:-N:211 NH:-N:78
K CW-MFC 22.5 COD:526 1.35 COD:72 0.82 [87]
NH;-N:32 NHi-N:60
TP:26 TP 86
KK EF-MFC 0.45 COD: 1652 15 COoD:77 1.29 [88]
NH:-N:378 NHi-N:89
K&K EF-MFC 0.1 COD: 1900 1 COD:75 10.4 [89]
NH3-N:530 NHi-N:70

TE AR5 MFC YRR LR STk R FAE O A B3 HERE

Note: Sorted by the category of coupled MFC equipment and year of references from the top to the bottom.
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HRE S I K 28 BRI 3 A B N BN 25, B A 2 P
KA GAEKMRERE G T COD L%,
B — MFCAH H , 76 FHAR 6 4 TR RIS 4% o 38 17 1
R PAMFC#&& T X ALY B fEcE HE LT
PR = WS RERE , M B sk e

FENRH AR Y R P S R UE M Z BT,
CW-MFC X} & & 25 R K h A ALY L bR H & L
15 YL BE S . Zhao Z5™ % Fl CW-MFC Ab B %
kK, COD £BR#N K 77%. Doherty SE*Iff 58 T
F % ) RT3 ) %k CW—MIFC A 39085 37 19 7K Pk g 114 5%
i, i A3 3 7K A B4 XF COD 25 [ %8 7] 1% 81%., Liu
ZEONE MFC 5 8 i BN TR (IVEW) M 25 45,
XFIE K H COD R Al ik 81% ., A iE—H4 1 CW-
MEC XF 5 G0 (1) 23 B3 %, Doherty 55 Fl Ren 4524 1
¢ CW-MFC HI A HUE 3 18 7K, COD Z2BR 33 51 0
93% F1 72% , TE 7K COD ¥k B R R 9 554~ L )5
HCOD 2 B 2B H & I A ml B IR A — 2 5 3
HRT #¢%5 (1.35 d) , A3 PR [] PN 7 BE 7843 B fff /K
ALY s —IE W R A AR K i sh A OR ], J5 R
S b I B s T R A — 2
TR R G BT, w3 S R
1A= 400 S ) 42 fk BsF TR R B COD (8 2 W i . DA |
45 B ] HRT X CW-MFC £ B K P A I BA
WA, AR 2 K U sl xS B b 2 e S HRT
{ELAR TR/ I 388 3 53 10 2 755 30 e, v e A 0 P 2 ke s 1]
KM G COD 1) L BRI . AT 51— MFC,
CW-MFC 7E CW Fl MFC BA-1F F R XK Hhis 4e )
ERRSCRERIAR . i 2 Al %0, H AT CW-MFC B 58
AL FE K ) COD ¥ FE 7E 500~8 000 mg- L' 2Z [a] , A3k
AfAIFFE AL 3 COD H 10 000 mg- L' A b Y& & 7558
K, $2 5 CW-MFC 2 5t 138 R, LA A RS L 51
PR FHEE LA 225 TR R S 7 .

EF-MFC B 72 A= 9 - OH A g — Fb i 15 M 48 Ak
N, A K A P Ak, S AR K A LT
YW . Xu ZES5R ] EF-MFC A FE3% 3% K , HRT
1£1.45 dF10.36 d 514, COD LB 4 5] 35 77%
F162% X & T 28 I 3 PR AA0™ iU EE ™ L il
W8 fifk SN S B9 R 7K Uk 28 5k v T P 48R 791 - OHL Y
AACRE R, AW LB — L . i Xu S5
FEHRT M 1 dEAE T B2 PR A BRI 1956 5 1% K
HAZHEL, COD £ BRHIK 75%, —FHXF COD EBRak
TRTC 35 25 0], 1 S PR Ry i 328 FH T 2B A 5 22 1 4
YDA K (BODs/COD 24 0.22) , 78 AR =5 16 14 4 Ak

http://'www.aed.org.cn

1 -OHMER T COD kB H m KR )5 & ik
PRI K R #5 B 5 5 4 )5 K (BODs/COD 24 0.46) , A] A
APERT , AR EE BRI DR AL UAE 0 1) 3 i A FH BV RT 4R
5 RAF 1 COD KBRACR . B FiRBFGE AT AL, EF-MFC
RERARMERAVINGE S . M TEEFREE
K AR AR PSR A 75 e 45 /b BORT SR O G Ah B
()7 =, B K e it BRI ==, PR B 2 A0 3, W] A
KA A FRAL %
3.1.2 NH;-N [k

PAMFC HO%E A B 2RI NHI-N NOSZE Y i i
B AR K IS (B IR 5, FHA 38 P9 NHEAF Bl B2
o 37 o A4 R A H R PR SR RS RN, X NHE M
PEIR 25 56 B 3 BA AR 2 110 = 220k 8l 110, 7E PR = AR
SHDEA BRI AT i Ae VR A s SS il
RN FE LB, BT R AR U AR
FHAT ZWEAST g 2 iR, 5 SOEE ™R i 78 i e
HRT 1R 0.83 d 19 2544 T NHi-N 25 bR 2R 5 1K 90%,
X T BAAR S N T A 2 R R ORI 5 K
NH:-N, H AR A0 P S oK 3 A B = 05, 6B
FET] FE A WS PR, 28 2 58 4 40 i O A% 4% NHG-N, 76
Fh B AR, NH-N L BRRcr g4 5. i
I AT AT, A ) O B W I R 4 B NHE-N &
FRACRATAR I, DR e o A A KA AR Y
TR A 2 78 PAMEC X 5 7K o NHE-N 25 R 2 1 i
FEHE R

CW-MFC R 4% NHi-N [ LBR 2 Br T 49
YRR AL PR F AL, i G0 F35 18 AR 9 1 W s A
Bl CW-MFC R4 g A o7 A Ko e p & K
SO K H NHE-N DL & R A B AE KT & 5=
51, Doherty ™ 5¢ & B, R B3 -F i R Ge kb
PR S K AT {8 NHE-N 25 B 2R M 55% 42 5 %1 75%
S e 5 by B Al N B e W - W 5 S ) = DN W B
A% DX TS B X A 2 it ], 58 1 AL S A= I R
S PR AT [) Bt BH BB DX ) 72 =5 256 A 40 R A )
FHNHi-N G A B A K T & w5, it —%
PEE NHI-N 2B, 72 LA 98 3L A |, Doherty )
B B -F s AT B T I, X 3 K rh
NH;-N £ 5% 53k 90% . Ren 5 HF 57 1 NH;-N
LB ARAR, AT RS2 R TR X CW-MFCia 17 4514
R IKANRE T TR DR AR BE AR, DX A 4R B AR X, 355
TAEGE YA, I NH-N 2BR R k. 25
-, CW-MFC P 7K 3t 3t 1) 2 (5 2 7K A DR A B AR DX 4
AR X HRT & AR 4k, 3% NHI-N 9 L BRI 2
— 351 —
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AR . 76 BN ma T, K TE CW-MFC
T A S A DX R 4R PEA IX 7 4 & A il Ak 5 S il AR A
FH L NHI-N BBRRCRIAF o BLAh, B X =5 46 4l
Ykt NHi-N A e/ & CW-MFC 5 — MFC %
BRECRE R R R 22—

AL G W as Ak | RS AE AR FH ) L il -, EF-
MFC F G4 NHI-N (1425 B 32 2R B AR ™ 26 ) e 1
PR ALY - OH ¥ NHi-N 4L i NO:-N, F-28 i 4k
VEFIE A, Xu FESF 58 & B, 78 IR = ik SR AL 1
FAR ,NH;-N £ BRR 1K 89%. 1M Xu ZF¥ 0 kK 22
PABR AR B, NHi-N £ BRFRAHN T0%.  H AT UL, Bk
77 - OH WAEAE 5 A5 S AR i X NHE-N (1 25 bR
M 458K, T AR BRAE 25 A (Fe it pH 45 ) LUFE &5
B S A 1 - OH Y P74 o
3.1.3 TP ERR

[f] PAMFC 2:B% NHi-N 9 5 #EAH AL, PAMFC F2 22
T B % NG A BRI IR PO 458 SR Y TR S B
XTI K TP () R BRSSO AETS A Li AE R F
PAMFC 2L BRA5 35 K I BE 58 v TP 25 B 37E 80% LA
o TAGAIE RIS TP A 22 BR 2R 26% , iX
JE PN HER FHI PAMEC BEBR 2840 T 7% R A IR B, Tl
HEWIME DL R AR AR, B TP BRIk

CW-MFC 2 40 % il 114 2 Bk 32 AR & I o0 fA
Tl A= W e Ak LA T e R 9 B4 T Ak W i A R
Doherty 55" Ren & IESE T CW-MFC A =200 £ bR
15K R TP AE T, 24 HRT AE 1~2 d B, 7 B LTS
T R 56 e A 0 7 245 R AR W S [V B TP i 2%
R 215 86% ., CW-MFC H 3 5t W B FH 1 b A 4
R A RS P 2 2 R R ads A%, G e 56 BT W A4
B A 5 5 3% 1 3 3 47 EI R R DR B ARG I K
W B[] B R 5T S P B 7 (AP Fe™ Fll Ca™ 55 ) 5
0] e A b 2 BN AR O VS 1 A A 31 PR i K 1
H e,

3.2 MERNER

Sun ZEIRBIFIE 45 R R , PAMFC 7] 3 1 BB 4=
Wy v Ak 2 1 i S A A D 0V R T B ROR e %
(Florfenicol , FLO ) [ 411 B 16 1 LA $& 5 L X5 FLO 9 25
BRALAE  (H FLO M BHAR i) AR 114 5 54 #5502 X6 B A 44
BRI P 5 B0 7 A R ) R T s B AR i) O R
Zhang SEWESY ke B 1o 1% 252 328 17 05 20T i Uit
Az F g 1 BE AR R Ak 1) 3, FL WS Jin Fe® AT i 25 42 7
PAMFC X Ht Az 2 14 2 Bk R, [A] B 3 12 %) bb 52 36 iF
B, 76 [ 46 50 448 F PAMFC X0 4E 25 4 25 B AlOR:
— 352 —

P F#—MFC. HHT, FH PAMFC 2Bt A: 2 i
FEED HLRBEALIR AN 0T, i b 3 K K 22 R
A3 TRT B UK K, Ak T A5 B DG R BRAL] HE S
WAL IR 2R o R R E B FRFHIK

Song ZEMIIE S Kk B, CW-MFC X SDZ i 2 [ %
TE90% LA b H Z< BRSO 3 22 /K G far FIHRT A9 5
M, Wen 55" 5% & B -5 A8 4 WS VE AR 1L, LAk
S R T4 8 CW-MEFC X B K Fh A= i £ Rt
FRESEM, L% B4 (Zn) BTN AT [
JESE A S iU 2 | B A S i i SS9
Wen S5 IJF 5% & R ] 72 4815 1 s—Fe® Fl il A AL 45 m]
B mUE R RBRSOR . Lin "5 ) A H
CW-MFC R GEALHE /K" F2 58 K /K v SDZ FF Ui 1T R
U BRECR . BEAh P R SDZ IAFTE AL EAE T
NH:-NF1 TP 1 2 BRACE , i 1 2% CW-MFC Hr i
AEVIREE M Z RIS T R B rERE . HRIWESE 2%
EH T CW-MFC XA M R BRESCR , DA IR IR
ASZHRFLLBRALE] . BLAh , CW-MFC T Ab 31 % 7K
i R A TG DR 2R A A
T HOX U P RS2, X T CW-MFC AR 3 A
Iy AR K B B S

Liu Z"WF 58 RSB R EF-MFC R4E
FEIEYIFE R TS BLT , AT A 3R BR IR T ( Tetrameth-
ylene Sulfone, TS) . B A% & 7K o &1 7= ¥ 1) 2 PE -
Soltani 554l 1 LA S Ed PUIA 2K (Tetracycline, TC)
(R 25 B 2K 15 99% . LU 51 i F 58 2 i Al MinO, ) 5k
212 (PANI-Mn/CF ) il LS G BHAR BT A 7= LR )
PEAE I 1 HL PTG PR 7 05, DT 2 55 L A& B R0R
HRT 4 10 h i TC ZBR 2 AT 35 93%. Zheng 55" 15
H b2 35 M R ORR AL 1 RE A0 4 4 S8 1k W 1 B0
A BB (FeCoO/GO) FIAE EF-MFC BHH , 45 R B,
R8RS Ha00 48 i 3 8 1 AR A R PHAR 11
EF-MFC £ %t , H + % % (Oxytetracycline, OTC) £ Bk
KILHREL EF-MFC 24055 2.63 1% . %4 I, EF-MFC %
GixtiAd R BB AR EEHE TP -0OH Y
SRR A T, A ke Pl ak A e e Ak RO 15 BE AR A
HE LKA AL 2 808 35 T Ho0, 2F i, 9 T 4R e e Ak
3.3 FHERE

PAMFC BA 28 NG B 28 T i 1k 6 G4 1™ A
T IR, ke A B 9 H B B AR S5 1 i 75 1)
ML 32 44, [ ) 7e 2 7 030 nT 4 i B A ORR, 42 5
PAMFC 77 B M BE . Colombo Z5 56 45 7 i /5% , B
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e B AR EE ) PAMEC Y615 7 S % RE A8 (5 V4 i S
W B DR FR A B R KO dERR B & A2 1 ORR . Zhang
SEUA Li S PR 2 B R/ NER B I KI5 4y
H1413.218 mW - m?, UFSE T PAMFC 76 48 5 7 Hi 1 g
Ty RS SR, A A SO B D Nk e
He B R IR BE AN 67 mW -m™2, J5E R AT 2 B AR
AR COL BRI A 38 A B, A BE A B AR /)N
BREESE UG A E R R SRR, i/ NER S A VR 32 21
il AR R0V E U /N , 52 M B AR SR D 2 7, a2 T 2
i R G- HL e . DA AR 2B, B % N COL it
SRR BE 23 BRI PAMFC B 77 PR BE , CO. & T 78 /R I 5%
PR B G e mT =2 08 1) RS20 B
FMAE ORR. LA A B 2 d5cfE COL VR, X 4
= PAMFC 7= s MERE H A FEAE .

WA IETE JEHAEY) HRT RS0 E D I i
A RH 45 PR 22 8 43 52 1 CW—-MFC 2 %0 18 77 Ha Pk )
CW=MFC (1) R 58 BB DX AT AR 4480 X 22 (8] 43 AT 4 B
O3 52 2% I LT, 3 2 3 K B ) S H B, S )
PR DX 1) B AR X1 JoT -5 i, Be 24 52 30 CW-MFC [
FERLPEREA A . Ren SS9 A9 SV 25 B AR FRZ) R
22.5 L, BHAR DX B M) DX 22 8] 47 6 K f 1 B AR TS U
RGN K, e KRI) 5% B AR 0.82 mW -m™,
Doherty %™ 5% & B, [0] b -] 9 ghiz 174 X
CW-MFC RE 1% 4+ B A% H (19 38 J5L 308 858, 3% Jn %) B
W P05 ik AR 1, L (5 A5 Fl AR 43 8 I A A A, AT
B 2R 40 9 A LB, B2 5 R 0 B B Y 7 MR
BT CW-MFC H 5 #4) 3 ¢ A, 7 s A% 18] (9 9 BEL
KT H— MFC, X J& 1 B CW-MFC 7= L 1k fE fhi 11k
Y 3 2L A

WFFE 2R, A= Fe - 250 S I, 23 T RSk Y BHAR 149
BT, 0> 2 5 B W AR A BRI B H T o, R AR
EF-MFC 2407 PR REM . Xu SE0F 58 K B, AT A4
Ree Aok T Gyl 2ok BHAR A 0 S Ak ™ AR B R TR 60%~
65% FHF AR AL P 25 0 T2, AU 2% B HL e ¢
LR I T 20 T A, 8 480 30 it B g 37 B B, 7R
e HPERE TR

i b NS Y R BR R E L th T AR A MFC
(PAMFC .CW-MFC #l EF-MFC) % 4 %15 e ¥ 2 &
() Z FAE T, L H B — MFC B B3, 78 5 Kk b B 7
A A 4 S5 4R 5 COD  NHE-N TP FI AR 24575 Yy 2=
BRI rPERE A R | Bk PAMFC ] 4R34
R HLPERE SN , CW-MFC Fl EF-MFC 3% 2 58 45 #4 F1
JRERATRR , 7= P RE Y 55 T B — MFC.

http://'www.aed.org.cn

4 FREMERS MFCAMEESFRIERK/KIIR AR =

L T 8 — MFC, bk = F il & MFC £ R
(PAMFC.CW-MFC Fl EF-MFC) 7E £ B3 & & 72518
KI5 Sy T HA IR AR A I A A
A WA W I v 78 (Membrane Bioreactor, MBR) {44
H, f# 3t (Microbial Electrolysis Cell, MEC )7 AR T
% T MFC-MBR Fl MFC-MEC 2538 B4 MFC H A |
HHT, % F MFC-MBR 1 MFC-MEC ¥4+ A 0 5%
b A B B, 6 A FH T 8 & SR AE R K Ab
4.1 MFC-MBR A& EFRAERZEKHKIN AEI =

MFC-MBR #5A A , SRR HL Ak 27 B A 9 S 1 i
(Electrochemistry Membrane Bioreactor, EMBR) , J&—
Ff 8 B MFC 5 MBR ZiRE T — 1A 9 87 A 75 7K b BB
R ZFEARBEE T WHE WP AE— R E FiRRb
TR A S K AL BB R A i a5 . EMBR I A
A R IG5 75 e P 1) 22 BR AR, , AT 4R e ¥ K v s
P B3, RIEKE R 48 B 57 A 0 AR W) Fa 3 ST it
TR BEZE A AR AIGASE TS il 8 /TG e %, Ik
Ah, EMBR 3 i {4 #E 5B 43 COD 7= A o B ] s 44 B 4
RS Yt for , BRAKIS T TRERE . AKHE RS L AR S v 47
HhORYER YIfE , EMBR S A4 AT 43Sk =2 B4
TR B A TR0 A s A B AR TR 4 s R EMBR H B
e FEL AR ol PR S sk 5 FEL A A ) RS 2H 44 1) Rasd 8 A sk
it FFJE e Do 0 2R i i 2 05 o 2R 78 EMIBR X I v J3
J% 7K (200~1 000 mg - L") Ak R SR B BRAR , COD £ BR
K 1K 90.09%~99.9%, NH ;- N 2= [ 2K 7 1k 95.0%~
99.99%!">131 ) JE B HE B EMBR {88 FAS G540 0 i Ak i
LR YA R IR RL, LS8 S R B i — 24
PR, B AR B T 76 FL 32 1D kA2 ORR, X RE R H4E1
ZH 1 T 50 S W e I BE . A 7R EMBR X R
FE R K H COD B8 0] 35 87%~97.4%"1, llas <,
B EMBR AN ) TC 25 A A8 B 45 b L 5
25 S BAR ARG B, il v A G 7 224 2 A< B S ] S
JEAK R IK o 5, B2 S B AR A EMBR IR B2 1 K
FRYS YLl 2 R ER AT IR 87 %~97 %1 1, L5 |, =Fhk
R EMBR 2 9 F A5 5 b B ARG ¢ 5 11 A % K A AR
V5K, HXT P 7K COD Al NHG-N 22 B K 7] ik 90%
PL b, BEA R B — MFC H 7K K B 22 14 0]

FEE S 1 78 EMBR iR 25 < S A% Y EMBR X T4k
PR R B2 11 B 10 7K B A 16 I 7K LA e 1 2 Bk
Fo BRI, XF 15 Ye W ok A v 10 B R AR A KT
T BB R EMBR B AR T % i A 0 A A 43 i ek
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UEAT BB S YL 17107 BE ) AR B ASCR 5, 1 R A
FHAR Y EMBR PN AL T DR A8CIR A HL A 47 4803 PR Tk
AW FEAE R, S AT REX RS . SRR, MBR X
T COD<8 000 mg- L' W& B F i K HA RIFny £
B 22 4l iR EMBR S # 3 ELA% 40 K 44
TR R B R RS TS U, HAA ARk ST A MBR
SER K SR SR EMBR B 25 4b 3 AT £ R 3405
YLy LAY 46 MBR # 43 (BAMR ) (4 1 8 il s BHAR
2= K HEA I 2, A MBR R B8 Dh B, fof 4l 55 A
EMBR 7 %0 76 40 3 i vk B 3 & 97 FH K BT HL AT
ISR V5 ey LB 2 R R
4.2 MFC-MEC % BB &EEFHE KK A=

MEC 5 MFC [q] J& it 4 ¥ B3 £k 2% 5 R (Microbial
Electrochemical Technology, MET) , 1fif 5 MFC 43 f# 45
L P L BE R[], MEC T AE )7 28 & 7E M i i BE 1Y
5T R H A 2 0 PR 2 T R A L O A R
(Ho) 5 H e (CHL) 557791, B, MFC-MEC #§ &
AR F2 2L 4 BRI 9B UE RO TR Tl K
HY 4RI R A B A AL TR K, 56 T AL
P2 G IR IE K (B9 AT H0E

MFC-MEC # 4t IE # 12 17 (%) 4% 8 /& MFC 2 28
MEC #2442 98 i th f e o F T MEFC ™ AR (% i
JEBAR , MRIE MFC-MEC R 48 1E ¥ a1, BF 98 #7
A 3 B AR S | R I MFC 1y s i R T
PIRIEMEC (Y IE #2847 . X T @ ffar 5K, e m iy ik
JKUR BE AT MFC 5507 A 2 9% () 4 H H ., TS 55
B ER B MFC 45 7 2008 K LR . Mansoorian
SR b J v Wk B by 2 U8 W (COD ¥ AE 1 000~
64 000 mg - L") B5f MFC #.5% 7= 4= 1 140 mV (1) 5 H
B TR, AT DLl 2 MFC-MEC (9 1E % iz 17, A U,
MFC-MEC 7£ DA i ¥ B 2 7K R I B, MFC BT 77 A
(R4 HH LR AT ZE R MEC () IE #3817 . & & Rk K
BA &AL R R, Y B 8 SR R KAE S MEFC
FE R, B MFC 7 A 1 L R 2 80 7E 500 mV LA
(e AL MEC T AR Fr s , A T 253 ol A 1 4
T E AR H5 i | ER I MIFC A5y 4 v i b H e, AT 4
B HA R BEAGEAT A . (3R 1R, MFC X%
K G Y W) 2 B R K 2 7E 60% LA b, AT AR EA
MEC 975 e fir o A, WF 5% & B0 MEC X354 3 1 7K
H COD 1 25 [ R AE 70% L Ee g2 b F)
MFC-MEC 4b 3 & & 55 58 I K R AR Rl 174 . 38
it MEC-MEC 416 4b 3 AT i B $2 55 52 7K o is 4e 4y
()R BRI  LEACR SRR S A 00 T AT S
— 354 —

TR K A AR B, 3300 Ak B g R R A 8 IR A K L
AWM E

5 ZHIETRE

VAR BP9 L Ak MFC 2 B R RiE 1175
0 (HRT.pH FLEESE) JF & 3E FH T MFC (19357 74 91 BH
HL R RS 7 2 B2 T MFC Ab 3R & & F5 5t R K 75 Y
YR BRBCR A R . AN, MEC ANMUAT LAAT AL
LBRE B IR K PR 5 44 (COD \NHi-N | TP
85, i HOWR 575 Qe ) (Bu A R i)t 5B AT R 4F
1) 2 BR AR . #E MFC(PAMFC,CW-MFC fil EF -
MFC % ) 4b B 25 85 258 K 23R A5 T misk ek
JEIKEACBR . (0 MFC 7EAb PR & 8 SR 58 1 /K 7 i)
RIFTETEZ A o FET A TRV, MFC £ AR A A
PLUR 5 A H 2k

(1)UL, H FT R MFC AbBE & 558 % /K i iF
FEAERLBE AT b TF /N 5% B B, 2 B OR 1 52 2
PE B = KB 02 1 T 42 5 7™ FPHL AT T MFC 93K
BRI o FEARR AR SR H LTS M IO S A B, &
B D ) B 52 bR LR A AE I )

(2)H84 MFC 240 : B— MFC RGN0 & & 3758
JEIK B AFFERCRAL T ROR A ELS , ARG MFC
Fe AR5 Y 25 B B0 = R, T S BRI A e K AR A
Fi o BROBA S N T A SRR A B A 9 0
i DA ) H A R P R R S AR Z AR HOR B Rl
5%, (0 H T AR TS & SRR K, R R DIRA
W T & BB MEC R A A

() ZHi R BB T S EATE R pH SN
FALREL 7K 455 BA B T) iR 7K i B s A 7y =0 (it
L) &5 HOXF 3 — A MFC REMPHERES A
WK, HET, AT MFC R4 F1 3 & 73758 K
BT SEONAL T B X B — S8, AR AN [F]
SRR 3 HAE X R G RR IR , S is1T S50 =
AR

(4)HLFE . HFjB— MFC KRR MFC iz TALEE i
ANUIHR, G E & SR K TS e R RS L RS S
MFC HHL AL 2F TR P 0 L A R LT 55 . IR ADFSR
HLEATHLEL, o] o8 5 S S IR p oY SR e 4R 5 ol
MFC Z 58 N SZ56 %5 ] T AR SR by FH B8 BRI H A

S 3k

K R HLASC SR B BT[], BRBET5 Y 5 7R, 2020, 42(2) : 152-

http://www.aed.org.cn



X, & BEYRB R EEEFERKHREREESE

2024438

158. SUNJF,SONG X Y, YU Q Q, et al. Rural wastewater treatment
by intermittently aerated sequencing batch activated sludge process
and its treatment effect simulation[J]. Environmental Pollution & Con-
trol, 2020, 42(2) : 152-158.

[2] SATHIAN S, RAJASIMMAN M, RADHA G, et al. Performance of SBR
for the treatment of textile dye wastewater: optimization and kinetic
studies[J]. Alexandria Engineering Journal, 2014, 53(2) :417-426.

[3] KHAN N A, KHAN S U, ISLAM D T, et al. Performance evaluation of
column—SBR in paper and pulp wastewater treatment : optimization and
bio—kinetics[J]. Desalination & Water Treatment, 2019, 156:204-219.

[4] CHU H Q, LIU X Q, MA J Y, et al. Two—stage anoxic—oxic (A/0O) sys-
tem for the treatment of coking wastewater: full-scale performance and
microbial community analysis[J]. Chemical Engineering Journal, 2021,
417:129204.

[5] CHEN J, XU Y, LI Y et al. Effective removal of nitrate by denitrifica-
tion re—enforced with a two—stage anoxic/oxic (A/O) process from a di-
gested piggery wastewater with a low C/N ratio[]]. Journal of Environ-
mental Management, 2019, 240:19-26.

[6] YAN X M, ZHU C'Y, HUANG B, et al. Enhanced nitrogen removal from
electroplating tail wastewater through two—staged anoxic—oxic (A/0)
process|]]. Bioresource Technology, 2018, 247:157-164.

[7] DOLAR D, GROS M, RODRIGUEZ-MOZAZ S, et al. Removal of
emerging contaminants from municipal wastewater with an integrated
membrane system, MBR—RO[J]. Journal of Hazardous Materials, 2012,
239:64-69.

(8] WhELWF, FLLHE, P 75, 45 IR BB AR W) S v a b BRAE 35 7K i
FIBERARD. Al T A4, 2015, 31(15):223-230.  YAO H J,
DONG H M, TAO X P, et al. Operation parameter optimization of
wastewater from swine farms using submerged membrane bioreactor|J]
Transactions of the Chinese Society of Agricultural Engineering, 2015,
31(15):223-230.

[9] atfE 3%, BELLAH, B30 . A 40 S 0w A FH T4 3 15 K R B A 3K
D[] Al BRI Rl 22244, 2007, 26(4) - 1277-1281. MENG H L,
DONG H M, HUANG H K. A membrane bioreactor for swine wastewa-
ter advanced treatment[J]. Journal of Agro—Environment Science, 2007,
26(4):1277-1281.

[10] BEHLING E, DIAZ A, COLINA G, et al. Domestic wastewater treat-
ment using a UASB reactor{]]. Bioresource Technology, 1997, 61(3) :
239-245.

[11] EL-SHAFAI S A, EL-GOHARY F A, NASR F A, et al. Nutrient re-
covery from domestic wastewater using a UASB—duckweed ponds sys-
tem[]]. Bioresource Technology, 2007, 98(4) :798-807.

[12] Bid, XE, S, 55 USRS K A BEEOARBIT Sk J2 (). 5%
FEAAMR, 2022, 43(3):83-90.  CHEN L, LIU Z, XIE Y J, et al.
Research progress on wastewater treatment technology of large—scale
pig farm[J]. Journal of Domestic Animal Ecology, 2022, 43(3) : 83—
90.

[13] MIN B, KIM J R, OH S E, et al. Electricity generation from swine
wastewater using microbial fuel cells[J]. Water Research, 2005, 39
(20):4961-4968.

[14] ZHUANG L, ZHENG Y, ZHOU S G, et al. Scalable microbial fuel cell

http://'www.aed.org.cn

(MFC) stack for continuous real wastewater treatment[J]. Bioresource
Technology, 2012, 106:82-88.

[15] MOHAN S V, SARAVANAN R, RAGHAVULU S V, et al. Bioelec-
tricity production from wastewater treatment in dual chambered micro-
bial fuel cell (MFC) using selectively enriched mixed microflora: ef-
fect of catholyte[J]. Bioresource Technology, 2008, 99(3) :596-603.

[16] FRIJTERS C, VOS R, SCHEFFER G, et al. Decolorizing and detoxify-
ing textile wastewater, containing both soluble and insoluble dyes, in
a full scale combined anaerobic/aerobic system[]J]. Water Research,
2006, 40(6) : 1249-1257.

[1770H ST, KIM J R, PREMIER G C, et al. Sustainable wastewater treat-
ment: how might microbial fuel cells contribute[]]. Biotechnology Ad-
vances, 2010, 28(6) : 871-881.

[18] LOGAN B E, HAMELERS B, ROZENDAL R, et al. Microbial fuel
cells: methodology and technology[J]. Environmental Science & Tech-
nology, 2006, 40(17) :5181-5192.

[19] BRIFF, VPSR, A0, 55 . BUE I RRRH I AE B K AL BE b A AT 52
B AL TR, 2022, 41(2):951-963. CHEN S 'Y, XU Z C,
YANG J, et al. Research progress of microbial fuel cell in wastewater
treatment[J]. Chemical Industry and Engineering Progress, 2022, 41
(2):951-963.

[20] XU J, SHENG G P, LUO H W, et al. Fouling of proton exchange mem-
brane (PEM) deteriorates the performance of microbial fuel cell[J].
Water Research, 2012, 46(6) : 1817-1824.

[21] WANG X, FENG Y J, LEE H. Electricity production from beer brew-
ery wastewater using single chamber microbial fuel cell[J]. Water Sci-
ence and Technology, 2008, 57(7) : 1117-1121.

[22] HOU B, SUN J, HU Y. Effect of enrichment procedures on perfor-
mance and microbial diversity of microbial fuel cell for Congo red de-
colorization and electricity generation[J]. Applied Microbiology and
Biotechnology, 2011, 90(4) : 1563-1572.

[23] BABANOVA S, SANTORO C, JONES J, et al. Practical demonstra-
tion of applicability and efficiency of platinum group metal-free
based catalysts in microbial fuel cells for wastewater treatment|J].
Journal of Power Sources, 2021, 491:229582.

[24] GOUVEIA L, NEVES C, SEBASTIAO D, et al. Effect of light on the
production of bioelectricity and added—value microalgae biomass in a
photosynthetic alga microbial fuel cell[J]. Bioresource Technology,
2014, 154:171-177.

[25] XK, g5 i e, 45 . PIRR I TR XL & R U Pk
ARFHLI T L RE B/ N BRE A R B RE I )], PRI L REAE 4R, 2015, 9
(10):5109-5112. LIU C H, YOU Z M, TONG H L, et al. Influenc-
es of two types of electron donors on electricity production perfor-
mance of photosynthetic algal microbial fuel cell and on growth of
Chlorella vulgaril]]. Chinese Journal of Environmental Engineering,
2015,9(10):5109-5112.

[26] BRI, 47 28, 0P, 45 N T -GSk Mk e b R i o
JE[)]. A TERR, 2022, 42(5) : 518-525.  TANG G, SHI Y C, LIU
S, et al. Research progress on constructed wetland—microbial fuel cell
technology[J]. Environmental Protection of Chemical Industry, 2022,
42(5):518-525.

— 355 —



KA FREGMEFR-F 415528

[27] VYMAZAL J. Constructed wetlands for wastewater treatment[J]. Wa-
ter, 2010, 2(3) : 530-549.

[28] LIU L, YUAN Y, LI F B, et al. In—situ Cr( VI) reduction with electro-
generated hydrogen peroxide driven by iron-reducing bacteria[J]. Bio-
resource Technology, 2011, 102(3) :2468-2473.

[29] YU J, PARK Y, WIDYANINGSIH E, et al. Microbial fuel cells:devic-
es for real wastewater treatment, rather than electricity production[J].
Science of the Total Environment, 2021, 775 : 145904.

[30] WANG L, LIU Y L, MA ], et al. Rapid degradation of sulphamethoxa-
zole and the further transformation of 3—amino—5-methylisoxazole in
a microbial fuel cell[J]. Water Research, 2016, 88:322-328.

[311JEON Y, PARK C H, KIM S. Electricity generation from swine waste-
water in mediatorless single—chamber microbial fuel cells[J]. Bulletin
of the Korean Chemical Society, 2016, 7(37):1148-1151.

[32] Bk, G RN, FMR. 55 . LIVR BN JSURFA B Py RRORE L v ™ i B
fiEt R PE(D]. fb T 243, 2014, 65(5) :1900-1905.  CAO L, YONG X
Y, ZHOU J, et al. Electrical and degradation characteristics of micro-
bial fuel cell using biogas slurry as substrate[J] CIESC Journal, 2014,
65(5) :1900-1905.

[33] ZHU H Y, ZHANG Z, ZHOU Y Y, et al. Porous Co, N co—doped car-
bon derived from tea residue as efficient cathode catalyst in microbial
fuel cells for swine wastewater treatment and the microbial community
analysis[J]. Journal of Water Process Engineering, 2022, 45:102471.

[34] KIM J R, DEC J, BRUNS M A et al. Removal of odors from swine
wastewater by using microbial fuel cells[]]. Applied and Environmen-
tal Microbiology, 2008, 74(8) :2540-2543.

[35] XIN S S, SHEN J G, LIU G C, et al. High electricity generation and
COD removal from cattle wastewater in microbial fuel cells with 3D
air cathode employed non-precious Cu,O/reduced graphene oxide as
cathode catalyst[J]. Energy, 2020, 196:117123.

[36] ICHIHASHI O, HIROOKA K. Removal and recovery of phosphorus
as struvite from swine wastewater using microbial fuel cell[]J]. Biore-
source Technology, 2012, 114:303-307.

[37) LAL M F, LIN J H, LOU C W, et al. Electricity generation with the
novel 3D electrode from swim wastewater in a dual-chamber microbi-
al fuel cell[C]. Proceedings of the MATEC Web of Conferences, 2016.

[38] KIM K'Y, YANG W, EVANS P J, et al. Continuous treatment of high
strength wastewaters using air—cathode microbial fuel cells[J]. Biore-
source Technology, 2016, 221:96-101.

[39] YOKOYAMA H, OHMORI H, ISHIDA M, et al. Treatment of cow—
waste slurry by a microbial fuel cell and the properties of the treated
slurry as a liquid manure[J]. Animal Science Journal, 2006, 77 (6) :
634-638.

[40] ZE/N 2, AREER, 22, 45 . LLFRAH IR K R ORI SR A KL e b
7R RE S K B A BCR )], FREE T AR 2B, 2012, 6(7) : 2189~
2194. LI X H, ZHU N W, LI C, et al. Electricity generation and
treatment of swine wastewater using microbial fuel cells[J] Chinese
Journal of Environmental Engineering, 2012, 6(7) :2189-2194

[41] IRL0E, w55, B MM, S5 G847 R 20 5 K B Rt v vk
7L EERE MR (7] BLACAE L, 2018, 38(11):136-139. NIHJ,
ZHUO L, LU S S, et al. Effect of operating factors on performance of

— 356 —

microbial fuel cell based on swine wastewater|J| Modern Chemical In-
dustry, 2018, 38(11) : 136—139.

[42] NI H J, WANG K X, LV S S, et al. Effects of modified anodes on the
performance and microbial community of microbial fuel cells using
swine wastewater[J]. Energies, 2020, 13(15) :3980.

[43] NI H J, WANG K X, LV S S, et al. Effects of concentration variations
on the performance and microbial community in microbial fuel cell us-
ing swine wastewater|[J]. Energies, 2020, 13(9) :2231.

[44] WANG H M, QI X Y, CHEN S Y, et al. The efficient treatment of
breeding wastewater by an electroactive microbial community in mi-
crobial fuel cell[]]. Journal of Environmental Chemical Engineering,
2022, 10(2):107187.

[45] ICHIHASHI O, YAMAMOTO N, HIROOKA K. Power generation by
and microbial community structure in microbial fuel cell treating ani-
mal wastewaterJ]. Journal of Japan Society on Water Environment,
2012,35(1):19-26.

[46] MA D M, JIANG Z H, LAY C H, et al. Electricity generation from
swine wastewater in microbial fuel cell: hydraulic reaction time effect
[J]. International Journal of Hydrogen Energy, 2016, 41(46) : 21820~
21826.

[47] EGBADON E O, AKUJOBI C O, NWEKE C O, et al. Simultaneous
generation of bioelectricity and treatment of swine wastewater in a mi-
crobial fuel cell[]]. International Letters of Natural Sciences, 2016, 54 :
100-107.

[48] GOTO Y, YOSHIDA N. Scaling up microbial fuel cells for treating
swine wastewater|J]. Water, 2019, 11(9) : 1803.

[49]1 JANG J K, KIM K M, BYUN S, et al. Current generation from microbi-
al fuel cell using stainless steel wire as anode electrode[]]. Journal of
Korean Society of Environmental Engineers, 2014, 36(11) :753-757.

[50] XUBE, FE 7538, A AHE, 55 . B PR T A B3 A7 5 15 KB A T
BOR S RS IE R )] B RO R S 4, 2022, 24(4)
134-143. LIU L, TAO X P, SONG ] C, et al. Bench-scale study on
operation effect and power generation performance treatment of dairy
farms wastewater by microbial fuel cell[J] Journal of Agricultural Sci-
ence and Technology, 2022, 24(4) : 134-143.

[S1] BABANOVA S, JONES J, PHADKE S, et al. Continuous flow, large—
scale, microbial fuel cell system for the sustained treatment of swine
waste[J]. Water Environment Research, 2020, 92( 1 ) :60-72.

[52] KUMAR S S, KUMAR V, MALYAN S K, et al. Microbial fuel cells
(MFCs) for bioelectrochemical treatment of different wastewater
streams[J]. Fuel, 2019, 254:115526.

[53] 35, oA, BRAR, 55 . TEBRUA: P00k i i 7= v R A LA
FRAFPEREIE. Al T4, 2019, 35(9):206-213.  WANG F,
ZHANG D L, CHEN M, et al. Power generation and organic degrada-
tion performance of microbial fuel cell with biogas slurry[J] Transac-
tions of the Chinese Society of Agricultural Engineering, 2019, 35(9) :
206-213.

[54] LI G, CHANG H X, ZOU Y ], et al. Conversion of organics and miner-
als into electricity and microalgae using a dual-membrane cylinder
photo—microbial fuel cell[J]. Environmental Chemistry Letters, 2021,
19(5):3531-3537.

http://www.aed.org.cn



X, & BEYRB R EEEFERKHREREESE

2024438

[55] MARASSI R J, LOPEZ M B G, QUEIROZ L G, et al. Efficient dairy
wastewater treatment and power production using graphite cylinders
electrodes as a biofilter in microbial fuel cell[J]. Biochemical Engi-
neering Journal, 2022, 178:108283.

[56] J7#i, 7 2x 3, w5 eld, 45 . XU A7 W < AR IR AR R R T Ak 24
W PERBEE . hE KK, 2015, 31(17):30-34. WAN L,
YANG H L, GONG X F, et al. Study on double cylinder microbial fuel
cell with an aerated cathode for treatment of piggery wastewater{J].
China Water & Wastewater, 2015, 31(17) :30-34.

[57] JAYASHREE C, TAMILARASAN K, RAJKUMAR M, et al. Treat-
ment of seafood processing wastewater using upflow microbial fuel
cell for power generation and identification of bacterial community in
anodic biofilm[J]. Journal of Environmental Management, 2016, 180:
351-358.

[58] PANDEY K, GUPTA P, VERMA N, et al. A CeO; sprinkled graphitic
novel packed bed anode-based single—chamber MFC for the treat-
ment of high organic-loaded industrial effluent in upflow continuous
mode[]]. Journal of Materials Chemistry A, 2021, 9 (40) : 23106-
23116.

[59] CABRERA J, DAI Y, IRFAN M, et al. Novel continuous up—flow
MFC for treatment of produced water: flow rate effect, microbial com-
munity, and flow simulation[J]. Chemosphere, 2022, 289:133186.

[60] OSHIKI M, SATOH H, OKABE S. Ecology and physiology of anaero-
bic ammonium oxidizing bacteria[J]. Environmental Microbiology,
2016, 18(9) :2784-2796.

[611 KIM J R, ZUO Y, REGAN ] M, et al. Analysis of ammonia loss mech-
anisms in microbial fuel cells treating animal wastewater[J]. Biotech-
nology and Bioengineering, 2008, 99(5) : 1120-1127.

[62] FM, BEAR, BIFAT, 55 . SRR KA BREEORBIT S kS]], Ak Ak 2R
H AR, 2009, 35(12), 16-21.  WANG C, LU X C, JIA Q Z, et al.
Progress of phosphorus — containing wastewater treatment technology
[J] Technology of Water Treatment, 2009, 35(12), 16-21.

[63] JBA e, BLELAR, (LITAR, 45 . I H AL MRt vt 7] 25 B A T
=28 B3] fL 244, 2016, 67(5) :2056-2063.  GU D
Y, JIAHH, WU Y D, et al. Synchronously degradation of biogas slur-
ry and triphenyltin chloride in microbial fuel cell[]]. CIESC Journal,
2016, 67(5) :2056-2063.

[64] FISCHER F, BASTIAN C, HAPPE M, et al. Microbial fuel cell en-
ables phosphate recovery from digested sewage sludge as struvite[J].
Bioresource Technology, 2011, 102(10) : 5824-5830.

[65] MICHAEL I, RIZZO L, MCARDELL C, et al. Urban wastewater treat-
ment plants as hotspots for the release of antibiotics in the environ-
ment:a review[J]. Water Research, 2013, 47(3):957-995.

[66] B, KB, Mz e, 5. BUEYIREHL b EBR K PHUER
FT5 RS SR (T). AL R, 2020, 41(5) - 275-287.
YANG Z 7Z,7ZHU C X, TIAN Y L, et al. Research progresses in micro-
bial fuel cells for antibiotic wastewater treatment[J] Chinese Journal of
Agrometeorology, 2020, 41(5) :275-287.

[67] Iﬁi{iﬂj DB AR e Tt = 0 ) A I A7 DU P 3R AR 9 ML IR 5

D). M AERSEE TK2%, 2021, WANG L X. Study on efficacy and

mechanism of biocathode degradation of tetracycline in microbial fuel

http://'www.aed.org.cn

cells[D]. Guangzhou : South China University of Technology, 2021.

[68] ZHOU Y, ZHU N W, GUO W Y, et al. Simultaneous electricity pro-
duction and antibiotics removal by microbial fuel cells[]J]. Journal of
Environmental Management, 2018, 217:565-572.

[69] ZHU H Y, HU X L, ZHA Z T, et al. Long—time enrofloxacin process-
ing with microbial fuel cells and the influence of coexisting heavy met-
als (Cu and Zn) [J]. Journal of Environmental Chemical Engineering,
2022, 10(3) : 107965.

[70] CHENG D, NGO H H, GUO W 8, et al. Applying a new pomelo peel
derived biochar in microbial fell cell for enhancing sulfonamide anti-
biotics removal in swine wastewater|J]. Bioresource Technology, 2020,
318:123886.

[7ITHAN Y F, YANG L Y, CHEN X M, et al. Removal of veterinary anti-
biotics from swine wastewater using anaerobic and aerobic biodegra-
dation[]]. Science of the Total Environment, 2020, 709 : 136094.

[72] CHENG D, NGO H H, GUO W, et al. Evaluation of a continuous flow
microbial fuel cell for treating synthetic swine wastewater containing
antibiotics[]]. Science of the Total Environment, 2021, 756 : 144133.

[73] LIN H J, YING Y B. Theory and application of near infrared spectros-
copy in assessment of fruit quality : a review|J]. Sensing and Instrumen-
tation for Food Quality and Safety, 2009, 3(2) :130-141.

[74] VERMA J, KUMAR D, SINGH N, et al. Electricigens and microbial
fuel cells for bioremediation and bioenergy production: a review[]].
Environmental Chemistry Letters, 2021, 19(3):2091-2126.

[75] IrHRHESE, AR, 508, 55 . B MRt e vt ™ s A S e PR R ()

FET AR, 2009, 9(3):526-530.  YEY J,SONG TS, XU Y, et al.
Investigation on influential factors in electricity generation of microbi-
al fuel cell[]]. The Chinese Journal of Process Engineering, 2009, 9
(3):526-530.

(761 #2797, 2R A, A AR . SR W vt P BEL R G2 o PR3 23
[J]. B2 ¥ 27 a4, 2011, 38(7) 1 1098-1105.  YANG F, L1 Z H,
XTAO B Y. Analysis of internal resistance and its influencing factors
of MFC[J]. Microbiology China, 2011, 38(7):1098-1105.

[77) B g, Wi, Th 2, A R IRNREE T U P RORL i A8 AT RV,
fE TR, 2014, 33(3) :629-633.  ZHAO Y, BO X, MA' Y, et al.
Research on producing electricity characteristics of microbial fuel
cell at different temperatures[J]. Chemical Industry and Engineering
Progress, 2014, 33(3) :629-633.

[78] S Lk, FEFEAR, XUFIFE, 55 . AU G PRk i it 52 B 55 0%
K GEIAC A B SEL]. PR 5L 2 24z, 2015, 35(2) : 456 -460.
WU Y C, WANG Z ], LIU L D, et al. Resource recovery of swine
wastewater using photo microbial fuel cells[J]. Acta Scientiae Circum-
stantiae, 2015, 35(2) : 456-460.

[79] COLOMBO A, MARZORATI S, LUCCHINI G, et al. Assisting cultiva-
tion of photosynthetic microorganisms by microbial fuel cells to en-
hance nutrients recovery from wastewater[J]. Bioresource Technology,
2017, 237:240-248.

[80] FIfE, Je Nk, 27t 55 . /NEREEAE I BI MFC b 3R J3 4% K
Fer= kBB, 4k HEAK, 2019, 35(11) :1-8. YANG LW,
LONG P C, LI D Y, et al. Electricity generation performance and

treatment of swine wastewater by Chlorella biocathode microbial fuel

— 357 —



KA FREGMEFR-F 415528

cell[J]. China Water & Wastewate, 2019, 35(11) : 1-8.

[811 ZHANG Y, ZHAO Y, ZHOU M. A photosynthetic algal microbial fuel
cell for treating swine wastewater|J|. Environmental Science and Pollu-
tion Research, 2019, 26:6182-6190.

[82] LI M, ZHOU M, TIAN X, et al. Enhanced bioenergy recovery and nu-
trient removal from swine wastewater using an airlift—type photosyn-
thetic microbial fuel cell[]]. Energy, 2021, 226:120422.

[83]1ZHAO Y, COLLUM S, PHELAN M, et al. Preliminary investigation of
constructed wetland incorporating microbial fuel cell: batch and con-
tinuous flow trials[J]. Chemical Engineering Journal, 2013, 229 : 364~
370.

[84] DOHERTY L, ZHAO X H, ZHAO Y Q, et al. The effects of electrode
spacing and flow direction on the performance of microbial fuel cell-
constructed wetland[J]. Ecological Engineering, 2015, 79 :8-14.

[85] DOHERTY L, ZHAO Y Q. Operating a two—stage microbial fuel cell-
constructed wetland for fuller wastewater treatment and more efficient
electricity generation[J]. Water Science and Technology, 2015, 72(3) :
421-428.

[86] LIU F, SUN L, WAN ] B, et al. Organic matter and ammonia removal
by a novel integrated process of constructed wetland and microbial fu-
el cells[J]. RSC Advances, 2019, 9(10) : 5384-5393.

[87] REN B M, WANG T Y, ZHAO Y Q. Two—stage hybrid constructed
wetland—microbial fuel cells for swine wastewater treatment and bio-
energy generation|J]|. Chemosphere, 2021, 268 : 128803.

[88] XU N, ZHOU S G, YUAN Y, et al. Coupling of anodic biooxidation
and cathodic bioelectro—Fenton for enhanced swine wastewater treat-
ment[J]. Bioresource Technology, 2011, 102(17) :7777-7783.

[89] XU P, ZHENG D Y, XIE Z Y, et al. The mechanism and oxidation ef-
ficiency of bio—electro-Fenton system with Fe@Fe,0;/ACF composite
cathode[]]. Separation and Purification Technology, 2020, 234:
116103.

[90] CUELLAR-BERMUDEZ S P, ALEMAN-NAVA G S, CHANDRA R,
et al. Nutrients utilization and contaminants removal : a review of two
approaches of algae and cyanobacteria in wastewater|J]|. Algal Re-
search, 2017, 24 :438-449.

[91] HADDADI S, ELBESHBISHY E, LEE H S. Implication of diffusion
and significance of anodic pH in nitrogen—recovering microbial elec-
trochemical cells[]J]. Bioresource Technology, 2013, 142 :562-569.

[92] XIAO L, YOUNG E B, BERGES ] A, et al. Integrated photo—bioelec-
trochemical system for contaminants removal and bioenergy produc-
tion[J]. Environmental Science & Technology, 2012, 46 (20):11459-
11466.

[93] T 1HE, B 5130, BUFERS, 45 . N T b (A AR H b 5 £ 0 U
FERER]. AR T, 2022, 51(6):1751-1757.  WANG B, ZHANG
7. W,ZHAO Z Y, et al. Progress of enhanced nitrogen removal in con-
structed wetlands coupled with microbial fuel cells[J]. Applied Chemi-
cal Industry, 2022, 51(6) : 1751-1757.

[94] HUANG T, LIU L F, TAO ] J, et al. Microbial fuel cells coupling with
the three—dimensional electro—Fenton technique enhances the degra-
dation of methyl orange in the wastewater[J]. Environmental Science

and Pollution Research, 2018, 25:17989-18000.

— 358 —

[95] SRARM, B B 55 . 0 AR PRk i it Ak PR JoF T Ak
REWTIE )], o E AR, 2020, 40(12) : 5308-5317. WU L Z,
YANG M, CHEN H, et al. Study on the performance of photosynthetic
microbial fuel cell in the treatment of kitchen biogas slurry[J] China
Environmental Science, 2020, 40(12) :5308-5317

[96] B 2%, WX VE A, B T, 45 . N Tt 0 e B B ML R F v [K]
WA mRAE T, 2022, 49(7) :6-8. ZENG X R, ZHAO
Q R, YAN H N, et al. Review on nitrogen and phosphorus removal
mechanism and influencing factors of constructed wetland[J]. Yunnan
Chemical Technology, 2022, 49(7) :6-8.

[97] YANG Y, ZHAO Y Q, BABATUNDE A O, et al. Characteristics and
mechanisms of phosphate adsorption on dewatered alum sludge[J].
Separation and Purification Technology, 2006, 51(2) :193-200.

[98] SUN J, LI N, YANG P, et al. Simultaneous antibiotic degradation, ni-
trogen removal and power generation in a microalgae—bacteria pow-
ered biofuel cell designed for aquaculture wastewater treatment and
energy recovery|J]. International Journal of Hydrogen Energy, 2020,
45(18):10871-10881.

[99] ZHANG K, ZHAO Z, LUO H B, et al. Enhanced the treatment of anti-
biotic wastewater and antibiotic resistance genes control by Fe’—cata-
lyzed microalgal MFCs in continuous flow mode[J]. Journal of Water
Process Engineering, 2023, 53:103701.

[100] SONG H L, LI H, ZHANG 8, et al. Fate of sulfadiazine and its corre-
sponding resistance genes in up—flow microbial fuel cell coupled
constructed wetlands: effects of circuit operation mode and hydrau-
lic retention time[J]. Chemical Engineering Journal, 2018, 350:
920-929.

[101] WEN H Y, ZHU H, YAN B X, et al. Treatment of typical antibiotics
in constructed wetlands integrated with microbial fuel cells: roles of
plant and circuit operation mod[J]. Chemosphere, 2020, 250:
126252.

[102] LI H, XU H, SONG H L, et al. Antibiotic resistance genes, bacterial
communities, and functions in constructed wetland—microbial fuel
cells: responses to the co—stresses of antibiotics and zinc[J]. Environ-
mental Pollution, 2020, 265:115084.

[103] WEN H Y, ZHU H, YAN B X, et al. High removal efficiencies of an-
tibiotics and low accumulation of antibiotic resistant genes obtained
in microbial fuel cell-constructed wetlands intensified by sponge
iron[J]. Science of the Total Environment, 2022, 806:150220.

[104] LIU F F, ZHANG Y X, LU T. Performance and mechanism of con-
structed wetland—microbial fuel cell systems in treating mariculture
wastewater contaminated with antibiotics[J]. Process Safety and En-
vironmental Protection, 2023, 169:293-303.

[105] LIU S H, TSAI' Y N, CHEN C Y, et al. Enhanced sulfolane—contami-
nated groundwater degradation and power generation by a mini tubu-
lar microbial fuel cell/electro-Fenton combined system[]J]. Process
Safety and Environmental Protection, 2023, 170:1261-1268.

[106] SOLTANI F, NAVIDJOUY N, KHORSANDI H, et al. A novel bio—
electro—Fenton system with dual application for the catalytic degra-
dation of tetracycline antibiotic in wastewater and bioelectricity gen-

eration[J]. RSC Advances, 2021, 11(44):27160-27173.

http://www.aed.org.cn



X, & BEYRB R EEEFERKHREREESE

2024438

[107] LV J Q, WANG W Y, ZHAO Q L, et al. Bioelectrochemical perfor-
mance of microbial fuel cell powered electro—Fenton system (MFC
(P EFs) with composite PANI-Mn/CF anode[J]. Environmental En-
gineering Research, 2023, 28(4):220204.

[108] ZHENG L S, LIN X Q, LIU Y F, et al. Synergistically enhanced oxy-
gen reduction reaction and oxytetracycline mineralization by FeCoO/
GO modified cathode in microbial fuel cell[J]. Science of the Total
Environment, 2022, 808:151873.

[109] HUANG X, DUAN C S, DUAN W Y, et al. Role of electrode materi-
als on performance and microbial characteristics in the constructed
wetland coupled microbial fuel cell (CW-MFC) : a review[J]. Jour-
nal of Cleaner Production, 2021, 301:126951.

[110] SHIMOYAMA T, KOMUKAI S, YAMAZAWA A, et al. Electricity
generation from model organic wastewater in a cassette—electrode
microbial fuel cell[J]. Applied Microbiology and Biotechnology,
2008, 80:325-330.

[LLL] 1 B, SRS, TR, 45 . BET B E Mookt v v i 2B A ) S
JOL B9 HE TR (D], fL TR, 2019, 38(12) :5557-5564.  YING
X B, HUANG L J, WANG R, et al. Research progress of novel mem-
brane bioreactor based on microbial fuel cell[J]. Chemical Industry
and Engineering Progress, 2019, 38(12) :5557-5564.

[112] LI J, LUO S, HE Z. Cathodic fluidized granular activated carbon as-
sisted=membrane bioelectrochemical reactor for wastewater treat-
ment[J]. Separation and Purification Technology, 2016, 169: 241-
246.

[113] TIAN Y, JI C, WANG K, et al. Assessment of an anaerobic mem-
brane bio—electrochemical reactor (AnMBER) for wastewater treat-
ment and energy recovery|J]. Journal of Membrane Science, 2014,
450:242-248.

[114] GAJARAJ S, HU Z Q. Integration of microbial fuel cell techniques
into activated sludge wastewater treatment processes to improve ni-
trogen removal and reduce sludge production[]J]. Chemosphere,
2014, 117:151-157.

[115] L1 J, GE Z, HE Z. Advancing membrane bioelectrochemical reactor
(MBER) with hollow—fiber membranes installed in the cathode
compartment[J]. Journal of Chemical Technology & Biotechnology,
2014, 89(9) : 1330-1336.

[116] WANG Y K, SHENG G P, LI W W, et al. Development of a novel
bioelectrochemical membrane reactor for wastewater treatment[J].
Environmental Science & Technology, 2011, 45(21) :9256-9261.

[117] WU Y, YANG Q, ZENG Q N, et al. Enhanced low C/N nitrogen re-
moval in an innovative microbial fuel cell (MFC) with electrocon-
ductivity aerated membrane (EAM) as biocathode[J]. Chemical En-
gineering Journal,2017,316:315-322.

[118] LI Y J, LIU L F, LIU J D, et al. PPy/AQS (9, 10-anthraquinone—2—
sulfonic acid) and PPy/ARS (Alizarin Red’ s) modified stainless
steel mesh as cathode membrane in an integrated MBR/MFC system
[J]. Desalination, 2014, 349:94-101.

[119] MALAEB L, KATURI K P, LOGAN B E, et al. A hybrid microbial
fuel cell membrane bioreactor with a conductive ultrafiltration mem-

brane biocathode for wastewater treatment[J]. Environmental Science

http://'www.aed.org.cn

& Technology, 2013, 47(20):11821-11828.

[120] HUANG L H, LI X F, REN Y P, et al. Preparation of conductive mi-
crofiltration membrane and its performance in a coupled configura-
tion of membrane bioreactor with microbial fuel cell[J]. RSC Advanc-
es, 2017, 7(34) :20824-20832.

(121 A1 . AW Sy 4 A B A= 3 5 KRB SE D). ALt p
£l Bl 22 B, 2019. YANG P Y. The performance of membrane
bioreactor treating wastewater from dairy farm[D]. Beijing: Chinese
Academy of Agricultural Sciences, 2019.

[122] A . T 22 BE AL A N5 A ) S 0 s Ak LAY 2 37 v Yk P 95
KA B AT D). Akt A E A A BE, 2021, SONG J C.
Pilot study on membrane bioreactor treating high — strength dairy
farm wastewater based on flocculation pretreatment[D]. Beijing : Chi-
nese Academy of Agricultural Sciences, 2021.

[123] LOGAN B E, CALL D, CHENG S A, et al. Microbial electrolysis
cells for high yield hydrogen gas production from organic matter(]J].
Environmental Science & Technology, 2008, 42(23) : 8630-8640.

[124] LI Y, YANG H Y, SHEN ] Y, et al. Enhancement of azo dye deco-
lourization in a MFC-MEC coupled system[]]. Bioresource Technolo-
gy, 2016, 202:93-100.

[125] MANSOORIAN H J, MAHVI A, NABIZADEH R, et al. Evaluating
the performance of coupled MFC-MEC with graphite felt/MWCNTSs
polyscale electrode in landfill leachate treatment, and bioelectricity
and biogas production[J]. Journal of Environmental Health Science
and Engineering, 2020, 18:1067-1082.

[126] FENG Q, XU L J, XU Y Z, et al. Treatment of aged landfill leachate
by a self-sustained microbial fuel cell-microbial electrolysis cell
system[]J]. International Journal of Electrochemical Science, 2020,
15:1022-1033.

[127] LI M, PAN Y Z, HUANG L P, et al. Continuous flow operation with
appropriately adjusting composites in influent for recovery of Cr( V),
Cu(II') and CA( I ) in self-driven MFC-MEC system[J]. Environ-
mental Technology, 2017, 2017, 38(5) :615-628.

[128] I BERE, 2T, XGEF- . MFC-MEC R4 % 40 7= i 1t B S b 3
R E 4 R K M ESE ). A TAA R, 2019, 70(1) £ 242-250.
PAN L L, WU D Q, LIU W P. Electrical performance of MFC-MEC
coupling system and treatment of heavy metal wastewater containing
cadmium[J]. CIESC Journal, 2019, 70(1) :242-250.

[129] HUANG L P, KONG W F, SUN S S, et al. Photo—assisted self—driv-
en bioelectrochemical systems for simultaneous enhanced treatment
of etching terminal wastewater and selective recovery of heavy met-
als[J]. Journal of Power Sources, 2023, 558:232623.

[130] WAGNER R C, REGAN J M, OH S-E, et al. Hydrogen and methane
production from swine wastewater using microbial electrolysis cells
[J]. Water Research, 2009, 43(5) : 1480-1488.

[I31]WANG N Y, FENG Y J, LI Y F, et al. Effects of ammonia on electro-
chemical active biofilm in microbial electrolysis cells for synthetic
swine wastewater treatment[J]. Water Research, 2022, 219:118570.

[132] HAN X Y, QU Y P, LI D, et al. Combined microbial electrolysis cell—
iron—air battery system for hydrogen production and swine wastewa-

ter treatment|J]. Process Biochemistry, 2021, 101:104-110.

— 359 —



