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Abstract [ Objective ]  With the rapid advancement of industrialisation, heavy metal pollution in wastewater has become an
increasingly severe issue, posing significant threats to ecosystems and public health. Guided by China’s objective of " carbon peaking
and carbon neutrality" , water pollution control has emerged as a critical direction. Microbial fuel cell (MFC) represent an innovative
bioelectrochemical technology, offering a green and efficient solution for treating heavy metal-contaminated wastewater.
[ Methods | This paper reviews the mechanisms for removing heavy metal ions from wastewater via MFC ( bioelectrochemical
reduction, chemical precipitation, bioadsorption, and plant root uptake) , alongside key factors influencing MFC power generation and
heavy metal removal efficiency (anode materials, cathode types, heavy metal ion contents, pH). Tt further summarises research
progress on coupled treatment systems integrating MFC with other technologies ( microbial electrochemistry, photocatalysis, constructed
wetlands, aerobic granular sludge) for treating heavy metal wastewater. [ Results |  Electrode modification and parameter optimisation

can significantly enhance MFC performance. Heavy metal removal by MFC primarily occurs through bioelectrochemical reduction,
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supplemented by synergistic mechanisms including chemical precipitation, biosorption, and plant root uptake. Coupling MFC with

microbial electrochemisers (MEC) , constructed wetlands, or photocatalysis effectively boosts pollutant removal efficiency, providing

robust support for advancing technological innovation in heavy metal wastewater treatment. [ Conclusion ]

MFC demonstrate

substantial application potential in heavy metal wastewater treatment, yet their large-scale deployment remains constrained by challenges

including limited electricity generation capacity, heavy metal toxicity inhibition, and electron competition within complex systems.

Future research should focus on developing high-performance, low-cost electrode materials, cultivating tolerant microbial strains, and

optimising coupled process designs to advance this technology towards efficient, scalable implementation.

Keywords microbial fuel cell (MFC) ; heavy metal; wastewater; removal mechanism; influencing factor; coupling
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Fig. 1 Working Principle of Microbial Fuel Cells
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Fig.3 Formation of Carbonate Precipitates
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(££5R1)
EEET BRI e/ (mg- L) pH PN GHVES YN TR 27 30k
crdt 10. 00 8.0 43h N3k 97. 00% 21.40 mW/m> [42]
Cd* Zn** Cd*:22.50 6.8~7.1 Cd** ;:90. 00% 3.60 W/m? [43]
Zn*" :26.20 Zn*" :97. 00%
Fe3* 500. 00 2.4 7 d ik 99. 00% (8.60+2.30)W/m’ [44]
Agt 50. 00 7.0 98. 20% 1.93 W/m? [45]
Ni2* 2.93 7.2 >95. 00% — [46]
A’ Cu?* Au®";250. 00 Au*:2.0 Au**;100. 00% — [47]
Cu®* ;1 000. 00 Cu®.5.2 Cu®* :53.00%
Pb** Hg* 250. 00 7.0 Ph2* :82. 00% 3.89 mW/m? [48]
Hg®" :74. 85%
pPb* 40. 00 4.0 96.71% (8.20%0. 24) mW/m? [49]

3 MFCRBEERAEEEREREK
3.1 MFC-f4 ¥ fEit (MEC)

MEC & —F 75 B A/ Z1 i e R 3K 3 i b 27
TGP A ML A A2 R 48 I MFC (9%
R R — A A, R AR 1 MFC-MEC #5 & 1 &R 1T
FIH MEC =4 () A= Py s 3R ) MEC, 76 MEC K48 FH
e P9 K B 1 265 RN A AT AR A i R A7 o i
BTHHA, A RERE A4 W 4R R S0
R H R T AT 42 R B Bl B AR 38 )i, Zhang
SFUPUSEH MFC,, \MFC,, EREXFIIFECS 5L T 5 MEC
A BIMERE, PIFR T T A TF B HL 4390 R 1. 20 V
F10.94 V,HBIFETT Cr® 1 Cu® B 38 J 3843 il ik
| 67. 6% 60. 4% ; T H- 8K 7 X HL T LA 5 &
FH S e R R RICR R B 8 IR 62. 9%
H155. 3%,

3.2 MFC-ATIiEHs(CW)

MFC-CW J2 G PR HL L 5 CW R &1
(5 K AL T 25 3 < A - 56 -3 9 B b I
VER SEIE KA SR, CW Pyl %5 (1]
TSR AR IR B, A 4 B AR B TR b R 2 IR &K
A YR AR A ML B -, G 4 X B AR R AR &R
SR GERUA JERNE , CW A B 0] 0] FH 5 I R B A
WS =R B 4 I, B W o AR A 1 7K O 2R ]
Al 43 A MFC—3E E i A T2 Hs ( VFCW) Fl MFC-7K
SR TR (HFCW) 2 B 74 Joi ) B Ak o
B MFC-CW X 5 42 J 9 25 BR AR, Mu 260 DU
VIV e kA A R KL o 3 R . MIFC-
CW, KIliZA B R 5 A L B 245 48 R R 1Y) L 2% T

FXT Cr™ By 2B 35K 99% , v T Hift 3 Pk i, 4
A AR A MFC-CW 2R 48 J13% & JT % MFC-
CW 25X} IR A % MFC-CW X Cr™ 35%) 99. 2% , & T
T % MFC-CW 1 84. 8% ,COD £ 5% k5] 96. 7%,
FARYITER S A Y i A2 B e A ai Ak A% AN AT 1L
Y 225

3.3 MFC-3tH{#{k (PEC)

PEC F AR SR M BHE G IF 0k
HLFBRAE 2 5l B LA S SRR ) i ek
T2 O, 38 3 A R B O TR AR e AR 2 oS
L 1Y 2 B A R L 45 6 SR Xl g iy A 2 2Ok
HEALBIOR 1T MFC BT HE AL i) A= 9y Hi AR b DG i 3
—fi HE, AT A3 42t MFC-PEC X — #4125
TiO, P26 KM b 4 58 M R 47 9 AR e ik
R AR -2 7O 5 B A S B LRCRIRT
FH ST ZE a0 2k %o H B R A P B ALK k4T
B i 4 Ag Bk TiO, 40K AR 8 MFC-
PEC FHH , Ag B PR BEHAL T TiO,, /4= Schotty %
AU TN TiO, AP PGRAE RS 2 Ag [RlRSBH
P T M Ag [P35 & Ti0, , %} Cu-EDTA #yE£$ 3Kk
80. 41% , J& 4l TiO, 4 2 fi%; Zhou %5 R )2 A 4
BEHEA M CAME A A, IR Z IR IR 4 (PSS)
YK Tio, fFEM B A AL (FTO) K LB )=
BEUU B 8 2 PSS/TIO, AUA» T4 4, 8 1 it
A 038 FEL 7 DAY 70 R AR ) A R AR 1
F£,2 h PIXE Cu™ Z2BR%55 100% , % Pb*  Cd™ 2Bk
T 90%,
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3.4 MFC-#F&MHii5iE (AGS)

AGS R TAEY) A BERAE IR B R AL A=
RN SN BN R P DR 48U T B TR ik
B/ IRAEIX 2 A AT (AOB) L AH R £k A AL T
(NOB) SE4F 4 etk B IR A8 AR Wy B A3 B A A A
WEL, X Fh 5 M AGS B m A= Bk LR
(TR RE SRR BT Bt BE 170 1 A W B
WAMEAL TS MFC FA, 0N Z5 04 h FL Ak 2 16 1 T 4
EHAR A A YRR, AGS #Y EPS 1l ma s & &
4 )&, Yang %% X AGS-MFC F1 0K 15 I8 FS-
MFC £ AL FE 5 8 22 /K R0, e & (L1 X 40 iE
(EDS) {27~ AGS-MFC BHA A 91 B () 4 0 R 45 5 ik
JEE T FS-MFC, H. Cu™ 7£ AGS-MFC {1 ffF 75
WE B Jy2ARERL (R >0. 999 ), & HH L LI Ak 27 b
RHEF, ACS TEA R E 4 JE & & Wi T ] s AW
LR TE S LU E R RS T5 e W) L BRARE , &
B RIAEAR O S N, AR L e 2
& ( Methanothrix ) F1FF 5EAT 1 /& ( Methanobacterium)
7= B R 32, R B A G T 422 3K Bl ade Ji, 4 o o
WeFEBE K E] 100 mg/L B LA Geobacter F1H.EFF 1 )&
( Syntrophobacter) K 3, Cr® 38 3 13 A= 4 TR B 22 ] 1)
B WL AT 10 5L, 76 80 me/ L I SEHE 99. 70% i ik
4 HEESRE
4.1 BESHkE

MFC £ ARAE R 1 Fhig 8 [F] 25 b 21 8 4 @ oK
F R P H BE R 7 i, R B R4 A N I
ARSCEFIR T MFC AP EE 43 8 P2 /K 1 K BRALI L 520
K2R LGS T ANt R, 255K, MFC 8t
AR AR 2RI X — FEZE AL A I AR I PRI
HZEDTTE AP AE PR 2R WSCHIL ] s A 3
B K, A R GEVERE 52 LA A L BHAR A pH
MESE S EZHEERELW, @Y CW PEC % T.2
G i — DR T A RE . SR, B A AE 1) 52 BR
AR AT AN — 2 50 Pk 68 . 5250 2 FUR T 19 52 PR
D233 H A ME AT J2 S PR A IR DS ) 5 2K E 4
s B 6T AR P P R A A ) B e A FH
SRR R GA IR B 1T 1 OB IR 2 5 SEBR I K
BT AR, M A5 S i T FIA BILTS G 0k
MFEC (19 4h 3 RE FIAR E A4S B™ R 75 46
4.2 RRREZ

FEXTMTT MFC Ab 3 4 & I K A7 76 90

B, AR T T F MK 8T T ST - IR S AT B
G SR AR LA IBILAR 5 308 RS S e 244 |
e BT PR A DI BE BRI s T A PERE R A B FEL AR A
PEFIAR 5w AR, U Sz 8h 77 27 5 AR
A HEHE MFC 5 HADL T 2R BER &, SRR HOCK
PR A AT P, BlE N TR BER L, Mk RS S
B, S PR AR Y R AR R 4 S K A B R RO
REAL B Wl AR S 2L
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