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Research progress of constructed wetlands coupled with microbial fuel cells

for the treatment of heavy metal wastewater

DING Guoqing, WANG Xiao, WU You, NAN Jing, SONG Hailiang, YANG Yuli
(School of Environment, Nanjing Normal University, Nanjing 210023, China)
Abstract ; Constructed wetland coupled with microbial fuel cell (CW—-MFC) is a new technology that
combines constructed wetland technology (CW) and microbial fuel cell (MFC). It overcomes the dis-
advantage that MFC cannot be self-contained, and can generate electric energy while treating various
types of wastewater. It has broad application prospect and research significance. In recent years, a large
number of studies have been carried out on the treatment of dye wastewater, salt — containing
wastewater, pesticide wastewater, organic compounds wastewater and antibiotic—containing wastewater
by CW-MFC, and important research progress has been made. However, the research content on the
treatment of heavy metal wastewater by CW—MFC is limited. Therefore, based on the existing research,
the research status of CW—MFC in removing heavy metals such as chromium, arsenic, zinc, nickel and
lead was summarized from the aspects of electricity production and pollutant removal effect. The
removal mechanism of heavy metals in CW—-MFC was also expounded from the aspects of matrix, elec-
trochemistry , microorganisms and plants. According to the research status and removal mechanism, it is

found that the removal effect and electricity generation performance of CW—MFC on wastewater contai-
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ning high—valence heavy metals (such as Cr (VI)) are better. The improved performance should be

attributed to the strong oxidation property of high—valence heavy metals, which increases the redox gra-

dient of CW-MFC, promotes the electricity generation of the system and improves the efficiency of

electrochemical removal. Finally, the challenges and prospects of CW—-MFC technology are discussed in

order to provide a theoretical basis for its development.

Keywords: Constructed wetland; Microbial fuel cell; CW—MFC; Electrochemistry; Heavy metals;
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Table 1 The treatment efficiency and power generation performance of CW-MFC for various types of wastewater

¥ &S HRT/d TR bii ) € e K HLE/mV EZPUN
i TN 87.66+4.23
LS 2 6.09 mW - m~2 Tt / [24]
COD 82.46+7.78
TR K 8 19.64 mW + m™ [ = 600 ATR 86.90 [25]
) MO 87.60
ErYkbE K 3 81.00 mW + m™> Tk 350 [26]
DMPD 96.33
\ ) SMX 99.70~ 100.00
YR EK 1 123.50 mW + m~2 Tk 450 [27]
TC 99.66~99.85
TR A WIE K 3 / W L / Bla]P 77.00 [28]
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Table 2 Adsorption of heavy metals by common substrates

. . IR/ ) PR ETyNI i§
e 95ie ] 15 Y . pH W2 o st [E)/ E= PN
(mg-L7") MR R/ % KW MR (mg - 27!
. Cu** 10 91 0.345 1
WA 6 3 [49]
Zn%* 10 96 0.368 1
;ll\__;l\ Fe 355
Fe'* 15.6
Fe? 25.3
TR NI A% Cr® 1.1 / 12 15.4( BERR) / [50]
In** 1.3
Cu?* 3.5
cd* 1.6
81.6 38.4
BRI
90.8 33.81
) ) Cu®* 275 66.9 34.14
WIS 6.5 72 [51]
Zn** 275 70.5 27.00
98.8 73.5
TE R
2.0 /
Cu®* 40
A R 40 / 0.17 7E 90 LA I / [52]
Zn*t
IR 23.5
b va) 18.8
Cr® 60 6.8 48 / [53]
A 16.9
KA 14.9
32 BUZEER iy, AR B AR IR IO S A R, B

CW-MFC i Al 2/ ] 2 A5 g i
HL IR B DL R R AR P, AT A 23 32 FL AR M L
FHLTS G 1 far 1A AL 3 TR 7 AR R A TR R Y
gt AR R A A R R SRR P L, 4 X
HLAL 2= PR R A W, A LA B R FR R R A
PP HERRIR | i LA R R AR oK . 2 CcoD ¥k
JE S AR AT T G2 P A ™ F i Y vk
o R, 2 SR AR sk BE A A TH AR B AR
il S, BRI T R b RN W 2 R A AR
i, 7E CW-MFC H, HL - H S8 A3 Dt i 57 AR AL )
A i Bl 38 A R R K AR S R R M A ) | B
K I3 455 B 1 T] 4 387 AT D84 K S Ak 3 i v A3 A
NN e L i1
3.2.1 wiERA4EA

TE CW-MFC H1 | HLA Ji 3 202 iy Tl YR
A ALY A R rp = AR 0 H 48 BE AR ) B AR A%

& I B A AR 340 Tk B o s AR ), I TR
TEFAM R I, 7 e B v, AR A AL H A 55 s 1Y
4@ (I Ph*  Ni** [ Ag' Cu™ (Pd* . Pt™ Au*) M
BTN 4AE (A Zo® Cd™) FH AR,
MU' ) ] CW -MFC #4%8 4b 312 Cr (VL) Y
KR AE B Cr A Cr( VD) &, LA A Y IT
RIHT B AN S50 UESE T Cr(VI) 7E B AR I8
JER R, (A A, WANG ) 25 44 1 A JR) 32 5 (o
g e | B ) B RN A, 5T 6 Zn R Ni
() Z2BRPERE K= PR R, K B LS MR R AT R B
SECRL By i B Zn FI N B & 4R R A, 0 )
H27.16%F1 15.13% , [FlR3d 2 W 2 &30, Zn 2 %2
DL Zn* WIE 5 8 45 A B ZnO, NI K &
W&, T Ni @i Ni NiO Ni(OH), %50k 5
322 wiARMEA
AL TR 28 R AR 7R CW-MFC 4 4% , 76 f Ak
5



SEHE KRR AR EARE T, HE R
THAERE TG RUTTE, AL E 4R
B RRRT . LIUPY %R B (DC) 38
(AC) LU B 4 fb A 38 0 ok M ik B A AR
(CF-GO) &b AR v 5 1 s vk B 8 & Jm 15 4 Tl
B . SARGE W B Dy VA B, TR O i R B
A, RIS 3 TR SR M R i EL
S F Iz KR R 4w
3.2.3 wRMHAEA

FEL IR RS B2 Pl B A -5 BF AR T80 %) B R B )
L 3y, K AR ) 4 TR S ) F MR AR R R
WA Bl 5 Je A FE AR OB 5 4 AT S5 K AR v
&4 R & BRPY . HUANG 455 DL fL i
(OMC) A Ay H I B EEL R, oA T8 B 5 A 7K 5 W
(R 5, S A SRR W Y I HE e 0.8 VB, 3%
FLARAT IR Cu™ i F I i 25 4t 55 1K 70.18 mg/g
£ CW-MFC 1 i T Ak 2= A f 2F T 2
it V5 e A W B, R A L a
Ry LI BREAA ) ZE K AV B Oy 25 mg/L, WHR pH
Jg5 AR EE N 4 mm, TAEHE N 1.8 V 51F
T, R IREAA BT E BB 5 9.93 mg/g, R
RN 97.5%, LIU %5 DUk A 1 R 2, 76 CW
T2 BB L (EC) A MFC, & B EC #il MFC
(A5 55 480 E BB P 1 50 A B =5 1 CW, il L
PEIETE YL 5T 0 W B, AN IR I T T
(R R A s G ) oA A R AR P 2 [
A RS
33 HMEWMER

A FH 32 R B A W B 3 R T
FEAEA . o YIE R R EE R W N R 4
2 B pH AR EE, [Fl—AEY X T AR 48
BT IO T 2 R AR 2 S M R bR
S @ ) b6 o B 2 B A T 4 i v B 1Y) 8 o i 44
K, MR B v B, B W B 32 BB 2 R
R, GG EA pH AR IR IE A P A KA
AR RTHE , pH R BE 2o v Bt I 34 25 52 i i A
Yrid k. — O UL, AR AEA K pH B 6~7,
AR R 20~30 C,
3.3.1 fRAEMBRMAER

AR B A FE AT LA Ay B P O o 4 i 3R
THT 2 56 R AR BT 200 e R R RS R 4 4 S 5 -3
I 4 R R A A ML A g i o e A A
A5 BT AR AS 8 BR A X sk, 0k 4 T
T HIGRE L H R Es &, iHASIE U PE

6

MRAGTE A" i i 2 1t W B 2 36 4 B B e I
fRSIRET , Z AN R I R IL G E RE AT AR
H, 0 B 2 i i 2 18, SC B 4 TR AR R K h i 2
bR, &R it RS, B &2 RE
Y1 (EPS) Xl vk 4 A B A DU E T

Btk

A A
AR E ® -0 !

Yo i
k) ; —
\ o @ i) @Me © X» £ J
[ RN e b 8

El2 EPS KMEEZENIE
Fig. 2 Adsorption mechanism of heavy metals by EPS
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