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Abstract: Traditional up-flow anaerobic sludge blanket (UASB) reactors face challenges such as system acidification, sludge
washout, and inferior methanogenic performance during the treatment of actual waste incineration plant leachate. To address these
issues, this study constructed a microbial electrolysis cell coupled with a UASB system (MEC-UASB) for treating leachate from
waste incineration plants. After 145days of operation, the system demonstrated significantly enhanced performance under an applied
voltage of 1V. The COD removal rate of the MEC-UASB effluent reached 80.6%, which was 21.0% higher than that of the UASB
control. Moreover, following a sharp increase in COD loading, the attenuation of removal efficiency in the MEC-UASB system was
13.6% lower than that of the control, indicating markedly improved resistance to shock loads. Furthermore, the methane production
efficiency of the MEC-UASB system was 1.53 times that of the control, reaching (0.23 £ 0.01) m’CHykg COD. Carbon emission
accounting further revealed that the net carbon reduction of the MEC-UASB system reached 10.54kg COym’®, which was 21.9%
higher than that of the UASB system. Based on analyses of microbial enzyme activity and community structure , the enhanced
performance of the MEC-UASB system was primarily attributed to electrostimulation. This process promoted the enrichment of
hydrogenotrophic methanogens, increased the secretion of extracellular polymeric substances (EPS), and enhanced electron transfer
efficiency, thereby improving sludge retention and microbial activity. This study demonstrates that the MEC-UASB system resists
shock loads robustly under high organic loading conditions, while achieving efficient pollutant removal, significant carbon emission
reduction, and economic benefits for long-term stable operation.
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Table I Main water quality characteristics of leachate from a

waste incineration plant
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Fig.1 Schematic diagram of the MEC-UASB experimental

device
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Table 2 Design of inlet water concentration gradients

B () BEK R SRR A 7K COD(mg/L)

I 1~15 5% +2.179g/L LI 3024+ 17
1I 16~25 10% 2640 + 26
11 26~45 20% 5334 +29
\Y 46~65 40% 10632 + 21
\% 66~100 60% 15744 £ 111
VI 101~145 100% 26194 + 82

1.3 ik

1.3.1 KJEHTTHE COD. SRR [ 44(TSS)
0 1 B T [ A (VSS) 25 45 b SR Y [ 55 b o 100
JE;VFAs K H AU (1% 4% (GCT7900, K FE BF =X )
HEAT 52 143 W AT 4k S0 K M 2 A #8 (GC-
FID), (4% GDX-102A FYIE 76 4 (P3mmx2m),
AN IR 30mL/min, i 5 0 7 B B A R PR
JG200°C . AR IEELA 220°C . KLIUERTT 250°C.
1.3.2 Aotk RHAAMHAEEE(GCT890,
VR B R A A AT IR T R A O AT
il #5(GC-TCD), ik 4124 2m ik 11 GDX-104 14
7AE(60~80 H,®3mm), 2T (Ho) iLi# 35mL/min, i
F5E 53 S8 Ay b RE BTG 80°C (o A E AR 40°C .
Fr il #.T 60°C.

1.3.3  HALZEPEREM T B AT IR ) H A E R
KU K4 A0 (34970A, Agilent) 1T 5% . 5 F1 AR 22 il £
(CV)fii I Wi Ak 2% TAE 3k (Biologic VSP, Claix)ill %,
L -0.8~0.6 VA E A 1mV/s. RGN E
(% & IR oy <Y S LR i P F o R =
155 3CHR[16]4H [F].

1.3.4 TCEYYERE D HT  HliRE F420 K H ELISA i
PG AR AT 2 b Sl F420 (MRS K

JI ATP 37 PR DN 2R e (A3 T E

R PGB AR AT EPS 53 85 B2 R FH B R -
KA Lowry JAHEAT R BN 52 SEA0 45 HUR 5 [
IV g5 G P FEAHEAT IORE, h e 58 5 A R 2R}
AT B2 F] AT DNA $EER i 20 .

1.4 W HH S
1.4.1  HREHFE T BRI
Fn.

TS ()

E, =W, -EF, )

K Ep s A7 i 2 v v R FE T B0 R) $E B HE
kg COy; Wp KIBATIEFEH T Z ) RN &,
kW-h/m®; EFp b A [ {1t H (0 3% Hl Js DR 1+ ,0.58ke
CO,/(kW-h)!'¥.
1.4.2 VSRR F A Sk 0 Bk o HE
R@Q2). GFIR.

Ecypp = QCH4 'WPD-cm -EF, ()
A Ecnp.p A o HAHLBE 7 v v g B W50y ke 1R ik
WHE L kg COo; Ocu, T AL FE AT AR BB IE W = 2E 1)
P dot B8t s Wep.cm, A PR 07 A4 B PR 6 1) R 5 &
B Wepon,=2.3kW - h/m’ LA B 80 5 (1) 5L

A

A
Ecpr :(Qcm “den, * j'EFffﬁﬁ ®)
9t

s Egpp 2 T e B LI ™ rb B4 B [y oK 1)
HE L kg COx Oy, NALEL AT ABLS e
[ F e i m®; g, A R A R F b I A
35900kIm™”); g, g k5 UE B 9 44 M ,29300k/kg;
EF,,, N ARHESE I HE TR A T,2.493kg COy/kg; A
PRI h HARE I [ R 459!,

2 FER5WE

2.1 IO BB R R AL B BE SR

2.1.1 COD ZBptke Wi 2 s, fEWIGH B 1
~IID3E/K COD MIXF K IF,RO 55 R1 ) COD %
BN AR R P B AEARE WL AT N R4 R s
(RIAE PR BE B EK COD BB THIV~ VL), BiA
ZR G I PE e e B PR W2 8 ). 4 K COD
26194mg/L i (VI), R1 REEAEER 123d RIAZIFS 2 1
COD £ [4#(80.6%),1 RO KL H A4 133d itaT
Feasg, BN 58.5%. 35 0 LUk BESRTH By
B R, 3K COD i 15744mg/L 2 Tt %
26194mg/L i (V~VI), R1 (] COD %[5 K f i 5
1 19.2%, 2 FKT RO 1) 32.8%.[H,R1 k&
A B 7 W TE) (20d) 58 RO(32d) 4 FH5 20 40%. 3 W]
MEC-UASB #& REGAE mik FEAHLE K AL H A
IEA B 1 COD 25 Bk R, ) 7 47 Aif 548 4 A
R B R A 1 as AT R e R A AR AT BEYE T



718 S ES 7 N A = - 46 &

TEPHECEYI(EN Geobacter)(F)'E 4 ) EPS 3 hnt2%),
A0 T RGO s AL e T 520 S AR RCR.

100

80

60 -

400

CODZERE (%)

201

0 20 40 60 80 100 120 140 160
BATRIE (d)
K2 PRETHIS AR E B O st K COD &BR%
Fig.2 The COD removal rate at the reactor inlet and outlet
water under anaerobic digestion and electrical stimulation

conditions
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Fig.3 Methanogenic efficiency of the reactor under anaerobic

digestion and electrical stimulation
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Fig.4 Cyclic voltammetry analysis under electrical stimulation (a) and changes in current density and coulomb efficiency (b)
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Table 3 Carbon compensation accounting results during the

operation of two processes
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Table 4 Cost analysis of per ton water treatment of two

treatment systems
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