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Acceleration of organic matter degradation in sludge treatment wetland
by bioelectrogenesis

WANG Shutian, JJIANG Junqiu,ZHAO Qingliang, ZHANG Weixian, YU Hang

(School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract; In order to enhance the sludge organics degradation rate in sludge wetland treatment system, this paper
for the first time combining the bioelectrohenesis with STW system to improve the performance of STW and recovery
biomass energy simultaneously. The degradation rate of sludge and power output under different organic loading of
the MFC-STW system, using Canna as wetland plants, were investigated. Experimental results showed that both of
the output voltage and power density of MFC-STW system increased significantly with the increasing of sludge loads.
The maximum output voltage and power density of the MFC-STW system under steady-state operation were 0.794 V
and 0.268 W/m’, respectively. During the charged circulation period, moisture content of the bottom layer sludge
in MFC-STW system reached 84% , which was 7% lower than that in the with a STW system with no electricity
production. Moreover, the average TCOD degradation rate of MFC-STW system was 74% , was 11% higher than the
blank test. Bioelectrogenesis could improve the performance of sludge dehydration and degradation during sludge
wetland treatment.
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MFC-STW 224835 B % A AL ] 1, &5 44 4
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BEHZFN15 e 15 F8 53 4, 8 e 38 43 o BRUAE 5 1
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(3.0 g/L) #l CaCl,(14.7 mg/L)"™ JFHEATHF 2 0R K.
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FENVE IR HOAT ) , LIAH [RIFhAT 25 BEAE T R 4.

E1 MFC-STW R&RE
Fig.1 Schematic of MFC-STW system
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Tab.1  Properties of sludge

- KR/ e TCOD/ SCOD/ TS/ \6% e T/
%o Q/L (mg-L7")  (mg-L')  (mg-L7')  (mg-L7") (kg+-d™' - m™)
1(SLR0.140) 99.1 5 28 856 535 6 679 3 540 0.140
2(SLR0.258) 98.3 5 47 880 926 9326 5130 0.258
3(SLR0.343) 97.2 5 64 900 1488 13 200 7128 0.343

3. TCOD M fb A& (total chemical oxygen demand,TCOD) ;SCOD Nl YT /fl‘%( soluble chemical oxygen demand,SCOD) ;TS g ]

£ (total solids,TS).
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T TR R 35 Py 4 F S 0k 2 P AR HEL AR R 3 X (L T
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HLHE 0.620 V, D1 20, 5 HoAth SRR 38 422 3
STW FRGeRHIAHF AR E. 36 NAETE RS shid B If R
EAREMEAEING, HRFBRIF. RS 5,
3R ANRIHE R AT 52 G015 Ui B3R A 17 0 F 7= L P
BEHEAT 40 AT. HE R S AP AR IR 5 A 0.140 (SLRO.140) |
0.258(SLR0.258) F1 0.343 kg/(d + m*) (SLR0.343).
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A P AR L Lt — N T b R 5, 7 H A (R B
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PR, AN [RIE IR B far T 2R e i i L R i 728 b R ok
1 BH #% H, #4425 4k, SLRO. 343 1] 14 BH 4% HL 44k
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Fig2 Changes of voltage and electrode potential of MFC-STW system
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3 A AR BESR fAf  MFC-STW R St it Ak
i1 2 PN ) e 1 il 2 Bt 0 Dl £ A (R 3G, R GE T
% HL R TR, SLRO.343 B % L e 5 i 5 0.868 V,
k1 SLRO.140 ) 1.36 4%, [ A, 28 45 P9 BHLRE 2E ) £
far B0 T A0, SLRO.343 B R 48 B IA 201.3 Q,
4 SLRO.140 B 2.3 4% 0T WLREE 2R 45 far 84 i, L
b PR L A% 2 BH ) S W G K X A 5 R
JEANKTHERR S | R 22 45 AR P BEL R4 A5 oA BEL A% 385 .
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K ,SLRO.343 i} R Gt i KYPRE K 0.268 W/m’,
A SLRO.140 £ 2.27 4.

1.5 —— —=—SLR0.140
| —o— —e—SLR0.258

12 |—s——2—SLR0.343

\
>
b
K/L .
S
r-/ |
S
FE/(W -m™)

3 ’ \A : E«;
%:%5‘; —H015
A\ =
’ s
| lﬁ L | \IO 2 0
6 8 10
I/mA
3 BRATEX MFC-STW RSB MEShEZEN

i
Fig.3 Polarization curves and power density curves under

different sludge loads of MFC-STW
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STW RGeT5 e K VE A HE A~ S 42 . 1) 7K
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4 s T RGCR R WA e, W R GG 0E S
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MFC-STW 1 STW 48 BUE 15 Ve 1 % K 53 51 K
88% F1 91% , & #F W 40 5l W 2> 1T 11% F 8%.
SLRO.258HF MFC-STW R4t b~ 215 & /K% 451
M 91% 1 82% , ik s i T Fifi % A7 5 U8 J2 5 g 4
AR SRR E R, 5 R K R RE =, 3
R B 15 U6 & 7K R B IR J2 R B 1S i R R

SLR0.3431f MFC-STW ZR 4 F 2756 & K R &K,
H 84% , ¢ STW FR G575 e B M K 51 7% .48 K I
21280 T PP RS i N T3 M ) 7 R AR S A E Ak
AL AE DRI B 35 A KA Y R PR R TS
P KN 84%. Burgoon EAp (S el 5 A
T TALRAL 3R [ Tl B SR i5 U8, HER
74 40 kg/ (a - m*) BFEKFN 88% ~90%. 45 F
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Figd4 Changes of sludge moisture content under different sludge loads
2.3.2 ERIZEE

15U R () PR 2R G 1 AR Ve SRR BE AL 5 i
78.SLRO.140 B 2 Gt T i 75 e & K R 5k 99% , %
(A RS A B 3t Bl R 5 3505 e LAAE L 2 R T
EE AR5 2, L, 7F 14 A JE I, MFC-
STW 2G5 R ZEE I ATLE 2 ~3 cm W 5.
SLRO.258 R G AR U8 2 J5E i 3 < it i A e ml O s
Y A B3 KRN85 7K 32 0 BB A7 e SR T
PR . RS AEIE)E 120 L, 2] SLR0.343
A, MFC-STW RGPS5 IR )ZIEE N 7.2 em, 3
BUFIS T 4.32 L, {5 I H 96% ; STW RGBT
PJZIEREH 7.6 cm, IFFEI5E 4.56 L.MFC-STW &
SRS R RIEERLRT STW R4, R ALY ™
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1842 7F R G 15 Je WA, BT JE 2275 e 1Y b B
AbE.

F ——MFC-sTW i
gt 4
L | /8
C 1 AF
n s
o ,/?\34}\, - " ‘/ i

. ISR 7‘5\ FNL !
jfﬁ:ﬁy:3 “?EZE{R:SLR
7 SLRO.140 10258 | 0.343
e T

20 40 60 80 100 120
BT KRB
5 ARG Ti5RREEEREEZEL
Fig.5 Changes of sludge reservoir thickness with time under
different sludge loads
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FEA AL 53 it £ 8 — AR A Al R 7K 5 At DX I ) Sy IR
BAUIX A 4 DXl R AU AR 0 A LA o IR AR
P tp Bl LR B TR 5Ny A ALY, I 1k
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Fig.6 Changes of sludge TCOD under different sludge loads
2.4.2 57 SCOD A1k

& 7 4 MFC-STW Fl STW R G 7EA A g | )
157¢ SCOD Z£{k.SLR0.140 A MFC-STW ZR 4/ SCOD
} 695 mg/L, 532 SCOD 580 mg/L #H22 A k.SCOD
AR 32 B 5 A LK e e A R /N T HLYD
Kb a7 4. SLRO. 140 B R G FRe 2R /N, &
GRAARCR AN AR, 23 LY K AN 5847 Bl
HEVR T AT ARG N, A5 e 2 5 B B i n, REE )
7576 SCOD H 1 =5 SLR0.343 I} MFC-STW ZR %1

2RISR SCOD 1 3k 2 619 mg/L, % it e
SCOD 41l 68% , & SLRO.140 B 4.06 1% i MFC-
STW Z G H 7= v B T ) FH %) mT v ) o ok 3 e v
FRYc N R R e, D) B R K R T AR L AT
PUMEFES IR K i | 815 MFC-STW R SEHY SCOD
BET STW R4, BUFT5 IR b & Wk EE Y ScoD i =
HTAE e S 7 S 1R 25 A R4 T I i A3, A
T2 E0 HH 658 v 1) 7 L SKCRE. 7 7 L T B S R T
FUFI15 TR H SCOD BEAVF a6 ARk, BN BETRE 5
BUSC T EE
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Fig.7 Changes of sludge SCOD under different sludge loads
2.4.3 BIEWH COD 251k

1 8 S 3R Ge e A [ i U 17 ff 2 U8 COD
A, R GEH SCOD 125 1) L4 . 4 7™ FL B 1) FH 7 1k
RHLRE , B R G TP RE DR e A BRI E T B
B R R A B EMER T RS
SCOD 7, it MFC-STW R 458K COD 2 AL &
e iE .SLRO.343 I MFC-STW Hl STW R i1 |2
FE7598H SCOD 43 %124 2 870 12 120 mg/L, FJZ
FUEI5 I H SCOD 382 |2 43 BIREAR 39% Fl 13%. 15
HITEAR R G, AW 7= H I i A A TS5 8 SCOD 1Y 1M
FERRL T B ik 72 Wi R 48 T 2715 8 SCOD #H 22
220 mg/L, 1 R GBI T COD 2Z{LH 10 mg/L,
PRGN L T J2 450 58 2 M ), % 25 52 05 T MFC-
STW R G x5 e i gt HL o Je R L B
FEHL IS AT SR AL R G DL R A, i MFC-STW
ARG HATE E Y SCOD L BRELEE.

BRI COD 11425 55 5 Bl 671 oy 14 /55 422 B0 56
)5 T =5 B 4 #4 SLRO.258 I &, F A, MFC-STW
REBUEW ecop N 65%, STW RGEM &40, WK
70% ;SLR0.343 B} &, felif, MFC-STW R 4818 U8 i
Econ N T1% , STW R G £cop WA 83%. 1 K 5
DR T — A E R TIE AL S e AR s AT
W], V5 TRIEEE R 0 em B K 5.23 em Ay REHB
JEW COD H1 215.9 mg/L [ % 118.9 mg/L. B LT
THIRIZEE I, B U8 AE T3 M #E rbon] DL
SR BRI RS A LA AR SR S A
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Fig.8 Changes of COD under different sludge loads
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1) W4 I F8 8 38 1T MFC-STW R 40 bt %
YR T R AN, MFC-STW 2 Stk i H Hs fn o 2255
JE B Wi, SLRO.343 i 28 55 fie K fii S H R AT oR
BEREAMRIH 0.794 V FT0.268 W/m®.

2)1E 120 d FEIRBIN, B TV e, R0
15U I 5 7K AR AL A K. SLRO.343 B} MFC-STW %
G2 T 2150 S KR EAR, T AR R 84% . i I 45
Ji MFC-STW R G AGRIFFU A5 4.32 L, 15 VR &
R IE 96%.

3)SLRO.140 i} MFC-STW G5 A LY
EBRIE RN T K, e00p N 74%.SLR0.343 if MFC-STW
RGN EZBAET5 IR SCOD H ik 2 619 mg/L,
J& SLRO.140 W /Y 4.06 1% A BT 53 M MFC-STW
RGeS VA DL R i, JF S BLTS e b A= ) o
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