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Abstract; Microbial electrochemical systems (MESs) suffer deterioration in power generation and wastewater treatment
in practical application. In order to improve the performance of MESs when treating medium and high strength wastewater
containing fermentative substrates, a continuous stirred microbial electrochemical reactor (CSMER) was developed by
integrating MES and continuous stirred tank reactor ( CSTR). Maximum power densities of (583+9), (562+7),
(533+10) and (572+6) mW - m™ were obtained by each separate cell of CSMER under continuous feeding mode
(HRT=12 h) at COD concentration of 6 000 mg + L™'. COD removal and methane production rate of CSMER were
(87.1+1.1)% and (1.48+0.15) L - L™ - d™', which increased by 61.6% and 244.2% in comparison with those of a
control CSTR. Pyrosequencing analysis showed that the dominant genera in CSMER,, were Clostridium (10.0%),
Acidaminococcus (11.7%) and Lactococcus (10.8%) , which were fermentative bacteria. The microbial electrochemical
zone (MEZ) was dominated by Geobacter (14.5%) , which was the most predominant known exoelectrogen. Due to the
relatively complicated bacterial communities, the CSMER possessed high abundance both in acetoclastic methanogens
(52.2%) and hydrogenotrophic methanogens (47.1% ). Syntrophic process occurred between anaerobic digestion in the
CMZ and current generation in the MEZ contributed to its better performance.

Keywords: continuous stirred microbial electrochemical reactor; continuous stirred tank reactor; power output;

COD removal ; pyrosequencing
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Fig.1 Schematic diagram of CSMER
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Fig.2  Electricity generation and Nyquist plot of CSMER under
continuous and batch feeding modes
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Fig.3  Electricity production of CSMER at different hydraulic
retention time
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Proteobacteria 1] HH &1 (36.4% ) , Wi HAl 5
KRN Firmicutes(44.3% ~50.6% ) &5 i .

JEAKF Lo KW, CSMER ,,, 1 (5 95 10
PN E MR N Clostridium (10.0%) Acidaminococcus
(11.7%) F Lactococcus(10. 8%) (£ 1).

100
B Unclassified
B Others
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Fig.5 Taxonomic classification of bacterial pyrosequences at the
phylum level

*1 HEEBBNFFINERKTE LN E
Tab.1 Taxonomic classification of bacterial pyrosequences at the genus level %
Sludge CSMER ¢y, CSMER 4,40 CSMER ¢ pode CSTR 5 0m CSTRy,

Clostridium 3.2 10.0 1.2 9.0 3.1 2.9
Pseudoramibacter 8.93 3.6 — 3.4 4.4 3.8
Oscillibacter — 2.0 — — — —
Acetanaerobacterium — — — — — —
Syntrophomonas — — — 2.1 — —
Acidaminococcus 3.7 11.7 1.2 11.2 5.5 6.3
Anaeroarcus 3.5 2.8 1.5 — 4.1 3.2
Megasphaera — — — — — —
Lactococcus 13.2 10.8 1.1 13.9 18.9 19.1
Enterococcus — — 1.1 — — —
Holdemania — — — — 1.1 1.2
Geobacter — 5.0 14.5 — — —
Raoultella — 1.9 2.1 2.6 2.1 1.9
Enterobacter — 1.6 6.1 1.5 — —
Pleomorphomonas 6.0 3.2 6.0 — 4.3 5.0
Bacteroides — 2.8 2.7 1.1 2.3 2.2
Paludibacter — 2.0 1.5 — — —
Alkaliflexus 2.8 — — — 2.8 2.1
Alistipes — — 2.1 — — —
Porphyromonas — — — — — 1.1
Petrimonas 1.0 — 1.6 — 1.4 1.2
Levilinea 2.6 — 1.1 2.5 — —
Longilinea 9.9 5.6 7.1 11.6 6.3 7.5

Verrucomicrobium — — 1.8 8.0 0 0
Rhodopirellula 1.8 — 3.0 3.7 1.0 1.6
Ignavibacterium 2.0 — 3.2 — 2.9 1.9
Synergistes — — 1.0 — — —
Others 20.6 19.4 10.7 15.4 20.8 18.4
Unclassified 20.8 17.6 29.6 14.2 19.1 20.7

Others : fEALERE AL P EBENT 1 % K8

HH Clostridium J2&—Fh S 7Y (%) 7K it & T 18, BE
NG TR AR RS K A DL R R /N oy
THIE R, I 2R NR% ™ . H. Lactococcus W)

PRAR ZR 40 b #1828 % K P O S4B e =2 — "Ll
CSMER,, . 7% o d5c B0 95 0% 240 181 ol J8 o 77 PR T
Geobacter ( 14. 5%) , . Ik i Longilinea (7. 1%) .
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Enterobacter (6. 1%) } Pleomorphomonas (6.0%) , 55
CSMER ., H A W 8 22 53 76 CSMER ... FETS P 7 95
PEH W) 40 B FR S N Lactococcus (13.9%) | Longilinea
(11. 6%) . Acidaminococcus ( 11. 2%) . Clostridium
(9.0%) I Verrucomicrobium ( 8. 0%), K & 5r H
CSMER , % CSMER ... FEICHEE R, nT g2 T
CMZ H iy ORGP 15 8 B B - (% LE W B 26 7K T
Jimml B & T B i 3R S B B CSMER . 1
Verrucomicrobium B =W I 1= T CSMER (0% ) Fll
CSMER,,,.(1.8% ) , 12 B Ja i 4 & BT 7K A2
T HER B TR T R B U P HE CSMER 0, T
AR K A= Verrucomicrobium W] GE A1 BH # X & 2% 14 145
fifk ST BE B AT O, ol 0 M RR R A0 R A W TR R 3t
BB P K. CSTR,,,,,,,, F1 CSTR,, 4 1 7 3
AL, HAL A I/ N Lactococeus (18.9% 19.1%) |
Longilinea(6.3% .7.5%) M Acidaminococcus (5.5% .
6.3%).7E CSTR 1 ¥ A7 & B Geobacter f¥ 7E, Ifi
CSMER "' Clostridium 55 7K fi# FR AL 18 BE 5 7= o 1
Geobacter (1P} [FIAEHI T B H /K b BEASCR: K R d6¢ 7
T CSTR B9 JEA.

M4 Fast UniFrac [0 Hr4s 5, il i weighted
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WL PRV 2 0] B AR R 2. A 1 R E sy 2
IR RE T 429 1 329% ) {5 B L &, CSTR,,,,,
CSTRLP'—?E 75 7¢ (Sludge ) B E] T —i2, BB IX 3
A HE T B A B B AR L PR T CSMER,,,, il
CSMER,, . g Z AF TR R 22 5. DL B 45 SR U
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(F7HUR) ERE PR E £ 3 T CSMER (9 FHAR | 1
WA IX A P )7 SCXE CMZ 6 ol 2 W e 485 4 7 A

R,
0.10
©
CSMERcy,
0.05 +
S a\
) Sludge @ 9/CSTR, CSMER
S ,
o 0 o TS
CSTRpm
fg ' CSMER s
H —0.05 |
-0.10 '

-0.15 -0.10 -0.05 0 005 010 0.15
TS P1(42%)
6 CSMER ¥ CSTR H Y E E LW E T Fast

UniFrac #J weighted PCoA 5347
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CSMER and CSTR microbial community structures based
on Fast UniFrac
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