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Abstract: In order to investigate the stability of the biological anode-dependent ammonium oxidation process, this study was
conducted to explore the operational performances and the associated microbiological characteristics of a microbial fuel cell (MFC)
based on biological anode-dependent ammonium oxidation (bioanoammox) under influent carbon-nitrogen ratio (C/N) constraints.
The results showed that, the influent C/N could affect microbial community structure in the electroactive biofilm, leading to
fluctuation of nitrogen removal and electricity generation in the bioanoammox system. As the influent C/N increased from 0.0 to 3.0,
the enrichment of denitrifying bacteria could be achieved in the MFC, resulting that TN removal rates of the system increased due to
the coupling of denitrification with bioanoammox. Meanwhile, the synergy of Geobacter with the two functional genera (namely
Nitrosomonas and Candidatus Brocadia) also enhanced nitrogen removal and electricity generation performance of the system.
However, as the influent C/N was more than 3.0, Geobacter preferentially utilized organic carbon as the anodic substrate and
proliferated excessively in the MFC, nitrogen conversion processes (including denitrification and bioanoammox, etc.) in the device
were then inhibited resulting from the alteration in the metabolic pathway of Geobacter, ultimately leading to deterioration in
nitrogen removal of the MFC. Regarding to the MFC with influent C/N of 3.0, the operational performance of the system was
optimized, resulting that its COD, TN and NH4'~N removal rates could respectively reached up to (93.09+0.86)%, (94.89+0.38)%,
and (95.24+0.27)% during the stable operation phase, as well as the maximum power density of 85.16mW/m>. Correspondingly,
Nitrosomonas, Candidatus Brocadia, Empedobacter, Geobacter, Thauera, Pseudomonas, Zoogloea, and Dechloromonas were the
dominant bacterial genera in the electroactive biofilm.
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Fig.2 Nitrogen conversion performance and COD removal loading rate of each MFC during the test
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Table 2 Bacterial community abundance and diversity of the

biofilm samples

FEdhdi's JPHI% OTUs Chaol Ace Simpson Shannon Coverage
S1 13172 367 455 438 0.772 5.39 0.9933
S2 14211 422 478 451  0.805 5.57 0.9919
S3 15292 458 515 485 0.833 6.03 0.9920
S4 17495 496 566 531  0.875 6.41 0.9917
S5 16487 474 570 554  0.846 6.22 0.9925
S6 15090 444 581 576  0.817 5.84 0.9944

FH 1 6 HE 8T, FH A =5 3JE 7K C/N AN R 80 T %4
W) FE A ) Ak A ) 9 5 ) T 22 e L h koK
C/N>3.0 Ji5,S5 FI S6 HItd A= Wke k5 10Ath 4 Z1FEA
(HP ST, S2. S3 Ml S4)fA{E 2 X LB RS 5 R6 H?
MR AR N T HAh 4 41388 6T ST, S2.
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R1. R2. R3 HI R4 P IR AR AE AT AEAN R RE S
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Fig.6 Dendrogram and heatmap about relative abundances of top 30bacteria at genus level in each biofilm sample

P1: Proteobacteria; P2: Bacteroidetes; P3: Nitrospirae; P4: Firmicutes; P5: Planctomycetes; P6: Gemmatimonadetes; P7: Actinobacteria
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Fig.7 Relative abundances of dominant bacteria at genus

level in each biofilm sample
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Candidatus Brocadia (8.38%), Nitrosomonas (8.95%),

Empedobacter (3.06%), Thauera (0.79%), Geobacter
(4.59%), Pseudomonas (1.17%), Zoogloea (0.10%)F!!
Dechloromonas (0.18%),3X 15§ o3 bt %
BK CN oHo0.0 HEE 3.0, AR E DR B
Empedobacter, Geobacter, Thauera, Pseudomonas,
Zoogloea 1 Dechloromonas 1) & 2. 35 38 in. JUH X}
TS84, b 6 B AR 1 Lol ik 5.38%,
8.01%,8.02%,5.70%,4.26%F1 4.86%; [ I, Candidatus
Brocadia R Nitrosomonas AR FEH B IL/ME T
F#(8.04%F1 8.70%). 4 FHAK = /K C/N 1 3.0 F- &
5.0 5,86 "' Empedobacter WWFHX & mdt— 0 4
6.43%. X 1M1 , % ¥ A " Candidatus Brocadia,

Nitrosomonas, Thauera, Pseudomonas, Zoogloea F
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Dechloromonas A = FE H1H AN [R)F2 BE 1 FRAIK.
Mo Candidatus Brocadia F! Nitrosomonas ] & 4
7.65% A1 8.00%, i IH4ERFAERL iKY i 4 s e 1
FEXTE R B 22 1.63%,1.07%,2.28%F1 0.69%.{H
1HF BB &, Geobacter 78 R6 H K & 42, HAE S6
(1055 LU ik 18.73%,4 S4 (1) 2.34 i, ik &5 KW,
ANTA] R E 7K C/N RIS L Pk A= 6 o R Tl e D v
SER AN R FE I e U Rg e T ik 8 AR
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Fig.8 RDA biplot showing the relationship between operating
performance of the MFC and relative abundances of the major

functional bacteria at genus level in the system
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PRARAEAL A NO, -NE 8 32 14 a8 (1 55 42 vl sz 31
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