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Effect of C/N ratio on cathodic microorganismsin microbial
fuel cell-aerobic granular sludge system
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Abstract: In order to explore its wider applicability, microbial fuel cell (MFC) was coupled with aerobic
granular sludge (AGS) via adopting sequencing batch operation. Then, the effects of C/N ratio on microbial
diversity and community structure in the cathode chamber of the system was studied by fixing the influent
chemical oxygen demand (COD) at 780 mg/L and adjusting the mass concentration of NH;-N to 39, 50, 78
and 156 mg/L to keep the mass concentration ratio of COD and NH;-N (carbon to nitrogen ratio for short,
C/N) to 20, 15.6, 10 and 5, respectively. High-throughput sequencing analysis showed that the relative
abundance of different bacterial communities in the cathode chamber significantly varied with the change of
influent C/N. The relative abundance of Proteobacteria was decreased from 45.0% to 41.1% as C/N
changed from 10 to 20 at the phylum level, while that of Deinococci reduced from 27.2% to 15.1% as C/N
increased from 5 to 20. When C/N=15.6 and 20, the metabolic relative abundance of microorganisms in the
cathode chamber reached the highest (77.1%) and led to strong metabolism of the corresponding cathode
aerobic granular sludge, which played an important role in the microbial degradation of COD.

Key words. microbial fuel cell; aerobic granular sludge; carbon and nitrogen ratio; high-throughput
sequencing; microbial community; water treatment technology
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Fig. 1 Flow chart of MFC experimental equipment
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Fig. 2 Dilution curves of cathode microbial samples with
different C/N influents
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Table 1 Microbial-like index table under different C/N influent
conditions
St (L
FEAh Sobs il Coverage
Shannon Simpson Ace Chao
Gl 694 3.7151 0.0912 891.5351 893.1053 0.9959
F1 744 39763  0.0670 983.8382 989.0792 0.9948
El 782  4.1714 0.0625 1030.5930 1061.1250 0.9941
H1 732 4.2671 0.0414 967.1306  1016.8880 0.9951
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KT PR Z RN, ORI R, 7R NHa R
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AETR, LA HOE AR NHO A PR 27 A= 4 i 53
PERZ MU, — 5T, 20 R A% T 2 T B AZ ) 3 i
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S HCE M SRS T A0 N L AE o NHy , 1 NHy
FAR B MR A N B pH, S B0 A1 I IE F AR K Y



R

WHEAR, S5 BUE YRR -4 ORGSR R e C/N X AR AR W 5 . 165 -

U R, E R NHG PRV R ST A2 ik
ANIE RIS RIBAE, RS NH BB AR F R
FFRR A A A i A A P BIR R 2 i35
22 TIKFTHREMBZLEN

XEAN[E] C/N BEZK B S AR BV A2 T T B 1Y
HIRBEAT T 38T, 3 Aia Rk 3 foR

Community barplot analysis

@ Proteobacteridl Actinobacteriota 0 Nitrospirota

O Deinococcota O Chloroflexi B Patcscibacteria
OE Bacteroidota W Firmici’ltes m HAh

1 — —_— — [=—i]
] | | =

2 | \ | l

R 80F

i

&= 60t

%g

2 401

o

EZO -

0
Gl F1 El H1
FE

K3 A C/N BER BT TR A Wy A
Microbial composition at different C/N influent
cathode phylum levels

A 3 AT, BEA C/N BRI, TR B R A AR
XFEREARE R B i, AR BT ( Proteobacteria )
BN EBE A3 3N 41.7% ( C/N=5 ). 45.0% ( C/N=10 ),
43.3% (C/N=15.6 ), 41.1% ( C/N=20); SEHERE]

( Deinococcota ) BIFHXTFEREHIR 27.2% . 22.6%.

22.1%. 15.9%; #FTH ] ( Bacteroidota ) HIFANT =
BEArAIN 8.4% . 8.4%. 9.5%. 15.5%; LR I]
( Actinobacteriota ) BIFANF F 43510 8.8%. 9.7%.
11.5%. 10.0%; ZXZ ] ( Chloroflexi ) HIAHXSF
BESBIA 7.5% . 7.3%. 7.2% . 8.8%; JEREW ]
( Firmicutes )MFHXT 3= BE 43 5100 3.2%.3.7%.2.7% .
4.6%. TEITH AT RTRE T hF5, EiRiE,
EARRRAERFZMET, BRI TR s
M RSB, 7 F1 4 (C/N=10) 1 E1 4
( C/N=15.6 ) /K F5AF T AR TR 1R 1T B AR 3= B 45 s
PEHE T AR, 27 T HAMERE, MifE Gl
20 (C/N=5) Fl HI 21 (C/N=20) kK &ET,

ST TR ARG = BEAAIS U B i A A K S R
BN AS T B T AR G 3 B e TR Rt 3 . S
BRIATIAE G1 F HI AgAERTF R 22 A i, Ud I
K C/N XFHAT 25 B & BRI . WANG £ B, S
BREA 17 A PR [ R A ALY A A 1 R O 3 R
I'T, 7 C/N=11.58 BPRAL R SRS = BT, @
SRS R AR SCHE AT 2 B, C/N 5 55 8K IE
IV VIR G o SUFFRR 1] . SR b [ R BE TR 1] 76 H
A EdE, PRI TRES IR MA LY, MRS HI]
TEVGKAE IR vz o3 A, Horp— SO TR @ TE R it A
ML RN 35400 I 25 B J 1 RE A% & 7 s B4R T, ik

Fig. 3

LI Bl 40 (C/N=15.6) FAEIRT 8 Rem, gk
AT F T L AR 25 A AR G A e (A3 e, X A S
15 IR I B ZE R A B AR, midE G1 AR
C/N &S8R 5 IR, il R 5 rEbek
AEAL XA, AR n] Dl e AR K C/N Sk
i e T A= W A 2 AR B O BE B AR TR AR H Yo
2.3 WKETHREWMEELEN

AN[A] C/N 7K B K-S AE M2 B an B 4 B o

100 Community barplot analysis
[— = == _
e I | I | I |
meor | =
#
g‘é 60 -
%
Taof ‘
¥
=20 -
0
Gl F1 El H1
FE

O Gamma-proteobacteria @ Anaerolincae

O Deinococci W Clostridia

Alpha-proteobacteria @ Acidimicrobiia

@ Bacteroidia O Thermoleophilia

O Actinobacteria [ Nitrospiria

B Chloroflexia @gcil I

O HAts

K4 AR C/N ZEK B 49K 0 20 i

Fig. 4 Microbial composition at different C/N influent
class levels
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Fig. 8 Diagram of nitrogen metabolism pathway!*”
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