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RSB ES £, RAMKEE Anaerolineae m K FEH 11.16%, RERBAAR Planctomycetota ¥
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Effect of different carbon sources and voltages on denitrification
performance in microbial electrolysis cells

SHI Shuyin, ZHANG Yugqing, RUAN Yannan, XU Suyun, LIU Hongbo
(School of Environment and Architecture, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The removal rates of different carbon sources (acetic acid, fulvic acid) and total nitrogen in
simulated biogas slurry was investigated in microbial electrolysis cell (MEC) under different voltage
conditions, and the changes of microbial community structure were analyzed. With acetic acid as the
carbon source, NO;-N was almost completely removed, and the chemical oxygen demand (COD)
removal rate was stable at about 72%. With fulvic acid as the carbon source, the NO;-N and COD
removal rates dropped to 40%~ 50% and 50%~ 60%, respectively. Comparatively, the removal
efficiencies of COD and total nitrogen in MEC were more stable under the voltage of 0.2~0.4 V. Under
the higher voltage of 0.8 V, the removal rate of NO;-N rose to 52% but the total nitrogen removal rate
dropped to (32.4£3.7)%. High-throughput sequencing results showed that the applied voltage can
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effectively improve the ability of microbial flora to resist the shock of substrate loading, and it also

increase the bacterial diversity and abundance in MEC. Among them, the abundance of autotrophic

denitrifying bacteria Thanuera increased from 4.35% to 7.65%. In the MEC reactor with fulvic acid as

the carbon source, a variety of bacteria that play a role in anaerobic nitrification were activated and

enriched, such as Anaerolineae, which abundance was increased to 11.16%. The relative abundance of

Anammox bacteria Planctomycetota was increased from 0.41% in the control group to 1.59%.
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Tab.1 Basic properties of anaerobic sludge and activated

SEAPE AN FE IR, TS MRS, VS Wi sludge
KR WREBIE T C/N R HR 2, T5lefise TS/% V8/% pHff VS/TS/%
T 1R ik S SR A B AR S R Ak AR S 2 S Ak Y B b 0.93 0.73 743 7849
i) . %EL‘J\Z;@?‘EV‘](HAC)\ 2 HLR (FA)VE Nk e 0.81 0.70 7.21 86.42
£ 2 MECIEITH B KRIEBRIE
Tab.2 Water quality and removal effect during MEC operation
TIGHB  HEV TR, MASR/(mgL) ERASRE/(mgL) SASR/(mgL) COD/(mgL) BRAL
I 0.2 100%ZFiR4M, 1113 mg/L 240 60 180 1188 2
I 0.2 100% FA, 880 mg/L 240 60 180 1188 2
Il 0.4 100% FA, 880 mg/L 240 60 180 1188 2
v 0.8 100% FA, 880 mg/L 240 60 180 1188 2
o R = R T — . CTN,in _CTN,out
WHRWMEEFRITREAMR(gL) : NaCl N=—2 % (1)

0.001, CaCl,-2H,0 0.001, MgSO,-7H,0 0.0041,
KH,PO, 0.05, NaHCO; 0.5, FeSO,-7H,0 0.033,
EDTA 0.01. #i#il7K 7145 & i3] (HRT) iy 24 h.
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Fig.1 Profile of NO;-N, NHZ-N mass concentration and removal rate under different applied voltages
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Fig.2 Variation of COD mass concentration and removal rate
with voltage
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Tab.3 Performance comparison of reactors in different stages

S BRI % S
L " Ni(g'm -d ) COD/TNHAH
COD NO;-N NHy-N BA

T, MR 70.3+4.3 99.2+0.1 17.8+6.4 76.3+1.0 183.1 1.28
22,02 VHLIE 71.8+1.3 99.5+0.1 21.542.4 77.5+1.1 186.0 131
LR, X IR 49.2+4.4 39.3+1.1 32,7453 24.6+1.8 59.0 2.44
& HR,0.2 VEE 55.442.3 40.5+4.4 39.246.8 28.246.2 67.7 2.65
B, 0.4 VLR 57.5£2.2 45.1%5.7 49.4+1.6 36.5+5.3 87.6 2.47
LR, 0.8 VLI 42.6+2.9 46.1£4.6 38.7+3.0 32.4+3.7 77.8 1.79
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Tab.4 Changes in microbial diversity and abundance

s FHIEH  Shannonfg%l  Simpsonf§%{ Chaof§%t Acetf%

C1-DJ  0.9983 3.3996 0.1635 5729167 5379172
C1-XF 0.9976 4.1327 0.0367 586.7660 568.6882
E1-DI  0.9973 4.5043 0.0256 661.8571 674.3762
E1-XF 0.9951 4.2550 0.0317 605.6618 613.9728
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