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Abstract : Although microbial fuel cell (MFC) can produce electricity from organics in wastewater, nitrogen removal is required
for application of process for wastewater treatment plant. This study developed flat-panel air-cathode MFCs (FA-MFCs) comprised
of two large separator electrode assemblies (SEAs) and evaluate total nitrogen removal according to three inoculum sources and pre-
nitrification acclimation. The nitrification efficiencies were >99% regardless of inoculum sources under the phase for pre-nitrification
acclimation. The total nitrogen removal efficiencies of FA-MFCs without pre-nitrification acclimation were the highest at the low
organic conditions (<300 mg-COD/L) under the phase for nitrification and denitrification. The increase of organic concentration
influenced the total nitrogen removal efficiency, positively. The organics were removed >95% but were not used for heterotrophic
denitrification totally. This study suggests that application of FA-MFC system for wastewater treatment can allow the simultaneous
removal of organic and nitrogen compounds, although this affects the low electricity production.
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2.1. FA-MFC 714

2 Aol A AREE FA-MFC+= + 7§9] SEA7} nps= Hie
5 G E o] glow, 11 Alofof A&t A0 35S F
st7] 917k uljE(baffle)o] | = {ck(Fig. 1). SEA= 22
AEE 7|1E A= 2] W(separator), Ak} =H(anode)
w02 =T, o] 232 Za7FE Yo E(poly carbonate)
2 AZrE A(cover) @l M E Alooll x|5}H, 4= A E
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Fig. 1. Schematic diagram of flat-panel air-cathode microbial fuel
cell,

2.2. FA-MFC &%

Z 6719 FA-MFC7} o}gAtsi(zx7_ 1), opditsl ¢
Anammox(%71_2), & A(R7 3) 5 Al 219 &
Ao ofsf AFE A th(Table 1). o8 4teke} Anammox &
A AEA 2w B4, &A= FA4
Al Bl EdisteA ol A 4zt FREQ AASE HuloF
= Qg 2A 1o 9] iR 2432 ohE 2tk (NHe)SO4
0.236 g/L (50 mg-N/L), NaHCO; 0.12 g/L, KH,PO4 0.07
g/L, CaCl, - 2H,0 0.0175 g/L, MgSO, + 7H,0 0.0125 g/L,
FeSO, + 7H,0 0.009 g/L, EDTA 0.006 g/L. AAks}ke}l g4 o]
SAlo R EE GA HoA= 71& wix]o &2l =
2IAT} 271EQoH, COD =2 WA 0 2(150, 300,
500, 750, 1,000 mg-COD/L) Z7}A| AT thA| oA A
&R AFUoE 3t Akl S ARA (=
7_4) FA-MFC 2717} 7= 1AL, 2 A% 2719] 270 vt
57| F Bfvh= 1,000 QO] 9 RA Y-S 23 E =
Ao Aol AAdEA e dRiI=
2702 AL BE AES A2(15-25T) oA F&E
/_q

2
i
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Table 1. Initial inoculum sources and treatment conditions

Phase | Phase I

(Pre-nitrification  (Nitrification +

Treatment Initial inoculum acclimation)  Denitrification)
NHs-N COD NH,-N COD
(mg/L) (mg/L) (mg/L) (mg/L)

Treatment e 150~
) Nitritation sludge 50 0 50 1,000
Treatment Nitritation/Anammox 150~
2 sludge mixture 50 0 50 1,000
Treatment . 150~
3 Activated sludge | 50 0 50 1,000
Treatment Activated sludge |l ) ) 50 150~
4 (w/o acclimation) 1,000
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A QH(V) data-acquisition system (Model 7700, Keithley
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il (e}

7V, F= Faraday 4}42(96,500 C/mol ¢), vi= HF-&7] X,
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Ce= % A con @

A Tof|A BE A 2AEY
Huopyd Azt 24X7F Wel 99% ol Aabd A=
StE th(Fig. 2). 274 18 XYoo} AkslaH(ammonium oxi-
dizing bacteria, AOB) 2.2 % 3slx o}ZAst LA & 4
FolALONE BPelT, BE QEUoly WAl o HAA
Ak 27 glo] A4 WA AHSHE AT Anammox &7
A7 2718 2 A 2% o} WA AAVE 27]9 AXRuk(10
mg-N/L) X =t gutz oz ofzAkst 9 Anammox
HES-2 25 (>3017)Q} &AM (dissolved oxygen, DO) &
E(<1.0 mglL)o] & FFe Wt dyA okt B
Ao =4 13 24 2004 AHEE AFHEE E=3 =
2L(35T)2 @2 DO -5 %(<0.5 mg/L)o| A B = 91‘3}-16)
wala] FA-MFCQ] AFe(15-25C) £43F 9)7|8gA=o
2] A4 Eilof 7191 ¥HS7] He] DO B A%
(>3.0 mg/L)o] o}&AS}F 2 Anammox HF-g-2 A5} 1L,
o] 2 9l3| o} &AL Akl (nitrite oxidizing bacteria, NOB)©]
sl gl AAtsbl Qolut Ao A,
FYLeAE AFe 20 32 O 2057 fAE
U o whE Q4 weS tehih 1241704
A e YHEEE 273 (8347 gNmd)o] 27
1 (77+7 gN/mY/d)z+ 24 2 (79+7 gN/m’/d)E} 2
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Fig. 2. Concentrations of nitrogen compounds during the pe-
riod of pre-nitrification acclimation at treatment_1 (a),
treatment_2 (b), and treatment_3 (c).
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3t F&oJorebdul-g o] Agto] FHLAAL &4 A
2 gt oz BuEth B ArAne} S48, Yan
7} Regan'”2 9]713+4 M MFCol| A9 AaAALo] A
7] AAF R ol A glo] COD/NH|7F =848 Z7}13t
. Bkt HEH o R (7|5 B % 1,000 mg-COD/ L
oA BE z7AS0] SAI Hal AL Uehlon, &
224 Bl 27 10] 75+0.1 mg-N/L, 27 27} 7.8+
0.1 mg-N/L, 27 30] 88+0.1 mg-N/L, 27 47} 85+0.6
mg-N/LE2 eRITkFig. 4).

3.3. R7I2 M7 & H7| e

BE 270501 95% ©]4Fe] COD AALS UeEhHaL,
9] 4715 1,000 mg-COD/Lo| A= >99%2] COD A AL&S
b ThFig. 5). 7182 A% 223 TAIgle] 6417 W
o 90% o] AA= Ut d23RHe B4 o] wa2H, {7
o] & AmEr] Al 6417 Yol rmyobd A
o FALTE TYT AFoR FAastAARL 6417F o] S
A A7 4= d4o] WA= AAh(Fig. 4).
Jof| Wast o]27 §7]2al 2.86 kg-COD/kg-NOy-N
T3S W, 50 mg-N/Lo| 2AAE A7 93|
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Fig. 3. Final concentrations of TN and nitrogen species after 24 h incubation under various COD concentrations in treatment 1_(a),

treatment_2 (b), treatment_3 (c), and treatment_4 (d).
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