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Electricity Generation and Microbial Community Structure Variation Depending on
Separator Types and Cathode Characteristics in Air-cathode MFC
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ABSTRACT : Air-cathode microbial fuel cell consisted of 4 unit cells were operated under batch condition and electricity
generation and microbial community structure variation were investigated, depending on separator types and cathode characteristics:
A) PEM(Proton Exchange Membrane)-30% Wet proofing Carbon Cloth(WC), B) AEM(Anion Exchange Membrane-WC, C)
CEM(Cation Exchange Membrane)-WC, D) PEM-No Wet proofing Carbon Cloth(NC). Maximum power densities of PEM-WC,
AEM-WC and CEM-WC were 510.9, 522.1 and 504.8 mW/m2, respectively. But PEM-NC showed relatively lower maximum
power density of 218.3 mW/m2. And PEM-WC, AEM-WC and CEM-WC showed similar internal resistances(20.0-28.2 Q). PCR-
DGGE, PCA and diversity indices showed that uncultured bacteria which reported in previous MFC studies were detected in
suspended growth bacteria and attached growth bacteria would be affected not by separator type but by cathode characteristic. Thus,
cathode characteristic can be one of the critical factors for power generation in air-cathode MFC using PEM, AEM, and CEM as
separator.

Key words : Microbial fuel cell, Separator, Air-cathode, Microbial community
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MFCE Ao eAsgirt, 22)at, 2t 240 me 4
719YeFS Bastil, PCR-DGGES o] §3to] #¢ 4 2

2.1. DJ¥E H=8X| 74 H 2H
2 Ao AR-E MFCE Fig, 14 4719 d$dA2

TAE Qo gt /] ARP=SR(9 DE FHdkl e
4 air—cathode MFC(4A-MFC)o|t}, & T AR 9 At
SPH(108 ar)2 S ABE (graphite felt) 2 A8} 2.1,

FAHAF(108 ar)2 30% WA zH HAH(30% wet
proofing carbon cloth, E-Tek, USA; WO} &= A&
HA] o e4aH(No wet proofing carbon cloth, E-
Tek, USA; NOE ol&stict. 181 F7|edd=2 3
B 9 S A st 10 7k M52 BEHES oot o
oA ddd = U=F oG 7 AR EeukE &
AAlo] &1 e (Proton Exchange Membrane; PEM,
Nafion 117, Dupont Co., USA), 2°]-&13t}(Anion
Exchange Membrane; AEM, AMI-7001, Membranes
Inter—national Inc., USA), ¥ol2ng(Cation
Exchange Membrane; CEM, CMI-7000, Membranes
Inter—national Inc., USA)E o]-&3l3on 2Agt HX
9] /44L& Table 13} 2T},

APPSRl = FA] steA] o] 7% &8 &
A5 AFslo] FEA s oH, otMEC|EE 714
AA-FAANZ o] &38FHHCOD 720 mg/L vz o] ZAlS
KoHPO4 3.4 g/L, NH4Cl 0.2 g/L, NaCl 0.5 g/L,
MgSO4 - TH20 0.2 g/L, KHoPO4 4.4 g/L, CaCls - HoO
0.1 g/L, CH3COONa 1 g/L, trace elements 1 mL/Lo]$}
o ZHAgol 50 mV olstrt HW A2 HjAE A
shoiTk, QA2 1,000 Q, A== 25T, pHE 7+
0.50] %1t}

Table 1. Different cell assemblies to investigate effects of separator types and cathode on power generation in 4A-MFC
Conditions A B C D

Separator types PEM AEM CEM PEM

Separator thickness(mm) 0.19 0.46 0.46 0.19

Cathode wC WC wC NC

PEM: proton exchange membrane, AEM: anion exchange membrane, CEM: cation exchange membrane, WC: 30% wet proofing carbon cloth, NC:

No wet proofing carbon cloth
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Fig. 1. (a) Photograph and (b) schematic diagram of 4A—MFC used in this study
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MFCoA TAst= Aol WEl= Data acquisition
system(Model 7700, Keithley Instruments Inc., USA)
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Table 2. PCR primer and condition used in this study

8- [y ldt

= F v acoD @

CE : coulombic efficiency(%)

F . Faraday’s 4=(96,485 C/mol - A=)

v REg7] Fa(L)

8: g

ACOD : COD A A #(mol/L)/4

I A7 (A)

2.3. D=6

e F5F 9 ShdS S e ARk =Re Rt
o AE 9 A E'rzl eSS s At flste] wWiAE wA|

A stAet. HHE A2 DNAE
PowerSoilTM DNA extraction kit(MoBio Labs,
Carlsbad, CA, USA)E ol&sto] FZ&51¢lon, 54
DNA+ 0.5 mL FE9)] 10 x Taq buffer 2.5 L, 10mM
dNTP 10 pL, Z+Z9] primer 0.25 L (10 pmol), DNA
template 2 gL, Tag DNA polymerase(Solgent Co.,
Korea) 0.125 ul& H7Fsta UMAl= S/75E H7Fsto]
2 Hu7} 50 47} H =2 PCR stock solutiong A z35}
o] PCRE AASATH ZF primerd] W& PCR 27L&
Table 29 Zt} PCR AHEL 1% agarose geloll 7|45

Primer

PCR conditions

Eub 8F/1392R
Eub 341F/518R
Eub 341F(GC) /518R

9 min 957, followed 30 cycle of 1 min at 95C, 1 min 53C, 2 min 72°C followed by a 10 min final extension at 72°C
9 min 957, followed 30 cycle of 1 min at 95C, 1 min 55C, 2 min 72°C followed by a 10 min final extension at 72°C
9 min 957, followed 35 cycle of 1 min at 95C, 1 min 55, 2 min 72°C followed by a 10 min final extension at 72°C

CHEHEIZZSESIX| | MI32 M2& 12010 2 |

115



116

Korean Socity of Environmental Engineers
QY - 0| - YMof- FFQ - K- OfE S

& ethidium bromide(0.5 mg/L)2 GM3s}lo] 221514
® PCR purification kit(SolGent Co., Korea)& AN
o] A5kt

DGGEE 934 30-60%(H4A 5% 100%= 7 M
Urea®t 40% formamide)®] =817} 3= acyrlamide
gel& Alxsto] ARl PCR AFES Ao U &
D—-code system(model 475 Gradient delivery system,
Bio—Rad laboratories, Inc., USA)E ©]&3|4 20 Vol A
15487t 200 VoA 6A17Es¢ 60ToA A7 ¥6S 3
5ttt DGGE band profile2 UV transilluminator
(UVitec gel documentation system, Cambridge, UK)
5 ol &34 el tt, 181 Fingerprinting
Informatix II(Bio—Rad Co., Hercules, CA, USA)E ©]
4314 Z- band®] =& 2lat o™, SPSS 14.0(SPSS
Inc, Chicago, IL, USA)E o| &84 FAHEEH (Principle
Components Analysis; PCA)E4S AAJsttt, 18|a,
DGGE band®] =& o3 2 2 FHE} ST
B AeE ot S5 Ee 4 248 DGGE band®] %
AmA FES 5 glon FOPA Agol= Shannon-
Weiner T A=(H)WEF Simpson A A4

(D127} low) ohe AT (4)F o314 78 4= Yiek

o
3

st

H = - ¥ (pi)(logapi) ®
D = 1- X (pi)2 @
H : Shannon-Weiner diversity index
D : Simpson’s diversity index

pi : Individual band intensity/total band intensity
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Fig. 2. Voltage(mV) generated from unit cells with different
separator types and cathodes in 4A-MFC. The
arrows indicated substrate feeding; O: PEM-WC,
0O: AEM-WC, A: CEM-WC, and V:PEM-NC
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AchFig. 2). FA0l 1 kol 324 715t Bt
2o AEAFS AHEH, PEM-WCS F$-, <F 631.4

V 9on AEM-WC® CEM-WC= Z17+ 642.3, 576.3

= 217} 642,
mV 22 YEPGon AEMS HE|uto R ARgdl= -
7V =A Uebgth $tHo| PEM-NCO| 790l 387.7
mVOo& PEM-WCo| 3l oF 40% WA Yerstct, wheba,
o] FRETH SAH=Y E40] A7dAel IS
FE= o= grtE

3.2. 228t FF ¥ stHEN= EMo| wE E[chM
U
3W o] 3| &4 &A F potentiostatE ©]&3}o] 10

mV/sec 2ALE AHD =R A} AY-HFHAE -5,
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7+ 510.9, 522.2, 504.8 mW/m'2. 2 AEM
o] tha EUANE & Aol= fle ALE Ueth(Fig. 3).
SFA|RE, PEM-NC9| Z9-, @A HAfjded iz
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Fig. 3. Power density curve acquired from the unit cells in
4A-MFC; O: PEM-WC, O: AEM-WC, A: CEM-
WC, and V:PEM-NC
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Fig. 4. Voltage—current curve acquired from the unit cells in
4A-MFC; O: PEM-WC, O: AEM-WC, A: CEM-
WC, and V:PEM-NC
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Fig. 5. DGGE band profile based on 16s rDNA; (a)
suspended growth bacteria and (b) attached growth
bacteria in 4A-MFC

Aot o] &El= Ful)o] wekaA OCV B HjHZ U= Flo]
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& °F 84 Qo & AL UEsten 8 37|12 MFC
o] 749 AEMO| WHAFL oF 47 Qo2 CEM(5 Q)
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3|84 7ML fU1E AAES B 84.5%0 %
et on o] uigo g 7F tholHA| 9 FFaES A4t
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Z¥7F 44,0, 45.2, 40.4% 2.8 Ee|ut 20| we} 2 2jo)7}
Aoy PEM-NCY SEa82 28.0%2.2 thd W
Uehhs RS ge1E 4= ot

Table 3. Bacterial phylotype richness and diversity for the suspended and attached growth bacterial communities in 4A-MFC

Microbial Separator Richness Diversity
community type S H D
ADS 27 4.34 0.94
Suspended. 1st cycle 19 4.00 0.92
growth bacteria
6th cycle 13 3.28 0.87
PEM-WC 17 3.68 0.90
Attached AEM-WC 16 3.80 0.92
growth bacteria CEM-WC 16 3.80 0.92
PEM-NC 17 2.50 0.98

ADS; Anaerobic digestion sludge, S; the number of distinct DGGE bands, H; Shannon—-weiner diversity index, D; simpson's diversity index
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Fig. 6. PCA based on DGGE band intensity and location; (a) suspended growth bacteria and (b) attached growth bacteria in 4A-
MFC
3.4 220 58 U HANT SMO| G2 OMERY  Fo] HIwst Wod Selvt Glou AX ALl A Heke
EM 7Fs 3ttt Shannon—Weiner(H)i} Simpson(D) T4
PCR-DGGE AL Fig. 50l YehyiQlct, HaujAE) A4 Table 3o e et FHu8=2] 45, 34 &
S| FHTEI A3 THE AL AT S 9gle o] HaAge] wre} chopyo] FhasH: AL BT 4 9
, FRUAEY A, 271 AF ERA0lA AlTto] Bigh o, PR EL A, Beure] Sl dugle] ST
utet 4 ME7E Foj A= A& &I 4= lSith A4=(H: 3.68-3.80, D:0.90-0.92)%= GAISHA UEtt),
ShA R, B20) &2 DGGE bands 2 2o]7} gl AS SHA|gE WEA o] gl 2SS AL Ao FrlopA
ZoIg 4= Ui}, PAE 24 WSkE AAsHA E41517] € A7k th2A Ueksith webs ghld=o] 54o] Abskd
A PCAE S3staL, ST A5 ALt PCA 2 =] B2 E FAlof HEkE FErkar wdskelth 2 4
3= Fig. 69 vehfolch 2a0ldEe] 2, ses e

’

=R
Tl 7 AT NS ST QoA AT

=]

=

o] Xy of utef —7::7] AF &A1Y ndE ol EEiA| Hol B = Aol oAl A= M7t 244 5
= Ag AT 4= UsichFig. 6a). BHHo| F2u|ldEe] 7 penz 1 3O M7t A=A 9FFe & AR
-, o] Sl whet T o) Mk AN SdS i
/40 wheh 4ol th2 A Uehde= As gl 4 it DGGE WMEE 43 A, djf-£9] FE52 uncultured
(Fig. 6b). species®] R 2™, Bacteriodetes, Deltaproteobacteriaoﬂ
kA © 2 Shannon—Weiner(H)2} Simpson(D) ko] = &3leE FET Q% Band 3% band 4+ Uncultured
55 AU T ool okt Qujojy B At bacterium clone MFC-GIST445(98%), Uncultured
AE DGGE B4 A7 2 & thofA A 47} AXEE %17] ) Desulfuromonadales bacterium clone MFC 68HO01

Table 4. Sequence analysis of extracted DGGE bands

Band Acc. No. - Similarity

name Most similar Sequence (%) Phylum
1 AB513434 Uncultured Bacteroidetes bacterium clone 91 Bacteroidetes
2 GQ152923 Uncultured bacterium clone MEC_Bicarb_Ac—032 98 Environmental samples
3 EU704654 Uncultured bacterium clone MFC-GIST445 98 Environmental samples
4 FJ823851 Uncultured Desulfuromonadales bacterium clone MFC 68HO1 100 Deltaproteobacteria
5 FM205942 Uncultured delta proteobacterium 97 Deltaproteobacteria
6 FJ592898 Uncultured bacterium clone C10_SB1A 94 Environmental samples
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