Kor. J. Microbiol. Biotechnol.
Vol. 38, No. 4, 461466 (2010)

R e

;erqoﬂ /q MY E|= welr kA o] Aksleks Bt 20-254) o

= o — | - —
O|4EEMX|o| 7IERE X2 JksY o7
HTYH" - UME2 - A oM - YS! Zoi ! A - FF S
SENEH ISR Tee ST LK BH T e, A ST o X S A AT et

Studies on a Feasibility of Swine Farm Wastewater Treatment using Microbial Fuel Cell. Jang, Jae
kyung'*, Se Hee Kim?, Young Sun Ryou!, Sung Hyoun Lee', Young Goo Kang', Young Hwa Kim!, and
Jung Eun Choi'. "National Institute of Agricultural Science, Rural Development Administration, Suwon 441-
707, Korea, “University of Seoul, Energy and Environmental System Engineering, Seoul 130-743, Korea — In this
study the feasibility of simultaneous electricity generation and treatment of swine farm wastewater using
microbial fuel cells (MFCs) was examined. Two single-chamber MFCs containing an anode filled with differ-
ent ratio of graphite felt and stainless-steel cross strip was used in all tests. The proportion of stainless-steel
cross strip to graphite felt in the anode of control microbial fuel cell (CMFC) was higher than that of swine
microbial fuel cell (SMFC) to reduce construction costs. SMFCs produced a stable current of 18 mA by swine
wastewater with chemical oxygen demand (COD) of 3,167+80 mg/L after enriched. The maximum power
density and current density of SMFCs were 680 mW/m? and 3,770 mA/m?>, respectively. In the CMFC, power
density and current density was lower than that of SMFC. CODs decreased by the SMFC and CMFC from
3,167+80 to 865421 and 930+14 mg/L, achieving 72.7% and 70.6% COD removal, respectively. The sus-
pended solid (SS) of both fuel cells was also reduced over 99% (4,533+67 to 24.0+6.0 mg/L). The concentra-
tion of nutritive salts, NH,*, NO5", and PO,>, dropped by 65.4%, 57.5%, and 73.7% by the SMFC,
respectively. These results were similar with those of CMFC. These results show that the microbial fuel cells
using electrode with mix stainless-steel cross strip and graphite felt can treat the swine wastewater simulta-
neously with an electricity generation from swine wastewater.
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Fig. 1. Schematic diagram of microbial fuel cell.
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Fig. 2. Current generation on the enrichment stage.
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Fig. 3 Change of chemical oxygen demand (COD) and sus-
pended solid (SS) after enriched microorganisms on the elec-
trode. A: COD, B: SS.
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Fig. 4. Polarization curve and power density curve of the
microbial fuel cell using swine wastewater as fuel.
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Fig. 5. Variations of ammonium and nitrate concentration
included swine wastewater.
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Fig. 6. Change of phosphate concentration by time.

(Fig. 6).

dubg oz A} Qo] Ml 44 v Ak 241 A
efoll M dolr] wifell F7|E2-FASE-3T|ER TA
o FAkZFeA AT AL WEHIAL, 37]3
A Qlo] mEel LM AFHF e AAEEE mdEds
AAZE o]83 Aol 555 5, 22 1= bl &
Sujopd A Ak <le] FAlel Ak AR et
wioh, gk g Al A Aaet Q1S AF W A7
g BODg} TP} TN®| H]7} 875} wh2by] TPL NS
28422 A7) flExE 543 BODN:PY| v S X
o f71eded e §5 wopd Zlos ddkdd
A Ed8AAE 7194 A Aag dakddd
B 3 e MR EST )N Al AATE 7k
F A2 o2 7)ol x|k @A S|t TFe Rt Al
Ho= o]f rled Zlo® AE.

i)

o

o oF
i b |

2 dTE rAEAERAAE o] 83t du|E At
FAll 88t AR WA o] 7hsEAIE AJEE A o]
o}, kA0 (graphite felt)e} 2E]Qlel|2 ~EakS o2
H]&-=2 213} single-chamber P|YEHA B AR S o] &3}9]
on el FEY A H S o w@o] 313 1)
AEAZAA S hZ2TF(CMFO)E o] B A To] o

u| B EASHA (SMFC)9} M2 v]wslsic). &
3} wieke] B ¥, SMFCEHE WAYEE A7+ 3.167+80
mg/Le] Hu|E FFT W 18 mAZ} PH o7 WA E Q.
o] H MHUEe} AFUEE 242t 680 mW/me} 3,770
mA/m®|$lom, CMFCe] AP =9} AFUERoR= %9k
o}, 3PAA R FEH(CODYE SMFC2E CMFCoA 3,718+
80 mg/Lol Al 865+213F 930+14 mg/LE 7rAadted 77t
72.7%%} 70.6%7}F ZH4-=]et. SMFCSF CMFCEHE] F-5-



466 JANG et al.

2 JFEA FEo] WItE 77 654%, 57.5%, L2
73.7%°] ZAH AL CMFCS] A= A2 fAkE A7
5 B3} ol5 AAZNEH A7t Amrt FXE wAE
ABARAZ o] g3 zH AAH EHNZ 7| ¢ Y2
EE 715 RENE AR A7) 7 s S
F1dk 4= sl

dAtel =

o] =2 20094 HEAEA ople} AYAAEZE F
ulo] @ ol 2 A (PJ006411)2] A4S wHho}l =3 =] on
A7) Aol =RV

REFERENCES

1. Angenent, L., K. Karim, M. H. Al-Dahhan, B. A. Wrenn,
and R. Domiguez-Espinosa. 2004. Production of bioenergy
and biochemicals from industrial and agricultural waste-
water. Trends Biotechnol,. 22: 477-485.

2. Cho, K. S. and H. W. Ryu. 2009. Biotechnology for the
mitigation of methane emission from landfills. Kor J.
Microbiol. Biotechnol. 37: 293-305.

3. Dumas, C., A. Mollica, D. Feron, R. Basseguy, L. Etcheverry,
and A. Bergel. 2007. Marine microbial fuel cell: Use of
stainless steel electrodes as anode and cathode Imaterials.
Electrochimica acta. 53: 468-473.

4. Gil, G C, L. S. Chang, B. H. Kim, M. Kim, J. K. Jang, H. S.
Park, and H.J. Kim. 2003. Operational parameters affecting
the performance of a mediator-less microbial fuel cell.
Biosens. Bioelectron. 18: 327-324.

5. Jang, J. K., T. H. Pham, I. S. Chang, K. H. Kang, H. Moon,
K. S. Cho, and B. H. Kim. 2004. Construction and operation
of a novel mediator- and membrane-less microbial fuel cell.
Process Biochem. 39: 1007-1012.

6. Jang, J. K., I. S. Chang, H. Moon, K. H. Kang, and B. H.
Kim. 2006. Nitrilotriacetic acid degradation under microbial

10.

11.

12.

13.

14.

15.

16.

17.

fuel cell environment. Biotech. Bioeng. 95: 772-774.

. Kim, J. R,, J. Dec, M. A. Bruns, and B. E. Logan. 2008. Re-

moval of odors from swine wastewater by using microbial
fuel cells, Applied and Environmental Microbiology, T4:
2540-2543.

. Kim, J. R., Y. Zuo, J. M. Regan, and B. E. Logan. 2008.

Analysis of ammonia loss mechanisms in microbial fuel
cells treating animal wastewater, Biotechnology Bioengi-
neering, 99: 1120-1127.

. Li, Zhongjian, X. Zhang, and L. Lei. 2008. Electricity pro-

duction during the treatment of real electrophating waste-
water containing Cr®" using microbial fuel cell. Process
Biochemistry. 43: 1352-1358.

Liu, H., R. Ramnarayanan, and B. E. Logan. 2004. Pro-
duction of electricity during wastewater treatment using a
single chamber microbial fuel cell. Environ. Sci. Technol. 38:
2281-2285.

Logan, B. E. B. Hamelers, R. Rozendal, U. Schroder, J.
Keller, S. Freguia, P. Aelterman, and K. Rabaey. 2006.
Microbial fuel cells: Methodology and technology. Environ.
Sci. Technol. 40: 5181-5192.

Lovley, D. R. 2006. Bug juice: harvesting electricity with
microorganisms. Nature. 4: 497-508.

Min, B., J. R. Kim, S. E. Oh, J. M. Regan, and B. E. Logan.
2005. Electricity generation from swine wastewater using
microbial fuel cell. Water Research. 39: 4961-4968.

Rabaey, K. and W. Verstraete. 2005. Microbial fuel cells:
novel biotechnology for energy generation. Trends Bio-
technol. 23: 291-298.

Zhao, F., N. Rahunen, J. R. Varcoe, A. Chandra, C. Avignone-
Rossa, A. E. Thumser, and R. C. T. Slade. 2008. Activated
carbon cloth as anode for sulfate removal in a microbial fuel
cell, Environ. Sci. Technol. 42: 4971-4976.

2778, 190, 25%, 743, Wl o194, o4,
A, A7 2006 T e A AT F3 1= p.
253-255.

o] 2007. 5= (SCB) Hu] o]4- v Al 7], 2MEw}
kel Fdd 74 p. 78

(Received Oct. 14, 2010/Accepted Nov. 24, 2010)



