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a b s t r a c t

The feasibility of using microbial fuel cells (MFCs) in landfill leachate treatment and electricity pro-
duction was assessed under high levels of nitrogen concentration (6033 mg N L−1) and conductivity
(73,588 �S cm−1). An air-cathode MFC was used over a period of 155 days to treat urban landfill leachate.
Up to 8.5 kg COD m−3 d−1 of biodegradable organic matter was removed at the same time as electricity
(344 mW m−3) was produced. Nitrogen compounds suffered transformations in the MFC. Ammonium was
vailable online 1 October 2010

eywords:
andfill leachate
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itrogen
rganic matter

oxidized to nitrite using oxygen diffused from the membrane. However, at high free ammonia concen-
trations (around 900 mg N-NH3 L−1), the activity of nitrifier microorganisms was inhibited. Ammonium
reduction was also resulted from ammonium transfer through the membrane or from ammonia loss.
High salinity content benefited the MFC performance increasing power production and decreasing the
internal resistance.

© 2010 Elsevier B.V. All rights reserved.

ower density

. Introduction

Landfill leachate is generated from the disposal of municipal
olid waste. It is highly contaminated with a wide range of organic
nd inorganic compounds, nutrients, chemical contaminants and
eavy metals. Its characteristics depend on many factors includ-

ng age, precipitation, seasonal weather variation, waste type and
omposition [1,2].

Biological treatment is commonly used as a simple, reliable and
ighly cost-effective method by removing organic matter and nitro-
en from leachate [3,4]. However, landfill leachate usually exhibits
low carbon–nitrogen ratio and a low level of alkalinity, which
ake the conventional processes of nitrification and denitrifica-

ion more difficult. To cope with this factor, it would be necessary
o increase the level of alkalinity and/or the organic matter content,
hus considerably increasing the cost of treatment [5]. Treatments

ased on anaerobic ammonium oxidation (anammox) metabolism
ay provide a more sustainable alternative to the treatment of such
astewater, due to the reduced level of aeration and the lower
osage of external organic carbon that they require [6]. Nitrogen

∗ Corresponding author at: Laboratory of Chemical and Environmental Engineer-
ng (LEQUIA-UdG), Institute of the Environment, University of Girona, Campus

ontilivi s/n, Facultat de Ciències, E-17071 Girona, Spain. Tel.: +34 972418182;
ax: +34 972418150.

E-mail address: sebastia@lequia.udg.cat (S. Puig).

304-3894/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2010.09.086
present in leachate mainly in the form of ammonium must be par-
tially aerobically oxidized to nitrite prior to the anammox process.
Ganigué et al. [7] demonstrated the feasibility of this process for the
long-term treatment of leachate with an extremely high ammo-
nium concentration (up to 5000 mg N-NH4

+ L−1). The anammox
process can thus be applied to treat urban landfill leachate that
has been previously subjected to a partial nitritation process with
a high level of removal efficiency [8].

In young landfills, leachate contains large amounts of biodegrad-
able organic matter [2]. When a partial nitritation and anammox
process is introduced, the organic matter is aerobically oxidized,
involving both energy consumption and the production of sludge.
Chamchoi et al. [9] and Ruscalleda et al. [10] reported that
biodegradable organic matter should also be removed to avoid
its negative effects on the anammox process. Therefore, the pre-
treatment of leachate to remove an excess of biodegradable organic
matter would have a potential niche in the market. In addition,
this pre-treatment would become more attractive if electricity
was produced through the use of microbial fuel cell (MFC) tech-
nology. Various studies [11–13] have reported the production of
electricity from the treatment of young leachate. However, some
open questions remain regarding the performance of MFCs in

relation to the treatment of landfill leachate with high levels of
salinity, and the dynamics of nitrogen compounds, among oth-
ers. The objective of this study is to investigate the feasibility
of landfill leachate treatment using MFCs under these condi-
tions.

dx.doi.org/10.1016/j.jhazmat.2010.09.086
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:sebastia@lequia.udg.cat
dx.doi.org/10.1016/j.jhazmat.2010.09.086
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Table 1
Leachate characteristics throughout the study.

Compound Units Period 1 Period 2

Range Mean ± � Range Mean ± �

Chemical oxygen demand, COD mg COD L−1 306–825 507 ± 201 3280–4260 3480 ± 487
Biological oxygen demand, BOD5 mg BOD L−1 59–137 102 ± 34 68–121 93 ± 22
Total Kjeldahl nitrogen, TKN mg N L−1 594–1534 936 ± 339 5015–6736 6033 ± 261
Ammonium, NH4

+ mg N-NH4
+ L−1 553–1210 802 ± 255 3648–6182 5449 ± 648
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acquisition system (Memograph® M RSG40, Endress+Hauser). Cur-
rent (I) and power (P = IV) were calculated according to Ohm’s law.
Power density was calculated by dividing power by the net anodic
volume (mW m−3). Polarization curves were obtained by varying
Nitrite, NO2 mg N-NO2 L 0.1–1
Nitrate, NO3

− mg N-NO3
− L−1 0.1–4

Conductivity �S cm−1 7220–9
pH – 8.15–8

. Materials and methods

.1. Landfill leachate

The landfill leachate concentration range and the mean values of
he principal chemical compounds, together with the correspond-
ng levels of electrical conductivity and pH, are summarized in
able 1. The raw leachate presented a highly variable composi-
ion, a low BOD/COD ratio (0.02), and a high nitrogen concentration
6033 mg N L−1) and level of conductivity (73,588 �S cm−1). The
aw landfill leachate contained 3480 mg COD L−1 (with 3% of the
nfluent in the form of BOD5). Most of the organic matter was thus
ither slowly biodegradable or totally non-biodegradable.

.2. Experimental procedure

The experimental study was divided into two periods. The first
6 days (Period 1), the MFC was fed with diluted urban landfill

eachate (20%, v/v raw leachate). The dilution was done to minimize
he risk of any inhibitory effect. The MFCs treated 0.76 ± 0.06 L d−1

t a hydraulic retention time (HRT) of 8.3 ± 0.7 h.
In order to increase the biodegradable organic matter avail-

ble for exoelectrogenic bacteria, the organic loading was increased
n Period 2 (Table 1) by feeding with a 100% raw leachate. Once
ower production was observed, the organic load was progressively

ncreased by decreasing the HRT from 7.4 to 3.2 h. Accordingly,
he daily flow increased to 1.51 ± 0.38 L d−1. This period lasted 110
ays.

.3. MFC configuration

Fig. 1 shows a diagram of the air-cathode MFC used to treat the
andfill leachate. The air-cathode MFC consisted of anode and cath-
de frames placed on opposite sides in a methacrylate rectangular
hamber 32 × 27 × 400 mm (with an empty bed volume of 343 mL).
he anode frame was filled with 6 mm granules of graphite (Alfa
esar, Germany), reducing the compartment volume to 167 mL (net
nodic compartment; NAC). The electrodes were washed in 1 N HCl
nd 1 N NaOH to remove possible metal and biomass contamina-
ion [14]. A thin graphite electrode (30 × 35 mm, Sofacel, Spain)
as used to connect the MFC to an external electrical circuit. The

athode electrode selected was C-cloth 0.35 mg cm−2 of Pt cata-
yst with 30% wet-proofing (Clean Fuel Cell Energy LLC, USA). A
0 cm2 cation exchange membrane (CEM, Nafion® 117, Dupont)
as treated according to Liu and Logan [15] and used between the

node and cathode frames. The anode and the cathode were con-
ected through an external resistor (4610 �) to close the circuit.
andfill leachate wastewater was continuously fed to the recircu-

ation loop to (i) obtain the desired volumetric loading rate, (ii)

aintain well-mixed conditions, (iii) avoid concentration gradients
nd (iv) avoid clogging of the granular matrix. The system was ther-
ostated at 23 ± 2 ◦C, and pH was monitored during the study. The
FC was inoculated with 50 mL effluent from a parent MFC treating
0.5 ± 0.4 0.0–15.5 2.0 ± 0.7
1.7 ± 1.9 0.1–8.9 0.6 ± 0.5

8583 ± 929 71,700–79,800 73,588 ± 2044
8.47 ± 0.26 8.39–8.61 8.49 ± 0.07

synthetic wastewater (mainly composed of sodium acetate and a
buffer solution). The MFC operated for 120 days at a mean organic
loading rate of 1.02 kg COD m−3 d−1 (COD removal efficiency 90%)
producing 8.5 W m−3.

2.4. Analyses and calculations

Standard wastewater measurements for organic matter (chem-
ical oxygen demand (COD) and biological oxygen demand (BOD5))
and for nitrogen (total Kjeldahl nitrogen (TKN), ammonium (NH4

+),
nitrites (NO2

−) and nitrates (NO3
−)) were taken twice a week and

analysed according to the APHA Standard Methods for the Exam-
ination of Water and Wastewater [16]. The organic and nitrogen
loading rates (OLR and NLR, kg COD m−3 d−1 and g N m−3 d−1) were
calculated as the daily influent/effluent organic matter or nitrogen
concentrations (mg COD L−1 and mg N L−1) per hydraulic reten-
tion time (HRT; days). Finally, the organic and nitrogen removal
rates (ORR and NRR, kg COD m−3 d−1 and g N m−3 d−1) were calcu-
lated as the difference between the influent and effluent loading
rates.

Cell potential (V) in the MFC circuit was monitored at five-min
intervals using an on-line multimeter (Alpha-P, Ditel) with a data
Fig. 1. Diagram of the air-cathode MFC used to treat leachate.
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he external resistance in the circuit and measuring the voltage
ccording to Logan et al. [17].

.5. Microbiology analysis

Fluorescent in situ hybridization (FISH) analysis was per-
ormed as specified by Amann [18] using the Cy5-labelled EUBMIX
robe [19] to target the entire bacterial community and the Cy3-

abelled SRB385 probe for the exoelectrogenic bacteria Geobacter
ulfurreducens [20]. For the identification of nitrifying bacteria,
ITC-labelled NSO1225 and NSO190 probes were used to identify
itrifying bacteria – ammonium oxidizing bacteria (AOB) [21] – and
y3-labelled probes consisting of NIT3, compNIT3 [22], Ntspa-0662
nd compNtspa-0662 [23] were used to identify nitrite oxidizing
acteria (NOB). The probed sludge was examined using a Leica®

onfocal laser microscope. The area containing specific labelled
robe cells was quantified as a percentage of the area of the entire
acterial population (EUBMIX).

For scanning electron microscopy (SEM) analysis, small pieces
f anode electrodes with biofilms were taken from the air-cathode
FC and immersed in 2.5% (wt/v) glutaraldehyde in a 0.1 M

acodylate buffer at pH 7.4. The samples were then washed and
ehydrated successively in ethanol series. The fixed samples were
ried with a critical-point drier and sputtered with a 40 nm gold

ayer. The coated samples were examined with a SEM (model
SM-960; Zeiss, Germany) at 20 kV and the images were captured
igitally.

. Results and discussion

.1. MFC performance: organic matter removal and electricity
eneration

Fig. 2 presents the organic loading removal rates (OLR and
RR, kg COD m−3 d−1) and the power density evolutions in the
ir-cathode MFC treating landfill leachate during the experimental
eriod.

During the first 46 days of the operation (Period 1)
he influent organic matter content was 507 mg COD L−1
102 mg BOD L−1; Table 1) at an HRT of 8.3 ± 0.7 h. During this
eriod, 0.47 ± 0.15 kg COD m−3 d−1 was removed (32% of removal
fficiency), producing 6.1 ± 4.2 mW m−3 of electricity. When raw
andfill leachate was fed in (Period 2), the OLR jumped from
.48 ± 0.53 to 21.9 ± 6.2 kg COD m−3 d−1 by decreasing the HRT
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Fig. 2. Organic loading and removal rates (OLR and ORR, kg COD m−3 d−1) and power
density (mW m−3) evolutions in the air-cathode MFC treating landfill leachate.

to 5.1 h. By feeding in raw leachate and as a result of bacterial
growth, power density increased to 60.7 mW m−3 on day 67. At
that moment, HRT was decreased again to 3.7 h with the corre-
sponding OLR rise to 24.42 kg COD m−3 d−1. 1.50 kg COD m−3 d−1

was removed producing 106.5 mW m−3 on day 81. The maximum
level of ORR was achieved on day 100 at 8.51 kg COD m−3 d−1 (37%
removal efficiency) with a power density of 344 mW m−3. On days
90, 102 and 122 the MFC suffered several mechanical problems
that influenced its performance, but it recovered fast. Towards
the end of the experimental period (i.e. the last 30 days), the
power density remained stable at values higher than 258 mW m−3,
treating 2.2 kg COD m−3 d−1(10% of removal efficiency) The air-
cathode MFC thus converted chemical energy (the biodegradable
organic matter) directly into electricity. However, the coulomb
efficiency (CE) was below 2% indicating the loss of substrate in
a non-electricity generation process. In spite of the low CE, the
power density produced was higher than reported in the literature
[11,13], although these figures corresponded to the treatment of
domestic landfill leachate with higher BOD5 concentrations (BOD5
between 4116 and 6300 mg BOD L−1).
3.2. Power generation from landfill leachate

Electricity from landfill leachate was produced during the
experimental period (Fig. 1). In order to monitor the electricity pro-
duction, polarization curves were obtained on different operational
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ays (Fig. 3). The maximum power density and open cell voltage
OCV) increased with time, reaching their maximum values on day
53 (278.2 mW m−3 and 398 mV, compared to day 28: 5.3 mW m−3

nd 89 mV). From days 76 to 97, the MFC evolved significantly, and
ower density increased by 340%. This increment was also in accor-
ance with the increase in the ORR, as shown in Fig. 2. Therefore,
nce raw leachate was fed in (on day 47), the system evolved faster.
ot only organic matter availability of raw leachate favoured the
FC performance, the electrical conductivity increased from 8583

o 73,588 �S cm−1 (Table 1). As Liu et al. [24] demonstrated that
he power density increases due to ionic strength and electrode
pacing resulted from a decrease in the internal resistance (ohmic
esistance). In this way, the external resistance of the air-cathode
FC was lowered from 4610 � to 1970 � (on day 70) and finally to

462 � (on day 97) which resulted in a significant increase of the
ontinuous current generation.

.3. Nitrogen removal in the air-cathode MFC

The MFC successfully minimized the biodegradable organic
atter present in the landfill leachate. However, the dynamics

f nitrogen in the air-cathode MFC were unknown before this
tudy. Nitrogen compounds (in the form of TKN, ammonium, nitrite
nd nitrate) were therefore monitored during the experimental
eriod. Fig. 4 shows the evolution of the nitrogen loading rate (NLR,
N m−3 d−1), the free ammonia concentration (FA), the effluent
mmonium removed and the nitrite produced loading rates of the
FC treating landfill leachate.
During Period 1, the landfill leachate was diluted, giving a NLR

f 2.71 ± 0.82 kg N m−3 d−1 and a salinity of 8583 �S cm−1. The
verage ammonium removed in the effluent was 0.44 ± 0.30 kg N-
H4

+ m−3 d−1 (16% removal efficiency). Nitrites (0.25 ± 0.20 kg N-
O2

− m−3 d−1; 124 mg N-NO2
− L−1) measured in the effluent

uggested that partial nitritation (57% efficiency) took place. In this
iological process carried out by AOB, ammonium is oxidized under
erobic conditions to nitrite. Since oxygen was not supplied in the
FC, it must be introduced by diffusion through the membrane

25]. Kim et al. [25] demonstrated that Nafion (the CEM used in this
tudy) was the most permeable membrane to oxygen.

On the other hand, the ammonium not oxidized to nitrite
0.19 ± 0.30 kg N-NH4

+ m−3 d−1; 43% of the total ammonium

emoved) could be lost through the membrane [25,26], or through
n ammonia liquid–gas transfer. Kim et al. [25] found that the
olatilization of ammonia is enhanced by localized pH increase at
he cathode in a single chamber MFC. This result was confirmed by
hecking the pH in the air-cathode MFC treating landfill leachate.

Fig. 5. SEM images showing the anode biofilms taken from the
Fig. 4. Nitrogen loading rate (NLR), free ammonia (FA), levels of ammonium
removed and effluent nitrate load evolutions in the air-cathode MFC.

The pH was higher than 11. At this pH, all ammonium present in
the cathode is quickly converted to ammonia.

Once raw leachate was fed in (Period 2), the NLR increased to
19.6 kg N m−3 d−1, reaching a maximum of 46.8 kg N m−3 d−1 and a
salinity of 73,588 �S cm−1 on day 90. From that moment onwards,
neither nitrites nor nitrates were detected in the effluent. Accord-
ing to Anthonisen et al. [27], the high nitrogen concentration plus
the operational conditions (a temperature of 23 ◦C and a pH of 8.6)
resulted in 20% of the nitrogen (892 mg N-NH3 L−1) being present as
free ammonia (FA, NH3). It has been observed in the relevant liter-
ature that this high value inhibits the performance of the nitrogen
organism [27]. Therefore, the nitrite absence (<0.01 ± 0.01 kg N-
NO2

− m−3 d−1; 2.1 mg N-NO2
− L−1) must have been caused by FA

inhibition. However, ammonium was still removed from the MFC
(1.59 ± 1.07 kg N-NH4

+ m−3 d−1; 4% removal efficiency). This may
have occurred as a result of physical–chemical processes [24–26].
Moreover, the ammonium lost was increased in the Period 2 when

the MFC produced more power. This fact indicates that ammo-
nium is being transported across the membrane to maintain the
charge-balance [25].

MFC on days 43(left; Period 1) and 154 (right; Period 2).
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.4. Microbiology

Landfill leachate treatment and energy production were also
ssessed using microbiology techniques, i.e. SEM and FISH analy-
is. SEM observations from the biofilm (Fig. 5) demonstrated the
redominance of microorganisms with bacilliform morphology.
he aggregated microorganisms were firmly attached to the sur-
aces of the electrode with nanowire-like filamentous appendages
28]. Fig. 5 shows the exoelectrogenic bacteria that evolved dur-
ng the experimental period, transporting the electrons through
heir nanowires. Apart from the geobacter species, other types of

icroorganisms were indentified, suggesting that the biofilm was
ot a pure culture. The high conductivity of the leachate induced
alt precipitation, as shown in Fig. 5.

FISH analysis was used to identify Geobacter sulfurreducens and
he ammonium and nitrite oxidizer bacteria (AOB and NOB). At day
0, the FISH analysis showed the presence of AOB (4.5 ± 0.2%) and
OB (2.5 ± 0.5%) in the sludge. AOB are responsible for oxidizing
mmonium to nitrite, after which NOB oxidize nitrite to nitrate, as
bserved in Fig. 4 (Period 1). However, in Period 2, in spite of their
resence, they were nonetheless inhibited by high FA concentra-
ions.

Regarding exoelectrogenic bacteria, Geobacter sulfurreducens
as identified in the sludge. The Geobacter population increased

rom 5.0 ± 0.4% to 15.4 ± 0.7% between days 0 and 90. This incre-
ent positively correlates with the power density profile (Fig. 2).

t is important to take into account that other exoelectrogenic
acteria could be present in the sludge. Therefore, further microbi-
logical studies should be done to identify the bacteria concerned.

. Conclusions

The use of MFC led to the treatment of the biodegradable organic
atter of landfill leachate and the production of electricity even
ith high nitrogen content and salinity. A maximum amount of

rganic matter (8.5 kg COD m−3 d−1) was removed with a power
ensity of 344 mW m-3. The Geobacter sulfurreducens population

ncreased during the experimental period.
The nitrogen content in leachate suffered transformations inside

he MFC. Ammonium was removed from the leachate resulted from
mmonium transfer through the membrane or from ammonia loss.
either nitrites nor nitrates were detected in the effluent when raw

eachate was fed in, due to the high free ammonia content which
nhibited nitrifier bacteria. High salinity content benefited the MFC
erformance increasing power production because decrease the

nternal resistance.
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ment strategies for industrial landfill leachate, J. Hazard. Mater. 162 (2009)
1446–1456.

[5] H. Monclús, S. Puig, M. Coma, A. Bosch, M.D. Balaguer, J. Colprim, Nitrogen
removal treating landfill leachate using the SBR technology, Environ. Technol.
30 (2009) (2009) 283–290.

[6] Z. Liang, J. Liu, Landfill leachate treatment with a novel process: anaerobic
ammonium oxidation (Anammox) combined with soil infiltration system, J.
Hazard. Mater. 151 (2008) 202–212.

[7] R. Ganigué, J. Gabarró, A. Sànchez-Melsió, M. Ruscalleda, H. López, X. Vila, J.
Colprim, M.D. Balaguer, Long-term operation of a partial nitritation pilot plant
treating leachate with extremely high ammonium concentration prior to an
anammox process, Bioresour. Technol. 100 (2009) 5624–5632.

[8] M. Ruscalleda, S. Puig, X. Mora, H. López, R. Ganigué, M.D. Balaguer, J. Col-
prim, The effect of urban landfill leachate characteristics on anammox bacteria
and heterotrophic denitrifiers coexistence, Water Sci. Technol. 61 (2010)
1065–1071.

[9] N. Chamchoi, S. Nitisoravut, J.E. Schmidt, Inactivation of ANAMMOX com-
munities under concurrent operation of anaerobic ammonium oxidation
(ANAMMOX) and denitrification, Bioresour. Technol. 99 (2008) 3331–
3336.

10] M. Ruscalleda, H. López, R. Ganigué, S. Puig, M.D. Balaguer, J. Colprim, Het-
erotrophic denitrification on granular Anammox SBR treating urban landfill
leachate, Water Sci. Technol. 58 (2008) 1749–1755.

11] A. Gálvez, J. Greenman, I. Ieropoulos, Landfill leachate treatment with micro-
bial fuel cells; scale-up through plurality, Bioresour. Technol. 100 (2009)
5085–5091.

12] J. Greenman, A. Gálvez, L. Giusti, I. Ieropoulos, Electricity from landfill leachate
using microbial fuel cells: Comparison with a biological aerated filter, Enzyme
Microb. Technol. 44 (2009) 112–119.

13] S.J. You, Q.L. Zhao, J.Q. Jiang, J.N. Zhan, S.Q. Zhao, Sustainable approach for
leachate treatment: electricity generation in microbial fuel cell, J. Environ. Sci.
Health A 41 (2006) 2721–2734.

14] D.R. Bond, D.R. Lovley, Electricity production by Geobacter sulfurreducens
attached to electrodes, Appl. Environ. Microbiol. 69 (2003) 1548–1555.

15] H. Liu, B.E. Logan, Electricity generation using an air-cathode single chamber
microbial fuel cell in the presence and absence of a proton exchange membrane,
Environ. Sci. Technol. 38 (2004) 4040–4046.

16] APHA, Standard Methods for the Examination of Water and Wastewater, 19th
ed., American Public Health Association, Washington, DC, USA, 2005.

17] B.E. Logan, P. Aelterman, B. Hamelers, R. Rozendal, U. Schröder, J. Keller, S.
Freguia, W. Verstraete, K. Rabaey, Microbial fuel cells: methodology and tech-
nology, Environ. Sci. Technol. 40 (2006) 5181–5192.

18] R.I. Amann, Fluorescently labeled, ribosomal-RNA-targeted oligonu-
cleotideprobes in the study of microbial ecology, Mol. Ecol. 4 (1995)
543–553.

19] H. Daims, A. Bruhl, R. Amann, K.H. Schleifer, M. Wagner, The domain specific
probe EUB338 is insufficient for the detection of all bacteria: development and
evaluation of a more comprehensive probe set, Syst. Appl. Microbiol. 22 (1999)
434–444.

20] Z. Ren, L.M. Steinberg, J.M. Regan, Electricity production and microbial biofilm
characterization in cellulose-fed microbial fuel cells, Water Sci. Technol. 58
(2008) 617–622.

21] B.K. Mobarry, M. Wagner, V. Urbain, B.E. Rittmann, D.A. Stahl, Phylogenetic
probes for analyzing abundance and spatial organization of nitrifying bacteria,
Appl. Environ. Microbiol. 62 (1996) 2156–2162.

22] M. Wagner, G. Rath, H.P. Koops, J. Flood, R.I. Amann, In situ analysis of nitri-
fying bacteria in sewage treatment plants, Water Sci. Technol. 34 (1996) 237–
244.

23] H. Daims, P.H. Nielsen, J.L. Nielsen, S. Juretschko, M. Wagner, Novel Nitrospira-
like bacteria as dominant nitrite-oxidizers in biofilms from wastewater
treatment plants: diversity and in situ physiology, Water Sci. Technol. 41 (2000)
85–90.

24] H. Liu, S. Cheng, B.E. Logan, Power generation in fed-batch microbial fuel cells
as a function of ionic strength, temperature, and reactor configuration, Environ.
Sci. Technol. 39 (2005) 5488–5493.

25] J.R. Kim, Y. Zuo, J.M. Regan, B.E. Logan, Analysis of ammonia loss mechanisms in
microbial fuel cells treating animal wastewater, Biotechnol. Bioeng. 99 (2008)
1120–1127.

26] S. Puig, M. Serra, M. Coma, M. Cabré, M.D. Balaguer, J. Colprim, Effect of pH
on nutrient dynamics and electricity production using microbial fuel cells,
Bioresour. Technol. 101 (2010) 9594–9599.

27] A.C. Anthonisen, R.C. Loehr, T.B.S. Prakasam, E.G. Srinath, Inhibition of nitrifi-
cation by ammonia and nitrous acid, J. Water Pollut. Control Fed. 48 (1976)
835–852.
28] Y.A. Gorby, S. Yanina, J.S. McLean, K.M. Rosso, D. Moyles, A. Dohnalkova, T.J.
Beveridge, I.S. Chang, B.H. Kim, K.S. Kim, D.E. Culley, S.B. Reed, M.F. Romine,
D.A. Saffarini, E.A. Hill, L. Shi, D.A. Elias, D.W. Kennedy, G. Pinchuk, K. Watanabe,
S. Ishii, B.E. Logan, K.H. Nealson, Electrically conductive bacterial nanowires
produced by Shewanella oneidensis strain MR-1 and other microorganisms,
PNAS 103 (2006) 11358–11363.


	Microbial fuel cell application in landfill leachate treatment
	Introduction
	Materials and methods
	Landfill leachate
	Experimental procedure
	MFC configuration
	Analyses and calculations
	Microbiology analysis

	Results and discussion
	MFC performance: organic matter removal and electricity generation
	Power generation from landfill leachate
	Nitrogen removal in the air-cathode MFC
	Microbiology

	Conclusions
	Acknowledgements
	References


