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Abstract 
The increasing nitrate concentration in groundwater has become a serious concern all over the 
world. In this study, the double chamber microbial fuel cell (MFC) and single chamber MFC sys-
tems were proposed for simultaneous removal of chemical oxygen demand (COD) and nitrate 
( −3NO N− ).Transforming the various variables (cathod materials, external resistance and initial 

concentrations of −3NO N− ) of double chamber MFC to determine the optimal operating parame-
ters. Observing the treatment effect of single chamber MFC when adding an external resistance. 
The results showed: in the case of connecting external circuit, the double chamber MFC could 
reach the best degradation effect of −3NO N−  and COD when cathode and anode materials are 
made of stainless steel velvet, the external resistance of 100 Ω and the initial concentrations of 

−3NO N−  of around 250 mg/L. The best degradation rate of −3NO N−  and COD reached 66.88% 
and 82.85% respectively. Adding an external solar power to single chamber could enhance the 
treatment effect; specifically, −3NO N−  and COD removal rate reached 65.06% and 70.42% re-
spectively, 6.14% and 9.73% higher than without external power. 
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1. Introduction 
Groundwater is widely used as one of the main sources of drinking water in most countries of the world [1]. In 
recent years, excessive use of chemical fertilizers and discharge of domestic and industrial waste water led to an 

 

 

*Corresponding author. 

http://www.scirp.org/journal/aim
http://dx.doi.org/10.4236/aim.2015.56044
http://dx.doi.org/10.4236/aim.2015.56044
http://www.scirp.org
mailto:alleyxx123@gmail.com
http://creativecommons.org/licenses/by/4.0/


X. Xiao, K. P. Cui   
 

 
434 

elevated of nitrate ( )3NO N− −  content in groundwater [2] [3]. It will cause “blue baby syndrome” or even the 
potential effect on cancer when people drink ground water containing high level of 3NO N− −  and nitrite 
( )2NO N− −  [4]-[6]. In order to reduce human health risks, the United States Environmental Protection Agency 
provided the maximum concentration limits for 3NO N− −  and 2NO N− −  in drinking water; they are respec-
tively 10 mg/L and 1.0 mg/L. EU and the World Health Organization provided the maximum concentration lim-
its which are respectively 11.3 mg/L and 0.03 mg/L [7]-[9]. GB/T14848-93 in our country provided 3NO N− −  
in class III groundwater which should be less than 20 mg/L. However, the groundwater in many parts far ex-
ceeded the top limit set by the agencies. Therefore, how economically and effectively remove the 3NO N− −  in 
groundwater has become focused issues of concern both at home and abroad. 

Although the removal of 3NO N− −  in groundwater is more efficient by physicochemical methods such as 
ion exchange, reverse osmosis, and electro-dialysis, these methods need to be further treated and of high treat-
ment costs. Biological denitrification is considered to be the most economical strategy among other conventional 
techniques [10]. However, traditional biological denitrification method is difficult to apply in practice due to 
formation the secondary pollution by addition of carbon sources [11]. Overview of the previous studies, this ar-
ticle will explore the treatment effect of nitrate and organic compounds by using microbial fuel cell (MFC) me-
thod. 

2. Materials 
Strains: laboratory strains derived from sludge in reflux tank of Wang Tong sewage treatment plant in Hefei and 
used for experiments after acclimatization and cultivation. 

Concentration of every component in microbiological culture solution: Na2HPO4, 4.0986 g/L; NaH2PO4, 
2.544 g/L; NH4Cl, 0.31 g/L; KCl, 0.13g /L; C6H12O6, 0.5 g/L; Vitamin solution, 5 mL/L; Mineral solution, 12.5 
mL/L. 

Experimental apparatus: Ion chromatograph (CIC-100), Hash COD detector, Spectrophotometer, uv-spec- 
trophotometer, 250 mL Polyethylene bottles, electronic scale. 

Double Chamber MFC and Single Chamber MFC 
Double chamber MFC: select the polyethylene bottle of 250 mL with sealing cap as cathode and anode chamber 
of double chamber MFC, add 80 mL acclimated sludge into anode chamber and fill it with culture solution, ca-
thode chamber filled with artificial simulation of nitrate-contaminated groundwater, connect anode and cathode 
chamber with salt bridge of 1cm in inner diameter and 25 cm in length, and series a certain resistance of resistor 
in external circuit. There are six groups of experiments, they are MFC0 - MFC5. The anode and cathode mate-
rials of MFC0, MFC1, MFC3, MFC4, MFC5 are stainless steel velvet as well as the anode material of MFC2, 
the cathode material of MFC2 is active carbon granule. Disconnect the anode and cathode of MFC0as a control 
group, connect the anode and cathode of MFC1 and MFC2 with copper wire and both are series a resistor of 
1000 Ω in external circuit, moreover, series a resistor of 100 Ω in external circuit of MFC3, MFC4 and MFC5. 
The initial concentration of MFC0, MFC1, MFC2 and MFC3 is around 250 mg/L, MFC4 is around 150 mg/L, 
MFC5 is around 350 mg/L. Keep the anode and cathode chamber of MFC0 - 5 in the anaerobic environment and 
take samples for analysis every three days, from that we can ensure the best parameters of the highest removal 
efficiency of nitrate. 

Single chamber MFC: select the glass container of 20 cm × 20 cm × 35 cm in volume as the single chamber 
of MFC and filled with 3 L acclimated sludge and 5 L culture solution, as well as filled with nitrogen gas to 
maintain the anaerobic environment. The anode and cathode materials are stainless steel velvet, series a resistor 
of 1000 Ω in external circuit. To explore the enhancement of nitrate and COD removal efficiency by series solar 
power in external circuit. 

3. Results and Discussion 
3.1. Degradation of −3NO N−  in Cathode Chamber of Double Chamber MFC 
In experiments, the measured initial concentrations of 3NO N− −  of MFC0 - 3 are respectively 253.6 mg/L, 
245.1 mg/L, 246.6 mg/L and 251.8 mg/L, the change of concentrations of 3NO N− −  in cathode chamber of 
these four groups are shown in Figure 1. The measured initial concentrations of 3NO N− −  of MFC4 and 
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MFC5 are respectively 161.2 mg/L and 363.3 mg/L. From MFC3, MFC4, MFC5 these three groups we can 
know the effect of initial concentration of 3NO N− −  on removal efficiency, degradation curves of 3NO N− −  
under different initial concentrations are shown in Figure 2. 

Figure 1 shows that the degradation effects of MFC1, MFC2 and MFC3 are obviously better than MFC0 
which is disconnected of anode and cathode. It indicates that the connection of cathode and anode can promote 
the transfer of electrons from the anode to the cathode, 3NO N− −  in cathode chamber produce reduction reac-
tion after receiving electrons, and the effect is obvious in the first 15 days. The removal rate of 3NO N− −  of 
MFC3 is 66.88% in 30 days, it is the highest in these three groups, followed by MFC1, MFC2. Thus, it can be 
seen that in the case of connecting the external circuit, using stainless steel velvet as cathod material, and select-
ing the external resistance of 100 Ω work best on the degradation of 3NO N− − . The averaged enitrification rate 
(5.61 mg/L/d) of double chamber MFC in this article has a large difference than it was reported in literature 
(645.5 mg/L/d) [12]. The reason may be that the carbon tubular type Clauwaert built had a high specific surface 
area to provide more space for microorganisms, thus it was more conducive to microbial growth and electron 
transfer. 

Figure 2 shows that different initial concentrations of 3NO N− −  have the same degradation trend, especially 
obvious in the first 15 days. From the study of Manuel A. Rodrigo, the maximum power output of MFC related 
to the initial substrate concentration [13]. It is measured in experiments that the removal rates of 3NO N− −  of 
 

 
Figure 1. The changes of concentration of 3NO N− −  in ca-
thode chamber from MFC0 to MFC3.                           

 

 
Figure 2. Degradation curves of 3NO N− −  under different 
initial concentrations.                                     
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MFC3, MFC4, and MFC5 within 30 days are respectively 66.88%, 54.16%, and 47.45%. MFC3 has the highest 
removal rate, it indicates that under the same outside conditions, the initial concentration of 3NO N− −  of 
around 250 mg/L could reach the highest removal rate. 

3.2. Degradation of COD in Anode Chamber of Double Chamber MFC 
Determining the concentration of 3NO N− −  in cathode chamber as well as COD in anode chamber, the meas-
ured initial concentrations of COD in anode chamber of MFC0 - 5 are respectively 832 mg/L, 839 mg/L, 814 
mg/L, 834 mg/L, 821 mg/L, and 825 mg/L. The changes of concentration of COD in anode chamber from MFC0 
to MFC3 are showed in Figure 3, the degradation curves of COD under different initial concentrations of 

3NO N− −  are showed in Figure 4. 
Figure 3 shows that both 3NO N− −  and COD are decreasing with the increasing time, but the degradation 

trends are not exactly the same, COD continues to declining within 30 days, however, its degradation speed is 
much slower than that of 3NO N− − . Besides, the degradation effect of MFC0 which is disconnected of anode 
and cathode is obviously worse than experimental groups, the removal rate of COD of MFC3 is 82.85% in 30 
days, it is the highest in these experimental groups. It implies that in the case of connecting external circuit, us-
ing stainless steel velvet as cathode material, and selecting the external resistance of 100 Ω can not only opti- 
 

 
Figure 3. The changes of concentration of COD in anode 
chamber from MFC0 to MFC3.                           

 

 
Figure 4. Degradation curves of COD under different initial 
concentrations of 3NO N− − .                               
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mized the degradation of 3NO N− −  but also the removal of COD. 
Figure 4 shows that the degradation curves of COD in cathode chamber differ from each other in the case of 

different initial concentrations of 3NO N− − . The removal rate of COD of MFC5 whose initial concentration of 
3NO N− −  of about 350 mg/L is only 57.33% within 30 days. However, the initial concentrations of 3NO N− −  

of MFC3 and MFC4 are respectively about 250 mg/L and 150 mg/L, their removal rate of COD are respectively 
82.85% and 72.47%. It indicates that excessive initial concentration of 3NO N− −  in cathode chamber is not 
conductive to the removal of COD in anode chamber, the highest removal rate of COD in anode chamber occurs 
in the condition of which initial concentration of 3NO N− −  range from 150 mg/L to 250 mg/L. Compare the 
result with the MBR system reported by Wang [14], our system is simpler and easy to maintain. 

In addition, due to the obvious effect of experiments within the first 15 days, the data of the 15th day is se-
lected for analysis. The degradation rate of 3NO N− −  of MFC0 - MFC5 are respectively 7.42%, 53.33%, 
42.62%, 57.07%, 48.49%, and 37.38%. The removal rate of COD are respectively 26.68%, 48.75%, 36.36%, 
55.52%, 44.46%, and35.39%. The specific comparison is showed in Figure 5. 

Figure 5 demonstrates that the experimental groups of MFC1 - 5 work better than the control group of MFC0, 
it indicates that connecting external circuit of anode and cathode is good for reaction. In all experimental groups, 
MFC3 has the highest removal rates of both 3NO N− −  and COD within the first 15 days. All above, the expe-
riment works better in the condition of connecting external circuit, using stainless steel velvet as cathode materi-
al, selecting the external resistance of 100 Ω, and making the initial concentration of 3NO N− −  of about 250 
mg/L. 

3.3. Degradation of −3NO N−  and COD in Single Chamber MFC 

Initial concentration of 3NO N− −  and COD are respectively about 250 mg/L and 820 mg/L, this experiment 
keeps the single chamber in the anaerobic condition, makes the external circuits respectively in the status of 
open circuit, normal circuit, and adding an extra power, then measures the degradation effects of 3NO N− −  and 
COD. Experimental results are showed in Figure 6 and Figure 7. 

It can be seen from Figure 6 and Figure 7 that the degradation effect of adding an extra power in external 
circuit is obviously better than the status of open circuit and normal circuit. Its removal rates of 3NO N− −  and 
COD are respectively 65.06% and 70.42%, 6.14% and 9.73% higher than the status of normal circuit. On the 
one hand, it implies the microorganisms in single chamber produce electrons by consuming organic matter, the 
electrons pass through the external circuit to the cathode to promote denitrification reaction; On the other hand, 
the results show that single chamber MFC, without proton exchange membrane, is able to remove 3NO N− −  
and COD in wastewater in partnership, and add an extra power in external circuit could enhance the reaction. In 
the study of Yi [15], it indicates that higher 3NO N− −  concentrations inhibit the electronic output of biodegra-
dation process. It seems to be valuable to continue the study by reducing the initial concentration of 3NO N− − . 
 

 
Figure 5. The comparison chart of 3NO N− −  and COD re-
duction rate in 15 days.                                              
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(a)                                                     (b) 

Figure 6. The removal of 3NO N− −  with time change. (a) The concentration curves of 3NO N− − ; (b) the removal rate of 

3NO N− − .                                                                                                    
 

   
(a)                                                     (b) 

Figure 7. The removal of COD with time change. (a) The concentration curves of COD; (b) the removal rate of COD.        
 

Determine the concentrations of 3NO N− −  and COD in wastewater and simultaneously determine the con-
tent of 2NO N− −  due to the denitrification process has the potential to generate 2NO N− − . The results can be 
shown in Figure 8. 

Figure 8 shows that the accumulation of 2NO N− −  in these three groups is small. The microorganisms in 
single chamber MFC produce electrons by consuming organic matter. The 3NO N− −  occurred the following 
reduction reaction as an electron acceptor: 

3 2 22NO 4H 4e 2NO 2H O− + − −+ + → +  

2 22NO 4H 2e 2NO 2H O− + −+ + → +  

2 22NO 2H 2e N O H O+ −+ + → +  

2 2 2N O 2H 2e N H O+ −+ + → +  

4. Conclusions 
The best degradation effect of 3NO N− −  and COD in double chamber MFC is in the condition of using stain-
less steel velvet as cathod and anode materials and selecting the external resistance of 100 Ω. In this experiment,  
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Figure 8. The removal of 2NO N− −  with time change.          

 
the highest removal rates of 3NO N− −  and COD are respectively 66.88% and 82.85% with the initial concen- 
tration of 3NO N− −  in cathode chamber of about 250 mg/L. 

Single chamber MFC, without proton exchange membrane, is able to remove 3NO N− −  and COD in waste-
water in partnership. Adding an extra power in external circuit could enhance the reaction, as the result shows 
that its removal rates of 3NO N− −  and COD are respectively 65.06% and 70.42%, 6.14% and 9.73% higher 
than the normal circuit. The single chamber MFC has a wide application with the advantages of simple structure, 
low operating cost and high treatment effect. 
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