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Abstract 

This study investigates the performance of microbial fuel cells (MFC) for on-line monitoring 

ammonium (NH4
+
-N) in municipal wastewater. A double chamber microbial fuel cell (MFC) 

was established in a continuous mode under different influent ammonium concentrations ranging 

from 5 to 40 mg L
-1

. Results indicated that excess ammonium would inhibit the activity of 

electrogenic bacteria in the anode chamber and consequently affect electricity production. An 

inversely linear relationship between concentration and voltage generation was obtained with 

coefficient R
2
 0.99 and the MFC could detect up to 40 mg L

-1
 of NH4

+
 -N. Notably, no further 

decline was observed in voltage output and there was in fact a further increase in ammonia 

concentration (> 40 mg L
-1

). The stability and high accuracy of ammonium-based MFC 

biosensors exposed competitive results compared to traditional analytical tools,  confirming the 

biosensor's reliability. Furthermore, pH 7.0; R 1000 Ω and HRT of 24 h are the best possible 

conditions for the MFC biosensor for monitoring ammonium. The simplicity in design and 

operation makes the biosensor more realistic for practical application. 

Keywords Microbial fuel cell, ammonium, municipal wastewater, biosensor, stability, voltage 

output 

 

1.Introduction 

There are various methods and techniques for measuring ammonium nitrogen, in which 

spectrophotometric, fluorometric, ion-selective electrode method, and electrochemical are the 

most commonly used in the aquatic ecosystem. Spectrophotometric methods based on Nessler’s 

reagent method, Indophenol blue method, and gas diffusion are considered the prevalent tool for 

analyzing because simple in use, no heating required. However, the reagent used in this method 

is toxic and causes some effects on health and environmental issues (Crespo, 2017; Lin et al., 

2019).  

Fluorometric methods involve the reaction between ammonium with o-phthaldialdehyde 

(OPA) reaction, which is suitable for trace ammonia nitrogen measurement due to their high 
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sensitivity in detection without enrichment techniques (Zhu et al., 2019). However, there are two 

significant issues in the trace analysis, including methodologies for storing samples and blank 

samples, resulting in contamination and requiring attention during the analysis.  

Electrochemical methods including conductometric, voltammetric, potentiometric, and 

amperometric have been utilized to analyze ammonium with fast response time, fewer reagents 

needed and low cost (Lin et al., 2019).  The ion-selective electrode method (ISE) is suitable for 

in-situ analysis with the advantages of easy operation, low cost in manufacturing, and fast 

response (Zhu et al., 2019). Nevertheless, a significant disadvantage in the ISE method is the 

effect of interfering ions in the water samples to be analyzed (Dimeski et al., 2010) such as low 

resolution, low accuracy, and limited shelf life (Pellerin et al., 2016), inappropriate for 

application in trace ammonium concentration analysis, and a long equilibration time of direct 

analysis (Cao et al., 2016). 

These traditional NH4
+
-N analytical methods are usually time-consuming and unsuitable 

for online monitoring due to the large size and complexity of the instruments. Thus, developing 

a fast, sensitive, and cost-effective analytical method for online monitoring ammonium nitrogen 

is necessary. 

Microbial fuel cells (MFCs) are increasingly regarded as an innovative technology for 

treating wastewater and generating electricity at the same time (Chouler and Lorenzo, 2015; Do 

et al., 2020a).  MFCs have been employing to act as a biosensor for monitoring water quality 

such as BOD, nitrate, toxicity, pathogenic bacteria and volatility fatty acids (VFA) (Do et al., 

2020b). MFC biosensors can be operating without any further transduction signal device, so this 

technology is expected to be a rapid and real-time monitoring of water quality. However, to date, 

current knowledge of monitoring ammonium in wastewater is still limited. Therefore, 

discovering a simple, rapid and accurate response for on-line measuring ammonium is necessary.  

        Generally, a microbial fuel cell is a bio-electrochemical device that can convert chemical 

energy directly to electrical energy based on electrochemically bacterial catalytic activity for 
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oxidation of the organic compound (Logan et al., 2006). MFC's basic schematic includes two 

compartments, an anaerobic anode and aerobic cathode separated by a proton exchange 

membrane (PEM). The anode chamber plays a vital role in the detection phase. Electrons and 

protons are the products of the degrading organic substrate process via the microorganism's 

metabolic process. Electrons then migrate to the cathode chamber via external resistance and 

combine with an electron acceptor (e.g., O2, KMnO4, etc.) to complete the oxygen reduction 

reaction (ORR)(Chaturvedi and Verma, 2016). Electricity can be generated from various 

biodegradable organic materials in MFC, including carbohydrates, low molecular weight organic 

acids, protein, waste, and waste streams such as dairy manure, domestic wastewater, and food 

process wastewater. Literature research has indicated that the MFC's performance is influenced 

by various operating and design parameters such as pH, electrical conductivity, flow rate, 

substrate types, and electrode materials (Kim et al., 2007; Mardanpour et al., 2017; Oh and 

Logan, 2006). Di Lorenzo et al. (2014) illustrated that anodic bacterial activities directly affect 

the MFC's electrical current generation. Any changes in the operating elements or environmental 

conditions such as organic or nutrient loading rate caused an effect on the electrons transport 

mechanism to the anode, consequently generating a measurable change in the output current (Di 

Lorenzo et al., 2009, Stein et al., 2010). Therefore, MFCs can be employed as a valuable device 

for monitoring wastewater quality.  

Hussain et al.(2016) revealed energy creation capability in closed-circuit MFC when ammonium 

was the sole substrate in an anolyte solution. In this research, the voltage output of 225±6 mV 

was observed at 200 mg L
-1 

ammonium concentration. This result indicated ammonium's 

potential to serve as an electron donor for electricity generation by direct oxidation at the anode.  

Ammonium may contribute to electricity generation in MFC in two ways. The first way is that 

ammonium can supply electrons via its oxidation under both aerobic and anaerobic conditions, 

which exhibit negative Gibbs free energy (∆G) (Kumar et al., 2017). Consequently, the standard 

potential for both reaqtion is positive, illustrating the capability to produce electricity in MFC 
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with ammonium as an electron donor (anode). The second way is that ammonium in the anode 

chamber may be used by nitrifying bacteria to produce organic compounds that are used by 

heterotrophs to generate electricity (Kindaichi et al., 2004).  

        This study is the first investigation on the performance of a double chamber microbial fuel 

cell at a continuous mode for on-line monitoring ammonium in municipal wastewater. The 

effects of the anodic pH, fuel feeding rate and the catholyte solution on the MFC biosensor were 

investgated while the relationship between ammonium concentration with a voltage output of 

biosensor, reaction time and its stability, and MFC biosensor cross-validation with analytical 

methods were evaluation.   

 

2.Materials and methods 

2.1. The microbial fuel cell system 

        A double-chamber microbial fuel cell in a rectangular shape was designed for this study 

according to previously studied (Do et al., 2020a). The practical volumes of the anode and 

cathode compartment are 300 and 400 mL, respectively. There are two holes on each side of the 

reactor for influent and effluent flow. The other two holes are set up on the top of the anode 

reactor, one for the anode electrode and one for the reference electrode. Proton exchange 

membrane PEM (Nafion 5 cm in diameter) was utilized to separate the two compartments. A 

carbon felt 3 cm in diameter and 0.6 cm in thickness was used as an anode electrode, while a 

carbon-fiber brush 3.0 cm in diameter and 2.5 cm in brush length was used in the cathode 

chamber. External resistance R=1000 Ω connected the two electrodes via a copper wire. The 

anode reactor was kept in an anaerobic state while the cathode was open to the air. The 

configuration and the function of dual chamber MFC system as a biosensor are shown in Figures 

1a and 1b. 
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Fig. 1:  

 

2.2. Synthetic wastewater 

        Synthetic wastewater was prepared with the following components: NH4Cl, 5.4 mg dm
-3

; -

KH2PO4, 20 mg dm
-3

; MgSO4.7 H2O, 0.4 mg dm
-3

; CaCl2. 2 H2O, 32 mg dm
-3

 yeast and 0.61 ml 

of trace nutrients. Glucose was utilized as the carbon source. The trace nutrient solution include 

0.275 mg L
-1

MnCl2·7H2O, 0.44 mg L
-1

ZnSO4·7H2O, 1.45 mg L
-1 

FeCl3, 0.391 mg L
-

1
CuSO4·5H2O, 0.42 mg L

-1 
CoCl2·6H2O. The solution was plugged with nitrogen gas for 30 

minutes before feeding to ensure the anaerobic condition of the anode chamber.  

The operating temperature of the biosensor system was kept at room temperature ranging from 

25-33 
o
C. The ammonium concentration was adjusted by utilizing NH4Cl. All the chemicals 

were purchased  from Sigma Aldrich.  

2.3 Enrichment process  

        100 mL anaerobic sludge (from Cronulla wastewater treatment plant) and 200 mL artificial 

wastewater (COD 300 mg L
-1

) were added to the anode chamber to inoculate and enrich the 

microbial activity. This process was conducted under a closed circuit with R 1000 Ω and was 

carried out until the observed stable voltage output. Then MFC biosensor was performed in a 

continuous mode with municipal wastewater and no inoculum added.  

2.4  MFC operation 

       Artificial wastewater was added from the 1000 ml glass bottle into the anode chamber by 

utilizing a peristaltic pump. The MFC was operated continuously under the stable COD 

(b) 
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concentration of 300 mg L
-1

 at room temperature (21-25 
o
C). The anolyte’s pH was controlled by 

NaOH or HCl.  The cathode reactor was pluged with air to provide oxygen for the cathode 

reaction. The catholyte pH was maintained in a neutral state during the whole experiment using 

phosphate buffer saline (PBS). The relationship between the MFC's voltage output with the 

ammonium concentration was established in this experiment with six levels, these being 5, 

10,15, 20, 30 and 40 mg L
-1

. Also, the influence of different pH, the fuel feeding rate and 

catholyte solution on NH4
+
-N detection and MFC's energy production were investigated.  

2.5 Calculation 

        The anode chamber's input and the output sample were taken and analyzed daily, including 

COD, NH4
+
-N. COD concentration was tested following standard methods (APHA, 1998). 

NH4
+
- concentrations were determined through the spectrophotometric method utilizing 

Spectroquant test kit (NOVA 60, Merck). The voltage generated between electrodes was 

measured continuously every 5 minutes by a voltage data logger (Madge Tech 101A) directly 

connected to the computer. The sample's pH was measured by a pH meter (HI9025, Hanna 

Instruments, Limena, Italy).  

The current (I) is calculated according to Ohm law (Carter, 2013).    

I=U/R (mA)      (1) 

The power output (P) and current density (i) are calculated using the following equations: 

P= U*I    (mW)    (2) 

i=I/A   (mA/m
2
)   (3) 

    U (mV): Voltage measured between anode and cathode 

R (Ω): external resistance 

A: Anode electrode’s surface area (cm
2
) 

3 Results and discussion 

3.1 Effect of the anodic pH 
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        pH is one of the most vital operating parameters that directly affect microorganisms' 

activity in the anode compartment and protons transport mechanism  (Jia et al., 2014; Yuan et 

al., 2011). In this study, various pH ranges from 5 to 9 were tested under the biosensor's voltage 

and power output function. The MFC biosensor was operating under COD 300 mg L
-1

, fixed 

external resistant R 1000 Ω, and the catholyte solution's pH was kept stable at neutral pH.  

        As shown in Figure 2, the highest voltage output and power density of the MFC biosensor 

were obtained between pH 7 and 8. The maximum voltage was 456.5, 452.5 mV at pH 7, 8 

respectively. A minor change in the voltage output can be found when increasing pH up to 9, 

however, there was about 23.23% reduction in voltage output at pH 5 compared to that at pH 7. 

A similar trend was discovered with the power density of the MFC biosensor.  

 

Fig 2:  

It can be illustrated that neutral pH is the optimal value of the MFC biosensor’s electricity 

generation. The reason might be that the activity of electrogenic bacteria was inhibited in the 

acidification environment, affecting the biofilm formation of the anode surface and the stability 

of the MFC biosensor (Behera et al., 2010; Patil et al., 2011; Yuan et al., 2011). This present 

result is consistent with previous research by (Zhang et al., 2011; Zhuang et al., 2010). Previous 

studies indicated the influence of pH on the development of the anode biofilm (Oliveira et al., 

2013; Zhang et al., 2011). Their results also revealed that the thickness and the diversity of 

microbes were less  at the neutral condition in the acidic environment.  

 

3.2. Effect of fuel feeding rate   

        This study was conducted with constant influent COD of 300 mg L
-1

. The effect of different 

anolyte flow rates ranging from 0.25, 0.35, 0.5, and 0.7 mL min
-1

 resulting in the flowing HRT 

24h, 16.67h, 11.67h, and 8.33h was evaluated. The MFC performance was established as a 

function of electric generation, COD removal efficiency. During the experiment, the 
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concentration of the catholyte was kept stable at 100 mM NaCl+50mM PBS. Each period of the 

experiment lasted two weeks. The voltage output was measured continuously by the voltage data 

logger every 5 minutes.  

        Overall, the voltage output production in MFCs was inversely proportional to the anolyte 

flow rate during this experiment. As can be seen in Figure 3, the maximum voltage output of the 

MFC was 435.5 mV at the fuel rate 0.25 and its value declined to 375.6 mV when raising the 

anolyte flow rate to 0.7 mL min
-1

. This might be because a higher flow rate of feed solution 

could not benefit the anode compartment's mixing conditions. The depletion of anaerobic 

microbes in the anode compartment might cause some harm to the process of energy creation 

(Sobieszuk et al., 2017). These above reasons might significantly influence the concentration 

and growth of electricity bacteria, decreasing the electricity generation of MFCs. Moreover, 

anolyte's higher flow rate leads to a higher OLR, which caused some blockage of pores on the 

anode electrode's surface. Consequently, preventing the transport of the electrochemically 

bacterial and current to the electrode surface, reduced the current generation in MFC (Ma et al., 

2016). In another research by Elakkiya and Matheswaran. (2013), the authors also illustrated that 

higher OLR caused a higher risk for membrane fouling, which led to a worse influence on 

MFC's power generation. Furthermore, excessive organics could facilitate the activity of 

methanogenic microorganisms, reducing the electrogenic bacteria's capacity. Therefore, the fuel 

feeding rate of 0.25 mL min
-1

 was applied as the optimal value in operating MFC biosensor.  

        In MFC, the COD reduction efficiency was executed by degrading the organic matter by 

microbial species community and concentration in the anode compartment. The COD removal 

rate was effective with the different anolyte flow rates, which vary from the MFC, which 

decreased as the anolyte flow rate rose from 0.25 to 0.7 mL min
-1

. Around 79.5 to 85% of the 

COD was removed at the flow rate range of 0.25 to 0.5 mL min
-1

. However, its value decreased 

to 70% as the flow rate increased to 0.7 mL min
-1

.  In contrast, the removal efficiency of 

ammonium in the anode chamber varied only in a small way at different anolyte flow rates. 
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These results illustrated that ammonium removal efficiency is not significantly affected by the 

difference in anolyte flow rate. 

 

Fig 3:   

 

3.3 Effect of the catholyte solution  

        The catholyte solution's impact on the current production was investigated under the 

different concentrations of the NaCl and phosphate buffer saline (PBS). COD concentration was 

maintained at 300 mg L
-1

, R 1000 Ω, airflow rate at the cathode was 100 mL min
-1

 during the 

experiment process. The data shows that the highest power density was obtained with 100 mM 

NaCl and 50 mM PBS, followed by 50 mL NaCl and deionized water only (Figure 4). Therefore, 

100 mM PBS and 50mM NaCl was the best component of the catholyte solution for electricity 

production in this study. 

        The reason is that the catholyte solution's ionic strength has an impact on the energy 

production of the MFCs. This present result is consistent with previous researches. For example, 

Huang et al. (2010) concluded that increased electrolyte ionic strength could reduce MFC's 

internal resistance and improve the power output.  Furthermore, Nam et al. (2010) has revealed 

an increase in the power output of MFCs with a rise of PBS concentration in a particular range.  

 

Fig 4:  

3.4. Relationship between ammonium concentration with a voltage output of biosensor 

        Under optimal operating conditions, the correlation between ammonium concentration and 

the biosensor's voltage output was investigated. Ammonium chloride (NH4Cl) was used for 

maintaining respective ammonium concentrations in the feed.  Each period of the experiment 

lasted two weeks. NaCl 100 mM+50mM PBS was utilized as catholyte with airflow speed of 

100 mL min
-1

 during the whole experiment.  
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Table 1:  

         

As shown in Figure 5a, the maximum voltage output value was 435.5 mV at 5 mg L
-1 

NH4
+
-N. 

Noticeably, there was a decrease in the MFC's electricity creation as the influent NH4
+
-N 

concentration rising from 5 to 40 mg L
-1

. The possible reason is that higher ammonia inhibits the 

activities of exoelectrogens in MFC, consequently affecting MFC's electricity production. 

Hansen et al.(1998) and Müller et al. (2006) reported that ammonium nitrogen has a negative 

impact on the microbial community. The toxicity of ammonia has been characterized by two 

mechanisms: (i): the cytosolic enzyme activity was inhibited by un-ionized NH3; (ii) the 

accumulation in the cell of NH4
+
 from hydrophobic NH3

 
caused an inhibition by changing the 

intracellular pH conditions. Moreover, (de Baere et al., 1984) also indicated that a high 

concentration of ammonia salt might cause the dehydration of bacteria due to osmotic stress.  

Furthermore, Nam et al. (2010b) illustrated that ammonium might act as a building block for the 

microorganism's transport mechanism to the anode electrode. Figure 5b expose the highest 

current density is 173.4 mA m
-2

 at 5 mg L
-1

 NH4
+
-N. The current density decreased by 30% 

when the influent ammonium concentration increased eight-fold to 40 mg L
-1

.  

        The inhibition of ammonia on the power generation in MFC has been demonstrated in 

previous researches (Hiegemann et al., 2016; Kim et al., 2011; Müller et al., 2006; Rittmann and 

McCarty, 2001; Tice and Kim, 2014). However, a different conclusion about the level of 

ammonia concentration limits MFC's energy production in these previous studies. For example, 

Nam et al. (2010b) illustrated that the current generation in a single MFC was inhibited while 

rising the concentration of NH4
+ 

-N excess 500 mg L
-1

. In another study by Kim et al. (2011), a 

further increase in total ammonia nitrogen upper 3500 mg N L
-1

 leads to significant inhibition of 

MFC's maximum power density. However, some other researchers also reported that the MFC's 

electricity production was still high at the total ammonia concentration of 4000 mg N L
-1

 (Tice 
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and Kim, 2014). The varying results of the ammonium thresholds may be attributed to various 

substrates used, operating parameters, biological factors, and the MFC configuration system.  

 

Fig 5:  

        An adverse correlation ship between ammonium concentration up to 40 mg L
-1

 and the 

maximum voltage output was shown in Figure 6. A slope of  3.15 and a coefficient (R
2
) of 

0.9071was found. These results demonstrated that the MFC's voltage was directly related to the 

influent feeding NH4
+
-N concentration. This correlation can potentially be used toward the 

development of a biosensor for real-time monitoring of NH4
+
-N.  

        As reported, electricity production in MFCs depends on electrochemical bacteria's activity 

that forms a biofilm on the anode. In the previous research by (Hussain et al., 2016), the authors 

revealed energy creation capability in closed-circuit MFC when ammonium was the sole 

substrate in anolyte solution. In this research, the voltage output of 225±6 mV was observed at 

200 mg L
-1 

ammonium concentration. This result indicated ammonium's potential to serve as an 

electron donor for electricity generation by direct oxidation at the anode.  

Fig 6:  

 

3.5    Reaction time 

        The reaction time of the MFC-based biosensor for monitoring ammonium concentration is 

the critical indicator that impacts the accuracy of the measured signal. Longer reaction time is 

not suitable for commercial applications, however, the reaction time needs to be long enough for 

completing the biochemical reaction in the biosensor and give the accuracy signal.  

In this research, the sensor signal at the steady-state was obtained at approximately 1.2 hours. 

Besides, it was noted that the higher ammonium concentration, the longer was the reaction time. 

In general, a biosensor's reaction time was varied and lasted 5 minutes to 10 hours or some days, 

depending on the types of used substrate, inoculum, and operating conditions of the MFC.  
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3.6 Stability of the biosensor 

        Stability is regarded as a requirement of a reliable biosensor. A biosensor's stability mainly 

focuses on the configuration, immobilization methods, and substrates used.  The ammonium 

MFC biosensor's stability was investigated with a fixed ammonium concentration of 5 mg L
-1

 for 

one month with other optimal operation conditions. The signal output (voltage) at the stable 

stage was measured. The average voltage output of the biosensor was 428.35 mV with a 

standard deviation of ±3.98%.This current result of the study indicates that MFC can be utilized 

as a reliable biosensor for monitoring ammonium nitrogen. All data of this experiment was 

collected from the voltage data logger during 30 days ( Figure 7).  

Fig 7:  

3.7 MFC biosensor cross-validation with analytical methods 

        The ammonium concentration was determined by a spectrophotometric method utilizing a 

Spectroquant test kit (NOVA 60, Merck). Comparison of ammonium detection in wastewater by 

MFC biosensor with conventional methods was illustrated in the table below with a relative error 

from 0.39 to 2.7%. This variation in the biosensor's measured signal was acceptable and it 

ensured the success of MFC biosensor for monitoring ammonium concentration in wastewater.  

Table 2:  

3.8  Morphology of the attached biofilm on the anode electrode  

Yang et al.(2012) illustrated that the matured biofilm in the anode surface significantly 

influences the electron mechanism from the microbes to the electrode. The morphology of the 

attached biofilm on the anode electrode was conducted by scanning electron microscope (Zeiss 

Supra 55VP, Carl Zeiss AG). Firstly, one small piece of carbon felt in the anode electrode was 

cut in 1x1cm, then directly fixed in 2.5% glutaraldehyde with 0.1M PBS in 4 hours. Secondly, 

the sample was dehydrated with dilute ethanol solutions ranging from 30 to 100% and continued 
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dried with a tert -buttylethanol solution. Lastly, a thin gold layer was covered on the sample and 

be analyzed in a high vacuum condition. 

Figure 8a depicts the pure carbon felt structure, including long straight carbon fiber lying 

across each other without microorganisms present. Closed-up images (Figures 8b,8c,8d) 

illustrated that the significant thick and dense biofilm were developed and covered with large 

colonies of bacteria morphology, in which a rod-type species was predominant.  

Fig. 8:  

4 Conclusion 

For the first time, the present work demonstrated the feasibility of the MFC-based 

biosensor for ammonium nitrogen monitoring in municipal wastewater. Results shows the 

negative impact of excessive ammonium nitrogen on the electricity production of the MFC 

biosensor. A relation between voltage output and ammonium concentration was inversely linear 

with a high coefficient R
2
. The operating conditions such as fuel feeding rate and catholyte 

solution on the biosensor system were successfully investgated and convinced that the 

ammonium could be detected by dual-chamber MFC and generated electricity simultaneoulsy. 

The stability stage of the biosensor could be reached in the response time of approximately 1.2 

hours. The precision of the biosensor for ammonium measurement is comparative with the 

traditional method, and the results indicate the reliability of the biosensor. Overall, the key 

findings of this research help to promote the practical application of MFC biosensor for on-line 

monitoring ammonium nitrogen. 
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 Fig. 1: (a) Microbial fuel cell system, (b) Function of MFC as a biosensor 

 

 

 

 

 

 

 

 Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



22 
 

5 6 7 8 9

320

340

360

380

400

420

440

460

480

500

 Maximum Voltage output

 Maximum power density

Anolyte pH

V
o

lt
ag

e 
o

u
tp

u
t 

(m
V

)

30

40

50

60

70

80

90

 M
ax

im
u

m
 p

o
w

er
 d

en
si

ty
 (

m
W

 m
-2

)

 

Fig 2: Maximum voltage and power density of the MFC biosensor per different pH of the 

anolyte. Error bars represent standard deviation 

 

 

 

 

 Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



23 
 

0.25 0.35 0.5 0.7
300

350

400

450

 Voltage output

 Current density

Anolyte flow rate (mL min-1)

V
o
lt
a
g
e
 o

u
tp

u
t 
(m

V
)

100

120

140

160

180

200

 C
u
rr

e
n
t 
d
e
n
s
it
y
 (

m
A

/m
2
)

 

 

 Fig 3:  Voltage output and current density of MFC at a different anolyte flow. Value and 

error bars illustrate mean and standard deviation 
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 Fig 4: Current density in MFC biosensor with different components of the catholyte 

solution. Error bars present the standard deviation 
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Fig 5: (a) Energy output generation with times at different influent NH4
+
-N; (b) Maximum 

voltage and current density of MFC at different applied ammonium concentrations. Error bars 

demonstrate the standard deviation. 
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 Fig 6: Relationship between the voltage output of MFC with the varying NH4
+
-N 
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 Fig 7: Data of cell voltage in 30 days 
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 Fig. 8: SEM images of biofilms formation on the surface of the carbon felt, (a): Carbon felt 

before the experiment；(b, c, d): Carbon felt with the attached biofilm at different observation 
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Table 1: Operation parameters 

 

 

 

 

 

 

 

 

 

 

 Table 2: Comparison measurement of ammonium concentration 

Ammonium concentration Relative error (%) 

 MFC biosensor Test kit  

5 5.03±0.04 5.02±0.09 0.39 

10 9.98±0.07 9.92±0.19 0.60 

15 15.5±0.12 15.08±0.25 2.70 

20 20.64±0.7 20.24±0.70 1.94 

30 31.53±0.76 31.25±0.87 0.89 

40 41.45±0.98 40.69±1.43 1,83 

 

 

   

 

  

 

Parameters 

 Experimental process 

1 2 3 4 5 6 

Days 1-15 16-30 31-45 46-60 61-75 76-90 

NH4
+
- N (mg/L) 5 10 15 20 30 40 

HRT (h) 24 24 24 24 24 24 

OLR (mgCOD/L.d) 300 300 300 300 300 300 
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Highlights 

 

 Ammonium detection in wastewater is well achieved by a dual chamber MFC biosensor. 

 Relation between NH4
+ concentration and voltage generation was inversely linear.  

 The dual chamber MFC biosensor could detect up to 40 mg L-1 of NH4
+ -N. 

 Excess ammonium inhibits the activity of electrogenic bacteria in the anode chamber. 

 Optimal operating conditions for the MFC biosensor are pH 7, 1000 Ω and 24-hr HRT.  
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