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Abstract: Microbial fuel cell (MFCs) devices utilise the metabolic processes of bacteria to generate electricity 
from various organic substrates. Due to the enormous amount of energy that organic waste produces, scientists 
are highly interested in advanced MFCs. MFCs serve as a multidisciplinary research platform at the 
engineering and natural sciences intersection. MFCs have various uses besides being used as energy sources, 
such as sensing capabilities. Despite showing considerable promise, only a few marine sediment MFCs have 
been deployed in real-world applications to supply current for low-power devices. It is now required to 
maintain track of the work being done by research groups worldwide and regularly compile significant 
discoveries due to the rising quantity of research publications. Review papers are a traditional beginning point 
for a literature review for new scholars. This review is a fast reckoner that directs readers to pertinent reviews 
and research publications detailing significant advances in microbial fuel cell research during the previous two 
decades. An overview of key advances in MFC research over the past two decades is provided as a quick 
reference in this review article. In addition, the report identifies research gaps that, if filled, could bring this 
technology closer to real-world use. 

Keywords: MFCs; wastewater treatment; Bio-sensors; alternate energy 
 

Introduction 

A bioelectrochemical system (BES) combines biological and electrochemical processes to convert 
chemical energy to electrical energy or the other way around [1, 2, 3]. Microbes like bacteria, archaea, 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 June 2023                   doi:10.20944/preprints202306.2006.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202306.2006.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

or fungi are employed in a BES to catalyse processes that result in the production of electrons, which 
can either be captured as energy or used to drive chemical reactions [4, 5]. BESs have a wide range of 
applications, including biosensors, energy generation, and wastewater treatment. Microbial 
electrolysis cells (MECs) and microbial fuel cells (MFCs) are the two primary categories of BES [6-8]. 
MFC is a bioelectrochemical device that can generate energy by using electrons obtained from 
anaerobic substrate oxidation [9-11]. MFC technology has received a lot of interest in recent years [12-

17]. 
Microorganisms oxidise organic materials in an MFC to produce electrons, which are then 

collected at an electrode. Microorganisms at an electrode in a MEC are given electrons, which they 
utilize to break down carbon dioxide or other substrates into products like hydrogen. To produce 
energy, MFCs specifically use microbes to catalyse electrochemical reactions. MFCs typically have 
anodic and cathodic chambers that are separated by a proton exchange membrane (PEM), as depicted 
in Figure 1, though single chamber MFCs with or without an air-cathode are also possible [18-21]. In 
the anodic chamber, microorganisms oxidise the organic or inorganic substance to release protons 
and electrons. The produced electrons are collected at the anode and transmitted through an external 
circuit to the cathode. Thus, MFCs are able to produce energy directly from a   range of organic and 
inorganic chemicals by using microbes as electrocatalysts [22-24]. 

 

Figure 1. Schematic diagram of a MFC. 

As illustrated in Figure 2, MFCs have recently found applications in wastewater treatment [25, 

26] microbial solar cells [27], bioelectricity generation [28, 29], industrial chemicals recovery [30], 
pollutant removal [31], microbial desalination cells [32, 33], sensors [34-36], hydrogen production [37, 

38], bioremediation [39, 40], and energy recovery [41, 42]. 
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Figure 2. Applications of MFCs. 

MFCs can be utilised for a number of applications, including sensors. The microorganisms are 
utilised in an MFC-based sensor to identify and quantify the presence of specific chemicals in a 
sample. The microorganisms in the MFC, for instance, will absorb glucose and produce electricity as 
a by-product if the MFC is intended to detect glucose [43]. The concentration of glucose in the sample 
can then be calculated from the amount of power generated. MFC based sensors have a number of 
advantages to conventional ones, such as the potential for usage in remote or inaccessible sites and 
the capacity to work under low-power settings. They do however, also have substantial 
disadvantages, including as the microorganisms' dependence on a constant supply of nutrients and 
their sensitivity to changes in temperature and pH. MFC-based sensors are generally promising for 
a variety of applications, such as environmental monitoring, medical diagnostics, and food safety 
testing [44]. The performance and dependability of these sensors are now being improved, and new 
applications for this technology are being explored. 

In fact, with a competitive life-cycle evaluation, MFCs might have an energy output that is self-
sustaining or even net-positive while removing pollutants [45-50]. As an illustration, an artificial 
wetland recently adopted an MFC system. A built wetland (CW) is a technique for treating water that 
uses natural processes to enhance the quality of the water [51]. This study has shown that although 
an MFC/CW system has a lower environmental impact than regular CW systems, it costs 1.5 times as 
much to operate [52]. 

The analytical tool known as a "biosensor" transforms a biological response into a signal that can 
be measured and processed. The bioreceptor, which precisely interacts with the target analyte, and 
the transducer, which transforms this connection into an electronic signal, are the two primary parts 
of a standard biosensor. The transducer response can then be analysed, displayed, and further 
amplified by a detector circuit. Therefore, a biosensor is an independent, integrated system that 
combines a biological recognition component with an external transducer (Figure 3). Biosensors can 
be categorized into electrochemical, calorimetric, optical, and piezoelectric types depending on the 
type of transducer they use [53]. 
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Figure 3. Schematic of a biosensor. 

Even more fascinating, because to their inherent sensitivity to biological and physico-chemical 
factors, MFCs themselves can be used as self-powered biosensors. Among the most intriguing 
applications [54,55] are those that monitor microbial activity [56], bio corrosion caused by microbial 
biofilms [57], biochemical oxygen demand (BOD) [58], toxicants [59], pH and temperature changes 
[60]. In comparison to conventional (bio) sensors, MFC-based (bio) sensors offer higher stability and 
sensitivity [61]. 

This review is separated into two distinct sections based on the aforementioned circumstances. 
This article was written with the primary goal of assisting novices in sorting through the voluminous 
scientific literature on MFCs that is readily available by pointing them towards targeted reviews and 
pertinent breakthrough research articles highlighting key advancements in the area. 

Microbial biosensors 

MFCs can be utilized in many different ways, including as sensors. The microorganisms are 
utilised in an MFC-based sensor to identify and quantify the presence of specific chemicals in a 
sample. The microorganisms in the MFC, for instance, will absorb glucose and produce electricity as 
a by-product if the MFC is intended to detect glucose. The concentration of glucose in the sample can 
then be calculated from the amount of power generated. 

MFC-based sensors provide several advantages over traditional ones, including the ability to 
work in remote or inaccessible locations and in low-power circumstances. However, they also have 
significant drawbacks, such as the necessity for a steady supply of nutrients for the microbes and 
their susceptibility to temperature and pH variations. However, enzymes can result in very expensive 
biosensors. Enzymes frequently need co-factors and/or more enzymes in order to produce a legible 
signal [62]. An appealing alternative is to use complete cells, which already have all the necessary co-
factors and enzymes. As a result, microbial sensors have attracted a lot of attention lately [63]. 
Microbial sensors are distinguished by significantly improved operational stability and the potential 
for long-term usage but have lesser selectivity than pure enzyme-based sensors [64]. By creating 
bacteria with new metabolic pathways tailored to particular needs, synthetic biology can be used to 
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get around the microbial sensors' low selectivity [65]. Using recombinant DNA technology, it is 
possible to express several enzymes on the surface of microorganisms in order to boost selectivity 
and sensitivity. Without the target substrate entering the cell, the expressed enzymes engage in direct 
interactions with it [66]. Instead of monitoring the amounts of specific chemical components, 
microbial sensors are also employed as early warning toxicity systems that quickly assess the toxicity 
of a water sample. Early warning systems are essential for ensuring prompt action in the event of 
inadvertent contamination, which enhances system management reactions to incidents [67]. 

MFC-based sensors are generally promising for a variety of applications, such as environmental 
monitoring, medical diagnostics, and food safety testing. The performance and dependability of these 
sensors are now being improved, and new uses for this technology are being explored.  

MFCs as an electrochemical sensor 

The capacity of microbial fuel cells (MFCs) to produce electrical signals in response to 
environmental changes makes them suitable for use as electrochemical sensors. The anode and 
cathode components of MFCs are separated by a membrane. Microorganisms that oxidise organic 
molecules to produce electrons and protons often colonise the anode. The electrons move to the 
cathode, where they interact with an oxygen-containing terminal electron acceptor to produce a 
current. When MFCs are utilised as electrochemical sensors, the microorganisms on the anode can 
adapt their metabolism and produce various amounts of electrons in response to environmental 
changes. As a result, the current produced by the MFC may change. These fluctuations can be 
measured and utilised as a signal to identify environmental changes. For instance, by monitoring 
variations in the current generated by the MFC in response to the presence of the contaminant, it has 
been possible to utilise MFCs to identify contaminants in water, such as heavy metals or organic 
pollutants. MFCs have been investigated as a technique to power sensors or other electronic devices 
in distant or low-resource locations, in addition to their use as sensors. MFCs' capacity to produce 
electricity from organic compounds in the environment may one day offer an affordable and 
dependable source of power for devices like environmental monitoring systems.  

The simplicity and affordability of the MFC technology are its key advantages. In reality, no 
external transducers are required because the system's distinctive current change can instantly detect 
the presence of a pollutant in the feeding stream. Mixed cultures of naturally occurring microbes, 
derived from anaerobic sludge, are typically used, despite reports of the use of pure cultures [68]. 
The use of mixed cultures ensures improved stability and has been demonstrated to produce MFC 
biosensors that perform better [69,64]. The electroactive biofilm naturally forms on the biocompatible 
surface of the anode during the enrichment process, eliminating the requirement for time-consuming 
immobilization processes of the sensing element [70]. The potential for on-site, continuous operation 
to allow real-time monitoring is an intriguing feature of MFC-based sensors [64]. Additionally, the 
possibility of self-powering operations is made possible by the electricity produced by the MFC [71]. 

Overall, the use of MFCs as electrochemical sensors has the potential to offer a sensitive, focused, 
and long-lasting way to identify environmental changes. To improve MFC design and their 
performance as sensors, more study is necessary. 

MFC sensor design 

Microorganisms' metabolic processes can be used in microbial fuel cells (MFCs) to turn organic 
material into electricity. MFCs have many uses as sensors, including the detection of water 
contaminants and the observation of soil health. 

The choice of microorganisms affects the MFC sensor's performance. The sensor performance of 
MFCs depends on the electrode. High-conductivity material is used as the anode. Graphite, 
conductive polymers, and carbon fibres are generally used as anodes. The target analyte that needs 
to be detected must be taken into account while choosing the substrate for the MFC sensor. If the 
sensor is meant to detect pollutants in water, for example, the substrate should be chosen to 
encourage the growth of microorganisms that can metabolize the toxins. A data gathering system 
that can gauge the MFC sensor's electrical output ought to be included. An ammeter or a voltmeter 
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can be used for this. The MFC sensor needs to be calibrated before use to make sure it is correctly 
detecting the target analyte. By subjecting the sensor to known concentrations of the analyte and 
observing the electrical output, this can be accomplished. 

Da'vila et al. (2011) reported the creation of the first microsized MFC biosensor using soft 
lithography [72]. Recently, a layer-by-layer fast prototyping 3-D printing approach was used to 
manufacture a small, microscopic air-cathode MFC sensor [73]. When compared to larger-scale 
devices, miniature MFCs have higher current densities, and the "miniaturization and multiplication" 
approach is probably the most practical way to increase the power output for real-world applications 
[74]. However, the MFC technology is still in its early stages of miniaturization, and other obstacles 
must be solved before they can be used in real applications, including as high internal resistances [75, 

76]. 

MFCs as BOD sensors 

The amount of oxygen needed by microbes to break down organic matter in water is measured 
by a process called biochemical oxygen demand (BOD). Water with high BOD levels may include 
toxins that are bad for both human and aquatic health [77, 78]. Since microbial fuel cells (MFCs) can 
monitor their electrical output, which is related to how much organic matter they are consuming, 
they can be utilised as BOD sensors [79, 80]. 

MFCs have also received a lot of attention as BOD sensors. The amount of organic matter 
supplied into the system affects the number of electrons produced, which affects the current output 
if the MFC is run at nonsaturated fuel concentration. Therefore, it is possible to connect the current 
produced by an MFC to the feeding solution's BOD value. The BOD value can also be related to the 
charge in a batch-wise feed mode of operation [81]. According to Karube et al. 1977, the first MFC-
type BOD sensor was described [82]. The sensor demonstrated that the coulomb produced by the 
MFC was directly proportional to the concentration of glucose in water by using the bacterium 
Clostridium butyricum immobilised on the anode surface. According to Kim et al. (1999), the first 
mediatorless MFC-type BOD sensor used the metal-reducing bacteria Shewanella putrefacients [83]. 
However, the same team demonstrated in 2003 that the utilisation of mixed cultures at the anode, 
derived from activated sludge, would result in improved assessments of the content of biodegradable 
organics in wastewater. Additionally, using mixed cultures rather than pure organisms resulted in a 
sensor with far improved stability and stable performance, which were shown to last up to 5 years 
after operation [84]. The sensor can benefit from operating in a temperature-controlled environment 
in terms of stability and repeatability, and this is typically recommended. MFC-type BOD sensors in 
particular have been used at temperatures between 30-33 °C [85, 64], however good performance has 
also been shown at lower temperatures (20 to 25 °C) [81]. Nitrate and oxygen, two-electron acceptors 
with high redox potential that may be present in certain industrial wastewaters in large 
concentrations, may interfere with the MFC sensor's ability to monitor BOD. In this regard, Chang et 
al. (2005) found that the MFC sensor's accuracy in nitrate- and oxygen-rich wastewater was enhanced 
by the application of respiratory inhibitors such as azide and cyanite [86]. A small-scale air-cathode 
MFC (2 mL total anodic volume) made using quick prototyping layer-by-layer 3-D printing was able 
to achieve a reaction time of as little as 2 minutes [87]. The main MFC-based BOD sensors that employ 
mixed bacteria cultures at the anode are included in Table 1 along with their literature citations. The 
dynamic range, reaction time, and sensitivity of the MFC sensors are contrasted. As stated, a single-
chamber arrangement improves sensor reaction time. With a small design (anodic chamber volume: 
2 ml), it is similarly influenced by the anodic volume, reaching a value of 2.8 minutes. When the 
biocatalysts at the anode were refreshed for each sample analysis, the response time was similarly 
very quick (up to 3 minutes) [88]. A typical single chamber MFC-based biosensor is presented in 
Figure 4 [89]. 
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Figure 4. Single-chamber MFC-based BOD biosensor [89]. 

Table 1. MFCs as BOD/COD sensors. 

Entry Configuratio

n 

 

Source of 

carbon 

Volume 

of 

anodic 

chambe

r 

(cm3) 

Sensitivit

y 

(μA 

mM21 

cm22) 

Linearity 

rangea 

Time for 

response 

Reference 

1 Two 

chambers 

Glucose 

and 

glutamic 

acid 

25 ND 80–150 ppma 30 min [64] 

2 Single 

chamber 

Glucose  12.6 0.08 

 

50–350 ppma 

100–500 ppmb 

40 min [81] 

3 Two 

chambers 

Wastewat

er 

from a 

starch 

processin

g 

plant 

25 ND 0–206 ppmb 30 min–1 h [84] 
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4 Two 

chambers 

Glucose 

and 

glutamic 

acid 

Glucose 

20 0.15 20–100 ppma 1 h [86] 

 

5 Single 

chamber 

Single 

chamber 

2 0.05 3–164 ppma 2.8 min [87] 

 

6 Two 

chambers 

MFC 

coupled 

with an 

anaerobic 

reactor that 

provides a 

stable 

anaerobic 

consortium 

Glucose 100 ND 1–25 g l—1c 3 min [88] 

 

7 Single 

chamber 

Glucose 

and 

glutamic 

acid 

73 ND 5–120 ppma 2.2 h [90]  

 

8 Submerged 

anode 

coupled 

with 

a cathode 

chamber 

Acetate, 

glucose, 

wastewat

er 

 

NA 0.1 10–250 ppm 40 min [91] 

 

aCurve of Current vs BOD/COD. bCurve of Coulombs vs BOD/COD. cCurve of Cell voltage vs concentration of 
glucose. 

Detection of toxicants in water by MFCs 

Every day, thousands of contaminants from industrial, agricultural, and home activities pollute 
water systems around the world. Traditional pollutants such as heavy metals are included, as are 
emerging contaminants such as pesticides, medications, and personal-care goods. On the other hand, 
toxicity bioassays that measure the lethality and vital activities of complex organisms, like fishes, 
daphnia, or algae, after being exposed to the target toxicant, are used to determine the extent of the 
potential risks that these pollutants have on the aquatic biota and human health [92, 93]. These 
bioassays have a number of drawbacks, including poor sensitivity and repeatability, lengthy 
detection periods, and offline measurements. As a result, there has been an increase in interest in 
creating real-time sensors in recent years. The problem is also to identify developing contaminants, 
such as the aforementioned medications and their metabolites. 

The detection of intoxicants in water can be accomplished using MFCs by monitoring variations 
in the device's electrical output in response to the presence of the target intoxicant. The fundamental 
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idea behind this method is that the target intoxicant is consumed by the microorganisms in the MFCs 
as a substrate, which produces an electrical current that can be monitored. The first study on the use 
of MFCs to identify toxicants in water was published by Kim et al. in 2007 [94]. The presence of 
chemicals including mercury, diazinon, polychlorinated biphenyl, and lead in the feed, as well as the 
injection time and concentration of the toxic substances, as noticed by the scientists, caused a quick 
decline in current output. The classification is challenging because numerous different chemicals, 
including organics and heavy metals, have been investigated. Table 2 lists the most recent MFC 
sensors reported along with the category of chemicals found. For the most part, the MFC sensors 
listed in Table 2 use mixed microorganisms at the anode. According to Stein et al. (2010), using a 
regulated anode potential while operating the device could help tune the specificity of MFC sensors 
[95]. In this method, a variety of substances might be simultaneously identified in water by operating 
many MFC sensors, each at a different anode potential. Recombinant bacteria can also be used to 
address selectivity, resulting in single analyte MFC sensors. The application of a genetically altered 
Shewanella oneidensis in an MFC sensor for the detection of arabinose was described by Golitsch et 
al. (2013) [96]. By employing a genetically altered Escherichia coli for the overexpression of the enzyme 
xylose dehydrogenase onto the membrane surface, Xia et al. (2013) reported the detection of xylose 
[97]. Figure 5 depicts a typical dual-chamber microbial fuel cell used as a toxicity biosensor.  It also 
shows how hazardous components can impact the activity of electrogenic microbes in biofilms, 
resulting in an abrupt change (either fall or rise) in voltage [98].  

 

Figure 5. Dual-chamber microbial fuel cell used as a toxicity biosensor [98]. 

It is also challenging to quantitatively identify contaminants with MFC sensors. Although many 
authors claim that the MFC sensors respond positively to the presence of pollutants, as can be seen 
from Table 2, a calibration curve is typically missing, which makes it challenging to do quantitative 
measurements. Irreversible anode biofilm damage is a concern of employing MFCs as toxicant 
sensors. This damage can be brought on by either the toxicant's composition or its dose [99, 87]. Wang 
et al. (2013) demonstrated linear responses to formaldehyde only for lengthy contact times over 18 h 
and proposed long contact times as a means to obtain proportionate responses [100]. 

Table 2. Sensing toxicants by MFCs. 

Entr

y 

Device Dynam

ic 

range 

Bioreceptor Time of 

Measurem

ent  

Pollutant Control Referenc

es 

 

1 Air- 

cath

ode 

single 

1–25 

μg l—1 

Mixed 

bacteria 

6 min Cd External 

resistance (1 kΩ) 

[87] 
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chamber 

2 Two- 

chamber 

MFC 

ND Mixed 

bacteria 

20 min–2 h 
Diazin, Pb, 

Hg, PCBs 

External resistor 

(500 Ω) 
[94] 

 

3 Two- 

chamber 

MFC 

0–200 

mg l—

1 

Mixed 

bacteria 

2 h Ni, Cu Poised anode 

potential (—0.4 V) 

[95] 

 

4 Two- 

chamber 

MFC 

ND Geobacter 

sulfurreduce

ns 

3 min Formaldehy

de 

Fixed current of 1 

μA 

[99] 

 

5 Three 

electrode 

set-up 

0.01–

0.10% 

(in 

volu

me) 

S. 

oneidensis 

MR-1 

2–18 h Formaldehy

de 

Poised anode 

potential 

(0 mV) 

[100] 

 

6 Two- 

cham

ber 

MFC 

ND Mixed 

bacteria 

2 h Sodium 

dodecyl 

sulfate 

(SDS) 

Poised anode 

potential 

(—470 to 400 

mV), external 

resistance (0–

1000 Ω), and 

fixed current 

(0.05 mA) 

[101] 

 

7 Air- 

cathode 

single 

chamber 

ND Mixed 

bacteria 

1.2 h Cr6+ External 

resistance (480 Ω) 

[102] 

 

Conclusions 

MFCs are an innovative technology that takes advantage of some microbes' capacity to produce 
electricity from organic materials. Particularly for distant or off-grid places, MFCs have the potential 
to provide sustainable and renewable energy sources. Because a biological event at the anode is 
directly converted to an electrical signal by MFCs, they offer an appealing way to assess the quality 
of a biological sample. They have been shown to be a reliable substitute for the conventional BOD 
test for determining the strength of wastewater. The capacity to operate in situ, online, and with 
excellent operational stability is a huge advantage for MFCs in particular. MFCs are always being 
improved for increased performance, effectiveness, and durability by researchers. The initial proof 
of concept results are highly encouraging, but further research is needed to properly understand the 
range of possibilities this technology opens up. Miniaturization and synthetic biology may present 
intriguing opportunities in this regard. There are still certain issues that need to be resolved before 
MFCs can be commercially viable, despite the apparent advantages. In comparison to other energy 
sources, these drawbacks include the high cost of materials and poor power output. MFCs are a 
promising field of study with significant potential for the production of sustainable energy, and 
current research will continue to enhance their viability and efficiency. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 June 2023                   doi:10.20944/preprints202306.2006.v1

https://doi.org/10.20944/preprints202306.2006.v1


 11 

 

Funding: NIL 

Informed Consent Statement: Not applicable. 

Acknowledgments: The author G.K. Prashanth would like to express his gratitude to Prof. Rakesh 
S.G., Principal of Sir MVIT, and the management of Sri KET for their constant encouragement 
towards research activities.  

Conflicts of Interest: None 

References 

1. Luo, S.; Sun, H.; Ping, Q.; Jin, R.; He, Z. A Review of Modeling Bioelectrochemical Systems: Engineering 
and Statistical Aspects. Energies 2016, 9, 111. https://doi.org/10.3390/en9020111. 

2. Shabangu, K.P.; Bakare, B.F.; Bwapwa, J.K. Microbial Fuel Cells for Electrical Energy: Outlook on Scaling-
Up and Application Possibilities towards South African Energy Grid. Sustainability 2022, 14, 14268. 
https://doi.org/10.3390/su142114268 Cerrillo, M.; Riau, V.; Bonmatí, A. Recent Advances in 
Bioelectrochemical Systems for Nitrogen and Phosphorus Recovery Using Membranes. Membranes 2023, 
13, 186. https://doi.org/10.3390/membranes13020186 

3. [3] Cerrillo, M.; Riau, V.; Bonmatí, A. Recent Advances in Bioelectrochemical Systems for Nitrogen and 
Phosphorus Recovery Using Membranes. Membranes 2023, 13, 186. 
https://doi.org/10.3390/membranes13020186 

4. Yasamin Pesaran Afsharian, Mostafa Rahimnejad,Functional dynamics of microbial communities in 
bioelectrochemical systems: The importance of eco-electrogenic treatment of complex substrates, Current 
Opinion in Electrochemistry, 31, 2022, 100816, https://doi.org/10.1016/j.coelec.2021.100816. 

5. Tatiana Kuleshova, Ankit Rao, Sudipa Bhadra, Vijay Kumar Garlapati, Swati Sharma, Anubha Kaushik, 
Pranab Goswami, T.R. Sreekirshnan, Surajbhan Sevda, Plant microbial fuel cells as an innovative, versatile 
agro-technology for green energy generation combined with wastewater treatment and food production, 
Biomass and Bioenergy, 167, 2022, 106629, https://doi.org/10.1016/j.biombioe.2022.106629. 

6. Ivars-Barceló, F., Zuliani, A., Fallah, M., Mashkour, M., Rahimnejad, M. and Luque, R., 2018. Novel 
applications of microbial fuel cells in sensors and biosensors. Applied Sciences, 8(7), p.1184. 

7. Minteer, S.D., Liaw, B.Y. and Cooney, M.J., 2007. Enzyme-based biofuel cells. Current opinion in 

biotechnology, 18(3), pp.228-234. 
8. Luckarift, H.R., Atanassov, P.B. and Johnson, G.R. eds., 2014. Enzymatic fuel cells: From fundamentals to 

applications. John Wiley & Sons. 
9. Deniz Ucar, Yifeng Zhang, Irini Angelidaki, An Overview of Electron Acceptors in Microbial Fuel Cells, 

Front. Microbiol., 2017, Sec. Micro biotechnology, 8 - 2017 https://doi.org/10.3389/fmicb.2017.00643). 
10. Fatin Syahirah Fadzli, Showkat Ahmad Bhawani, Rania Edrees Adam Mohammad, "Microbial Fuel Cell: 

Recent Developments in Organic Substrate Use and Bacterial Electrode Interaction", Journal of Chemistry, 
vol. 2021, Article ID 4570388, 16 pages, 2021. https://doi.org/10.1155/2021/4570388 

11. Madondo, N.I.; Rathilal, S.; Bakare, B.F.; Tetteh, E.K. Application of Bioelectrochemical Systems and 
Anaerobic Additives in Wastewater Treatment: A Conceptual Review. Int. J. Mol. Sci. 2023, 24, 4753. 
https://doi.org/10.3390/ijms24054753 

12. Joana Vilas Boas, Vânia B. Oliveira, Manuel Simões, Alexandra M.F.R. Pinto, Review on microbial fuel cells 
applications, developments and costs, Journal of Environmental Management, 307, 2022, 114525, 
https://doi.org/10.1016/j.jenvman.2022.114525. 

13. Jianchun Ma, Jun Zhang, Yezhen Zhang, Qilin Guo, Tianjun Hu, He Xiao, Wenbo Lu, Jianfeng Jia, Progress 
on anodic modification materials and future development directions in microbial fuel cells, Journal of 
Power Sources, 556, 2023, 232486, https://doi.org/10.1016/j.jpowsour.2022.232486. 

14. Chi-Wen Lin, Yi-Pei Chung, Shu-Hui Liu, Wei Tong Chen, Ting-Jun Zhu, Optimizing the parameters of 
microbial fuel cells using response surface methodology to increase Cr(VI) removal efficiency and power 
production, Process Safety and Environmental Protection, 172, 2023, 369-378, 
https://doi.org/10.1016/j.psep.2023.02.028. 

15. Kausar, A.; Ahmad, I.; Zhao, T.; Maaza, M.; Bocchetta, P. Green Nanocomposite Electrodes/Electrolytes for 
Microbial Fuel Cells—Cutting-Edge Technology. J. Compos. Sci. 2023, 7, 166. 
https://doi.org/10.3390/jcs7040166 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 June 2023                   doi:10.20944/preprints202306.2006.v1

https://doi.org/10.20944/preprints202306.2006.v1


 12 

 

16. Tabish, A.N.; Farhat, I.; Irshad, M.; Hussain, M.A.; Usman, M.; Chaudhary, T.N.; Fouad, Y.; Raza, S.; Ashraf, 
W.M.; Krzywanski, J. Electrochemical Insight into the Use of Microbial Fuel Cells for Bioelectricity 
Generation and Wastewater Treatment. Energies 2023, 16, 2760. https://doi.org/10.3390/en16062760 

17. Malik, S.; Kishore, S.; Dhasmana, A.; Kumari, P.; Mitra, T.; Chaudhary, V.; Kumari, R.; Bora, J.; Ranjan, A.; 
Minkina, T.; Rajput, V.D. A Perspective Review on Microbial Fuel Cells in Treatment and Product Recovery 
from Wastewater. Water 2023, 15, 316. https://doi.org/10.3390/w15020316 

18. Liu, H., Cheng, S. and Logan, B.E., 2005. Production of electricity from acetate or butyrate using a single-
chamber microbial fuel cell. Environmental science & technology, 39(2), pp.658-662. 

19. Sharma, Y. and Li, B., 2010. The variation of power generation with organic substrates in single-chamber 
microbial fuel cells (SCMFCs). Bioresource technology, 101(6), pp.1844-1850. 

20. Nimje, V.R., Chen, C.C., Chen, H.R., Chen, C.Y., Tseng, M.J., Cheng, K.C., Shih, R.C. and Chang, Y.F., 2012. 
A single-chamber microbial fuel cell without an air cathode. International journal of molecular sciences, 13(3), 
pp.3933-3948. 

21. Kawale, H.D., Ranveer, A.C. and Chavan, A.R., 2017. Electricity generation from wastewater using a 
microbial fuel cell by using mixed bacterial culture. Journal of Biochemical Technology, 8(2), p.1123. 

22. Abrevaya, X.C., Sacco, N.J., Bonetto, M.C., Hilding-Ohlsson, A. and Cortón, E., 2015. Analytical 
applications of microbial fuel cells. Part II: Toxicity, microbial activity and quantification, single analyte 
detection and other uses. Biosensors and Bioelectronics, 63, pp.591-601. 

23. Mashkour, M., Rahimnejad, M., Pourali, S.M., Ezoji, H., ElMekawy, A. and Pant, D., 2017. Catalytic 
performance of nano-hybrid graphene and titanium dioxide modified cathodes fabricated with facile and 
green technique in microbial fuel cell. Progress in Natural Science: Materials International, 27(6), pp.647-651. 

24. Huang, S.J., Ubando, A.T., Wang, C.Y., Su, Y.X., Culaba, A.B., Lin, Y.A. and Wang, C.T., 2021. Modification 
of carbon based cathode electrode in a batch-type microbial fuel cells. Biomass and Bioenergy, 145, p.105972. 

25. Ali Nawaz, Ikram ul Haq, Kinza Qaisar, Burcu Gunes, Saleha Ibadat Raja, Khola Mohyuddin, Haseeb 
Amin, Microbial fuel cells: Insight into simultaneous wastewater treatment and bioelectricity generation, 
Process Safety and Environmental Protection, 161, 2022, 357-373. https://doi.org/10.1016/j.psep.2022.03.039. 

26. Haris Nalakath Abubackar, İdris Biryol, Azize Ayol, Yeast industry wastewater treatment with microbial 
fuel cells: Effect of electrode materials and reactor configurations, International Journal of Hydrogen 
Energy, 48, 33, 2023, 12424-12432.https://doi.org/10.1016/j.ijhydene.2022.05.277. 

27. K.P.A. Imanthi, D.A.T. Madusanka, M.M. Pathmalal, F.S. Idroos, Chapter 7 - Emerging trends of 
cyanobacteria-based microbial fuel cells as an alternative energy source, Editor(s): Maulin P. Shah, Susana 
Rodriguez-Couto, Ashok Kumar Nadda, Achlesh Daverey, Development in Wastewater Treatment 
Research and Processes, 2023, 99-119, https://doi.org/10.1016/B978-0-323-88505-8.00004-8. 

28. Sarma, P.J., Malakar, B. & Mohanty, K. Self-sustaining bioelectricity generation in plant-based microbial 
fuel cells (PMFCs) with microalgae-assisted oxygen-reducing biocathode. Biomass Conv. Bioref. (2023). 
https://doi.org/10.1007/s13399-023-03848-z 

29. Anh Tuan Hoang, Sandro Nižetić, Kim Hoong Ng, Agis M. Papadopoulos, Anh Tuan Le, Sunil Kumar, H. 
Hadiyanto, Van Viet Pham, Microbial fuel cells for bioelectricity production from waste as sustainable 
prospect of future energy sector, Chemosphere, 287, 3, 2022, 132285, 
https://doi.org/10.1016/j.chemosphere.2021.132285. 

30. Joana Vilas Boas, Vânia B. Oliveira, Manuel Simões, Alexandra M.F.R. Pinto, Review on microbial fuel cells 
applications, developments and costs, Journal of Environmental Management, 307, 2022, 114525, 
https://doi.org/10.1016/j.jenvman.2022.114525. 

31. Haris Nalakath Abubackar, İdris Biryol, Azize Ayol, Yeast industry wastewater treatment with microbial 
fuel cells: Effect of electrode materials and reactor configurations, International Journal of Hydrogen 
Energy, 48, Issue 33, 2023,12424-12432, https://doi.org/10.1016/j.ijhydene.2022.05.277. 

32. Sadik Rahman, Sajjad Ahmad Siddiqi, Abdullah Al-Mamun, Tahereh Jafary, Sustainable leachate pre-
treatment using microbial desalination cell for simultaneous desalination and energy recovery, 
Desalination, 532, 2022, 115708, 0011-9164, https://doi.org/10.1016/j.desal.2022.115708. 

33. Chao Li, Kexin Yi, Shaogang Hu, Wulin Yang, Cathodic biofouling control by microbial separators in air-
breathing microbial fuel cells, Environmental Science and Ecotechnology, 15, 2023, 100251, 
https://doi.org/10.1016/j.ese.2023.100251. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 June 2023                   doi:10.20944/preprints202306.2006.v1

https://doi.org/10.20944/preprints202306.2006.v1


 13 

 

34. Zinovicius, A.; Rozene, J.; Merkelis, T.; Bruzaite, I.; Ramanavicius, A.; Morkvenaite-Vilkonciene, I. 
Evaluation of a Yeast–Polypyrrole Biocomposite Used in Microbial Fuel Cells. Sensors 2022, 22, 327. 
https://doi.org/10.3390/s22010327 

35. Wang, Z.; Li, D.; Shi, Y.; Sun, Y.; Okeke, S.I.; Yang, L.; Zhang, W.; Zhang, Z.; Shi, Y.; Xiao, L. Recent 
Implementations of Hydrogel-Based Microbial Electrochemical Technologies (METs) in Sensing 
Applications. Sensors 2023, 23, 641. https://doi.org/10.3390/s23020641. 

36. Jamile Mohammadi Moradian, Fu-Qiao Yang, Nuo Xu, Jia-Yi Wang, Jing-Xian Wang, Chong Sha, Amjad 
Ali, Yang-Chun Yong, Enhancement of bioelectricity and hydrogen production from xylose by a nanofiber 
polyaniline modified anode with yeast microbial fuel cell, Fuel, 326, 2022, 125056, 
ttps://doi.org/10.1016/j.fuel.2022.125056. 

37. Aijie Wang, Dan Sun, Guangli Cao, Haoyu Wang, Nanqi Ren, Wei-Min Wu, Bruce E. Logan, Integrated 
hydrogen production process from cellulose by combining dark fermentation, microbial fuel cells, and a 
microbial electrolysis cell, Bioresource Technology, 102, 5, 2011, 4137-4143, 960-8524, 
https://doi.org/10.1016/j.biortech.2010.10.137. 

38. Verma, J., Kumar, D., Singh, N. et al. Electricigens and microbial fuel cells for bioremediation and bioenergy 
production: a review. Environ Chem Lett 19, 2091–2126 (2021). https://doi.org/10.1007/s10311-021-01199-7 

39. Riya Bhattacharya, Debajyoti Bose, Jaya Yadav, Bhavya Sharma, Esther Sangli, Alka Patel, Alivia 
Mukherjee, Aishwarya Ashutosh Singh, Bioremediation and bioelectricity from Himalayan rock soil in 
sediment-microbial fuel cell using carbon rich substrates, Fuel, 341, 2023, 127019, 0016-2361, 
https://doi.org/10.1016/j.fuel.2022.127019. 

40. Shanmugam Dilip Kumar, Madhavan Yasasve, Guruviah Karthigadevi, Manimaran Aashabharathi, 
Ramasamy Subbaiya, Natchimuthu Karmegam, Muthusamy Govarthanan, Efficiency of microbial fuel 
cells in the treatment and energy recovery from food wastes: Trends and applications - A review, 
Chemosphere, 287, 4, 2022, 132439, https://doi.org/10.1016/j.chemosphere.2021.132439. 

41. Malik, N.N.A.; Sabri, M.N.I.M.; Tajarudin, H.A.; Shoparwe, N.F.; Shukor, H.; Makhtar, M.M.Z.; Abbas, S.Z.; 
Yong, Y.-C.; Rafatullah, M. Mixture of Sludge and Chicken Manure in Membrane-Less Microbial Fuel Cell 
for Simultaneous Waste Treatment and Energy Recovery. Catalysts 2022, 12, 776. 
https://doi.org/10.3390/catal12070776 

42. Jutila, E., Koivunen, R., Bollström, R. and Gane, P., 2020. Fully inkjet-printed glucose assay fabricated on 
highly porous pigment coating. Microfluidics and Nanofluidics, 24, pp.1-18. 

43. Landers, M. and Choi, S., 2022. Small-scale, storable paper biobatteries activated via human bodily fluids. 
Nano Energy, 97, p.107227. 

44. Schröder, U., Nießen, J. and Scholz, F., 2003. A generation of microbial fuel cells with current outputs 
boosted by more than one order of magnitude. Angewandte Chemie International Edition, 42(25), pp.2880-
2883. 

45. Rabaey, K., Lissens, G., Siciliano, S.D. and Verstraete, W., 2003. A microbial fuel cell capable of converting 
glucose to electricity at high rate and efficiency. Biotechnology letters, 25, pp.1531-1535. 

46. Rabaey, K. and Verstraete, W., 2005. Microbial fuel cells: novel biotechnology for energy generation. 
TRENDS in Biotechnology, 23(6), pp.291-298. 

47. Rabaey, K., Boon, N., Siciliano, S.D., Verhaege, M. and Verstraete, W., 2004. Biofuel cells select for microbial 
consortia that self-mediate electron transfer. Applied and environmental microbiology, 70(9), pp.5373-5382. 

48. Liu, H., Ramnarayanan, R. and Logan, B.E., 2004. Production of electricity during wastewater treatment 
using a single chamber microbial fuel cell. Environmental science & technology, 38(7), pp.2281-2285. 

49. Ivars-Barceló, F., Zuliani, A., Fallah, M., Mashkour, M., Rahimnejad, M. and Luque, R., 2018. Novel 
applications of microbial fuel cells in sensors and biosensors. Applied Sciences, 8(7), p.1184. 

50. Constructed Wetlands. Available online: https://www.epa.gov/wetlands/constructed-wetlands (accessed 
on 17 July 2018). 

51. Corbella, C., Puigagut, J. and Garfí, M., 2017. Life cycle assessment of constructed wetland systems for 
wastewater treatment coupled with microbial fuel cells. Science of the total environment, 584, pp.355-362. 

52. Di Lorenzo, M., 2016. Use of microbial fuel cells in sensors. Microbial electrochemical and fuel cells, pp.341-
356. 

53. Marzorati, S., Schievano, A., Colombo, A., Lucchini, G. and Cristiani, P., 2018. Ligno-cellulosic materials as 
air-water separators in low-tech microbial fuel cells for nutrients recovery. Journal of Cleaner Production, 170, 
pp.1167-1176. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 June 2023                   doi:10.20944/preprints202306.2006.v1

https://doi.org/10.20944/preprints202306.2006.v1


 14 

 

54. Vilajeliu-Pons, A., Puig, S., Salcedo-Dávila, I., Balaguer, M.D. and Colprim, J., 2017. Long-term assessment 
of six-stacked scaled-up MFCs treating swine manure with different electrode materials. Environmental 

Science: Water Research & Technology, 3(5), pp.947-959. 
55. Logan, B.E., 2009. Exoelectrogenic bacteria that power microbial fuel cells. Nature Reviews Microbiology, 7(5), 

pp.375-381. 
56. Dumas, C., Mollica, A., Féron, D., Basséguy, R., Etcheverry, L. and Bergel, A., 2007. Marine microbial fuel 

cell: use of stainless steel electrodes as anode and cathode materials. Electrochimica acta, 53(2), pp.468-473. 
57. Chang, I.S., Jang, J.K., Gil, G.C., Kim, M., Kim, H.J., Cho, B.W. and Kim, B.H., 2004. Continuous 

determination of biochemical oxygen demand using microbial fuel cell type biosensor. Biosensors and 

Bioelectronics, 19(6), pp.607-613. 
58. Kalathil, S., Patil, S.A. and Pant, D., 2018. Microbial fuel cells: electrode materials. Encyclopedia of Interfacial 

Chemistry, pp.13459-13466. 
59. Uria, N., Ferrera, I. and Mas, J., 2017. Electrochemical performance and microbial community profiles in 

microbial fuel cells in relation to electron transfer mechanisms. BMC microbiology, 17(1), pp.1-12. 
60. Nimje, V.R., Chen, C.C., Chen, H.R., Chen, C.Y., Tseng, M.J., Cheng, K.C., Shih, R.C. and Chang, Y.F., 2012. 

A single-chamber microbial fuel cell without an air cathode. International journal of molecular sciences, 13(3), 
pp.3933-3948. 

61. Wang, X., Lu, X. and Chen, J., 2014. Development of biosensor technologies for analysis of environmental 
contaminants. Trends in Environmental Analytical Chemistry, 2, pp.25-32. 

62. Su, L., Jia, W., Hou, C. and Lei, Y., 2011. Microbial biosensors: a review. Biosensors and bioelectronics, 26(5), 
pp.1788-1799. 

63. Kim, M., Youn, S.M., Shin, S.H., Jang, J.G., Han, S.H., Hyun, M.S., Gadd, G.M. and Kim, H.J., 2003. Practical 
field application of a novel BOD monitoring system. Journal of Environmental Monitoring, 5(4), pp.640-643. 

64. Biran, I., Babai, R., Levcov, K., Rishpon, J. and Ron, E.Z., 2000. Online and in situ monitoring of 
environmental pollutants: electrochemical biosensing of cadmium. Environmental Microbiology, 2(3), 
pp.285-290. 

65. Lei, Y., Mulchandani, P., Chen, W. and Mulchandani, A., 2005. Direct determination of p-nitrophenyl 
substituent organophosphorus nerve agents using a recombinant Pseudomonas putida JS444-modified 
Clark oxygen electrode. Journal of agricultural and food chemistry, 53(3), pp.524-527. 

66. Cairns Jr, J. and van der Schalie, W.H., 1980. Biological monitoring Part I—Early warning systems. Water 

Research, 14(9), pp.1179-1196. 
67. Kim, H.J., Moon, S.H. and Byung, H.K., 1999. A microbial fuel cell type lactate biosensor using a metal-

reducing bacterium, Shewanella putrefaciens. Journal of Microbiology and Biotechnology, 9(3), pp.365-367. 
68. Chang, I.S., Jang, J.K., Gil, G.C., Kim, M., Kim, H.J., Cho, B.W. and Kim, B.H., 2004. Continuous 

determination of biochemical oxygen demand using microbial fuel cell type biosensor. Biosensors and 

Bioelectronics, 19(6), pp.607-613. 
69. Liu, J. and Mattiasson, B., 2002. Microbial BOD sensors for wastewater analysis. Water research, 36(15), 

pp.3786-3802. 
70. Liu, B., Lei, Y. and Li, B., 2014. A batch-mode cube microbial fuel cell based “shock” biosensor for 

wastewater quality monitoring. Biosensors and Bioelectronics, 62, pp.308-314. 
71. Dávila, D., Esquivel, J.P., Sabate, N. and Mas, J., 2011. Silicon-based microfabricated microbial fuel cell 

toxicity sensor. Biosensors and Bioelectronics, 26(5), pp.2426-2430. 
72. Di Lorenzo, M., Thomson, A.R., Schneider, K., Cameron, P.J. and Ieropoulos, I., 2014. A small-scale air-

cathode microbial fuel cell for on-line monitoring of water quality. Biosensors and Bioelectronics, 62, pp.182-
188. 

73. Lee, J.W. and Kjeang, E., 2010. A perspective on microfluidic biofuel cells. Biomicrofluidics, 4(4), p.5181. 
74. Ren, H., Lee, H.S. and Chae, J., 2012. Miniaturizing microbial fuel cells for potential portable power sources: 

promises and challenges. Microfluidics and Nanofluidics, 13, pp.353-381. 
75. ElMekawy, A., Hegab, H.M., Dominguez-Benetton, X. and Pant, D., 2013. Internal resistance of microfluidic 

microbial fuel cell: challenges and potential opportunities. Bioresource technology, 142, pp.672-682. 
76. Koul, B.; Yadav, D.; Singh, S.; Kumar, M.; Song, M. Insights into the Domestic Wastewater Treatment 

(DWWT) Regimes: A Review. Water 2022, 14, 3542. https://doi.org/10.3390/w14213542. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 June 2023                   doi:10.20944/preprints202306.2006.v1

https://doi.org/10.20944/preprints202306.2006.v1


 15 

 

77. Taher, M.A.; Zouidi, F.; Kumar, P.; Abou Fayssal, S.; Adelodun, B.; Goala, M.; Kumar, V.; Andabaka, Ž.; 
Širić, I.; Eid, E.M. Impact of Irrigation with Contaminated Water on Heavy Metal Bioaccumulation in Water 
Chestnut (Trapa natans L.). Horticulturae 2023, 9, 190. https://doi.org/10.3390/horticulturae9020190. 

78. Varshney, A., Sharma, L., pandit, C. et al. Microbial Fuel Cell–Based Biosensors and Applications. Appl 
Biochem Biotechnol (2023). https://doi.org/10.1007/s12010-023-04397-x. 

79. Kesarwani, S.; Panwar, D.; Mal, J.; Pradhan, N.; Rani, R. Constructed Wetland Coupled Microbial Fuel Cell: 
A Clean Technology for Sustainable Treatment of Wastewater and Bioelectricity Generation. Fermentation 
2023, 9, 6. https://doi.org/10.3390/fermentation9010006 

80. Di Lorenzo, M., Curtis, T.P., Head, I.M. and Scott, K., 2009. A single-chamber microbial fuel cell as a 
biosensor for wastewaters. Water research, 43(13), pp.3145-3154. 

81. Karube, I., Matsunaga, T., Mitsuda, S. and Suzuki, S., 1977. Microbial electrode BOD sensors. Biotechnology 

and bioengineering, 19(10), pp.1535-1547. 
82. Kim, H.J., Moon, S.H. and Byung, H.K., 1999. A microbial fuel cell type lactate biosensor using a metal-

reducing bacterium, Shewanella putrefaciens. Journal of Microbiology and Biotechnology, 9(3), pp.365-367. 
83. Kim, B.H., Chang, I.S., Cheol Gil, G., Park, H.S. and Kim, H.J., 2003. Novel BOD (biological oxygen demand) 

sensor using mediator-less microbial fuel cell. Biotechnology letters, 25, pp.541-545. 
84. Kang, K.H., Jang, J.K., Pham, T.H., Moon, H., Chang, I.S. and Kim, B.H., 2003. A microbial fuel cell with 

improved cathode reaction as a low biochemical oxygen demand sensor. Biotechnology letters, 25, pp.1357-
1361. 

85.  Chang, I.S., Moon, H., Jang, J.K. and Kim, B.H., 2005. Improvement of a microbial fuel cell performance 
as a BOD sensor using respiratory inhibitors. Biosensors and Bioelectronics, 20(9), pp.1856-1859. 

86. Di Lorenzo, M., Thomson, A.R., Schneider, K., Cameron, P.J. and Ieropoulos, I., 2014. A small-scale air-
cathode microbial fuel cell for on-line monitoring of water quality. Biosensors and Bioelectronics, 62, pp.182-
188. 

87. Kumlanghan, A., Liu, J., Thavarungkul, P., Kanatharana, P. and Mattiasson, B., 2007. Microbial fuel cell-
based biosensor for fast analysis of biodegradable organic matter. Biosensors and bioelectronics, 22(12), 
pp.2939-2944. 

88. Zhou, T.; Han, H.; Liu, P.; Xiong, J.; Tian, F.; Li, X. Microbial Fuels Cell-Based Biosensor for Toxicity 
Detection: A Review. Sensors 2017, 17, 2230. https://doi.org/10.3390/s17102230 

89. Yang, G.X., Sun, Y.M., Kong, X.Y., Zhen, F., Li, Y., Li, L.H., Lei, T.Z., Yuan, Z.H. and Chen, G.Y., 2013. 
Factors affecting the performance of a single-chamber microbial fuel cell-type biological oxygen demand 
sensor. Water science and technology, 68(9), pp.1914-1919. 

90. Zhang, Y. and Angelidaki, I., 2011. Submersible microbial fuel cell sensor for monitoring microbial activity 
and BOD in groundwater: focusing on impact of anodic biofilm on sensor applicability. Biotechnology and 

bioengineering, 108(10), pp.2339-2347. 
91. Gard-Terech, A. and Palla, J.C., 1986. Comparative kinetics study of the evolution of freshwater aquatic 

toxicity and biodegradability of linear and branched alkylbenzene sulfonates. Ecotoxicology and 

environmental safety, 12(2), pp.127-140. 
92. Abou-Waly, H., Abou-Setta, M.M., Nigg, H.N. and Mallory, L.L., 1991. Growth response of freshwater 

algae, Anabaena flos-aquae and Selenastrum capricornutum to atrazine and hexazinone herbicides. Bulletin 

of environmental contamination and toxicology, 46, pp.223-229. 
93. Kim, M., Hyun, M.S., Gadd, G.M. and Kim, H.J., 2007. A novel biomonitoring system using microbial fuel 

cells. Journal of environmental monitoring, 9(12), pp.1323-1328. 
94. Stein, N.E., Hamelers, H.V. and Buisman, C.N., 2010. Stabilizing the baseline current of a microbial fuel 

cell-based biosensor through overpotential control under non-toxic conditions. Bioelectrochemistry, 78(1), 
pp.87-91. 

95. Golitsch, F., Bücking, C. and Gescher, J., 2013. Proof of principle for an engineered microbial biosensor 
based on Shewanella oneidensis outer membrane protein complexes. Biosensors and Bioelectronics, 47, 
pp.285-291. 

96. Xia, L., Liang, B., Li, L., Tang, X., Palchetti, I., Mascini, M. and Liu, A., 2013. Direct energy conversion from 
xylose using xylose dehydrogenase surface displayed bacteria based enzymatic biofuel cell. Biosensors and 

Bioelectronics, 44, pp.160-163. 
97. Zhou, T.; Han, H.; Liu, P.; Xiong, J.; Tian, F.; Li, X. Microbial Fuels Cell-Based Biosensor for Toxicity 

Detection: A Review. Sensors 2017, 17, 2230. https://doi.org/10.3390/s17102230 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 June 2023                   doi:10.20944/preprints202306.2006.v1

https://doi.org/10.20944/preprints202306.2006.v1


 16 

 

98. Dávila, D., Esquivel, J.P., Sabate, N. and Mas, J., 2011. Silicon-based microfabricated microbial fuel cell 
toxicity sensor. Biosensors and Bioelectronics, 26(5), pp.2426-2430. 

99. Wang, X., Gao, N. and Zhou, Q., 2013. Concentration responses of toxicity sensor with Shewanella 
oneidensis MR-1 growing in bioelectrochemical systems. Biosensors and Bioelectronics, 43, pp.264-267. 

100. Stein, N.E., Hamelers, H.V. and Buisman, C.N., 2012. The effect of different control mechanisms on the 
sensitivity and recovery time of a microbial fuel cell based biosensor. Sensors and Actuators B: Chemical, 171, 
pp.816-821. 

101. Liu, B., Lei, Y. and Li, B., 2014. A batch-mode cube microbial fuel cell based “shock” biosensor for 
wastewater quality monitoring. Biosensors and Bioelectronics, 62, pp.308-314. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 June 2023                   doi:10.20944/preprints202306.2006.v1

https://doi.org/10.20944/preprints202306.2006.v1

