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Abstract: This study explores the feasibility of a low-cost Microbial Fuel Cell (MFC) system employing Bacillus
licheniformis for simultaneous bioremediation of cadmium (Cd) from mine wastewater and bioelectricity generation. The
investigation focuses on the influence of various operational parameters (temperature, pH, contact time) on MFC
performance and Cd removal efficiency. B. licheniformis achieved a maximum Cd reduction of 50% under optimized
conditions (27°C, pH 6.55) at week 4, as quantified by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-
OES). Dissolved oxygen (DO) levels exhibited a temporal decrease, indicative of bacterial consumption for metabolic
activity. Bioremediation efficiency demonstrated a positive correlation with contact time. While bioelectricity generation
increased over time, the maximum open-circuit voltage attained was 982.33 mV. This research demonstrates the potential
and offers a cost-effective solution by simultaneously removing Cd and generating bioelectricity, promoting waste
treatment with renewable energy production. Further optimization is required to enhance bioelectricity output.
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1. INTRODUCTION

The escalating global demand for mine products has led
to an increase in mine wastewater generation, presenting
a critical environmental challenge [1]. Cadmium (Cd)
contamination in mine wastewater poses a significant
environmental and human health threat due to its high
toxicity, persistence, and bioaccumulation potential [2].
Traditional remediation methods, such as precipitation,
adsorption, and ion exchange, are often expensive and
generate secondary waste streams [3]. Developing
efficient, sustainable, and cost-effective technologies for
Cd bioremediation in mine wastewater is critical [4].
Microbial fuel cells (MFCs) have emerged as a promising
technology for addressing environmental challenges
associated with wastewater treatment [5]. These
bioelectrochemical systems harness the metabolic
activity of electroactive bacteria to convert organic
pollutants in wastewater into bioelectricity through
anaerobic respiration [6]. Recent advancements in MFC
design and operational strategies aim to reduce
construction and maintenance costs while enhancing
power production efficiency [7]. Optimizing MFCs holds
significant potential for the development of a sustainable
and cost-effective solution for wastewater treatment,
bioremediation, and bio-electricity generation [4].
MFCs represent a bioelectrochemical technology that
harnesses the metabolic activity of microorganisms to
convert organic matter in wastewater into bioelectricity
through a process known as anaerobic respiration [8]. A
crucial component of an MFC 1is the electroactive
bacteria, often referred to as exoelectrogens. These
bacteria act as biocatalysts within the anode chamber,
degrading organic matter and releasing electrons and
protons through the oxidation process [4].

A key feature of MFCs is the phenomenon of
extracellular electron transfer (EET) [9]. Electrons
produced by exoelectrogens are transferred from the
biofilm on the anode to the anode surface itself. These
electrons then travel through the external circuit to the

645

cathode chamber. Meanwhile, protons generated during
the oxidation process migrate through a selective

membrane separator towards the cathode chamber,
completing the electrical circuit within the MFC system
[10]. The half-cell reactions occurring at the anode and
cathode can be summarized by the following equations:
Anode (Oxidation) [10]:

Organic matter + H,O — CO,+ H' + ¢ €))
Cathode (Reduction):
0, + 4H" + 4e" — 2H,0 )

The successful transfer of electrons and protons across
the MFC components generates a measurable electrical
current. This bioelectrochemical process holds
significant potential for wastewater treatment, as it
allows for the simultaneous conversion of pollutants into
bioelectricity while achieving bioremediation objectives
[11].

Bacillus licheniformis, a metal-tolerant bacterium
commonly found in soil environments [12], exhibits
potential for Cd bioremediation due to its cell wall
properties and ability to biosorb heavy metals [11].

The general objective of this study is to design, develop,
and characterize a low-cost MFC system employing B.
licheniformis for the simultaneous and efficient removal
of Cd from mine wastewater while generating
bioelectricity. Specifically, the study aims to: design and
develop an MFC system optimized for Cd
bioremediation and bioelectricity production from mine
wastewater; evaluate the system's efficacy in reducing Cd
from mine wastewater by monitoring Cd concentration
changes over time; and measure and analyze the
electrical output and power generation of the MFC
component.

This research presents a promising approach to address
two pressing environmental issues: heavy metal
contamination and energy generation. While the



individual components of the study - MFCs for
bioelectricity generation and microbial bioremediation of
heavy metals - are well-established, the combination of
these technologies in a single system for the specific
application of mine wastewater treatment is a novel
approach. The integration of Cd bioremediation and
bioelectricity production within a single MFC system is
innovative and offers potential synergies between the two
processes. While MFCs have been employed for heavy
metal removal, the use of B. licheniformis for Cd
bioremediation in an MFC context is relatively
unexplored. If the bacterium exhibits high efficiency in
Cd removal and bioelectricity generation, this could be a
significant contribution to the field. Mine wastewater is a
challenging environment due to its complex composition
and high metal concentrations. Applying the MFC
system to this specific wastewater type adds to the
research's novelty.

This research is expected to contribute to the
development of sustainable and cost-effective MFC
systems for Cd bioremediation in mine wastewater
treatment. Successful implementation of this technology
can promote resource recovery (bioelectricity) while
mitigating environmental pollution and protecting
ecosystems and human health.

2. METHODOLOGY

2.1 Materials

This research employed a two-chambered MFC system
for investigating cadmium (Cd) bioremediation in mine
wastewater while generating bioelectricity. The MFC
design incorporated two identical 5-liter polycarbonate
containers as the anode and cathode chambers. A Nafion
117 proton exchange membrane (PEM) separated these
chambers, enabling selective proton transfer while
maintaining solution separation [13]. Stainless steel mesh
electrodes were chosen for both the anode and cathode
due to their high electrical conductivity and
inoxidizability, crucial properties for efficient electron
transfer in the MFC [14]. The electrodes were connected
to an external circuit using copper wires with a
predetermined resistance of 2000 Q to complete the
electrical pathway and facilitate current flow for power
generation. For the biological component of the system,
Bacillus licheniformis, obtained from the Biology
Laboratory of Caraga State University, was used to drive
bioremediation  within = the = MFC. Standard
microbiological media and culturing equipment were
employed to maintain the culture and prepare an
inoculum for MFC inoculation.

2.2 Microbial Fuel Cell Design

A two-chambered MFC system was designed for this
study (Fig. 1). The anode chamber housed a stainless-
steel mesh working electrode and 5 liters of pre-
characterized mine wastewater. For the experimental
setup, the wastewater was inoculated with 10 grams of
Bacillus licheniformis to promote biodegradation. A
nutrient solution (25 g sucrose, 10 g corn starch) was
added to support bacterial growth. The cathode chamber
contained a stainless-steel mesh counter electrode and a
S-liter KMnOs solution (catholyte) for electron
acceptance. A Nafion 117 PEM separated the chambers,
while the PEM bridge solution (500 mL distilled water,
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14 g NaCl, 33.3 g nutrient agar) facilitated proton transfer
and minimized solution mixing.

[ ANODE cHAMBER | [ cATHODE cHAMBER

‘ b

Fig. 1. MFC Design for Experimental Setup

The control MFC setup (Fig. 2) was identical, except for
the absence of Bacillus licheniformis in the anode
chamber. This allowed for comparison of bioremediation
efficiency between the experimental and control
conditions. Both setups maintained the same
configuration of stainless-steel mesh electrodes, KMnOa4
catholyte, and PEM bridge solution.

ANODE CHAMBER CATHODE CHAMBER

COMPONENTS:

Fig. 2. MFC Design for Control Setup

2.3 Isolation and Purification of Putative Bacillus
licheniformis Strains

A three-way streaking method was employed on two
selective media: de Man, Rogosa and Sharpe (MRS) agar
and Calcium Carbonate Agar (CCA). Additionally, a
sterile control plate was included to monitor for potential
contamination. Prior to inoculation, all materials were
sterilized in an autoclave at 121°C and 15 psi for 30
minutes. After cooling, the sterilized materials were
transferred to a biosafety cabinet disinfected with 70%
ethanol and Lysol, followed by UV irradiation for 20
minutes to maintain a sterile environment.
Approximately 25 mL of each media (MRS and CCA)
were poured into separate petri dishes to create solidified
plates for streaking. A loopful of the inoculum was then
streaked onto each plate using the three-way streaking
method to isolate colonies. The inoculated plates were
incubated anaerobically within a sealed candle jar for 48-
72 hours to promote the growth of acid-producing
bacteria. Eighteen isolated colonies from each plate were
selected for further purification through repeated
streaking. Single colonies were aseptically transferred
using an inoculating loop. The isolated strains were then
purified and characterized based on their morphological,
biochemical, and molecular characteristics. This process
ensured the development of pure cultures of Bacillus
licheniformis strains suitable for further experimentation
[15].



2.4 Culture Preparation for Bacillus licheniformis
B. licheniformis cultures were then prepared. 5 mL of
MRS broth were added to a test tube and sterilized in an
autoclave at 121°C for 15 minutes. Bacteria were then
inoculated from either a previously stored glycerol stock
at 80°C or a slant culture. The inoculated tubes were
incubated at 37°C for 24 hours. After incubation, a 2%
(v/v) aliquot of the culture was transferred to fresh MRS
broth and incubated again at 37°C for 24 hours. This step
was repeated once more. Finally, another 2% (v/v)
aliquot of the culture was inoculated into fresh broth and
incubated at 37°C for 18 hours. This procedure ensured a
healthy and active bacterial culture for further use.

2.5 Mine Wastewater Sample Collection

Grab sampling was employed as the initial method for
water collection. Sterilized containers with a capacity of
40 liters were used to collect mine wastewater samples
directly from the sampling site. The containers were
submerged below the water surface and allowed to fill
completely, minimizing air entrapment to maintain
sample integrity. To account for potential spatial
variations within the water body and ensure
representativeness, multiple grab samples were collected
from various locations. Following collection, the samples
were stored at low temperatures to minimize changes in
their chemical and microbial composition until
subsequent analyses.

2.6 MFC Construction and Operation

Two clear polycarbonate plastic containers served as the
anode and cathode chambers. Sterilized holes were
drilled in the lids of both containers to accommodate
copper wires, electrodes, and a PEM for gas exchange.
Within the anode chamber, a stainless-steel mesh
electrode was connected to an external copper wire using
soldering. The cathode chamber was similarly equipped
with a stainless-steel mesh cathode and a copper wire
connection. The cathode chamber solution consisted of
SL water containing 1.5 grams per liter of KMnOea.

To separate the chambers while allowing for proton
transfer, a PEM was inserted. A pre-cooled agar solution
(14 g nutrient agar and 33.3 g NaCl dissolved in 500 mL
distilled water) was solidified within a 6-inch long and 4-
inch diameter PVC pipe to create this barrier [16]. The
MFC was then sealed by firmly closing the lids with the
electrodes, wires, and PEM in place. The external circuit
was completed by connecting the free ends of the anode
and cathode wires, enabling the measurement of the
MEFC's electrical output.

The anode chamber served as the site for microbial
degradation of organic matter. It contained 5L of mine
wastewater inoculated with 10 g of Licheniformis
bacteria. Additionally, a nutrient solution (25 g sucrose
and 10 g cornstarch) was added to support bacterial
growth and organic matter breakdown. The cathode
chamber, where oxygen reduction occurs, contained 5 L
of distilled water and 7.5 g of KMnOea.

This design facilitates the transfer of electrons from the
degrading organic matter in the anode to the cathode
compartment through the external circuit. Protons
generated during the anode reaction are transported
through the PEM to the cathode, while carbon dioxide, a
byproduct of microbial respiration, is released to the
environment. The PEM also prevents oxygen diffusion
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into the anode chamber, maintaining anaerobic
conditions for optimal bacterial activity.

2.7 MFC Performance Monitoring

The performance of the MFC was monitored by
measuring the voltage and current generated over time. A
multimeter was connected to the external circuit of the
MFC, and readings were recorded at regular intervals.
Typically, six measurements were taken every 24 hours
to capture the temporal dynamics of the MFC's electrical
output.

According to Ohm’s law, the current (I=V/R) and the
power output (P=VI) were calculated using the external
resistance R and the measured voltage V. The power
density P,, (mW/m?) was normalized to the anodic
surface area following the equation below:

V2
Pon =
AgnR

)

Where, V is the measured voltage (mV), 4., is the anode
surface area (cm?), and R is the external resistance (Q)
[10]. This continuous monitoring allowed for the
assessment of the low-cost MFC's effectiveness in
generating electricity.

2.8 Wastewater Characterization

Physicochemical parameters of the wastewater samples
were analyzed using a HANA HI-9819 Multi Water
Quality Meter. This analysis included measurements of
pH, dissolved oxygen (DO), and temperature. The
measured values were then compared to the regulatory
effluent thresholds established in DAO 2016-08 to assess
the wastewater's compliance with environmental
regulations [17].

2.9 Heavy Metal Analysis and Treatment Efficiency
Evaluation
Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) was employed to quantify the
concentration of heavy metals, particularly cadmium
(Cd), in the collected mine wastewater samples [18].
Treatment effectiveness in removing Cd was assessed by
comparing the initial and final wastewater
concentrations. The reduction efficiency (RE) was
calculated using the following equation [19]:
RE (%) = [(Cinitiat - Cfinat) / Cinitiar] X 100 @)
where: Cinitial and Crina represent the initial and final Cd
concentrations in the wastewater, respectively. This
formula calculates the percentage reduction in Cd
concentration achieved through the treatment process.

3. RESULTS AND DISCUSSION

This study evaluated the efficacy of a Bacillus
licheniformis-based MFC system for the bioremediation
of Cd from mine wastewater, while concurrently
generating Dbioelectricity. Key parameters monitored
throughout the experiment included pH, temperature,
dissolved oxygen (DO), contact time, turbidity, and
bioelectric output (voltage).

Table 1 summarizes the changes in key operational
parameters (pH, temperature, DO), along with their
corresponding effects on Cd concentration and reduction
efficiency over a four-week experiment using a B.



licheniformis-based MFC for Cd bioremediation from
mine wastewater.

Table 1. Influence of Operational Parameters on
Cadmium (Cd) Bioremediation in Bacillus licheniformis-
based MFC System

Contact Time

(Week) 0 1 2 3 4
pH 8.39 8.19 7.96 7.56 6.55
Temperature ¢ o4 2680 2718 2722 2827
‘0
Do 38.77 37.75 3596 36.70 30.73
(7o)
Do 5.36 5.06 4.85 342 1.69
(ppm)
cd
Concentration  0.02  0.019 0.018 0.015 0.0l
(ppm)
Cd Reduction
Efficiency - 5.0 100 250 500
(%)
3.1 Influence of pH on Cd Reduction
Monitoring throughout the experiment revealed

fluctuations in pH, as shown in Fig. 3, likely due to
microbial activity and the release of organic acids. The
ANOVA test indicates a significant effect of the group
on pH (F(371.090) = 1.184, p < 0.000). The pH values
decreased over time since Week 1, Week 2, Week 3, and
Week 4 all have significantly higher pH values compared
to Week Initial, with p-values of 0.010, 0.000, 0.000, and
0.000 respectively. Week 3 and Week 4 have a
significantly higher pH value compared to Week 2, with
p-values of 0.000. The differences between weeks are not
significant, as all the p-values are above 0.05. The
maximum reduction efficiency was in Week 4 at pH 6.55
with 50% Cd reduction. These findings suggest that near-
neutral pH conditions might be more favorable for Cd
bioremediation, potentially due to enhanced biosorption
by Bacillus licheniformis [12]. At near-neutral pH, both
the bacterial cell wall and Cd ions may have a net
negative charge. Opposite charges create electrostatic
attraction, facilitating the binding of Cd to the bacteria
[20].

3.2 Influence of Temperature on Cd Reduction

The results revealed an optimal temperature range for Cd
reduction, with peak efficiencies of 25% and 50%
achieved at 28.27°C in Weeks 3 and 4, respectively
(Table 1, Fig. 4). This aligns with the established
principle that moderate temperature increases enhance
microbial growth, metabolism, and enzyme activity,
leading to faster bioremediation [21]. Within a moderate
temperature range (generally between 25-40°C),
increasing temperature can stimulate bacterial growth of
B. licheniformis. This translates to a larger population of
bacteria available for Cd removal through biosorption
and potentially enzymatic mechanisms [22]. Some
enzymes involved in Cd bioremediation by B.
licheniformis might exhibit increased activity within a
specific moderate temperature range. These enzymes
could play a role in Cd detoxification or efflux (removal
from cells), potentially enhancing overall bioremediation
efficiency [23].
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3.3 Influence of Dissolved Oxygen on Cd Reduction
This study monitored DO levels to assess the impact of
oxygen availability on the performance of the Bacillus
licheniformis-based MFC system. Statistical analysis
(ANOVA) revealed a significant effect of treatment
groups on DO (F(4,143.244) = 21.394, p < 0.001).
Notably, DO concentrations decreased over time (Fig. 5),
suggesting microbial consumption for metabolic
processes and organic matter decomposition [24]. These
findings necessitate further investigation to elucidate the
interplay between DO levels, bacterial activity, Cd
removal efficiency, and MFC electricity generation.

3.4 Influence of Contact Time on Cd Reduction

The findings demonstrate that a longer contact time
significantly enhanced Cd removal (Fig. 6). Week 4
exhibited a significantly lower Cd concentration
compared to Weeks 1, 2, and 3 (p < 0.001), indicating
increased Cd uptake over time. In contrast, no significant
differences were observed between Weeks 1, 2, and 3
(p >0.05). These results align with established principles
in biosorption, where extended contact time allows for
improved interaction and binding between the biosorbent
and the target metal [25]. This suggests that optimizing
contact time within the MFC system could be a strategy
to improve Cd bioremediation efficiency.

0.025

0.02

0.015

Cd Concentation

8.19 7.96

pH

7.36

Fig. 3. The influence of pH in Cd reduction in mine
wastewater

0.025

0.02

0.015

0.01

Cd Concentration

0.005

26.94 27.18 27.22 28.27 28.27

Temperature %

Fig. 4. The influence of temperature in Cd reduction in
mine wastewater
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%D0

36.70 30.73

Fig. 5. Influence of dissolved oxygen (DO) in Cd
bioremediation in mine wastewater
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Fig. 5. The influence of contact time in Cd
bioremediation of mine wastewater

3.5 Bacterial Growth Monitoring using Turbidity

Table 2. Turbidity/Absorbance Level (A) Measured Over
Four Weeks in Bacillus licheniformis Cultures

Week Turbidity /Absorbance Level (A)
Experimental Control

Setup Setup
0 0.750 1.260
1 0.885 1.356
2 1.105 1.534
3 1.301 1.69
4 1.918 3.156

Table 3. Statistical comparison of the Turbidity Level for
Control and Experimental Group

Turbidity
Control Setup Experimental
Setup
N 15 15

Mean 1.7684 1.1686
t-value 3.093
p-value 0.004

Interpretation There is significant difference

Turbidity = measurements  using the  UV-Vis
spectrophotometer were employed to monitor the growth
of Bacillus licheniformis within the MFC system. This
non-invasive technique offers a rapid means to assess
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bacterial populations [26]. Table 2 presents the
turbidity/absorbance level (A) measured in both the
experimental and control setups over a four-week period.
The data allows for a comparison of bacterial growth
patterns in the presence and absence of cadmium
bioremediation processes in the MFC system.

The observed increase in turbidity over time indicates a
progressive growth of the bacterial culture. Statistical
analysis (independent samples t-test) revealed a
significant difference in turbidity between the control and
experimental groups (t(28) = 3.093, p = 0.004), with the
control group exhibiting higher turbidity (mean = 1.77)
compared to the experimental group (mean = 1.17). This
suggests that the presence of heavy metals in the
untreated control group might have contributed to the
higher turbidity, while the experimental group potentially
experienced a reduction in heavy metals due to
bioremediation processes.

3.6 Bioelectricity Generation in the MFC System
This study investigated the potential of B. licheniformis
for bioelectricity generation within the MFC system for
Cd bioremediation from mine wastewater. Based on the
data in Table 4, both the control and experimental setups
exhibited an increase in average voltage generation (mV)
over the four weeks. This suggests an improvement in the
overall performance of the MFC systems over time,
possibly due to several factors. As Bacillus licheniformis
grows and colonizes the MFC electrodes, a denser
biofilm can form, facilitating more efficient electron
transfer and thus, higher electricity generation [6] [11].
The bacteria might be undergoing acclimation to the
MFC environment, potentially optimizing their
metabolic processes for improved power generation [27].
While the statistical analysis (t-test) in Table 5, did not
reveal a significant difference in bioelectricity between
the experimental and control groups (p > 0.05), the
findings highlight the potential of the MFC system for
sustainable wastewater treatment with bioremediation
and electricity generation as co-benefits [28]. Further
research is warranted to optimize MFC performance and
enhance bio-electricity generation.

Table 4. Voltage Generation (mV) in the MFC System
(Experimental and Control Setups) over Four Weeks

Week Average Voltage Generated
(mV)
Control Setup Experimental Setup
1 752 747.5
2 814.1666667 825.6666667
3 866.1666667 862.8333333
4 944.1666667 982.3333333

Table 5. Statistical comparison of the Voltage Generation
(mV) in the MFC System (Experimental and Control
Setups)

Bioelectricity Generation

Control  Experimental
Setup Setup
N 180 180
Mean 816.1000 825.0722
t-value -1.314
p-value 0.190
Interpretation  No significant difference




4. CONCLUSION

This study explored the potential of a low-cost B.
licheniformis-based MFC system for the concurrent
bioremediation of Cd from mine wastewater and bio-
electricity generation. The research methodology
encompassed various aspects of MFC design, bacterial
isolation,  wastewater  analysis, and treatment
effectiveness evaluation.

The results revealed that several parameters influenced
MFC performance and Cd removal efficiency. Notably,
pH fluctuations and temperature variations impacted Cd
reduction rates, highlighting the importance of optimized
operating conditions. Beyond the influence of pH on Cd
removal, it's crucial to consider its impact on microbial
community structure and metabolism. Studies have
shown that specific pH ranges can favor the growth of
certain microbial species, which may have implications
for both Cd bioremediation and electricity generation
[29]. Temperature can affect not only microbial growth
but also the solubility of Cd and the kinetics of
biogeochemical reactions. A broader temperature range
could be explored in future studies to optimize system
performance [30]. Dissolved oxygen levels decreased
throughout the experiment, indicating its consumption by
bacteria for metabolic processes. The role of DO in the
MEFC system is complex. While it's essential for aerobic
respiration, it can also influence the formation of biofilm
and the distribution of microbial species within the
system. A more detailed analysis of DO profiles and their
correlation with microbial community dynamics could
provide valuable insights [31]. Turbidity measurements
confirmed bacterial growth, with significant differences
between control and experimental groups, suggesting a
link between bacterial activity and Cd bioremediation.
Additionally, contact time emerged as a crucial factor,
with longer durations enhancing Cd removal efficiency.
Interestingly, bioelectricity generation increased over
time, demonstrating the capability of Bacillus
licheniformis to facilitate electron transfer reactions.
However, statistical analysis did not reveal a significant
difference in bioelectricity between experimental and
control groups, suggesting potential limitations in the
current MFC design. To improve bioelectricity
generation, factors such as electrode materials, biofilm
formation, and external resistance should be investigated
in more detail. Optimizing these parameters can lead to
higher power output [32].

5. FUTURE WORKS

This study demonstrates the potential of a low-cost MFC
system utilizing B. licheniformis for Cd bioremediation
from mine wastewater with concurrent bio-electricity
generation. However, several recommendations can be
further improved MFC performance and enhance its real-
world applicability.

5.1 Substrate Supplementation

Continuously feeding the bacterial culture with essential
nutrients, such as cornstarch or glucose, is crucial to
sustain their growth and metabolic activity. These
organic substrates provide energy sources that promote
efficient electron transfer and enhance biodegradation of
Cd in the wastewater [33]. Future research should
explore the optimal concentrations and feeding strategies
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of these substrates to maximize Cd removal efficiency.

5.2 Operational Parameter Optimization

Further optimization of key operational parameters,
including pH, temperature, and contact time, is
recommended. Systematic studies investigating the
individual and interactive effects of these parameters on
Cd bioremediation and bio-electricity generation can lead
to the development of a robust and efficient MFC design
[34].

5.3 Microbial Community Analysis and
Electrochemical Characterization

A deeper understanding of the microbial community
composition and dynamics within the MFC system can
be achieved through advanced techniques like
metagenomic sequencing. This knowledge can be used to
optimize bacterial selection and consortia development
for improved MFC performance [27]. Additionally,
electrochemical characterization techniques, such as
cyclic voltammetry and electrochemical impedance
spectroscopy, can provide valuable insights into the
electron transfer processes and electrode kinetics within
the MFC [35].

5.4 Scale-up and Real-world Application

Scaling up the MFC design for practical mine wastewater
treatment applications is essential. Pilot-scale studies
[36]recommended to evaluate the system's efficacy and
techno-economic feasibility in real-world settings.

5.5 Long-term Performance Evaluation
Conducting long-term studies with the MFC system is
crucial to assess its stability and sustained performance
over extended operational periods. This will provide
valuable data for the design and implementation of
reliable bioremediation technologies [37].

5.6 Material Selection

While the current low-cost approach is valuable, future
research can explore the use of advanced materials, such
as high-conductivity membranes or biocompatible
electrodes, to potentially enhance MFC efficiency and
durability [38]. Safety considerations should also be
addressed, with the exploration of alternative materials
like aquarium glass for a safer and more robust MFC
design.

5.7 Integration with Wastewater Treatment

Processes and Environmental Impact Assessment
Investigating the potential for integrating the MFC
system with existing wastewater treatment processes is
essential. This would promote resource recovery and
enhance overall treatment efficiency. Additionally,
conducting a comprehensive environmental impact
assessment of the MFC technology is crucial to ensure its
sustainability and environmental benefits.

6. REFERENCES
[1] F. A.Cerro, D. G. Algo, J. G. Luzorata, A. A.
Bocobo and E. J. B. Beltran, "Development of

Biofilter Using a Biochar from Pericarp of
Durian, Mangosteen, and Banana in Reducing
Nickel Concentration in Wastewater," in



Proceeding of International Exchange and
Innovation Conference on Engineering &
Sciences (IEICES) 10, Fukuoka, Japan, 2024.

[2] M. Nordberg and G. F. Nordberg,
"Metallothionein and Cadmium Toxicology—
Historical Review and Commentary,"
Biomolecules, vol. 12, no. 3, p. 360, 2022.

[3] S.Y.Kim, M. R. Jin, C. H. Chung, Y.-S. Yun, K.
Y. Jahng and K.-Y. Yu, "Biosorption of cationic
basic dye and cadmium by the novel biosorbent
Bacillus catenulatus JB-022 strain," Journal of

Bioscience and Bioengineering, vol. 119, no. 4,
pp. 433-439, 2015.

[4] Y. Xie and O. Eljamal, "A study on Zerovalent
Iron Nanoparticles, Fe2+ and Fe3+ enhanced
double chamber," in Proceedings of International
Exchange and Innovation Conference on
Engineering & Sciences (IEICES) 9, Fukuoka,
Japan, 2023.

[5] R.Kumar, L. Singh, A. W. Zularisam and F. I.
Hai, "Microbial fuel cell is emerging as a versatile
technology: a review on its possible applications,
challenges and strategies to improve the
performances," International Journal of Energy
Research, vol. 42, no. 2, pp. 369-394, 2017.

[6] S.K. Butti, G. Velvizhi, M. L. Sulonen, J. M.
Haavisto, E. O. Koroglu and A. Y. Cetinkaya,
"Microbial electrochemical technologies with the
perspective of harnessing bioenergy:
Maneuvering towards upscaling," Renewable and
Sustainable Energy Reviews, vol. 53, pp. 462-476,
2016.

[7]1 J.V.Boas, V. B. Oliveira, M. Simdes and A. M.
Pinto, "Review on microbial fuel cells
applications, developments and costs," Journal of
Environmental Management, vol. 307, p. 114525,
2022.

[8] M. Zhou, J. Yang, H. Wang, T. Jin, D. J. Hassett
and T. Gu, "Chapter 9 - Bioelectrochemistry of
Microbial Fuel Cells and their Potential
Applications in Bioenergy," Bioenergy Research:
Advances and Applications, pp. 131-152, 2014.

[9] P. Winaikij, P. Sreearunothai and K.
Sombatmankhong, "Probing mechanisms for
microbial extracellular electron transfer (EET)
using electrochemical and microscopic

characterisations," Solid State lonics, vol. 320, no.
July, pp. 283-291, 2018.

[10] K. Bensaida, O. Falyouna, I. Maamoun, R.
Eljamal and O. Eljamal, "Enhancement of Power
Generation in Microbial Fuel Cells (Mfcs) Using
Iron/Copper," in Proceeding of International
Exchange and Innovation Conference on
Engineering & Sciences (IEICES) 6, Fukuoka,
Japan, 2020.

[11] M. Li, M. Zhou, X. Tian, C. Tan, C. T. McDaniel,
D. J. Hassett and T. Gu, "Microbial Fuel Cell
(MFC) Power Performance Improvement through
Enhanced Microbial Electrogenicity,"
Biotechnology Advances, vol. 36, no. 4, pp. 1316-
1327,2018.

651

[12] M. F. Baran, M. Diiz, A. Baran and C. Keskin,
"Fast and Economical Biosorption of Lead (II)
Heavy Metal in Aqueous Solutions by Bacillus
licheniformis sp.," Kahramanmaras Siitcii Imam

Universitesi Tarim Ve Doga Dergisi, vol. 101, no.
4, pp. 847-858, 2022.

[13] K. Scott, "5 - Membranes and separators for
microbial fuel cells," Microbial Electrochemical
and Fuel Cells, pp. 153-178,2016.

[14] S. Zheng, F. Yang, S. Chen, L. Liu, Q. Xiong, T.
Yu, F. Zhao, U. Schréoder and H. Hou, "Binder-
free carbon black/stainless steel mesh composite
electrode for high-performance anode in microbial
fuel cells," Journal of Power Sources, vol. 284,
no. June, pp. 252-257, 2015.

[15] H. Lin, M. Zhou, B. Li and Y. Dong,
"Mechanisms, application advances and future
perspectives of microbial-induced heavy metal
precipitation: A review," International
Biodeterioration & Biodegradation, vol. 178, no.
March, p. 105544, 2023.

[16] M. L. Juliano, C. S. Yanuaria, A. R. Caparanga
and L. L. Tayo, "Low Level Electricity
Production and COD Removal in Wastewater
Using a Dual Chamber Microbial Fuel Cell with
Pseudomonas Fluorescens as Biocatalyst," in 2nd
International Conference on Resources and
Environment Sciences, Bangkok, Thailand, 2020.

[17] Department of Environment and Natural
Resources, "DAO 2016-08," Environmental
Management Bureau, 2016.

[18] V. Vinayak, M. J. Khan, S. Varjani, G. D.
Saratale, R. G. Saratale and S. K. Bhatia,
"Microbial fuel cells for remediation of
environmental pollutants and value addition:
Special focus on coupling diatom microbial fuel
cells with photocatalytic and photoelectric fuel
cells," Journal of Biotechnology, vol. 338, no.
September, pp. 5-19, 10 September 2021.

[19] T. Naiya, A. Bhattacharya and S. Das, "Removal
of Cd(II) from aqueous solutions using clarified
sludge," Journal of Colloid and Interface Science,
vol. 325, pp. 48-56, 2008.

[20] M. A. Hubbe, S. H. Hasan and J. J. Ducoste,
"CELLULOSIC SUBSTRATES FOR
REMOVAL OF POLLUTANTS FROM
AQUEOUS SYSTEMS: A REVIEW. 1.
METALS," BioResources, vol. 6, no. 2, 2011.

[21] R. Boopathy, "Factors limiting bioremediation
technologies," Bioresource Technology, vol. 74,
no. 1, pp. 63-67, August 2000.

[22] M. f. Baran and M. Z. Duz, "Removal of
cadmium (II) in the aqueous solutions by
biosorption of Bacillus licheniformis isolated
from soil in the area of Tigris River,"
International Journal of Environmental Analytical
Chemistry, vol. 101, no. 4, pp. 1-16, 2019.

[23] P. JEYAKUMAR, C. DEBNATH, R.
Vijayaraghavan and M. MUTHURAJ, "Trends in
Bioremediation of Heavy Metal Contaminations,"

Environmental Engineering Research, vol. 28, no.
4,2023.



[24] N. Mesner and J. Geiger, "Understanding Your
Watershed Dissolved Oxygen," Utah State
University Water Quality Extension, 2010.

[25] N. Ahalya, T. Ramachandra and R. D. Kanamadi,
"Biosorption of Heavy Metals," Research Journal
Of Chemistry And Environment, vol. 7, no. 4,
December 2003.

[26] D. Hatiboruah, D. Y. Devi, N. D. Namsa and P.
Nath, "Turbidimetric analysis of growth kinetics
of bacteria in the laboratory environment using
smartphone," Journal of Biophotonics, vol. 13,
no. 4, January 2020.

[27] W. Zhi, Z. Ge, Z. He and H. Zhang, "Methods for
understanding microbial community structures
and functions in microbial fuel cells: A review,"
Bioresource Technology, vol. 171, pp. 461-468,
2014.

[28] Z. Zafar, S. Naz, N. H. Malik, F. Ahmed and N.
Ali, "Bioelectrogeneic performance of air-cathode
microbial fuel cells with diesel contaminants,"
The Science and Technology of Fuel and Energy,
vol. 355, no. January, p. 129407, 01 January 2024.

[29] E. R. Zhang and L. L. Y. Cui, "Effect of PH on
the Performance of the Anode in Microbial Fuel
Cells," Advanced Materials Research, pp. 608-
609; 884-888, 2012.

[30] A. Larrosa-Guerrero, K. Scott, I. M. Head and C.
Godinez, "Effect of temperature on the
performance of microbial fuel cells," Fuel, vol.
89, no. 12, pp. 3985-3994, 2010.

[31] T. Niu, Z. Zhou and X. Shen, "Effects of
dissolved oxygen on performance and microbial
community structure in a micro-aerobic
hydrolysis sludge in situ reduction process,"
Water Research, vol. 90, March 2016.

[32] B. E. Logan, Microbial Fuel Cells, John Wiley &
Sons, Inc., 2007.

[33] A. S. Mathuriya and J. V. Yakhmi, "Microbial
fuel cells — Applications for generation of
electrical power," Critical Reviews in
Microbiology, vol. 1, no. 17, June 2014.

[34] G.-C. Gil, L.-S. Chang, B. H. Kim, M. Kim, J.-K.
Jang, H. S. Park and H. J. Kim, "Operational
parameters affecting the performance of a
mediator-less microbial fuel cell," Biosensors and
Bioelectronics, vol. 18, no. 4, pp. 327-334, April
2003.

[35] S. Dave, J. Das, S. Dave and P. Mohanty,
"Contribution of Cyclic Voltammetry and
Electrochemical Impedance Spectroscopy in
Deciphering the Electron Transport System in
Biofilm," in Analytical Methodologies for Biofilm
Research, New York, Springer, 2021, pp. 129-
152.

[36] W. Zhi, Z. Ge, Z. (. He and H. Zhang, "Methods
for understanding microbial community structures
and functions in microbial fuel cells: A review,"
Bioresource Technology, vol. 171, pp. 461-468,
November 2014.

[37] F. Zhang, Z. Ge, J. Grimaud, J. Hurst and Z. He,
"Long-Term Performance of Liter-Scale
Microbial Fuel Cells Treating Primary Effluent

652

Installed in a Municipal Wastewater Treatment
Facility," Environmental Science & Technology,
vol. 47, no. 9, pp. 4941-4948, 2013.

[38] A. A. Yaqoob, M. N. M. Ibrahim and S.
Rodriguez-Couto, "Development and
modification of materials to build cost-effective
anodes for microbial fuel cells (MFCs): An
overview," Biochemical Engineering Journal, vol.
164, 15 December 2020.



	Numerical modeling of nitrate reduction using of low cost organic carbon source
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS AND DISCUSSIONS
	4. CONLUSION
	5. REFERENCES
	1. INTRODUCTION
	2. REVIEW OF RELATED WORK
	3. METHODOLOGY
	4. RESULTS AND DISCUSSION
	5. CONCLUSION AND RECOMMENDATION
	6. REFERENCES
	5. REFERENCES
	Evaluating the Research Landscape of Earth Blocks in Sustainable Construction: A Bibliometric Analysis (2000–2024) 
	1. INTRODUCTION
	2. CLASSIFICATION OF HYBRID MATERIALS
	3. SYNTHESIS METHODS
	4. APPLICATIONS
	5. TRENDS AND OUTLOOK
	6. CHALLENGES IN O/I HYBRID MATERIAL
	7. CONCLUSION
	8. REFERENCES
	A Review on Polymer/Nanodiamond Composites: Fabric
	Abstract: The advent of nanodiamond-based polymer 
	Keywords: Nanodiamond, nanocomposite, electrospinn
	1-Introduction:
	3-Fabrication methods of polymer/ND composites 

