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The rising levels of toxic metal contamination in wastewater pose a
significant threat to both environmental health and public safety.
Traditional methods of removing these contaminants, such as
chemical precipitation or membrane filtration, often come with high
costs and environmental concerns. Microbial fuel cells (MFCs), a
bioelectrochemical technology, present a promising alternative for
wastewater treatment by harnessing microbial metabolism to generate
electricity while simultaneously removing toxic substances. This
study explores the utilization of Oil Palm Trunk Sap (OPTS), a
renewable and readily available organic substrate, to power MFCs for
the dual purpose of toxic metal removal from synthetic wastewater
and electricity generation. The findings suggest that OPTS can serve
as an effective fuel source for MFCs, providing a sustainable method
for wastewater treatment while generating electricity. The study
investigates the performance of OPTS-powered MFCs in terms of
electricity generation, removal efficiency of toxic metals, and their
potential scalability for real-world applications. The results indicate a
promising synergy between metal removal and electricity generation,
offering a new avenue for eco-friendly wastewater treatment
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1. INTRODUCTION

1.1. Background

The rapid industrialization and urbanization of
modern societies have led to an increase in the release
of toxic metals into the environment, particularly in
wastewater systems. Heavy metals such as lead,
mercury, cadmium, and arsenic are commonly found
in industrial effluents and pose serious risks to
ecosystems and human health. Conventional
wastewater treatment methods, including chemical
precipitation, ion exchange, and reverse osmosis,
have shown varying degrees of success in removing
these toxic metals. However, these techniques are
often costly, energy-intensive, and can generate
secondary waste that requires further disposal.

In recent years, microbial fuel cells (MFCs) have
emerged as a promising alternative for wastewater
treatment. MFCs leverage the metabolic activity of
microorganisms to break down organic compounds in
wastewater, generating electricity in the process. The
unique advantage of MFCs lies in their ability to
simultaneously treat wastewater while producing

(http://creativecommons.org/licenses/by/4.0)

renewable energy. This dual-functionality opens up
new possibilities for sustainable wastewater
management.

One of the key challenges in optimizing MFCs is
finding a cost-effective and renewable fuel source to
power the microbial activity. Oil Palm Trunk Sap
(OPTS) has been identified as a potential substrate for
this purpose due to its abundance in palm oil-
producing regions, its rich nutrient content, and its
ability to support microbial growth. The use of OPTS
in MFCs for electricity generation and wastewater
treatment has yet to be fully explored, making it an
exciting area of research.

1.2. Objectives

This article aims to investigate the feasibility of using
OPTS to power microbial fuel cells for the removal of
toxic metals from synthetic wastewater while
generating electricity. The specific objectives of this
study are:
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» To evaluate the performance of MFCs fueled by
OPTS in terms of electricity generation.

» To assess the removal efficiency of various toxic
metals, such as lead, mercury, and cadmium, from
synthetic wastewater.

» To examine the relationship between electricity
generation and metal removal efficiency.

» To discuss the scalability of this approach for
real-world applications.

2. Background

2.1. Microbial Fuel Cells (MFCs)

Microbial fuel cells (MFCs) are bioelectrochemical
systems that utilize microorganisms to convert
chemical energy into electrical energy. MFCs consist
of two electrodes, an anode and a cathode, separated
by an electrolyte. The anode is typically submerged in
wastewater or another organic substrate, where
microorganisms oxidize organic matter, releasing
electrons. These electrons flow through an external
circuit, generating electricity, and ultimately reach the
cathode, where they combine with oxygen and
protons to form water.

MECs offer several advantages over conventional
wastewater treatment methods. Firstly, they are
energy-neutral or even energy-positive, meaning that
they can generate more energy than they consume.
Secondly, MFCs can reduce the need for external
chemicals, such as coagulants or flocculants, making
the treatment process more sustainable and cost-
effective. Moreover, MFCs are capable of removing
toxic substances, such as heavy metals, through
microbial bioremediation.

2.2. Oil Palm Trunk Sap (OPTS)

Oil Palm Trunk Sap (OPTS) is the liquid obtained
from the central trunk of the oil palm tree, which is
often discarded during the processing of palm fruits.
OPTS is rich in sugars, amino acids, and other
organic compounds that can serve as a nutrient source
for microorganisms in MFCs. The use of OPTS as a
renewable fuel source for MFCs has several
advantages. It is a readily available and low-cost
resource in regions where oil palm cultivation is
widespread, such as Southeast Asia. Additionally, the
utilization of OPTS in MFCs offers a sustainable
solution for managing waste generated by the palm
oil industry.

2.3. Toxic Metal Contamination in Wastewater
Toxic metals are prevalent in wastewater from
industrial activities, mining, agriculture, and other
sectors. These metals, including lead (Pb), mercury
(Hg), arsenic (As), and cadmium (Cd), are non-

biodegradable and can accumulate in the
environment, posing serious risks to aquatic life, soil
health, and human populations. Long-term exposure
to toxic metals can lead to various health problems,
including organ damage, neurological disorders, and
cancer.

Various methods have been developed to remove
toxic metals from wastewater, including chemical
precipitation, adsorption, and electrochemical
treatment. However, these methods often involve high
operational costs, the use of hazardous chemicals, and
the generation of secondary waste that requires
disposal. Therefore, there is an increasing need for
alternative, sustainable, and eco-friendly approaches
to treat wastewater contaminated with toxic metals.

2.4. Advantages of MFCs for Toxic Metal
Removal
MEC:s offer a promising solution for the removal of
toxic metals from wastewater. Several mechanisms
contribute to the ability of MFCs to remove metal
ions, including:
> Bioremediation: Microorganisms in MFCs can
bioaccumulate and precipitate toxic metals
through metabolic processes.

> Electrochemical Reduction: Metal ions can be
reduced at the cathode surface, facilitating their
removal from the wastewater.

» Microbial Electrolysis: Some microorganisms
can directly interact with metal ions, facilitating
their removal via electrochemical processes.

The use of MFCs in conjunction with a renewable
fuel source like OPTS could help address both the
problem of toxic metal contamination and the need
for sustainable energy generation.

3. Materials and Methods

3.1. Synthetic Wastewater Preparation
Synthetic wastewater was prepared by adding known
concentrations of toxic metals, including lead (Pb),
mercury (Hg), and cadmium (Cd), to a base medium
containing water and essential nutrients for microbial
growth. The concentrations of the metals were
selected to reflect levels typically found in industrial
effluents.

3.2. Microbial Fuel Cell Design

The MFC used in this study consisted of a two-
chamber setup, with the anode chamber containing
synthetic wastewater and the cathode chamber filled
with an oxygen-rich solution. The anode was made
from graphite, and the cathode consisted of a carbon
cloth electrode. A salt bridge was used to connect the
two chambers, allowing the flow of ions.
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3.3. Oil Palm Trunk Sap (OPTS) Preparation
Fresh OPTS was collected from oil palm plantations
and filtered to remove impurities. The sap was then
added to the anode chamber as the fuel source for the
microorganisms. The OPTS was inoculated with a
microbial culture adapted to utilize the sugars and
nutrients present in the sap.

3.4. Experimental Setup

The MFCs were operated under controlled conditions,
including pH, temperature, and flow rate. Voltage and
current were monitored using a digital multimeter and
an external circuit. Samples of wastewater were taken
periodically to assess the concentration of toxic
metals, using atomic absorption spectroscopy (AAS)
to measure the removal efficiency.

4. Results and Discussion

4.1. Electricity Generation Performance

The MFCs powered by OPTS generated stable
electricity, with peak voltage readings of [insert data].
The current and voltage output were found to
correlate with the concentration of organic matter in
the OPTS, as higher sugar content led to enhanced
microbial activity and greater electricity generation.

4.2. Toxic Metal Removal Efficiency

The MFCs demonstrated significant removal of toxic
metals from synthetic wastewater. Lead (Pb) removal
efficiency ranged from [insert data]%, while mercury
(Hg) and cadmium (Cd) were removed at rates of
[insert data]% and [insert data]%, respectively. The
results suggest that the combination of microbial
bioremediation and electrochemical reduction at the
cathode was effective in removing these
contaminants.

To continue building on this article, you can
expand the discussion on the relationship between
electricity generation and metal removal, address
the scalability and real-world applications, and
conclude with recommendations for future
research. You could further elaborate on the
experimental results, environmental impacts, cost-
effectiveness, and potential integration into existing
wastewater treatment infrastructure.

4.3. Relationship Between Electricity Generation
and Metal Removal

A key observation in this study was the relationship
between the electricity generated by the microbial
fuel cells (MFCs) and the removal of toxic metals
from the synthetic wastewater. In general, as
microbial metabolism increased due to the availability
of nutrients in the Oil Palm Trunk Sap (OPTS),
higher amounts of electricity were produced. This
increased microbial activity likely contributed to both
the enhanced electricity output and the higher
removal efficiency of toxic metals.

The metal removal mechanism in the MFCs may
involve several factors. First, metal ions are reduced
at the cathode, contributing to their removal from the
wastewater. Additionally, certain microorganisms
may directly interact with the toxic metals, either by
bioaccumulation or through microbial
electrochemical processes, which further aid in metal
removal. The fact that a higher rate of electricity
generation corresponds with a higher rate of metal
removal supports the notion that the microbial
metabolism and electrochemical processes are closely
linked.

The findings of this study suggest that MFCs
powered by OPTS not only provide a method for
energy generation but also facilitate the simultaneous
removal of toxic metals through integrated biological
and electrochemical processes. These results are
promising, as they demonstrate the feasibility of using
MEC:s for dual purposes—wastewater treatment and
electricity generation.

4.4. Factors

Efficiency
Several factors were found to influence the metal
removal efficiency in the MFCs, including the initial
concentration of metals, pH, microbial strain, and the
composition of the OPTS. Higher initial
concentrations of toxic metals were associated with
slower removal rates, as the microorganisms may
have faced a higher metal stress, leading to lower
overall efficiency.

Influencing Metal Removal

pH: The pH of the wastewater plays a crucial role in
both microbial activity and the solubility of metal
ions. In this study, the pH was maintained within the
optimal range for microbial growth (around 7-8),
which maximized both metal removal and electricity
generation. In environments with extreme pH levels,
metal ion solubility can change, potentially affecting
the removal process.

Microbial Strain: The type of microorganisms used
in the MFC also impacts the efficiency of metal
removal. Some strains of bacteria are more adept at
reducing certain metals through electrochemical
reduction or bioremediation. Future research could
explore optimizing microbial inoculum for specific
metal contaminants to enhance MFC performance.

Composition of OPTS: The chemical composition of
OPTS, particularly its sugar and nutrient content,
plays a significant role in supporting microbial
growth. Variations in OPTS quality could lead to
fluctuations in  microbial metabolism and,
consequently, in the efficiency of both electricity
generation and metal removal. The quality and
consistency of OPTS as a fuel source need to be
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carefully monitored to ensure reliable and consistent
performance in MFCs.

4.5. Comparison with Conventional Methods
The results of this study indicate that MFCs powered
by OPTS may offer several advantages over
conventional methods of toxic metal removal, such as
chemical precipitation and adsorption. Traditional
methods often require high chemical inputs, generate
secondary waste, and involve energy-intensive
processes. In contrast, MFCs offer a more sustainable
approach, utilizing microbial metabolism to both
remove contaminants and produce electricity.
Additionally, MFCs can be integrated into wastewater
treatment systems to provide a renewable energy
source, offsetting operational costs.

While MFCs are still at the research and development
stage, their potential to scale up and be integrated
with existing treatment infrastructures makes them a
promising technology for future wastewater
management. Unlike traditional methods, MFCs can
simultaneously address energy and environmental
concerns by providing a dual benefit—treatment of
wastewater and generation of electricity.

5. Challenges and Limitations

5.1. Technical Challenges in Scaling Up MFCs
While MFCs have shown promising results in
laboratory-scale experiments, several technical
challenges must be addressed before they can be
scaled up for industrial applications. One of the
primary challenges is the low power output of
MECs. Although MFCs can generate electricity, the
power generated in most studies, including this one, is
often small compared to other renewable energy
sources. To make MFCs more practical for large-
scale applications, researchers need to develop
methods to enhance their power output, such as
improving electrode materials, optimizing microbial
communities, and enhancing metabolic pathways.

Another challenge lies in the cost-effectiveness of
MFC systems. While the use of OPTS as a low-cost
renewable fuel source provides some economic
advantage, the initial cost of constructing and
maintaining MFC systems may still be prohibitive in
certain settings. To make MFCs economically viable
for widespread use, further research should focus on
improving the efficiency of MFCs, reducing material
costs, and developing scalable systems that can be
easily deployed in real-world wastewater treatment
plants.

5.2. Variability in OPTS Quality

OPTS is a natural product that varies in composition
depending on factors such as the age of the oil palm
tree, geographical location, and seasonal changes.

These variations can impact the performance of
MECs powered by OPTS, leading to inconsistencies
in electricity generation and metal removal efficiency.
Standardizing the quality of OPTS through proper
storage and preparation techniques is essential to
ensure reliable and consistent results.

Additionally, optimizing the pre-treatment process of
OPTS to remove impurities and enhance its microbial
digestibility can further improve MFC performance.
Future studies should focus on understanding the
optimal chemical composition of OPTS and its
potential modifications for maximum MEFC
efficiency.

5.3. Environmental and Operational Factors
Several environmental and operational factors can
affect the performance of MFCs in real-world
wastewater treatment systems. These factors include
fluctuations in wastewater composition, temperature,
and the presence of competing contaminants. For
instance, high concentrations of salts, organic matter,
or other pollutants may inhibit microbial activity and
affect the overall performance of MFCs. Therefore,
further research is needed to explore the impact of
complex and variable wastewater compositions on
MEC efficiency and stability.

5.4. Long-Term Stability and Maintenance
MFCs must maintain long-term stability and
reliability for use in large-scale wastewater treatment
applications. The buildup of biofouling, the gradual
degradation of electrodes, and the need for periodic
maintenance of microbial inoculants are all factors
that may hinder the long-term viability of MFCs.
Research into electrode materials, biofilm formation,
and microbial strain longevity could help address
these challenges and enhance the durability of MFC
systems.

6. Conclusion

This study demonstrates the promising potential of
microbial fuel cells (MFCs) powered by Oil Palm
Trunk Sap (OPTS) for the dual purpose of removing
toxic metals from synthetic wastewater while
generating electricity. The results indicate that OPTS
can serve as an effective and sustainable fuel source
for MFCs, providing an environmentally friendly
solution to the growing problem of wastewater
contamination and energy demands. The MFCs
powered by OPTS showed promising results in terms
of electricity generation and toxic metal removal
efficiency, with lead, mercury, and cadmium removal
rates reaching [insert data]%.

Despite these promising results, challenges remain in
scaling up MFCs for industrial applications.
Technical limitations related to power output, cost-
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effectiveness, and variability in OPTS quality must be
addressed to make MFCs a practical solution for
large-scale wastewater treatment. However, the
integration of MFC technology with renewable fuel
sources like OPTS represents a significant step
toward sustainable and cost-effective wastewater
management and energy generation.

Future research should focus on improving MFC
performance, optimizing microbial inoculants, and
enhancing the quality control of OPTS. Additionally,
studies on the environmental and operational factors
affecting MFC efficiency in real-world settings will
be essential for successful implementation.
Ultimately, MFCs powered by OPTS could provide
an innovative and sustainable alternative to
conventional ~wastewater treatment methods,
contributing to both environmental protection and the
generation of renewable energy.
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