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Abstract

Microbial fuel cell (MFC) technology is an innovative approach to sustainable power generation
from wastewater. This study aims to use non-toxic metal (Al, Zn, and Cu) and carbonaceous
electrode sets with reduced internal resistance in the six MFCs to reduce the cost and toxicity of
electrodes and produce electricity along with wastewater management in the pulp and paper
industry. Among them, MFC-5 (Zn as an anode, Cu as cathode material, and CuSO,.5H,0 as electro-
lyte) shows maximum voltage, current, and power density at 1185 mV, 4.79 mA, and 939 mW/m?
respectively. Another cell (MFC-2) with carbonaceous cathodic material and containing no electro-
lyte solution, exhibits the second highest output voltage, current, and power density at 1193 mV, 2.69
mA, and 533 mW/m? respectively. This research also demonstrated that MFC-5 and MFC-2
effectively removed 94.8+1% and 93.6+0.5% of biochemical oxygen demand (BOD) after 15 days,
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highlighting their potential for wastewater treatment.
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Introduction

Environmental-friendly alternative energy sources and
bioenergy production are gaining more interest due to
increasing global energy demand and depletion of fossil
resources (Guo et al. 2015; Mandley et al. 2020; Popp et al.
2014). The possibility of bioenergy generation through
microbial metabolism has opened new opportunities to
replace conventional fossil fuel-based energy because of its
renewable and ecological character (Chaturvedi and Verma,
2016). On the other hand, industries are starting to focus on
wastewater recycling as part of sustainable development and
improved wastewater management (Chen et al. 2020; Palani-
samy et al. 2019). Therefore, the reuse and recycling of water
have become crucial to reducing the overuse of freshwater in
natural ecosystems. Therefore, in the current context, energy

generation and wastewater management are two major
challenges that researchers have to address (Gude, 2015).
Bioelectrochemical systems like microbial fuel cell (MFC)
technology are one of the possible graceful solutions that can
integrate these two issues (Davis, 1967; Logan ef al. 2015).

MEFC is an innovative microbial electrochemical technology
with the potential to extract chemical energy and release
resource recovery from organic wastewater contaminants via
biocatalytic reactions (Gajda et al. 2018; Omine ef al. 2018;
Sahu, 2019). The bacteria in the MFC anode chamber can
catalyze biodegradable organic materials and generate
electrons which subsequently pass through the external
circuit, are received by the electron acceptor at the cathode,
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and generate electricity (Prasad and Tripathi, 2017; Timmis,
1995). Traditional fuel cells, such as hydrogen fuel cells,
require energy to generate hydrogen, while MFCs do not
require any external energy source, produce no additional
greenhouse gases, and are self-contained and biodegradable
(ligatani et al. 2019; Jayashree et al. 2019; Subha et al.
2020). These key advantages over conventional fuel cells
make MFC a potential contender for upcoming sustainable
green energy sources (M. Li et al. 2018).

The MFCs are typically designed as a two-chamber system
with the bacterial biofilm placed at the anode chamber and
kept isolated from the cathode chamber through a polymeric
proton exchange membrane (PEM) (Chakraborty ef al. 2020;
Das, 2020). Air cathodes, in which air bubbles are fed into the
cathode chamber to saturate the dissolved oxygen to the
electrode, are one of the common tactics utilized in MFCs
(Lawson et al. 2020). However, exo-electrogenic bacteria at
the anode chamber oxidize fuel to produce CO,, and release
electrons, and protons (Sonawane et al. 2020). Protons flow
from the anode to the cathode chamber through the PEM, and
the electrons flow to the external circuit. The protons recom-
bine with electrons at the cathode and form water in the
presence of free oxygen (Katal and Pahlavanzadeh, 2011;
Ratheesh ef al. 2021). However, the use of PEM is very
expensive. For this reason, in this study, a salt bridge is used
as a substitute for PEM. The movement of electrons from the
anode to the cathode is a favorable and spontaneous process
that leads to energy production in the MFCs. The general
reaction involving the MFCs is (Uddin ef al. 2021):
CH,,O,+6H,0—» 6CO,+24H" + 24¢ ............... (1)

6771276
O,+4H" + 4e

The oxygen reduction reaction is crucial for determining
MFC efficiency, involving the transfer of four electrons to
form H,O under acidic conditions (Harnisch and Schrdder,
2010). The standard reduction potential of O, in this
reaction is +1.23 V at pH 0 and | atm, as verified by
thermochemical calculations and empirical data (Pegis et
al. 2015). However, such conditions are rarely achievable
in MFCs since bacteria, predominantly neutrophils, grow
optimally near neutral pH (~7.0), where the reduction
potential decreases significantly (S. Li et al. 2017). For
effective operation, high current density and a positive
onset potential are critical. While noble metal electrocata-
lysts like platinum meet these criteria, their high costs and
scarcity hinder large-scale application. Cheaper alterna-
tives, such as copper and carbon-based materials, offer
higher reduction potentials and cost-efficiency, making
them promising substitutes (Prasad and Tripathi, 2017,
Wang et al. 2013).
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Several attempts have been made at MFC application using
synthetic and raw wastewater such as paper industry waste-
water, brewer wastewater, tannery wastewater, domestic
wastewater, food processing wastewater, and starch process-
ing wastewater for treatment and power generation (Huang et
al. 2021; Senthilkumar and Naveenkumar, 2023; Subha et al.
2020). The composition of wastewater from the pulp and
paper industry varies significantly between mills. Wastewater
typically has a wide range of biochemical oxygen demand
(BOD) values ranging from 5000 to 15000 mg/L (Simate,
2015). More than 250 distinct inorganic and organic
compounds have been found in the pulp and paper industries'
effluents, and MFCs can effectively eliminate these contami-
nants (Lebeer et al. 2011). A few studies have been conducted
using water samples from pulp and paper industries world-
wide, but no such operation has been developed in Bangla-
desh. In Bangladesh, the per capita consumption of paper and
cardboard is approximately 3.5 to 4 kg, compared to the
global average of around 50 kg. The primary pulp and paper
industries in Bangladesh are located in the Dhaka and
Chittagong regions, with a total of 80 paper mills (Quader,
2012). In Bangladesh, the pulp and paper industries generate
a large amount of wastewater because of the low percentage
of reused water and poorly organized wastewater treatment
(Karmaker et al. 2022).

To solve the above issues, in this study, we have treated the
pulp and paper industry wastewater samples with MFCs,
placed different non-toxic, inexpressible metals i.e. Zn, Al,
and additionally, carbon electrode combinations, recorded
the continuous voltage, current, and power output for 15 days
and checked the parameters of the treated water. Initially, we
had used aerial oxygen flow as an oxidizing species at the
cathode chamber but the pH condition of the cell and the
nature of the electrodes subdued the efficiency in some cases.
However, the electrolyte solution has far-reaching effects,
expanding power yield multiple times. Finally, after 15 days
of treatment water parameters were measured and Field
emission scanning electron microscopy (FESEM) was
carried out on bacterial biofilms for identification and inves-
tigation of their adhesion properties.

Materials and method
Collection of Wastewater Samples and Characterization

The pulp and paper industry wastewater sample was
collected from a Meghna pulp and paper mill, in Dhaka,
Bangladesh. The grab sampling technique was applied by
dipping down a 30-liter gallon bottle into the water reser-
voir and placed at ambient temperature for 6 hours to settle
down solid particulates (Barrows et al. 2017). The initial
pH of the water sample was then measured by using a
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digital pH meter (Radiometer PHM 240). A conductivity
meter (CDM 230) was employed to measure the conductiv-
ity. Total suspended solids (TSS), and total dissolved solids
(TDS) were measured by using ASTM D5907 methods.
The turbidity of the water sample was measured by a
digital turbidity meter (Super Scientific 860040 Turbidity
Meter) (Gaikwad and Munavalli, 2019).

The standard BOD; technique is used to quantify the biode-
gradable component of sewage and wastewater. The BOD;
is a gauge of the amount of dissolved oxygen needed for
the biochemical oxidation of organic components of an
effluent sample seeded with a microbial culture for over 5
days at 20 degrees Celsius (Kim et al. 2003). To Measure
BOD., the effluent sample is poured completely into a
special BOD bottle: a glass bottle with a "turtleneck" and a
ground glass stopper. The initial and final DO is measured
with a V-TECH BOD meter and BOD is calculated by the
conventional method.

Preparation of Electrode Materials

In this experiment, carbon, zinc, and copper plate electrodes
with 5 cm width and 12 cm length are used (Fig. 1). Because
of the very negative reduction potential, the non-toxic transi-
tion metal zinc and its grid form as well as the most widely
abundant metal aluminum have been chosen for the anode.
This was done to produce a higher potential difference
between the two sides of the cell. Zn has a reduction potential
of -0.76 volts, whereas aluminum has a reduction potential of
-1.66 volts. The carbonaceous electrode served as the bench-
mark by which correlations were made between the metal
electrodes and the various MFCs that were found in the
literature review.

12¢m

Fig. 1. Pictorial representation of carbon, zinc, and
copper plate electrode

Due to the higher positive reduction potential (E° = +0.34V),
the cheaper unprecedented transition metal copper has been
employed as cathodes in two out of six cells which my
expected to improve the potential difference from the concept
of the traditional fuel cell mechanism (Yang and Reddy,
2014). Albeit, areal oxygen at atmospheric pressure was
adopted at the cathode chamber of the first four MFCs. The
later two cathode chambers were treated with electrolyte
solutions. The potential difference and power generation
would greatly rely on the electrode surface-oxidant coales-
cence behavior. The combination of anode and cathode mate-
rials of six MFCs is shown in Table I.

Table I. MFC IDs and related electrode materials

MFC ID Anode materials Cathode materials Cathodic

electrolyte
MEFC -1 Zn plate Cu plate --
MFC -2 Zn grid Carbon plate --
MEFC -3 Al grid Carbon plate --
MFC -4 Carbon plate Carbon plate --
MEFC -5 Zn plate Cu plate CuS04.5H,0
MFC -6  Carbon plate Carbon plate ~ Fex(SO4)3

Construction of MFC

The most fundamental part of MFCs was assembled using
a lightweight plastic container (Fig. 2) that was divided
into an anode compartment and a cathode compartment
(each container has a volume of 4L). A piece of plastic
tubing measuring 12 centimeters in length and 1.5 centi-
meters in diameter ran between the two different chambers
to join them. At a temperature of 75°C 5g of agar powder
were combined with 100 m of a 1M KCI solution, and the
mixture was agitated for 2 h. After that, the viscous
solution was transferred into the plastic tube, where it was
later cooled and dried to become the salt bridge for that
particular MFC. While the cathode was being replenished
with distilled water, industrial muck and bacterial inocu-
lum were poured into the anode chamber. Electrode pairs
were then set in position, and the anode chamber was
enclosed with a protective sheet to prolong the anaerobic
environment.

To determine the current generated by the fuel cell, the
current and voltage were measured using a digital multimeter
(Model UT136B+, UNI-T, USA). The data were carefully
recorded at 24-h intervals. The power density was calculated
from the experimental current value and electrode area.
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Fig. 2. (a) Schematic diagram of MFCs (b) Experimental
setup of MFCs

FESEM Analysis of bacterial film

Bacterial morphological structures were analyzed by field
scanning electron microscope (FESEM; JSM-7610F, JEOL,
Japan (accelerating voltage: 5 kV, magnification: 10000X
and 20000X) used to take a photo. After 15 days of water
sample treatment, the anode was carefully recovered from the
water sample. The bacterial membrane attached to the
electrode was then treated with 5% formalin solution for
more than 2 h to immobilize the bacterial cell wall. The
sample was then dried for more than 6 h at 55 °C and the
morphology of biofilm was analyzed by FESEM (Koivuluoto
et al. 2010; Lebeer et al. 2011).

Results and discussion
Properties of wastewater

The initial parameters of the wastewater sample were
reported. The sample was determined to have a high BOD
content (12,853 mg/L) and to be somewhat acidic, with a
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pH value of 5.9. The presence of metal ions and anions in
the sample contributed to the sample's higher value of
conductivity, which was measured at 965 puS/cm. The total
dissolved solids (TDS) and the total suspended solids
(TSS) measured at 3958 and 2369 mg/L. The sample had a
very turbid physical appearance since it included a high
concentration of dissolved organic components as well as
inorganic metal salts. A comprehensive listing of all of the
values is shown in Table II.

Table II. Properties of wastewater

Parameter Value
pH 5.9+0.05
BODs (mg/L) 12853+9.8
Conductivity (uS/cm) 965+4.5
TSS (mg/L) 2369+9.6
TDS (mg/L) 3958+10.5
Turbidity (NTU) 601+3.7
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Fig. 3. Variation of output current in different MFCs with

time (a) MFC-1, 2, 3, 4 and (b) MFC-5, 6



Igbal, Bhowmik, Uddin, Yasmin, Islam, Abedin, Jamal and Hossain 253

Electricity generation

The comparison of output current and output voltage of
MFC-1, 2, 3, 4, and MFC-5, 6 are shown in Fig. 3(a-b) and
Fig. 4(a-b). These figures depict that the output voltage and
current patterns for MFC-1 and 2 are almost similar. The
MFC-1 was constructed with zinc and copper plate and in
MFC-2, zinc grid, and carbon plate were used as the
electrodes. The maximum output voltage and current for
MFC-1 were 1152 mV and 2.38 mA while for MFC-2, it was
1193 mV, and 2.69 mA respectively. The use of different
electrodes as cathodes, in the absence of an electrolytic
solution hasn’t produced any significant impact on electricity
generation. However, the use of the electrolytic solution in
the cathode compartment in MFC-5, constructed with zinc
and copper electrodes, causes a significant impact on the
output current (4.79 mA). The output current is almost twice
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Fig. 4. Variation of output voltage in different MFCs with
time (a) MFC-1, 2, 3, 4 and (b) MFC-5, 6

that of MFC-1 (2.38 mA) with an almost similar value of
output voltage. The output voltage of MFC-1 is 1152 mV and
for MFC-5, it is 1185 mV. Furthermore, the decrease in the
current value of MFC-4 which contains carbon material both
as anode and cathode, is due to the breakdown of microbial
food nutrients during the MFC process and an increase in
side products in the form of CO, which causes a toxic effect
on cells. Another reason is the absence of an electrolyte
solution (Obileke et al. 2021).

The power density of prepared MFCs is shown in Fig.
5(a-b). Though Al has the least value of reduction potential
(E* = -1.66V), the MFC-3 cell, fabricated with the alumi-
num grid and carbon electrode, was found to have the least
amount of power density (7 mW/m? of peak value). This
value is approximately one-fifth of the MFC-4 counterpart,
where carbonaceous electrodes were placed in both
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Fig. 5. Variation of power density in different MFCs with
time: (a) MFC-1, 2, 3, 4 and (b) MFC-5, 6
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compartments. This discrepancy is due to the difficulty of
microorganisms to adhere to the surface of aluminum, a
finding that was verified further by the fact that bacterial
biofilms could not be examined by scanning electron
microscopy (SEM). Moreover, the energy density pattern
of MFC-3 tended to reluctantly decrease over 15 days of
treatment. MFC-1 (Zn anode) and MFC-2 (Zn grid)
showed sufficient good results since they reached the tip
value of 460 mW/m? and 533 mW/m? which is almost 14
and 17" greater than the carbonaceous counterparts respec-
tively. MFC-4 and MFC-6 are equivalent since both have
carbon cathode and anode electrodes. In MFC-4, atmo-
spheric oxygen served as the electron acceptor while 1.0M
Fe,(S0O,), solution was used as the electron acceptor in the
cathode chamber of MFC-6. MFC-4 has a maximum power
density of 32 mW/m?, whereas MFC-6 has a maximum
power density of 377 mW/m?. With an apex value of 939
mW/m?, the MFC-5 cell with a 1M CuSO,.5H,0 solution
had the highest power density among the six examined
cells, and its power density was almost twice that of its
MFC-1 counterpart. The highest power density is observed
due to the use of CuSO,.5H,0 solution in MFC-5. Due to
the higher standard reduction potential of CuSO,.5H,0
solution, Cu?* can easily accept the electrons. Hence, maxi-
mum current is produced. Ultimately the power density
increases in MFCs which contain electrolytes in a cathode
chamber. Because of the augmentation of bacterial metabo-
lism, the power density is maximum near 7-10 days in all
MFCs. And then the gradual decline in power density has
been attributed to bacterial nutrient depletion and toxic
by-products (Obileke et al. 2021).

Decontamination of water sample

MFC treatment of wastewater samples significantly reduc-
es the pollutants of the water sample, which can be clearly
understood from the analysis of the final sample after
treatment (Fig. 6). The initial BOD of the water sample was
reported as 12,853 mg/L. The percentages of removal were
calculated according to the following equation

(Ci —Cp)
BOD removal (%) = — x 100
i

Where, C, = Initial BOD concentration (mg/L) and C, =
Final BOD concentration (mg/L). The maximum
94.8+1% BOD reduction is shown by MFC-5 (Fig. 6).
MFC-2, 1, and 6 also showed better performance with
percentages of 93.6+0.5%, 91+0.9%, and 89.7+0.5%
respectively. MFC-3 showed the lowest value with a BOD
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Fig. 6. Variation in removal efficiency of water parame-
ters across different MFC configurations after 15
days of treatment

recovery of 54+2%. The results of MFC-3 were also
consistent with the power generation as it shows the
lowest power generation. Conductivity is also significant-
ly reduced from the initial value after treatment. Samples
taken from MFC-2, 5, and 6 experienced a reduction of
conductivity at 97.3+0.5%, 98+0.5%, and 89.6+0.6%
respectively, while MFC-1 decreased by almost
94.6+0.6%. MFC-3 also kept consistency with the lowest
conductivity reduction value (51+3%). However, the
decrease in conductivity also has a significant effect as it
is a means of removing ionic compounds and heavy
metals from the water sample. Total Suspended Solids
(TSS) and Total Dissolved Solids (TDS) are also import-
ant indicators to measure pollutant recovery which is also
related to water turbidity. As BOD and conductivity
decreased after MFC treatment, TSS, TDS, and turbidity
followed the same trend. These values decrease in
sequence MFC-5, 6, 2, 1, 4, and 3 (Table III).

FESEM Analysis of bacterial biofilm

The microbial populace in the anode compartment is a
crucial biological factor for determining the effectiveness
of electron transport. Particularly, organic substrates
provide carbon sources and electron donors associated with
the outnumber of processes (Xiao and He, 2014). The
substrates enter the glycolysis pathway, undergo a series of
reactions, and then enter the tricarboxylic acid cycle and
electron transport cycle to generate adenosine triphosphate
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Table III. Wastewater samples after fifteen days of treatment with different MFCs

Sample BODs Conductivity TSS (mg/L) TDS (mg/L) Turbidity
(mg/L) (uS/cm) (NTU)
MFC-1  1032+8.5 52+0.45 758+1.5 1029+6.5 120+3.7
MFC-2  751+4.2 26+1 7111 910+4.2 90+1.5
MFC-3  5913£10.5 467+4.3 1753+8.5 2771£7.5 403=+1
MFC-4  2628+6.8 1214£3.6 877+3.6 1267+4 156+0.87
MEFC-5 657+2.5 17+0.06 663+2.8 831£2.5 78+2
MFC-6 1314443 100+6.8 758+0.8 1069+7.5 12543.5

(ATP). In this synthesis mechanism, a progression of
phases is engaged with electron transport e.g. NADH coen-
zyme Q reductase, nicotinamide adenine dinucleotide
(NADH), ubiquinone, succinate  dehydrogenase,
cytochrome bel, cytochrome c, cytochrome oxidase from
microbial to the cell layer to electron acceptor employing a
redox reaction and the prospective microorganisms with
the capability of external electron transfer are being used
for MFC (Konovalova et al. 2018; Kumar et al. 2013).

Fig. 7. FESEM image of the bacterial layer to the anode of
(a) MFC -1, (b) MFC -2, (¢) MFC -4 for low magni-
fication, and (d) MFC -1, (e) MFC -2, (f) MFC -4 for
high magnification

There is a significant amount of lignocellulose-containing
material content in the pulp and paper industry. Lignin,
hemicellulose, and cellulose are the components that
makeup lignocellulose material. These constituents may
be hydrolyzed into their smaller components and utilized
as feedstocks in processes that aim to valorize lignocellu-
lose (Brown ef al. 2021). Microorganisms such as Bacillus
sp., Paenibacillus sp., Geobacter sp., Clostridium sp., and
Citrobacter sp. make up a significant portion of the collec-
tion. It has been demonstrated that these bacterial species
can break a range of pollutants, such as adsorbable organic
halides and substances with high chemical oxygen demand
(COD), and release electrons to the anode via a technique
known as extracellular electron transfer (EET) (Xiao and
He, 2014). In this study, the compacted biofilm on the
anode was examined with FESEM at two magnifications
powers i.e. at 10,000X and 20,000X (Fig. 7(a-f)). Similar
types of bacterial nano-threads (Geobacter) were found for
MFC-1 and MFC-2 but on carbon plate, rod-shaped bacte-
ria (Bacillus) predominate. This phenomenon is also
consistent with the electricity generation plot. MFC-1 and
MFC-2 have an almost similar pattern of output voltage,
current, and power density. Whereas the voltage for
MFC-4 is almost half and the output current and power
density are almost 10 times lower than the former. Howev-
er, the bacterial layer couldn’t be possibly isolated for
MFC-3 where the Al grid was utilized as an anode
electrode.

Performance analysis

A substantial number of MFC evaluations were reported to be
based on sodium acetate as an anodic electrolyte or a synthet-
ic wastewater solution; nevertheless, in our investigation, we
exploited wastewater directly from the paper industry to
assess the feasibility. Both the initial water parameters, such
as BOD, Conductivity, TDS, and TSS, and the final water
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parameters were recorded for each cell as a whole. Only a
handful of the studies that were looked at indicated a COD
recovery value of less than 70%. We have reported the BOD
levels after treatment and discovered a maximum value of
94.8+1% BOD eradication after 15 days of treatment. This
finding is consistent with the findings of previous research
and is thus plausible.

Table IV. Comparative study of MFC performance
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A combination of zinc and copper electrodes in the presence
of a copper sulfate solution as a catholyte was discovered to
have the highest power density (939 mW/m?) among the
various metallic electrode material combinations that were
used in this study (Table IV). These combinations were both
inexpensive and readily available. In the end, the bacterial
morphology was investigated using FESEM, and the results

Sample Running  Electrode Materials Cathodic Maximum FESEM BOD/ Reference
Period Electron Power Image COD
Acceptor Density Removal
(mW/m?)
Industrial 9 days Carbon paper, 5.1 Reported  51% COD (Sahu,
Wastewater carbon plate, removal 2019)
(Sugar, graphite
Leather,
pulp & paper
L ndustry )
Synthetic 7 days Iron plate, Graphite KMnOs, Not Reported  84% BOD  (Jayashree
wastewater, plate K3FeCNs reported removal et al
Industrial 2019)
CWastewater
Sodium Graphite fiber Ferricyanide 2460 Not Not (Lawson
Acetate brush, Pt plate Available reported etal
2020)
Synthetic 21 days Carbon cloth, Air Reported  86% BOD  (Khilari
lactate MnFe;O4/PANI removal etal.
wastewater 2015)
Sodium 6 days Geopolymer Fumarate Not Reported Not (S. Zhang
acetate graphite, Portland reported Reported etal
cement graphite 2021)
Pulp & Biochar with metal ~ Potassium ferric 47 Reported  64% COD  (Senthilk
paper solution removal umar and
industry Naveenk
wastewater umar,
2023)
Sodium 1 year Activated Carbon: Air 1560 Not Not X.
Acetate Carbon Black Available reported  Zhang et
al., 2014)
Pulp & 15 days Zinc, Air 533 Reported  92% BOD This
paper Carbon plate removal study
industry
wastewater
Pulp & 15 days Zinc, CuS04.5H,0 939 93% BOD This
paper Copper removal study
industry

wastewater
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showed that the development of bacteria is heavily reliant on
the electrode material. On the other hand, comparison infor-
mation from other research could not be located.

Conclusion

In conclusion, non-toxic metal (Al, Zn, and Cu) and carbo-
naceous electrode sets with reduced internal resistance
were applied in the six MFCs to reduce the cost and toxici-
ty of electrodes and produce electricity using wastewater
from the pulp and paper industry. The investigation
revealed that certain electrode combinations may success-
fully outperform the currently available data sets. Surpris-
ingly, the power production and performance of MFCs
depended mostly on bacterial growth at the negative
electrode. Geobacter effectively flourished on the Zn and
its grid electrode, which provided the maximum power
density, while considerable bacterial biofilm could not be
collected for Al, even though it was predicted to yield the
highest power density due to its very negative reduction
potential. Bacillus proliferated well on carbonaceous
electrodes but did not generate substantial power under
cathodic areal conditions. Finally, MFC-5 (Zn as the
anode, Cu as cathode material, and CuSO,.5H,0 as
electrolyte) shows maximum voltage, current, and power
density such as 1185 mV, 4.79 mA, and 939 mW/m?
respectively. Furthermore, the cell MFC-2 with carbon
plate as cathodic material and containing no electrolyte
solution exhibits the second highest output voltage,
current, and power density at 1193 mV, 2.69 mA, and 533
mW/m? respectively. The characteristics of the water after
15 days of treatment were also verified. MFC-5 and
MFC-2 exhibited the highest level of rectification with
94.8+1% and 93.6+0.5% of BOD removal.
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