Sigma J Eng Nat Sci, Vol. 44, No. 1, pp. 252-261, February, 2026

Sigma Journal of Engineering and Natural Sciences
Web page info: https://sigma.yildiz.edu.tr
DOL: 10.14744/sigma.2026.1981

Journal of Engineering
and Natural Sciences

Mihendislik ve Fen
Bilimleri Dergisi

Research Article
Simultaneous electricity generation and removal of Sars-Cov-2 from
wastewater in microbial fuel cells

Sila ARSLAN®, Tung¢ CATAL*

'Department of Molecular Biology and Genetics, Uskudar University, Istanbul, 34662, Tiirkiye

ARTICLE INFO ABSTRACT

Article history

Received: 02 August 2024
Revised: 03 October 2024
Accepted: 18 November 2024

In this study, whether wastewater contaminated with SARS-CoV2 virus can be disinfected us-
ing microbial fuel cells was modeled using the S1 anchor protein of the virus. The disinfection
potential and simultaneous electricity production of wastewater contaminated with SARS-
CoV-2 mixed with wastewater using microbial fuel cells, an innovative technology, were inves-
tigated. Bioremediation of SARS-CoV-2 contaminated wastewater was modeled using SARS-
CoV-2 surface antigen (S1) and studied in microbial fuel cells at different temperatures (30
°C vs. 25 °C). Our results show that microbial fuel cells gradually reduced the SARS-CoV-2
viral concentration from 213 ng/mL, especially at ambient temperature, and simultaneously
achieved a power density of 184.19+21.31 mW/m? at a current density of 0.073+0.029 mA/
cm’. The log reduction rates of closed-circuit microbial fuel cells increased steadily from 0.005
to 0.163. In conclusion, microbial fuel cells can be used to simultaneously generate electricity
to enable biological treatment of wastewater contaminated by SARS-CoV-2.
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INTRODUCTION decrease by 40% in the next decade [2]. Since organic waste
is a viable energy source, wastewater has become a renew-

Due to the world’s ever-increasing population and : . . :
able energy source with minimal environmental impact.

industrialization trend, global water availability and energy
consumption have become important topics of discussion.
The world population is growing rapidly and is expected to
increase by another 21% by 2040. As a result, both the need
for clean water and the need for energy are increasing. Fossil
fuels are widely used to meet energy needs but are becom-
ing increasingly depleted, so alternative energy sources are
needed [1]. Similarly, water scarcity remains a major prob-
lem worldwide, and the Earth’s freshwater resources may
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Microbial fuel cell (MFC) technology, which has versatile
features, is a technology on which intensive research has
been carried out in recent years, as it enables the produc-
tion of electricity from organic waste and contributes to the
simultaneous production of clean water [3-5]. In microbial
fuel cells, microorganisms called exoelectrogens release
electrons and protons while breaking down carbon sources
in organic waste materials as substrates [6-7-8]. These
released electrons are taken by an anode and transferred to
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the cathode through the external circuit. Protons also reach
the cathode through the medium solution and react with
electrons in the presence of oxygen to form water. Electrical
energy is generated as electrons flow through the external
circuit. In addition, the breakdown of organic waste and the
formation of water by cathodic reaction allows wastewater
treatment. Thanks to these versatile features, microbial
fuel cells have the potential to support operating costs by
being integrated into wastewater treatment plants. By using
microbial fuel cells, which are a clean technology, antibiot-
ics, heavy metals, drug metabolites, or various environmen-
tal pollutants mixed into wastewater, the ecosystem can be
cleaned [9-11]. As a recent contaminant, the detection and
disinfection of SARS-CoV-2 viruses, a significant risk, in
wastewater has drawn attention to this issue.

After infection by the SARS-CoV-2 virus [12], which
has affected all humanity and emerged with life-threaten-
ing effects in recent years, viral proteins in gastrointesti-
nal epithelial biopsy samples and virus detection in stool
samples have been reported [13]. The effects of COVID-
19 on various patients are still being investigated [14], and
using actual data, deterministic COVID-19 models were
examined to assess the effects of COVID-19 and dynamic
transmission [15]. Viral RNA can be found in the feces
of approximately 40% of infected individuals [16]. SARS-
CoV-2 can be detected in stool samples for longer periods
than the virus can be detected in nasal swab samples [16].
Some studies have reported that SARS-CoV-2 survives lon-
ger in the urine of infected individuals than in their feces
[17]. Accordingly, the SARS-CoV-2 virus in wastewater
was investigated [18]. The first detection of SARS-CoV-2
in wastewater was achieved by qRT-PCR testing, isolating
it from municipal wastewater in six different cities in the
Netherlands. Viral load in wastewater varies by region. In
settlements close to sampling sites, the number of viral
genomes detected in wastewater has been reported to
increase at the regional level due to COVID-19-related hos-
pitalizations [19]. A study by Skulcov4 et al. [20] reported
that the SARS-CoV-2 virus was detected in hospital waste-
water, and the relevant virus was detected in the feces of
40% to 89% of COVID-19 patients. Samples taken over six-
day periods from a wastewater plant in Australia resulted in
two positive results for the presence of SARS-CoV-2 [21].
Additionally, Guerrero-Esteban et al. [22] state that the
detection of S1 protein in rivers and wastewater is possi-
ble. The immunosensor detects spike protein at the pg/ml
level. Miyani et al. [23] investigated the amount of SARS-
CoV-2 with concentrations of 10*~10° genomic copies/L in
wastewater. An average of 3.10° genome units per liter were
detected in SARS-COV-2 samples from various wastewater
treatment plants [24]. Wurtzer et al. [24] reported that the
concentration of SARS-CoV-2 increased from 5x10* cop-
ies/L to 3x10° genome units per liter in a wastewater treat-
ment plant.

In another wastewater treatment plant, SARS-CoV-2
viral RNA N1 and N2 gene regions are quantified in

wastewater solids in water resource recovery facilities [25].
The presence of SARS-CoV-2 in sewers has been identified
as an indicator of the potential for the virus to transmit to
humans [26]. The Omicron variant was detected in aircraft
wastewater [27]. According to a study conducted in 2022,
the Omicron variant was found in a wastewater treatment
plant [28]. Another study reported an adaptable protocol
to monitor SARS-CoV-2 variants in wastewater with high
sensitivity and specificity [29]. Various techniques have
been proposed to eliminate SARS-CoV-2 from wastewa-
ter because it poses a risk to the environment and human
health. For example, techniques such as chlorine dioxide,
liquid chlorine, sodium hypochlorite, ozone, ultraviolet,
and ultrafiltration have been proposed to purify wastewater
from SARS-CoV-2 viral load [19]. However, retardation,
dispersion, inactivation, and degradation can all have an
impact on the destiny of viruses in wastewater. Temperature
is the primary factor influencing influencing virus survival
[30]. A shorter viral lifespan in the sewage is caused by an
increase in the inactivation rate coefficient with tempera-
ture [30]. As a disinfection method, microbial fuel cell
technology has been proposed to disinfect human urine
contaminated with viral load [31]. However, this study is
the first in the literature, as there has been no research on
SARS-CoV-2 disinfection and simultaneous electricity pro-
duction using microbial fuel cells. In this regard, this study
is novel in that it suggests, for the first time, that SARS-
CoV2-contaminated wastewater can be disinfected and
electricity generated using MFCs.

This study used the S1 protein, the proteins surface
antigen of the SARS-CoV-2 virus, to model wastewater
contaminated with SARS-CoV-2. The electrical perfor-
mances of MFCs were evaluated at different temperatures
simultaneously with the biological treatment of modeled
polluted wastewater. ELISA testing was used to measure the
concentration of SARS-CoV-2 viral proteins during opera-
tion in MFCs.

MATERIALS AND METHODS

Materials

Inoculation of microbial fuel cells (MFCs)

The single-chamber MFC was prepared per the research
procedure published in a previous report [3]. Plexiglass, a
plastic glass material, was utilized to construct the MFC.
The plexi cube had a total volume of 12 mL. The anode’s
plexi cover was entirely closed and designed so it would
not come into contact with oxygen. This procedure was
carried out to prevent oxygen from leaking into the anode
region. Carbon cloth was cut to 7 cm? for it to operate as
an anode and a cathode. The anode was made of carbon
fabric (Cat. no: 14032102, FuelCells, Texas, USA). The
cathode material consisted of coarse carbon cloth (Cat. no:
CT0O32414, FuelCells, Texas, USA) covered with Nafion
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(5%, Sigma-Aldrich, 7 mL per mg of Pt/C catalyst) and
platinum (Pt) (20 wt% Pt/C Vulcan XC-72, FuelCell Store,
USA) [32,33]. A synthetic wastewater consisting of sodium
phosphate buffer (100 mM strength at pH 7.4) and sodium
acetate trihydrate (20 mM) (C,H;NaO,.3H,0, VWR
Chemicals, Product No: 27652.298, Batch: 15D140018,
Geldenaaksebaan, Leuven, Belgium) was prepared [34].
Activated sludge was obtained from a local domestic
wastewater treatment plant (Pasakoy, Advanced Biological
Wastewater Treatment Plant, Istanbul, Tiurkiye) [35]. The
computer-aided data acquisition system (Keithley KickStart
Software, Version 1.9.8.21, Tektronix Company, Beaverton,
Oregon, USA) recorded voltage data. The KickStart pro-
gram was designed to collect data every 11 minutes. MFCs
(n=2) operated at 37 °C and 25 °C.

Modeling of contaminated wastewater with SARS-CoV-2

SARS-CoV-2 S1 protein (Nepenthe Research
Technologies, Ref No: E91011) was used to model the
SARS-CoV-2 contaminated wastewater in synthetic waste-
water. 23 uL of S1 protein at 1.13 g/mL concentration was
kept at -20 °C until use. To detect the wastewater contam-
inated with SARS-CoV-2, an enzyme-linked immunosor-
bent assay (ELISA) kit (Nepenthe Research Technologies,
96 tests, Ref No: NE0000211101) research was carried out.

The concentration of S1 protein to be used for SARS-
CoV-2 contaminated wastewater modeling was 213 ng/mL
[36].

Operation of MFCs

MECs were operated at 30 °C and 25 °C temperatures
using an external resistance of 985() in a batch mode. Three
and a half hours of operation were completed by sampling
100 pL samples from the reactors at half-hour intervals [31].
All MFCs were examined to monitor the disinfection. The
entire operational time was judged to be 40 minutes. Every
10 minutes, 100 pL of the sample was collected. Current (I=
V/R) and power (P= 1.V.) densities were calculated using
voltage (V) data according to Ohm’s law and normalized to
the electrode surface area at different external resistances
(R) [37].

ELISA Application

After the microbial operations were performed, eight
different concentrations of S1 standard were prepared by
serial dilution technique using the S1 antigen standard
solution and blocking solution included in the ELISA kit
to determine the concentrations of the samples by cre-
ating a standard graph other than the collected samples.
ELISA was performed following the kit protocol (Nepenthe
Co., Istanbul). Absorbance was measured at 450 nm with
a microplate reader (Thermo Scientific, Multiskan Go,
Microplate Spectrophotometer). The GraphPad Prism 7.0.0
program was used to calculate the concentration of absor-
bance data for each sample. The concentration of each sam-
ple was determined using the obtained absorbance values.
The log reduction was calculated using the pre-operative

and post-operative concentrations. The log reduction for-
mula was used as outlined in the study by Pasternak et al.
[31]:

LR =Log,,.(A/B)

A equals the antigen concentration of the sample before
the operation, and B equals the antigen concentration of the
sample after the procedure.

Calculation of Statistical Data

The t-test p-values were computed using n-Whitney
test on the MFCs run using the GraphPad Prism 7.0.0
software. A p-value less than 0.05 indicates that the result
iswere determined. In contrast, the t-test reveals whether
the findings are substantially different. The time-depen-
dent SARS-CoV-2 concentration and the t-test p-value of
the SARS-CoV-2 virus’s log reduction rate was determined
as a result.

RESULTS AND DISCUSSION

MEFC Performances and Effects of SARS-CoV-2 Proteins
on Electricity Generation

Only 20 mM sodium acetate as the sole carbon source
was inoculated into MFC until stable, and consistent volt-
age data was obtained (for 134 days). During this period,
up to 0.394 V of electricity was produced at 30 °C (Fig. 1A).
At ambient temperature (25 °C), the outcome of the pro-
duced voltage was tracked. The maximum voltage at 25 °C
was 0.3810 V (Fig. 1B) at 985 Ohm external resistance. To
assess the current and power density, external resistances
with varied Ohm values (1204€), 985Q), 646Q), 325(), and
215Q) were examined. The maximum power density was
145 mW/m? at the current density level of 0.05 mA/cm? at
30 °C, where the power density increased when the tem-
perature decreased to 25 °C (210 mW/m?) (Fig. 2B).

These results indicate that temperature has an effect
on voltage generation and power generation in microbial
fuel cells. Synthetic wastewater contaminated with SARS-
CoV-2 protein was fed to the MFC at 30 °C, and the volt-
age data was monitored. Under the 30 °C temperature
condition, no significant change in voltage production was
observed when SARS-CoV-2 protein was introduced into
MFCs. Voltage production levels remained at 0.36 V under
30 °C temperature conditions. The maximum voltage pro-
duced was 0.36 V. SARS-CoV-2 polluted wastewater mod-
eling at ambient temperature and ambient temperature was
performed in the MFC with a 20 mM acetate inoculation
solution. However, an instantaneous increase in voltage
production was detected when the SARS-CoV-2 viral pro-
tein was added to synthetic wastewater at 25 °C (Fig. 3).
These findings suggested whether microbial fuel cells could
be used as biosensors for the presence of SARS-CoV-2 in
wastewaters.
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Figure 1. Voltage versus time data of MFC with 985 Q) external resistance at controlled temperature (A), Voltage versus
time data of MFC with 985 Q) external resistance at ambient temperature.
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Figure. 2. MFC performances at 30 °C (A), and at 25 °C (B).
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Figure 3. Voltage during the operation plot of SARS-CoV-2
contaminated wastewater modeling at 30 °C temperature
(A) and 25 °C (B). Yellow arrow indicates the addition of
SARS-CoV-2 S1 protein.
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Removal of SARS-CoV-2 Viral Protein in MFCs
Following ELISA, a standard curve was produced based
on the absorbance of S1 antigen concentrations at 450 nm
(ODys4). A total of eight S1 antigen concentrations were
used. The created standard curve had an R? value of 0.9967.
Figure 4 shows the standard curve plot of the SI antigen.
At 30 minutes, the concentration of SARS-CoV-2 in the
MEFC decreased to 47 ng/mL. Under the 30 C temperature
condition, S1 protein concentration rapidly decreased (47
ng/L). Concentration levels remained at this level for the
210th minute. However, when the operating temperature
was reduced to 25 °C, the decrease in S1 concentration
slowed down. At a temperature of 25 °C, S1 concentration
reached 180 ng/L. These findings showed that operating
temperature is an important parameter in the disinfection
of wastewater contaminated with SARS-CoV-2. MFC log
reduction rates were computed on an hourly basis. The
substantial log reduction rate implied that the SARS-CoV-2
virus was successfully removed. The log reduction rate of
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Figure 4. The standard curve plot of S1 antigen.

the MFC after half an hour at 30 °C temperature was 1.40.
After three and a half hours, it was measured as 0.17. The
rate of log reduction steadily reduced (Fig. 5). These results
suggest that SARS-CoV-2 viral proteins are removed in
MECs.

At 30 minutes, the concentration of SARS-CoV-2 in the
closed circuit MFC decreased to 47 ng/mL, while the virus
concentration in the abiotic control MFC decreased to 21
ng/mL. At the end of one hour, the SARS-CoV-2 concen-
tration in the closed circuit had risen to 49 ng/mL, whereas
the abiotic control had a concentration of 23 ng/mL. After
an hour and a half, the SARS-CoV-2 concentration in the
closed-circuit MFC sample was 64 nanograms per milliliter.
The abiotic control sample obtained simultaneously had a
concentration of 36 ng/mL. The fifth sample was obtained
from both MFCs after two hours. The concentration of
MEFC’ in these samples was reduced to 58 ng/mL for the
closed circuit MFC’ and 15 ng/mL for the abiotic control
MEC. The fifth sample was obtained from both MFCs after
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two hours. The concentration of MFC’ in these samples was
reduced to 58 ng/mL for the closed circuit MFC’ and 15
ng/mL for the abiotic control MFC. The concentration of
SARS-CoV-2 contaminated wastewater in the closed circuit
MFC was 61 ng/mL after two and a half hours. The concen-
tration of SARS-CoV-2 in the abiotic circuit was 12 ng/mL.
Three hours later, the viral concentration in the closed cir-
cuit MFC was 65 ng/mL. The appropriate concentration for
the abiotic control MFC was 25 ng/mL. The operation of
the simulated slater concluded three and a half hours later,
with the collection of the final sample. The ultimate sample
concentration of MFC in the closed circuit was 59 ng/mL.
SARS-CoV-2 was found at a concentration of 43 ng/mL in
the final sample of abiotic control MFC (Fig. 6).

A novel approach was established for MFCs at ambi-
ent temperature based on the operation ELISA findings
of MFCs at controlled temperature. The entire operating
time in this newly created approach was lowered to forty
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Figure 6. Time-dependent concentration graph of MFC at
controlled temperature throughout the operation.
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Figure 5. Graph of log reduction of MFCs at 30 °C temperature (A). Graph of log reduction of MFCs at 25 °C.
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minutes, and sample periods were updated to every ten
minutes. Given the findings at controlled temperature,
it was decided to install an additional circuit (open cir-
cuit MFC). The SARS-CoV-2 concentration at which
each MFC began functioning was 213 ng/mL. Within the
first 10 minutes, the concentration of open-circuit MFC
dropped to 65 ng/mL, the closed-circuit open-circuit MFC
dropped to 65 ng/mL, the closed-circuit MFC to 213 ng/
mL, and the abiotic control MFC to 133 ng/mL. The SARS-
CoV-2 concentration of open circuit and abiotic control
MEFCs rose 20 minutes after the surgery, but the concen-
tration of closed MFCs continued to drop. At 20 minutes,
the open circuit MFC concentration was 80 ng/mL. The
SARS-CoV-2 concentration in the closed circuit MFC was
206 nanograms per milliliter, whereas it was 138 ng/mL in
the abiotic control. Thirty minutes later, the open circuit
MFC concentration was determined to be 82 ng/mL. The
concentrate circuit closed-circuit MFC steadily decreased,
and the SARS-CoV-2 concentration was 178 ng/mL at the
end of half an hour. After thirty minutes, the abiotic con-
trol MFC had a deadly viral concentration of 108 ng/mL.
The concentration of open circuit and abiotic control MFCs
continued to grow during the forty-first minute of the
operation, whereas it continued to drop in the closed cir-
cuit MFCs. In the fortieth minute of the open circuit MFC,
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Figure 7. Time-dependent concentration graph of MFC at
ambient temperature throughout the operation.

the SARS-CoV-2 concentration climbed to 92 ng/mL. In
a closed circuit MFC, the SARS-CoV-2 concentration was
determined to be 116 ng/mL. In the last ten minutes, the
concentration of SARS-CoV-2 in the abiotic control MFC
reached 156 ng/mL. This rate represents an exceptional rise
in past operations’ outcomes. At the end of the forty-first
minute, the abiotic control MFC’s SARS-CoV-2 concentra-
tion was nearly equivalent to the closed circuit MFC, which
declined gradually and methodically (Fig. 7).

The detection of SARS-CoV-2 in wastewater has been
reported previously, and the presence of SARS-CoV-2 in
wastewater increases the potential spread. However, the
need for SARS-COV-2 removal from wastewater has arisen.
Within the scope of the large-scale study by Acosta et al.
(2021), wastewater samples were collected twice a week from
three different hospitals for four months [38]. It has been
reported that the amount of SARS-CoV-2 in wastewater is
directly proportional to hospitalizations due to COVID-
19 cases [38]. The presence and amount of SARS-CoV-2
in the wastewater where the treated water from the waste-
water treatment plant mixes into the river, depending on
the number of hospitalizations of COVID-19-related cases
in the hospital [39], and the SARS-CoV-2 virus was also
found in river water and with a high detection frequency.
Thus, it has been reported that treating treated wastewa-
ter mixed with river water may not be sufficient [39]. The
effects of currently used wastewater treatment methods on
SAR, such as chlorination of wastewater, ultraviolet (U.V.)
irradiation, membrane technology, and advanced oxidation
processes the effect of temperature on voltage production
in MECs, were the effect of temperature on voltage produc-
tion in MFCs was the effect of temperature on voltage pro-
duction in MFCs was the effect of temperature on voltage
production in MFCs was reported and showed that it has
an impact on power production [40]. Pasternak et al. [31],
a deadly pathogen and biological contaminant, succeeded
in separating the hepatitis B virus from human urine and
generating electricity using MFCs [31]. Enough removal of
hepatitis B viruses by microbial fuel cells was reported to
reduce the risk of viral spread. However, they stated that
they needed to apply the method they developed to differ-
ent kinds of viruses to make the results more explainable.
The log reduction rate calculated by Pasternak et al. [31]
for the surface antigen started from almost 5 for the closed

Table 1. Comparison of MFC performances for disinfection of various contaminants

Disinfected material MEC Type Power density ~ Current density =~ Removal efficiency References

SARS-CoV2 Single chamber air-  184.19+21.31 0.073+0.029 78% This study
cathode MFCs

Hepatitis virus Single chamber air-  n.a n.a 99.99% [31]
cathode MFCs

Ammonia/nitrate/nitrite  Sediment MFC 1794 1.1 ~100%/ 65%/~90% [41]

n.a.: not available
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Table 2. The statistical significance of the difference between time-dependent concentration values of S1 antigen of MFCs
(*). The statistical significance of the difference between SARS-COV-2 log reduction values of MFCs (**)

Controlled Temp. Ambient Temp.
Closed Circuit Open Circuit Closed Circuit Open Circuit
vs. vs. vs. vs.
Abiotic Control Closed Circuit Abiotic Control Abiotic Control
t-test p-value’ 0.007 0.01 0.05 0.22
t-test p-value™ 0.0012 0.03 0.03 0.03

circuit MFC. The log reduction rates of hepatitis B virus
surface antigen gradually decreased for both MFCs [31]. In
our study, the first log reduction rate of the closed circuit
MEFC in a temperature environment of 30+2°C was 1.40.
While the initial SARS-CoV-2 log reduction rate calculated
for the closed circuit MFC at room temperature was 0.005,
this rate increased gradually throughout the operation
period. It reached 0.163 at the end of forty minutes. The
difference in log reduction between the study of Pasternak
et al. [31] and our study at room temperature is thought to
be due to the different biofilm structures of MFCs or the
difference in the viruses used [31-41].

These results suggest that external factors such as tem-
perature and MFC configuration may affect the disinfec-
tion of SARS-CoV-2, where simultaneous electricity can be
generated.

The t-test p-value of the closed circuit MFC and abiotic
control reactor in a controlled temperature environment
was 0.007, and the time-dependent SARS-CoV-2 concen-
tration data of the two bioreactors differed considerably.
Three distinct MFC time-dependent SARS-CoV-2 con-
centration values at ambient temperature were statistically
compared. The t-test p-value for closed-circuit MFC and
open-circuit MFC was 0.01, suggesting that they varied sub-
stantially. Again, at ambient temperature, the t-test p-value
of the closed circuit MFC and abiotic control bioreactors
was 0.05, and the time-dependent concentration values
were not substantially different. Finally, the t-test p-value
of 0.22 showed that the time-dependent SARS-CoV-2 con-
centration data from open MFC and abiotic control biore-
actor were not significantly different (Table 1).

The t-test p-value for SARS-CoV-2 log reduction val-
ues of the closed circuit MFC and abiotic control bioreac-
tors in a controlled temperature environment was 0.0012,
showing a significant difference between the two bioreac-
tors. In an ambient temperature setting, the t-test p-value
findings of the SARS-CoV-2 log reduction values of three
distinct MFCs were comp circuit circuit open-circuit MFC
and closed-circuit MFC was 0.03, and the log reduction
difference was significant. Closed circuit MFC and abiotic
control had a t-test p-value of 0.03, indicating a significant
difference between these two bioreactors. Lastly, at ambi-
ent temperature, the t-test p-value of the open circuit MFC

and abiotic control was determined to be 0.03. This finding
indicates that the log reduction value of the SARS-CoV-2
virus differs significantly across the two MFCs (Table
1). Not only viruses but also other contaminants can be
treated in MFCs. The efficiency and efficacy of heavy metal
removal from wastewater are anticipated to be substantially
improved by current research endeavors and advancements
in MFC technology [42]. It is highly conceivable that auton-
omous wastewater treatment plants and MFCs—capable of
remotely detecting —will be used in the future [43]. For this
purpose, MFC technology can support the development of
biosensors that can perform target-oriented detection. Our
findings on eliminating SARS-CoV-2 from wastewater
represent a substantial improvement in public health pro-
tection and environmental sustainability. By incorporating
MFCs into wastewater treatment facilities, we can improve
disinfection while decreasing virus loads and creating
renewable energy. These findings have far-reaching rami-
fications, advising policymakers about new policies prior-
itizing pathogen elimination in wastewater management.
Furthermore, MFC technology may be used to remove dif-
ferent types of organisms.

CONCLUSION

In conclusion, the concentration of SARS-CoV-2 pro-
tein declined progressively over the operation duration of
the microbial fuel cells, which were operated in a 25 °C tem-
perature environment. It did not rise during the operating
period of the other examined reactors. Simultaneously, the
log decrease rate progressively and steadily increased. In
addition to all of this, the power generation efficiency was
fairly great. As a result, it was determined that microbial
fuel cells, running at a temperature of 25 °C ambient tem-
perature, executed the treatment of SARS-CoV-2 contam-
inated wastewater in a steady and circulatory manner, the
bio removal of SARS-CoV-2 was accomplished, and there
was considerable power production. Various parameters are
needed for our promising work to be developed and exten-
sively used. It is hoped that researching how diseases are
removed at the molecular level may pave the way for more
effective removal and eradication of additional pathogens.
This study gives information on the real investigation of
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SARS-CoV-2 polluted wastewater in advance. Furthermore,
bioremediation of SARS-CoV-2 polluted wastewater using
microbial fuel cells is expected to limit the production of
new variants. Our findings suggest that novel microbial
biosensors could be developed to detect the SARS-CoV-2
virus in wastewater.
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