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Abstract Antibiotic residues in wastewater are considered lethal to the crops and aquatic life. One

of the promising way to treat this kind of wastewater is the use of constructed wetlands coupled

with microbial fuel cell (CW-MFC). In this treatment, bacterial action and redox operation occurs

at anaerobic anode and aerobic cathode respectively. Four different configurations of CW-MFCs

was applied for comparison. This study focusses on the investigation of the removal of Co-

trimoxazole (CMX), other co-existing pollutants and furthermore, the generation of green electric-

ity with low hydraulic retention time (HRT) was studied. Results revealed that the effluent from

configuration 1 (gravel based) had lower (CMX) concentration. This removal performance may

be associated to greater electrode absorption capacity for (CMX). The removal efficiency was

92.58% at HRT of 3d and effluent concentration was 4 mg/L. On the other hand, CW-MFC1

exhibited the BOD removal (60.60%) regardless of the increasing effluent antibiotic concentration.

Pure strain of Geobactor sulfereducens, adjusted with anaerobic sludge increased the bio-film

growth. Maximum power density of 480.2 mW/m�3 observed for CW-MFC1. Electricity generation

characteristic were also found to be effected with HRT.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2023.104941&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:bosalvee@yahoo.com
mailto:anmalik77@gmail.com
https://doi.org/10.1016/j.arabjc.2023.104941
http://www.sciencedirect.com/science/journal/18785352
https://doi.org/10.1016/j.arabjc.2023.104941
http://creativecommons.org/licenses/by/4.0/


2 A. Nazir et al.
1. Introduction

Water is the basic need of all living organism and under the current

scenario of water pollution, there is need to reverse the water resources

for future generations. A sufficient supply of portable water and elec-

tricity always been a socioeconomic concern in under developed coun-

tries. (Ateba et al., 2020; Wang et al., 2022; Ma et al., 2022). A wide

range of antibiotics were found in waste water treatment plant effluent,

including analgesics, endocrine agitators, b-lactams, and sulfonamides.

Antibiotics are generally used to medicate bacterial ailments, as growth

boosters in livestock farming and to shield human health (Wen et al.,

2020; Azzam et al., 2022; Masood et al., 2022; de Ilurdoz et al., 2022).

Poor absorption and partial digestion of antibiotics in humans and

livestock lead to the excretion of number of unchanged vigorous

antibiotic residues in water reservoirs (Zaman et al., 2021; Sharif

et al., 2021). Long term existence of antibiotics in waste water stimu-

late the synthesis of antibiotic resistance genes which further give rise

to the synthesis of antibiotic resistance bacteria also called powerful

bacteria (Zhang et al., 2017). Presence of antibiotics as major water

pollutant attracted global attention.

Co-trimoxazole (CMX) pharmaceutically intense ingredient of

waste water that is delivered synergistically under the brand name

‘‘septrin” (Mathenge et al., 2017) used to treat bacterial infections, uri-

nary tract infections and administer to HIV-AID patients to reduce

mortality rate (Mulenga et al., 2007). CMX is a combination of sul-

famethoxazole (SMX) and trimethoprim (TMP). SMX is a broad spec-

trum antibiotic and usually detected in waste water that designate it is

hard to eliminate, for it is resistant to commonly existing bacteria

(Howe and Spencer, 1996). Long term stay of CMX promotes its

bioaccumulation in food chain and poses health hazards to humans,

aqua culture, and natural eco-system. Reduction of CMX is necessary

to lower the toxic effects to aquatic environment (Thuy et al., 2011). As
Fig. 1 Schematic diagram of CW-MFC (1) cymbopogon nardus, (2)

glass wool, (6) GAC anode, (7) bacterial strain, (8) gravel bottom layer

multimeter, (13) copper wires.
CMX is resistant towards natural degradation, therefore an eco-

friendly cost effective method is required to degrade the CMX residues

into least harmful metabolites. CMX is a broad spectrum antibiotic,

resistant towards natural removal and by WWTP. Compared to the

values obtained in the influent samples, increased concentrations are

observed in the biologically treated effluent for trimethoprim, sul-

famethoxazole and ciprofloxacin, mainly as a result of treatment

(Plósz et al., 2010).

In comparison to other chemical methods, biodegradation is pre-

ferred due to it is cost effectiveness and general applicability (Zhang

et al., 2018). Constructed wetlands coupled with microbial fuel cell

(CW-MFC) has recently been originated as optimistic technique

(Fig. 1) for the removal of diversity of pollutants including drugs,

azo dyes, nitro benzene. Other inorganic compounds (boron and nitro-

gen) and conventional pollutants like COD, BOD are also reduced to

some extent as well for electricity generation (Wen et al., 2020) due to

its low cost and eco-friendliness (Xu et al., 2021). Plenty of dissolved

oxygen at aerobic cathode and redox reactions at anaerobic anode

by microbes generates sufficient potential gradient that establishes

the required conditions of MFC (Song et al., 2018). According to

the working mechanism of CW-MFC organic matter is degraded by

microorganisms to generate electrons. Oxidation at anode generates

electrons which pas through the external circuit to reach to cathode

for reduction.

At Anode

CH3COO� þH2Oþ EABð Þ
Electroactive bacteria

! OH� þ e� þH þ þH3O
þ þ CO2

At Cathode

O2 þ 4H þ þ 4e� ! 2H2O
GAC cathode, (3) stainless steel mesh, (4) gravel middle layer, (5)

(9) influent, (10) effluent sampling ports (11) resistance (12) digital



Fig. 2 Photograph of five reactors with different configurations

of Constructed wetlands microbial fuel cells (CW-MFCs) designed

by Cymbopogon nardus.
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The maintenance of anaerobic condition is essential factor for the

proper functioningofCW-MFCas thepresenceofoxygen impedeelectric-

ity production. (4) This sharp gradient and resulting electrons helps in the

removal of many refractory and toxic compounds including CMX due to

sequence of biological processes including sorption/chemisorption by

plant and degradation of organic matter occur by microorganism. Thus,

embedded system (CW-MFC) is feasible aswastewater provideswetlands

with organicmatter which stimulates sharp gradient in two layers (aerobic

and anaerobic) and lead to the implementation of MFC into wetlands

(Abdulwahab et al., 2021). Herein, dissemination of dissolved oxygen

andworking of microorganisms attaining the key significance for perceiv-

ing the mechanism of biodegradation and green energy outputs by CW-

MFC (Wang et al., 2017; Bhatti et al., 2018).

Previous studies reveal that effectiveness of this blended system

depends upon number of factors in terms of electricity generation

and waste water treatment (chemical oxygen demand), (biological oxy-

gen demand), microbial community and its load, wetland plant,

hydraulic retention time (HRT), flow type, substrate type and circuit

operation mode. Available literature supports the removal of SMX

(a part of CMX) maximum (>99.99%) with bio-electrochemical reac-

tor (BER) with influent concentration up to milligrams (Zhang et al.,

2017). Different CW-MFCs based on wetland macrophytes, scirpus

validus, typha orientalis, jancuss effuses which effects overall pollutant

removal (Wang et al., 2017; Patel et al., 2017).

Since few studies supports the removal potentiality of CMX in

open circuit that pile up on electrodes than in closed circuit mode

under different HRT (Song et al., 2018). Different HRT introduced

different CMX loads on electrodes and effects removal efficiency.

Moreover as HRT increases internal resistance of the system increases

which ultimately decrease the electricity outputs. Therefore, effect of

HRT over CMX removal and electricity generation requires further

attention.

In this study three experiments were performed (with three concen-

trations of antibiotic) by using four different combinations of con-

structed wetlands microbial fuel cells (CW-MFCs) to evaluate the

removal efficiency of CMX. The goal of this study is to investigate

the (1) effect of different configuration of system on removal of

CMX, (2) to evaluate the impact of plant and circuit mode on CMX

removal along with BOD under different influent concentration. Con-

figurations of system (CW-MFCs) were designed on the basis of same

electrode material (GAC) and different material between the electrodes

to evaluate the best configuration. Citronella (Cymbopogon nardus)

the mosquito repellent specie was selected as wetland plant owing to

its properties e.g., enhanced electrical conductance, antioxidant prop-

erties, allopathic properties, analgesic properties and excellent root fea-

tures (Gebashe et al., 2020; Suwitchayanon and Kato-Noguchi, 2014;

Abena et al., 2007) (3) effect of plant and influent antibiotic concentra-

tion on electricity production, (4) to evaluate the effect of HRT on

CMX removal and power production. Results of this study will aid

the reader to understand the effect of HRT, circuit operation mode

on removal efficiency and will provide guidance for assembly designing

and application of CW-MFC for antibiotic containing waste water.

2. Material and methods

2.1. Basic principle

Basic working principle of CW-MFCs is to generate sharp
potential gradient by providing organic matter to wetlands

to produce free electrons. This sharp gradient helps to degrade
toxic pollutants from waste water.

2.2. Assembly design of CW-MFCs

Five congruous lab scale constructed wetlands microbial fuel
cells (CW-MFCs) consisted of single circular polyacrylic plas-
tic buckets (Fig. 2), the dimension of each was (30 cm height

and 12.5 cm internal diameter) containing four layers from
top to bottom (Fang et al., 2015). Five CW-MFCs labelled
as CW-MFC1, CW-MFC2, CW-MFC3 and CW-MFC4 (acts

as experimental groups) and CW-MFC5 (Acts as control
group). With reference to graphical abstract location of each
component and dimension in CW-MFC1 are mentioned
(Table 2). Main matrix of electrode is granular activated car-

bon (GAC) and stainless steel mesh buried inside electrodes
because of its better electrical conductance. Each assembly dif-
fer in middle and bottom layer (Table 2). CW-MFC5 was

designed as the control group of assembly CW-MFC1. Each
assembly follow the same dimensions as CW-MFC1. To sepa-
rate anode and cathode or to maintain anaerobic condition

glass wool (1 cm thick) placed between anode and middle
layer. The anode layer inoculated with anaerobic sludge leaded
out with copper wire passing through center of the reactor and

connected to cathode by means of resistance of 1000 O. Dis-
tance between two parallel electrodes kept 12 cm. In the begin-
ning period three plants of Cymbopogon nardus planted in all
around air cathode after they had been developed for 35 days

with ¼ of Hoagland solution preparation referred to (Table 1)
(Guo et al., 2002) at an ambient temperature of 28 �C (Wen
et al., 2020). All experiments continue to proceed for four

months indoor at a temperature of 28 ± 5 �C (Song et al.,
2018).

2.3. Bacterial strain and activated sludge

Activated sludge (consists of multi-culture microbial species
required to oxidize organic matter) collected from sewage

plant of Mujahid Hospital located in city Faisalabad, Pak-
istan. Bacterial strain (Geobacter sulfurreducens) acclimatized
with anaerobic sludge and used as electron source. G. sulfurre-
ducens serve as a catalyst in CW-MFC and was cultured with



Table 1 Composition of designed reactors.

Reactors cathode Middle layer Glass wool anode Bottom layer

CW-MFC1 GAC (5 cm) Gravel (11 cm) 1 cm GAC (2 cm) Gravel (11 cm)

CW-MFC2 GAC (5 cm) Gardening Soil (11 cm) 1 cm GAC (2 cm) Gardening soil (11 cm)

CW-MFC3 GAC (5 cm) Sand (11 cm) 1 cm GAC (2 cm) Sand (11 cm)

CW-MFC4 GAC (5 cm) Sand (3.7 cm)Soil

(3.7 cm)Gravel

(3.7 cm)

1 cm GAC (2 cm) Sand(3.7 cm)Soil

(3.7 cm)Gravel

(3.7 cm)

Table 2 Hoagland solution composition

Sr. # Chemicals Formula Mol. Wt. (g) Nutrient Solution

Macronutrients

1 Potassium nitrate KNO3 101.1 5 mL of 1M

2 Calcium nitrate CaCO3 236.15 5 mL of 1M

3 Mono potassium phosphate KH2PO4 136.09 2 mL of 1M

4 Magnesium phosphate MgSO�7H2O 246.47 5 mL of 1M

Micronutrients (1mL of stock solution)

5 Boric acid H3BO3 61.83 2.86g

6 Manganese chloride 4hydrate MnCl2�4H2O 197.9 1.81g

7 Zincsulfate-7 hydrate ZnSO4�7H2O 287.54 0.22g

Copper sulphate. 5hydrate CuSO4�5H2O 249.7 0.08g

85% molybdic acid M2O5�H2O 161.95 0.02g

8 Iron chelate Fe-EDTA 1–5 mL of 1000mg/L

Fig. 3 Working operation of constructed wetland microbial fuel

cell.
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Geobacter nutrient media (S1). Activated sludge pretreated
with 1 M NaOH and 1 M HCl to ensure anaerobic conditions

(S2). Pretreated anaerobic sludge (60 g/L) along with (Geobac-
ter sulfereducens) used to inoculate anode by blending with
GAC. Before the start of conventional experiment wetland

macrophyte (Cymobopogon nardus) acclimatized for 35 days
against bacterial culture (Geobacter sulfereducens along with
anaerobic sludge) by refreshing synthetic waste water (except

CMX) after every 3 days. All the experimental reactors were
operated under continuous up-flow mode with hydraulic reten-
tion time (HRT) of 3 days. HRT was maintained as 2 mL/min
via peristaltic pump and drip irrigation system (Xu et al.,

2018). The wastewater was fed to the reactors continuously
after every three days. (Fang et al., 2015). The operation car-
ried for 90 days until the system produced reproducible voltage

outputs. Digestion of root exudates or glucose by bacterial
strain promote the oxidation reaction at anaerobic anode
(Kabutey et al., 2019).The release electrons pass through the

external circuit via copper wires sealed with epoxy resin to
cathode (Fig. 3). Reduction of oxygen occurs at cathode by
reacting with electrons and protons to generate water and
green electricity (Wen et al., 2021). Voltage output of the sys-

tem (CW-MFC) record and measured by Hewlett-Packard
multimeter (DT830D) digital multimeter (S3).

2.4. Sampling and evaluation

The total volume of injected water was 4.50L with an effective
volume (water storage of anode) of 350 mL. To collect the

sample from each layer sampling ports were arranged accord-
ingly from bottom to cathode layer. Stoppers are used to close
the open ends of sampling ports (Yadav et al., 2012). Influent

water sample was collected at the start of experiment and efflu-
ents samples were collected after every 3d. After stable voltage
production reactors were fed with synthetic waste water

including CMX (4 mg, 10 mg and 20 mg/L respectively (for
3-trials). Methanol was used to dissolve CMX. pH and electri-
cal conductivity (EC) was measured by water quality analyzer

(DDS-22C) (Wen et al., 2020) and electrochemical response of
different water samples was measured by Gamry Potentiostate.
Effluent samples (100 mL) were collected after every three

days. Degradation rate of Co-trimoxazole was measured by
UV–VIS (UV-2550) Spectrophotometer at 496 nm. Synthetic
waste water with particular BOD was fed to all reactors at ini-
tial. To evaluate the BOD removal, effluents samples (100 mL)
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collected after every 3d until ten days. Effluent samples were
analyzed by BOD analyzer (Aqua Lytic 600BD). Current
and open circuit potential (OCP) was measured by Hewlett-

Packard digital multimeter (DT830D). After stabilization of
voltage, polarization curves were drawn by adopting a range
(0–1000 X) of resistance to find maximum power density and

current density at specified resistance. All the data calculation
and analysis was performed by using MS excel 2013 and
showed as mean ± and standard deviation.

2.5. Polarization curve

For the analysis and characterization of plant microbial fuel

cell polarization curve found to be an excellent tool. It signifies
the difference of both the voltage and the power density
against the current density. The performance polarization
curve was prepared for all reactors of CW-MFC with variable

resistance ranging from (0-1KX) to evaluate the best resistance
for each type of the electrodes so as to obtain the maximum
Fig. 4 Polarization curves to analyze current and power den
value of electrical power (Abdulwahab et al., 2021). To draw
polarization curves potential values were noted from digital
multimeter (DT830D). Polarization curves were drawn by

MS Excel. The current density (Idensity) and power densities
(Pdensity) were calculated using the following equations.

I ¼ V

R
ð1Þ

Idensity ¼ Current

Geometricalarea
ð2Þ

P ¼ I� V

Pdensity ¼ Power

Geometricalarea
ð3Þ

Where I, P, Idensity and Pdensity denote current, power, cur-
rent density and power density respectively. The surface area

of anode was equal to 3.125 m3. Fig. 4 represents the polariza-
tion for current density and power density for each of the con-
figuration of CW-MFCs.
sity obtained with different configurations of CW-MFCs.
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2.6. Electrochemical response

Cyclic voltammetry is an electrochemical technique that is used to
describe the electrochemical behavior of a constructed wetlands
microbial fuel cell (CW-MFC). It computes the current of cell

by applying a series of voltages to the electrode. Gamry Poten-
tiostat used to assess the redox potential of the CW-MFC using
silver-silver chloride (Ag/AgCl) as reference electrode.

2.7. BOD removal efficiency

At startup period of working operation each reactor of CW-
MFC fed with synthetic waste water with specific BOD value.

BOD concentrations were analyzed by analyzer (Aqua Lytic
600BD). To analyze BOD removal efficiency 100 mL of efflu-
ent samples were collected from cathodic regions of each reac-

tor. The concentration of BOD in effluents samples from each
type of reactor decrease sharply on day 1 then decrease gently
till day 5 (S4). It indicated that the oxidation of glucose gener-

ated maximum number of electrons which caused reduction of
S - N bonds in the drug to a large extent.

3. Results and discussion

3.1. Degradation of Co-trimoxazole in CW-MFCs

According to supposed biodegradation mechanism of SMX
eight different products were found with less toxicity (Zhang
Fig. 5 Schematic representation of conversion o
et al., 2017). SMX first metabolized into 3-amino-5-
methlyisoxazole (3A5MI) and 4-aminobenzene sulficinc acid
by breakage of S-N bond. Nitrogen is removed as amonia

and (3A5MI) is further transformed into 5-methyl-isoxazole.
5-methyl-isoxazole ring cleaved to open chain structure, 4-
amino-2-butanol which further degraded by microbs and

transformed to isopropanol. Isopropanol mineralized to
methane under anoxic condition (Fig. 5). 4-aminobenzene sul-
ficinc acid is further transformed into 4-aminobenzenethiol by

cleavage of SAC bond. 4-aminobenzenethiol is mineralized
into benzene (Fig. 6). TMP Quantification wasn’t possible as
the reference standards were not available. In the high dilution
experiment, TMP residues were observed but there was no

detailed supposed mechanism for TMP degradation. One
TMP product is formed by a hydroxylation, while other is
formed by hydroxylations and several subsequent redox reac-

tions (Fig. 7) (Jewell et al., 2016).

3.2. Removal of Co-trimoxazole in CW-MFCs

Evaluation of percentage removal was done by UV–VISIBLE
spectrophotometer through absorption. Elimination potential
of Co-trimoxazole was evaluated in five different CW-MFCs

under three different concentrations and results are illustrated
in Fig. 8. Effluent concentration in Trial 1(4 mg/L CMX), in
CW-MFC1 decrease sharply at HRT of 1d then decrease
gently until the values reaches below the detection limit, till

HRT reach 6d. The order of CMX (4 mg) removal in five
CW-MFCs was CWMFC1 > CW-MFC3 > CW-
f isopropanol to methane under anoxic set up.



Fig. 6 Scheme showing the conversion of 4-aminobenzenesulfinic acid to benzene.

Fig. 7 Scheme showing the reaction mechanism for degradation of TMP.
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MFC4 > CW-MFC5 > CW-MFC2 (Fig. 8a,). Remarkable
decrease in effluent concentration of CMX observed only in

Trial 1 at day 1 with CW-MFC1 among all other reactors.
With the increase in influent concentration in trial 2 effluent
concentration increases and thorough degradation was

observed at day 2. As we continued to increase influent con-
centration, system started taking long time accordingly for
removal. The order of CMX (10 mg) removal in five CW-

MFCs was CWMFC5 > CW-MFC3 > CW-MFC2 > CW-
MFC1 > CW-MFC4 (Fig. 8b). Increase in influent CMX con-
centration (20 mg) showed decrease in effluent concentration
at day3 among all reactors of CW-MFCs. The order of

CMX (20 mg) removal in five CW-MFCs was CWMFC5 >-
CW-MFC3 > CW-MFC1 > CW-MFC4 > CW-MFC2

(Fig. 8c). Total highest CMX removal percentage was with

least concentration (4 mg) observed to be 85.32% for configu-
ration (1) at day 1 and reached to be 92.58% on day 6 after
which the degradation rate remained constant which described

that whole concentration of drug had been degraded into
respective metabolites. The degradation rates observed at
day1 were to be 67.32% 73.97%, 84.87% and 80.33% for con-
figuration (2), (3), (4), (5) respectively, that reached to be

83.05%, 89.10%, 88.50% and 90.16% respectively on sixth
day.
3.3. Open circuit potential and green electricity generation

The open circuit potential (OCP) indicates the growth of
microbe and maxima in voltage was observed due to maximum
resistance. The biofilm was allowed to develop for almost

thirty-five days at 35 �C. Fig. 9A shows the variation of open
circuit potential of five configurations of CW-MFCs during
development of biofilm prior the formal experiment. With

external resistance of 1000 O, average voltage of (CW-
MFC1, CW-MFC2, CW-MFC3, CW-MFC4 and CW-MFC5)
rose to a maximum value of 1222 mV, 117.2 mV, 323 mV,

519 mV and 1393 mV respectively (Fig. 10) after an interval
of eighteenth day to thirtieth day on account of the addition
of glucose which started to decline slowly. The voltage

decreased up to thirty fifth day after which it remained con-
stant and the growth solution was refreshed. The constant
value of voltage indicated the whole consumption of substrate
(glucose) and the complete development of bacterial biofilm.

After stable voltage production different concentration of
antibiotic were added into synthetic waste water during three
trials Fig. 9. Average noted values of voltage of CW-MFC1

for three trials were, 650 mV ± 135, 418 mV ± 104 and
234 mV ± 92 respectively. Similarly, average voltages out-
comes among all reactors in three trials were 117.2 ± 24 mV,



Fig. 8 Degradation %age of CMX by CW-MFCs under

different influent concentration; (4a) least concentration: 4 mg/

L, (4b) medium concentration: 10 mg/ L, (4c) highest concentra-

tion: 20 mg/L. Error bars represents standard deviation and values

represent the mean by three replicates.
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29.2 ± 12 mV and 0.24 mV (CW-MFC2), 323 mV ± 67,
133 mV ± 41 and 98 mV ± 13 (CW-MFC3), 519 mV ± 72,
252 mV ± 30 and 156 mV ± 12 (CW-MFC4),

1393 mV ± 298, 927 mV ± 147 and 198 mV ± 17 (CW-
MFC5) respectively. Among all the reactors, CW-MFC1

always showed fair performance due to large surface area of
gravel that provided greater sites for attachment while CW-

MFC2 exhibited least performance. Proceeding to Trial 3 volt-
age output of CW-MFC2 dropped to negative as soil particles
provided least surface area for removal. The voltage decreased

up to thirty fifth day after which it remained constant and the
growth solution was refreshed. The constant value of voltage
indicated the whole consumption of substrate (glucose) and
the complete development of bacterial biofilm. Voltage
decrease in all three trials could be relate with low consump-
tion of organic matter by bacterial content, which lead to

lower value of electrical conductivity (EC). It was noted that
decrease in EC related to antibiotics concentration high antibi-
otics concentrate contribute to drop of EC irrespective of the

presence of plant. Observed EC values during trial 1 were
(3.28 ms/cm, 18.93 ms/cm, 8.36 ms/cm, and 4.78 ms/cm). Like-
wise, in trial 3 EC values observed to be (3.21, 4, 2.60, 2.33 and

2.44 ms/cm). Drop in EC values for five reactors during three
trials was noted to be 97% 21% 31% 74% 51% respectively
from 1 to 5 reactors.

3.4. Polarization curve

The results indicated current density of 0.392 mA/m3 and
power density of 477.85 mW/m3 (due to 3D nature of elec-

trodes e.g length, width and height units were modified from
(A/m2 to mA/m3) for current density and (mW/m2 to mW/
m3) for power density. Results found to be higher at voltage

of 1222Mv (Fig. 4a), with configuration 1 in comparison to
other four configurations. The current and power densities
were observed to be highest owing to the competition between

reduction of antibiotic residues and the movement of electrons
towards external circuit. The current and power densities were
observed to be highest owing to the competition between
reduction of antibiotic residues and the movement of electrons

towards external circuit. Fig. 4a-e shows the polarization curve
for the configuration 1 (gravel based CW-MFC), configuration
2 (soil based CW-MFC), configuration 3 (Sand based CW-

MFC), configuration 4 (Soil, sand and gravel mixture CW-
MFC) and configuration 5 (gravel based control configuration
(contains only anaerobic sludge except geobacter sulferre-

ducens culture) respectively. Fig. 4b shows the maximum cur-
rent density of 0.037 mA/m3 and power density of 6.62 mW/m3

at voltage of 117 mV for configuration 2. In Fig. 4(c) maxi-

mum current density of 0.103 mA/m3 and power density of
33.38 mW/m3 at voltage of 323 mV obtained for configuration
3. Fig. 4d shows the maximum current density of 0.166 mA/m3

and power density of 86.19 mW/m3 at voltage of 519 mV for

the configuration 4 and Fig. 4e shows the maximum values
of current density 0.445 mA/m3 and power density
620.94 mW/m3 obtained at voltage of 1393 mV for control

group.

3.5. Electrochemical response

The potential of the vacant cell devoid of the bacterial culture
and electron acceptor solution was observed to be 3.28 V at
1.093 mA. The potential was found to be 2.169 V at 2.507

mA current value. The antibiotic solution (4 mg/L) was added
in four layers of plant microbial fuel cells to assess the redox
potential of the cells. Fig. 11 shows the voltammogram of
anode effluent of CW-MFC1 CW-MFC2, CW-MFC3, CW-

MFC4 and CW-MFC5 indicating the potential and current
flow to be 1.200 V and 10.81mA, 120.1 mV and 594.9mA,
239.9 mV and 72.38mA, and 1.100 V and 7.648mA respectively

after the addition of antibiotic solution with concentration of
4 mg/L in Fig. 11. The scan rate is fixed and the voltage is
swept between two limits. The upper half curve indicated the

oxidation potential producing electrons which cause the gener-



Fig. 9 Open circuit potential (OCP) of all reactors (5A), Voltage drop in all reactors of (CW-MFCs) after Trial 1 (5B), Voltage drop in

all reactors after Trial 2 (5C), Voltage drop in all reactors after Trial 3 (5C).

Fig. 10 Maximum average voltage output of five different configurations of CW-MFCs.

Environmental remediation and generation of green electricity 9



Fig. 11 Electrochemical respones of effluents collected from

anodic region of each type of reactor.

10 A. Nazir et al.
ation of electric current while the lower half depicted the
reduction potential consuming electrons thus moving back to
the initial voltage.

3.6. BOD removal efficiency of CW-MFCs

The BOD removal was noted to be 15% on first day which

reached to 35% on second day. A little increment was
observed and reached to 50% till sixth day after which it
remained constant. Rate of removal efficiency in all reactors

were as follow CW-MFC5 > CW-MFC2 > CW-MFC4 > C
W-MFC3 > CW-MFC1 in all trials. Removal percentage for
five reactors from (CWMFC1-CWMFC5) were 39%, 55.88%,
51.28%, 53.33%, 56.57% respectively (S4). This analysis indi-

cated that antibiotic had not been fully degraded owing to the
possible formation of other metabolites which need further
degradation. Under the current scenario of environmental pol-

lution, the proposed approach for the removal of antibiotics
and possibly the other drugs are an efficient procedure
(Shokri, 2018; Jamal et al., 2015; Arfaeinia et al., 2022;

Singh and Dash, 2020).

4. Conclusions

This study thoroughly investigated the effect of Cymbopogon nardus

and circuit operation mode on the removal efficiency of different con-

centration of Co-trimoxazole along with green electricity production in

CW-MFCs. Main conclusions of designed study were: (1) both plants

and open circuit connection amplify Co-trimoxazole removal in MFC-

CWs (2) open-circuit MFC-CWs showed preferable BOD removal per-

formance irrespective of the increasing antibiotic concentrations; (3)

both plant and circuit mode accelerated the bioelectricity generation

performance, voltage, power density and electrical conductivity); of

gravel based CW-MFCs than other configurations. Comprehensively,

the results indicated that the plant and circuit operation mode of

CW-MFCs greatly affect the removal of antibiotic, BOD and green

electricity generation performance. Future study can be planned to

analyze the detailed effect of temperature on all parameters electric-

ity generation, voltage, power density, electrical conductivity and elim-

ination of CMX.
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