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Bioelectrochemical devices called microbial desalination cells (MDCs) use electroactive 

microorganisms to produce energy while also desalinating water and cleaning effluent. 

This research paper aims to treat municipal wastewater anaerobically and desalinate 

groundwater for Samarra city and generate electricity simultaneously by using lab lab-

scale air cathode microbial desalination cell (AMDC) with continuous operation. The 

three chambers that make up the MDC are made of Perspex tubes and have corresponding 

volumes of 2833 mL, 1416 mL, and 2833 mL for the anode, desalination, and cathode 

chambers. The cathode and anode electrodes were both 90 mm × 90 mm × 3 mm graphite 

plates. Two 25 L plastic tanks were used, one sealed for actual wastewater and the other 

for actual brackish groundwater. The air pump is set up to supply oxygen to the cathode 

chamber. The system was operated continuously using an uninterruptible power supply 

(UPS). A multimeter is also used to measure the electricity using a resistor box of (10-

10000 Ω). The system was operated for three runs with Hydraulic retention time (HRT) 

of 3, 1.5, 0.75 days for wastewater and 1.5, 0.75, 0.375 days for groundwater at flow rates 

of 0.65, 1.3, and 2.6 mL/min, respectively, with wastewater and groundwater recycle of 

100%. the results showed the maximum chemical oxygen demand (COD) removal of 

wastewater were 77.1, 76.84, and 77.52%, average 62.91, 58.28 and 67.05%, standard 

deviation 17.19, 16.17 and 8.69, while maximum TDS groundwater removal were 22.74, 

19.44, and 29.775% average 18.16, 15.90 and 18.20%, standard deviation 6.33, 2.28 and 

10.65 while the maximum generated current were 0.232, 0.300, and 0.536 mA, average 

0.17, 0.21 and 0.41 mA, standard deviation 0.039, 0.045 and 0.112 for Run1, Run2 and 

Run3 respectively at external resistance of 500 Ω. The higher coulombic efficiency, CE, 

follows the higher HRT, which was 3 days, while no significant difference in CE for 

HRTs, 1.5 days and 0.75 days. Polarization curves for the three runs showed a maximum 

power density of 7.674 mW/m2 and a current density of 30.74 mA/m2. The internal 

resistances were 1000, 1000, and 500 Ω for Run1, Run2, and Run3, respectively. 
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1. INTRODUCTION

Increasing challenges in disposing of wastewater and 

deteriorating water resources are two major issues growing 

over the last decades. The pure water supplies would decrease 

considerably in the near future due to climate change and 

inappropriate management of wastewater disposal. Hence, the 

utilization of low-cost wastewater treatment processes or 

seawater desalination has drawn great attention. Although 

desalination of saline water is a potential method to produce 

drinking water, it is not usually recommended since it is so 

expensive and requires a high energy supply [1-3]. 

Desalination processes can be classified according to their 

energy input requirements: reverse osmosis requires 2-7.5 

kWh/m3, multi-effect distillation requires 5-28 kWh/m3, 

mechanical vapor compression requires 7-17 kWh/m3, and 

multi-stage flash distillation requires 10-48 kWh/m3 [4]. First, 

it is predicted that there will be a significant increase in the 

number of saltwater desalination facilities during the next 

decade, as this method can be utilized to reduce water stress. 

Alternative desalination methods that use less power are of 

considerable interest because the current commercial options, 

such as electrodialysis (ED), electro-deionization (EDI), 

thermal desalination, and reverse osmosis (RO), are quite 

energy demanding [5, 6]. For wastewater treatment, activated 

sludge requires (0.33–0.60 kW/m3), trickling filter processes 

(0.18–0.42 kW/m3), lagoon (0.09–0.291 kW/m3), and 

advanced water treatments (0.31–0.40 kW/m3) are all crucial 

wastewater treatment procedures [2]. Thus, the pursuit of 

conventional waste treatment methods, alternative energy 

sources, and tried-and-true water desalination processes has 

accelerated globally [7, 8]. 

At Tsinghua University, microbial desalination cells 

(MDCs), a novel technology for power generation, 

desalination, and wastewater treatment, were initially created 

from microbial fuel cells (MFCs) [9]. Similar in concept to 
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water electrodialysis, the MDC is a device that uses bacteria 

as a catalyst to convert wastewater's chemical energy into 

electrical power through electrochemical reactions. In order to 

accomplish desalination, MDC uses an extra chamber that 

holds salty water between the anode and the cathode. Ion 

exchange membranes divide the three chambers, enabling the 

extraction of salt ions. Extended works, such as stacked resin-

packed MDC (SR-MDC), have been reported one after the 

other since MDC was initially created by researchers [9, 10]. 

The operation of MDCs to desalinate water is based on the idea 

of bacterial electrolytes, also called exoelectrogens. 

Exoelectrogens are microorganisms that break down organic 

matter in wastewater, using the electrons they create to power 

an anode. To keep the electrical charge balanced, this causes 

protons to accumulate in the anode chamber, which attracts 

chloride ions (Cl-) from the desalination chamber. To transfer 

cations (Na+) from the desalination to the cathode chamber, 

the process uses electrons supplied at the anode surface to 

reduce oxidized species (electron acceptors) on the cathode. 

These methods accomplish three main goals: treating 

wastewater, generating power, and desalinating saltwater. It is 

common practice to use Eqs. (1) and (2) to depict the redox 

reactions in MDC [11, 12]. 

At the anode: 

Substrate + nH2O →nCO2 + 4ne- + 4nH+ (1) 

At the cathode: 

O2 + 4ne- + 4nH+ → 2H2O (2) 

Different lab-scale designs of MDC have been explored, 

such as air cathode, biocathode, capacitive, electrolyte 

recirculation, photosynthetic, osmotic, stacked, bipolar 

membrane, ion-exchange, resin-packed, and upflow 

configurations [13].  

In air cathode MDCs, oxygen acts as the electron acceptor 

at the cathode. The catholyte's dissolved oxygen (cathode 

chamber) is reduced during the reduction reaction of oxygen 

(ORR). This reaction is essential for maintaining charge 

balance, electrons moving from the anode to the cathode due 

to oxygen, and the reaction ensures proper desalination and 

energy production [14]. Because it is free, renewable, and 

ecologically beneficial, and available air has seen extensive 

application in MDCs [13]. 

Research on the microbial community, electricity 

generation, and removal of salt and nitrogen in microbial 

desalination cells that use air cathodes for treatment of saline-

alkaline soil-washing waters was conducted by Xu et al. [15]. 

Using an air cathode microbial desalination cell (AMDC), 

which was successfully started by inoculating anaerobic 

sludge into the anode of a microbial desalination cell, 

researchers investigated coastal saline-alkaline soil-washing 

water and the impact of salinity on AMDC performance. The 

findings revealed that both the desalination cycle and rate 

progressively decreased with decreasing salinity, but salt 

removal progressively rose; at 5 g/L salinity, the maximum 

salt removal was 98.00 ± 0.12%. Although there was no 

statistically significant variation in the largest removal 

efficiency, the average coulomb efficiency varied significantly 

across salinity conditions, and the COD removal efficiency 

improved as the operation cycle lengthened. As a result, 

factors such as running time, electric field activity, osmotic 

pressure, salinity, microbiological activity, etc., all work 

together to affect salt removal and coulomb efficiency. In 

contrast, when the same substrate is inoculated into the anode 

chamber, there are no discernible changes in the COD 

elimination effect. The AMDC experiment ended with a salt 

removal rate of 99.13 ± 2.1% when water used to cleanse the 

desalination chamber's coastal saline-alkaline soil was added. 

In 2011, Jacobson et al. [16] investigated how to remove 

salt efficiently using an upflow microbial desalination cell that 

runs on a continuously running system and uses an air cathode. 

In order to remove salt, they created an upflow microbial 

desalination cell (UMDC) that operates continuously. Over the 

course of its four months of operation, the UMDC 

continuously produced bio-electricity and eliminated salts. 

With an initial salt concentration of 30 g total dissolved solids 

(TDS)/L, the UMDC removed almost 99% of NaCl from a salt 

solution with a hydraulic retention time (HRT) of 4 days and 

a current production of approximately 62 mA. Beyond that, 

the desalination process obtained a TDS removal rate of either 

5.25 g TDS L-1 d-1 (wastewater volume) or 7.50 g TDS L-1 d-1 

(salt solution volume), which meets the criteria for drinking 

water. At 1 and 4 days of HRT, the charge transfer efficiency 

was 98.6% or 81%, respectively. A peak power density of 30.8 

W/m3 was achieved by the UMDC. 

In 2016, Zuo et al. [17] examined a modularized filtration 

air cathode microbial desalination cell for enhanced 

wastewater treatment and self-driven desalination. A 

modularized filtration air cathode MDC (FMDC) was 

constructed in this study using Pt carbon cloths as the cathode 

and nitrogen-doped carbon nanotube membranes as the filter 

material. The dilute volume output achieved 82.4%, with the 

salinity removal reaching 93.6% and chemical oxygen demand 

(COD) reaching 97.3%, respectively, when real wastewater 

flowed from the anode to the cathode and then to the middle 

membrane stack. Boiler additional or industrial cooling was 

possible with the final dilute conductivity of 68 ± 12 μS/cm 

and turbidity of 0.41 NTU. Nutrients and other chemicals may 

be recoverable, as concentrate production was only 17.6% and 

nearly all phosphate and salt, as well as the majority of 

nitrogen, were collected. In light of these findings, the 

modularized F-MDC may find use in enhanced treatment of 

municipal wastewater and be self-driven. 

MDC faces the following challenges: low power generation, 

membrane fouling and scaling, high internal resistance, 

biofilm instability and microbial community control, pH 

imbalance between chambers, high material and operating 

costs, complicated configuration and scale-up issues, low 

desalination rate and efficiency, limited long-term stability, 

use of complex feeds and real wastewater, and lack of 

standardization and modeling. 

MDCs use a spontaneous desalination technique that doesn't 

require outside power. It simply requires electricity generated 

by microorganisms that are exoelectrogenic. Exoelectrogens 

(such as Shewanella, Geobacter, etc.) that grow on the 

carbonaceous anode in the anode compartment use the 

organic-rich wastewater as a metabolic substrate. Through 

metabolic processes that generate electrons that are 

transported to the anode by bacterial nanowire stacks, 

cytochrome C, etc., the connected anodic bacteria oxidise the 

organic materials in wastewater. The biogenerated electrons 

are then sent to the cathode via an external circuit and load, 

where they undergo reduction by oxidising agents and electron 

acceptors (such as oxygen) found in the catholyte. For the 

cathodic process, electrical currents travel from the bioanode 

to the cathode, creating a potential gradient between the 
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electrodes. Consequently, the current potential forces the ions 

(cations and anions) in the centre compartment (desalination 

chamber) to move through the membranes to the surrounding 

chambers. This phenomenon results in the desalination [11]. 

This study aimed to systematically evaluate the impact of 

HRT on the performance of a continuous-flow AMDC treating 

real wastewater and groundwater from the city of Samarra, 

focusing on the synergistic relationship between COD/TDS 

removal, coulombic efficiency, and power generation, and to 

explore the feasibility of operating the cathode without a 

buffer. 

2. MATERIALS AND METHODS

2.1 MDC design 

The Perspex tube with a diameter of 19 cm was used to 

produce the continuous air cathode microbial desalination cell 

(AMDC). The desalination chamber had a capacity of 1.416 L, 

while the symmetrical anode and cathode chambers each 

contained 2.833 L. Membrane International, USA, provided 

the two ion-exchange membrane types that were used: an 

anion exchange membrane (AEM, model AMI-7001) and a 

cation exchange membrane (CEM, model CMI-7000). The 

CEM separated the cathode and desalination chambers, while 

the AEM separated the anode and desalination chambers. 

On either side of the AMDC, two perforated Perspex plates 

were sandwiched between the membranes (AEM and CEM). 

60 cm² was the membrane's surface area. To ensure membrane 

hydration and expansion, membranes were soaked in a 5% 

NaCl solution for 24 hours prior to being rinsed with distilled 

water, as directed by the supplier. 

As electrodes, two graphite plates measuring 9 cm × 9 cm × 

0.3 cm were employed. The electrodes were connected to an 

external resistance by copper cables with sealed terminals. The 

system was operated continuously using an uninterruptible 

power supply (UPS). To control and monitor external 

resistance, a resistor box (10 Ω, 100 Ω, 500 Ω, 1000 Ω, 5000 

Ω, and 10,000 Ω) and a digital multimeter (Aswar, AS-M860D 

series) were used in parallel. 

Two 25 L plastic tanks were used, one sealed for actual 

wastewater and the other for actual brackish groundwater. The 

two tanks were connected to a peristaltic pump model BT600S 

with a pump head of two channels (made in China) for 

pumping the wastewater to the anode chamber and brackish 

water to the desalination chamber with the required flow rate 

continuously. Anode and desalination chambers' effluent pipes 

were connected to 2 L plastic bottles for collecting and 

recycling effluent wastewater and groundwater. 

The input and outflow ports on each chamber had a diameter 

of 0.5 cm. An air pump (RS 610, China; air discharge of 3.5 

L/min) could be used to provide dissolved oxygen through the 

cathode chamber's inlet. To preserve anaerobic conditions, the 

anode compartment was sealed from the surrounding air. 

Figure 1(a, b, and c) displays a schematic plan and an image 

of the AMDC system employed in this investigation. 

(a) 

(b) 
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(c) 

Figure 1. (a) Photo of the AMDC system; (b) a schematic diagram of the AMDC system; (c) enlarged schematic diagram of the 

AMDC system used in this study 

2.2 Measurements of water quality 

The dissolved oxygen (DO) in the anolyte, catholyte, and 

desalination chamber, as well as the chemical oxygen demand 

(COD), total dissolved solids (TDS), pH, and temperature in 

the desalination chamber, were all measured using Standard 

Methods for the Examination of Water and Wastewater [18]. 

Equipment used included the COD Photometer (HANNA, 

Model HI97106), the COD Thermo-Reactor (HANNA, Model 

HI839800-02), the TDS/pH/Temperature meter (HANNA, 

Model HI9811–51), and the D.O. meter (HANNA, Model 

HI9146). All of the gadgets were made by HANNA 

Instruments in Romania. 

2.3 Calculations of power and coulombic efficiency 

The following formulas were used to determine power 

density: 

P=(Vcell)2/ (Rext × AAn) (3) 

I= Vcell/ Rext (4) 

where, I is the current (A), Rext is the external resistance (Ω), 

vcell is the cell voltage (V), P is the power density (W/m2), and 

AAn is the anode surface area (m2) [19]. 

Coulombic efficiency (CE) is the percentage of electrons 

that are recovered from the substrate as electrical current, and 

it was computed as follows: 

CE=
MI

Fb qΔCOD
 × 100% (5) 

where, M is the molecular weight of oxygen (32 g/mol); I is 

the electric stream in amperes; Faraday's constant (F) is 96,485 

C/mol; q is the volumetric flow rate in L/s; ΔCOD is the 

difference between the influent and effluent COD given as 

(g/L); and b is the electron numbering mutual per mole of 

oxygen (4 mol e-/mol O2) [20]. 

2.4 Experimental work 

To assess AMDC's performance, three continuous runs 

were carried out, as Run1 used real wastewater (Anolyte), with 

an initial COD of 709 mg/L (HRT = 3 days), with 100% 

wastewater recycle, and initial groundwater TDS of 4220 

mg/L (HRT = 1.5 days), flow rate = 0.65 mL/min. Run2 used 

real wastewater (Anolyte) with an initial COD of 1179 mg/L, 

(HRT = 1.5 days) with 100% wastewater recycle, and initial 

groundwater TDS of 3960 mg/L (HRT = 0.75 days), flow rate 

= 1.3 mL/min. Run3 used real wastewater (Anolyte) with an 

initial COD of 743 mg/L (HRT = 0.75 days) with 100% 

wastewater recycle, and initial groundwater TDS of 3560 

mg/L (HRT = 0.375 days), flow rate = 2.6 mL/min. Anaerobic 

sludge was directly used from the Samarra wastewater 

treatment plant as inoculum and bacterial seeding with a ratio 

of 10% of the anode chamber volume. Without a buffer 

solution, deionized water was utilized as the catholyte.  

3. RESULTS AND DISCUSSION

3.1 Anolyte COD removal and coulombic efficiency 

HRT mainly controls the duration (retention time) at which 

all the reactions occur in the chambers of the MDC cell [21]. 

As shown in Figures 2-4, the maximum COD removal was 

77.1%, 76.84%, and 77.52%, average 62.91%, 58.28% and 

67.05%, standard deviation 17.19, 16.17, and 8.69, for HRT 3, 

1.5, and 0.75 days, respectively. from these results, there are 

no significant differences in COD removal efficiencies among 

the three HRTs. According to certain research, hydraulic 

retention time (HRT) has no effect on COD reduction in 

MDCs [22, 23]. This may be attributed to the microbial 

community structure adapted. Studies offered some support 

for this assertion. In Luo et al.’s [22] research, in roughly 8 

days, a notable 52% COD removal from wastewater with a 

starting COD content of 2744 ± 16 mg/L was accomplished; 

nevertheless, in the subsequent investigation of Luo et al. [23], 

Even after 8 months of operation, the percentage COD 

elimination increased by only 3% (from 52 to 55%). A similar 

finding was also made by Qu et al. [24] in their investigation 

of multiple MDCs. There was only a 1% difference in COD 

decrease between the two HRTs in that trial. There was just a 

1% difference between the COD reductions from 48 and 24 

hours of HRT: 60 ± 2% and 59 ± 2%, respectively. HRT may 

therefore not have as much of an impact on COD decreases as 

other parameters, such as the baseline COD concentration [24, 
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25]. 

The quantity of electrons that may be obtained from the 

substrate to generate an electrical current is known as the 

coulombic efficiency. It is defined as the ratio of the electrons 

that the substrate really received to the electrons that the 

bacterium theoretically obtained based on the elimination of 

COD [26]. 

Figure 2. COD influent, effluent, and removal for anolyte, 

Run1 

Figure 3. COD influent, effluent, and removal for anolyte, 

Run2 

Figure 4. COD influent, effluent, and removal for anolyte, 

Run3 

Figure 5 shows the profile of coulombic efficiency, CE%, 

for the three runs. the higher CE fellows had the higher HRT, 

which was 3 days, while no significant difference in CE for 

HRT, 1.5 days, and 0.75 days. Sorgato et al. [27] stated that in 

HRT 12, 8, and 4 hours, the CE was 5.44, 2.23, and 1.12%, 

respectively. Yamane et al. [28] showed that at HRT 3, 6, 12, 

and 18 h, the CE was 13 ± 3.3%, 14 ± 3.2%, 19 ± 2.7% and 12 

± 3.4%, respectively, with also notice that no essential 

differences in CE. A limited quantity of oxidized substrates 

was accessible as electron donors for power generation, 

despite the fact that Sorgato et al. [27] imply that a high 

number of substrates may be used for anaerobic 

biodegradation. Therefore, low densities of anode-respiring 

microorganisms in the anodic biofilm, which result from 

bacterial competition for space and decreased power density, 

can be the cause of a low CE. Furthermore, the CE has an 

inverse relationship with the COD removal and substrate flow 

rate [29, 30]. 

Figure 5. Coulombic efficiencies with respect to HRT 

3.2 TDS removal 

Figures 6-8 show the TDS removal with respect to HRT and 

current generation. The maximum TDS removal for Run1, 

Run2, and Run3 were 22.74, 19.44, and 29.77%, average 

18.16, 15.90, and 18.20%, standard deviation 6.33, 2.28, and 

10.65, while the maximum generated current was 0.232, 0.300, 

and 0.536 mA, average 0.17, 0.21, and 0.41 mA, standard 

deviation 0.039, 0.045, and 0.112, respectively. This 

corresponds with the study of Luo et al. [23] of air cathode 

MDC with desalination efficiency of 29% and 13% [31]. Low 

TDS removal may be attributed to low current generation. 

Numerous parameters, including membrane surface area, 

microbial oxidation and oxygen reduction, wastewater and salt 

solution volumes, HRTs of wastewater and salt solution, and 

more, influence the TDS removal rate. Since a longer retention 

time will allow more salts to be involved in the current 

generation, and subsequently be eliminated. The HRT of salt 

solution has a significant impact on the removal of TDS [16]. 

Higher power densities in the MDC can result from a shorter 

HRT, according to Imoro et al. [25]. This is due to the fact that 

a shorter HRT can lessen the buildup of fermentation products, 

which can impede the growth of microorganisms and the 

production of energy. According to Ping and He [32], 

desalination performance increases with decreasing HRT and 

decreasing internal resistance [31]. 

3.3 Power generation and polarization curves 

Figure 9 shows the current and power densities for the three 

continuous runs at an external resistance of 500 Ω. The 

maximum results of current and power density for Run1 (HRT 
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= 3 days), were 14.32 mA/m2, 1.66 mW/m2, for Run2 (HRT = 

1.5 days) 18.51 mA/m2, 2.77 mW/m2, and for Run3 (HRT = 

0.75 days) 33.086 mA/m2 and 8.9 mW/m2. These results 

corresponded with the study of Castellano-Hinojosa et al. [33] 

and Sharma and Li [34]. At shorter HRT, the wastewater 

discharge increases, which means more substrate is provided 

to microorganisms per unit time, while at longer HRT allows 

microorganisms to have excessive time to degrade substrate. 

Sharma and Li [34] attributed the low power density at long 

HRT was probably caused by the deficiency of organic 

substrates. However, Castellano-Hinojosa et al. [33] ascribed 

the low power in longer HRT to cell metabolism declines 

and/or electrode fouling brought on by cell death or 

disintegration at a longer HRT. 

Figure 6. TDS removal with current for Run1, HRT = 1.5 

day 

They attributed the lower HRT-favored increases in the 

abundance of bacterial communities, and that exoelectrogenic 

bacteria may have a greater ability to colonize anodes than 

other microbial communities, which favors rapid electron 

transfer at lower HRT. 

Polarization curves are essential in describing the 

performance of AMDC systems. Polarization curves are an 

effective method for describing and analyzing the performance 

of PMDC systems. Maximum available current and power 

were generated when the external and internal resistances were 

equal [35]. 

All polarization curves were obtained using external 

resistances in the range of 10-10000 Ω. The plots of 

polarization curves are given in Figures 10-12. Table 1 

presents the maximum current and power densities obtained 

from the corresponding polarization curves. The obtained 

internal resistance for Run1, Run2, and Run3 were 1000,1000, 

and 500 Ω, respectively. 

Figure 7. TDS removal with current for Run2, HRT = 0.75 

day 

Figure 8. TDS removal with current for Run3, HRT = 0.375 

day 

Figure 9. Current and power density for the three runs 
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Table 1. Maximum power density and internal resistance from polarization curves for three runs 

Run 
HRT, 

Day 

Maximum Current Density, 

mA/m2 

Maximum Power Density, 

mW/m2 

Cell Voltage,  

V 

Internal Resistance, 

Ω 

1 3 10.493 1.78 0.17 1000 

2 1.5 13.95 3.152 0.226 1000 

3 0.75 30.74 7.674 0.249 500 

Figure 10. Polarization curve for Run1 

Figure 11. Polarization curve for Run2 

Figure 12. Polarization curve for Run3 

From Figures 10-12 and Table 1, the highest possible power 

density of 7.674 mW/m2 as well as a current density of 30.74 

mA/m2 were accomplished at an internal resistance of 500 Ω, 

indicating that the system operated most efficiently under 

those conditions with HRT = 0.75 day. The low power density 

may be attributed to the high internal resistance of the cathode 

due to the lack of a buffer. 

3.4 Temperature, pH, and dissolved oxygen concentration 

monitoring  

During this study temperature and pH of anolyte wastewater, 

groundwater, and catholyte for Run1, Run2, and run3, 

respectively, and also dissolved oxygen (D.O.) for catholyte to 

the three runs were monitored. Table 2 shows the ranges of 

these parameters. 

From Table 2, the wastewater (anolyte) temperature was 

(25-27.9), (19.1-28.6), and (26.2-31.7)℃, respectively. At the 

ideal mesophilic temperature (35-40℃), more COD 

elimination. The COD removal efficiency increased from 62 

to 84% when the temperature was raised from 20 to 40℃. 

With a COD removal efficacy of over 60% at lower 

temperatures (20℃) and thermophilic temperatures (>40℃), 

MFC demonstrated its capacity to operate over a larger 

temperature range. A reduced rate of organic matter 

breakdown at lower working temperatures (20-30℃) could 

account for less COD removal [36]. With respect to the 

groundwater temperature, low temperature led to low 

desalination removal. Ragab et al. [37] reported that 

desalination removal was 32.5, 26.5, and 16.5% at 45, 27, and 

12℃, respectively, and that corresponds with this study.  

The catholyte dissolved oxygen concentration was in 

agreement with the study of Imoro et al. [38]. Which were D.O. 

7.60 ± 1.0 mg/L at 28 ± 1.10℃ and D.O. 7.70 ± 1.51 mg/L at 

28 ± 1.19℃. 

pH of anolyte and catholyte during the operation of three 

runs were within acceptable limits and was corresponding with 

the study of Jaroo et al. [39] whom stated that the pH decreased 

when H+ ions accumulated in the anode chamber as a result of 

bacteria biodegrading the substrate, while the pH rose when 

H+ ions were depleted in the cathode chamber as a result of 

oxygen stimulation. According to studies, MDCs do best in a 

pH range of 6.5 to 8.0, which is regarded as neutral to slightly 

alkaline. The development and activity of the electrogenic 

bacteria in the anode chamber may be inhibited by acidic 

circumstances if the pH falls below 6.0, which would lower 

the overall rate of electron transfer and power generation. 

Conversely, if the pH rises too high (over 8.5), minerals like 

calcium carbonate and magnesium hydroxide may precipitate 

and block the anode chamber, decreasing the electrode 

conductivity and water flow rate. Thus, in order to guarantee 

optimum performance and output, it's critical to maintain the 

ideal pH range in MDCs [31]. 
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Table 2. Temperature, pH, and dissolved oxygen ranges with respect to three runs 

Parameter 
Run1 Run2 Run3 

Anolyte Brackish Catholyte Anolyte Brackish Catholyte Anolyte Brackish Catholyte 

Temp., °C 25-27.9 24.7-27.6 25.0-27.8 19.1-28.6 19.0-28.6 18.9-28.4 26.2-31.7 26-31.4 26.5-31.4 

pH 7.6-8.0 7.4-7.8 7.7-8.3 7.3-7.8 7.4-8.1 7.5-8.0 7.5-8.1 7.3-8.0 7.2-8.1 

D.O., mg/L 6.24-7.18 6.29-7.91 6.05-6.77 

3.5 TDS in anolyte and catholyte 

Figure 13 shows a decrease in anolyte TDS for Run1 and 

Run3, and a slight increase in TDS for Run2 with respect to 

initial anolyte TDS, and Figure 14 shows an increase in 

catholyte TDS with time evolution. The decrease in anolyte 

TDS and the increase in catholyte TDS corresponded with the 

study of Pradhan et al. [40]. A decrease in anolyte TDS occurs 

due to migration of cations from anolyte to catholyte and also 

consumption in the anodic oxidation reaction. while increasing 

in anolyte TDS was in agreement with the study of Majumder 

et al. [41]. Pradhan et al. [40] attributed the increase in anolyte 

TDS was due to the migration of anions from the desalination 

chamber to the anode chamber via AEM. Also, the increase in 

catholyte was due to the transport of cations from the 

desalination chamber toward the cathode chamber by CEM. 

Figure 13. TDS in anolyte with time evolution 

Figure 14. TDS in catholyte with time evolution 

3.6 MDC long-term performance 

Figures 15-17 show a timeseries for wastewater COD, 

groundwater TDS, and generated voltage for Run1, Run2, and 

Run3, respectively.  

Figure 15. Wastewater COD, groundwater TDS, and 

generated voltage for Run1 

Figure 16. Wastewater COD, groundwater TDS, and 

generated voltage for Run2 

Figure 17. Wastewater COD, groundwater TDS, and 

generated voltage for Run3 
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For Run1, COD decreases from 709 to 189 mg/L, TDS 

decreases from 4220 to 3260 mg/L during six days of 

operation, while generated voltage increases from 41 to 116 

mV during three days, then decreases to 66 mV at the six days. 

For Run2, COD decreases from 1179 to 273 mg/L, TDS 

decreases from 3960 to 3260 mg/L during eleven days of 

operation, while generated voltage increases from 22 to 150 

mV during three days, then decreases to 106 mV at the 

eleventh day. For Run3, COD decreases from 743 to 167 mg/L, 

TDS decreases from 3560 to 2500 mg/L during ten days of 

operation, while generated voltage increases from 83 to 269 

mV during four days, then decreases to 105 mV at the ten days. 

Generally, MDC performance reduces with time as a result of 

electrode degradation, biofouling, and salt accumulation. 

4. CONCLUSIONS

Microbial desalination cells (MDCs), a cutting-edge green 

technology, combine brackish water desalination, wastewater 

treatment, and renewable energy production into a single, eco-

friendly system. By using the metabolic activity of 

electroactive microorganisms to oxidize organic molecules, 

these systems produce electrons at the anode. By facilitating 

the transfer of salts through ion-exchange membranes, the 

generated electrical potential aids in the desalination of salt 

water. 

The lab-scale AMDC was operating in continuous mode 

conditions for the treatment of actual municipal wastewater 

and desalination of real groundwater of Samarra city in Iraq. 

Air was used in the cathode chamber with distilled water as 

catholyte without a buffer solution to avoid the use of 

chemicals for economic and environmental issues.  

Three runs with three HRTs were used to assess the three-

chamber AMDC system: 3, 1.5, and 0.75 days for the anode 

chamber and three HRTs: 1.5, 075, and 0.375 days for the 

desalination chamber with a recycle of 100%. To evaluate 

COD removal, TDS removal, and electricity generation. 

Wastewater COD removal for the three runs was 77.1%, 

76.84%, and 77.52% and it is concluded that there are no 

significant differences in COD removal efficiencies among the 

three HRTs. 

Groundwater TDS removal for the three runs was 22.74%, 

19.44%, and 29.77% and it is concluded that Lower HRT leads 

to a higher desalination rate. 

Higher generation power density is concluded in the 

polarization curve, which is 7.674 mW/m2, and achieved in 

Lower HRT. Low desalination rate with low power generation 

in this study is observed. and based on this, future studies are 

recommended to improve the results (such as optimizing 

membrane structure, using catalysts, studying membrane 

pollution control strategies, etc. 
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