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Abstract

This study aimed to comprehensively characterize and identify microalgae inhabiting the biocathode compartment of a
photosynthetic microbial desalination cell (PMDC). Also, modeling of microalgae growth in the biocathode was considered as well
as the interrelation between the growth of microalgae and dissolved oxygen (DO) generation within the biocathode. The general
performance of the PMDC was evaluated based on; (1) organic content removal from the real domestic wastewater fed to the anode
compartment, (2) salinity removal from actual seawater in the desalination compartment, and (3) power generation in the PMDC.
The results unveiled the presence of two distinct microalgae species, specifically Coelastrella sp. and Mariniradius saccharolyticus,
which were thoroughly characterized using 16S rRNA and ITS gene sequencing within the cathodic chamber of the PMDC.
Following sequence editing and trimming, the resulting sequences were meticulously submitted to the NCBI GenBank and
juxtaposed with other sequences utilizing the GenBank online BLAST software. Importantly, the obtained data demonstrated a good
correlation with coefficients of determination (R?) reaching 0.83, as per the employed kinetic models. Complete removal of up to
99.11% of organic content from the real domestic wastewater was obtained in the PMDC system with maximum efficiency of
desalination elimination of 80.95% associated with a maximum power output of 420 mW/m? in the system.
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1- Introduction

biocathodes as catalysts in microbial desalination cells
(MDCs) is increasing due to their ability to regenerate and
their environmentally friendly nature [6]. The primary
goal of employing living organisms for catalysis is to

The direct conversion of waste into high-value energy,
clean power, or chemical products is known to be a
favorable option for eliminating energy problems and

excess sludge in conventional wastewater treatment
systems [1]. Microbial fuel cells are biological systems
that convert chemical energy in the form of organic
substrate in wastewater into electrical energy or other
high-value products. This technology offers the
possibility to treat wastewater with soluble organic
pollutants and generate electric power at the same time
[2]. Microbial desalination cells (MDCs) involve 3
separate sections which are; anodic, desalination, and
cathodic compartments. The anode is responsible for
electron generation. Those electrons travel from the anode
electrode to the cathode electrode via an external circuit.
The free electrons transfer to the electron acceptors in the
cathode compartment in order to complete the
electrochemical reactions by carrying out the reduction
reaction [3]. In the cathode compartment, electron
acceptors help reduce electrons [4]. If instead
photosynthetic organisms such as algae are incorporated
into the cathode, dissolved oxygen as electron acceptor
will be obtained from photosynthesis to facilitate the
reduction of electrons at the cathode [5]. The adoption of

reduce operational expenses, eliminate the need for
chemicals and costly metal catalysts, and enable
sustainable operations while facilitating the reduction of
an oxidizing agent, either directly or indirectly, by
accepting electrons from the cathode. Additionally, using
biocathodes offers several advantages compared to non-
biological cathodes. Various biocatalysts utilized in MDC
biocathodes encompass photosynthetic bacteria [7],
white-rot fungus [8], and algae [6]. Various microbial
consortia like nitrifying and denitrifying bacteria and
microalgae can be utilized in biocathodes to produce the
electron acceptors required for the reaction of reduction at
the cathode. Microbial communities, particularly in
activated sludge, exhibit significant diversity, making
their  comprehensive understanding a challenge.
Traditional identification methods, such as microscopy
and culture-based techniques, have limitations in
distinguishing between unrelated microorganisms and
identifying non-culturable species [9]. The advent of
molecular biology tools, including Polymerase Chain
Reaction (PCR) and DNA oligonucleotide hybridization,
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has revolutionized microbial ecology, enabling direct
genetic analysis of individual microbes and entire
communities. In spite of their advantages, there are few
studies of molecular characterization of microalgae [9-
13]. Moreover, mathematical models of growth kinetics
are indispensable for understanding the growth patterns of
microalgae and optimizing cultivation conditions. Various
process parameters, including light, temperature,
nutrients, available carbon, oxygen levels, salinity, and
pH, influence the growth rate of microalgal cells.

In this study, molecular characterization of the primary
microalgae species utilized in photosynthesis microbial
desalination cells (PMDC) was applied. The analysis of
the 16S rRNA for blue-green algae and 18S ribosomal
RNA (rRNA) for green algae as molecular markers to
investigate their genetic composition was employed.
Additionally, a mathematical model was adopted to
predict and analyze the growth patterns of the microalgae
species.
©

2- Materials and Methods
2.1. Microalgae in the biocathode of PMDC

Microalgae samples were grabbed from Heet city,
(Iraq). Before introducing the microalgae into the PMDC
system, the grabbed microalgae samples were maintained
in an incubator with continuous fluorescent lighting of
4500 lux for 2.5 h in the dark and continuous air
circulation. The microalgae were fed with 5 mL of BG11
medium every 7 days. The optical density of the
microalgal community was measured before it was
introduced into the PMDC system. Fig. 1 illustrates the
source and location of microalgae collection as well as the
enrichment process and growth of the microalgae.
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Fig. 1. The Enrichment Process and Growth
Microalgae

of the

Subsequently, the produced microalgae were injected
into the biocathode together with the microalgae
cultivation medium, which is regarded as the catholyte. In
this study, a BG11 medium was employed as the culture
medium [14], which consisted of the following
components (in grams per liter): 0.26 Na,HPO,, 0.74

KH2PQ4, 0.01 CaCl,, 0.01 Fe-EDTA, 0.05 MgSQ4.7H:0,
Na,COs, and 1 ml trace elements. The microalgae that
were used for this study were changed based on the ideal
culture conditions, the required carbon source for the
microalgae was CO,, which was supplied by a CO;
cylinder (purity of 99.99%). The required light for
microalgae cultivation was provided by fluorescent lamps
reported by Barahoei et al. [15]. The fluorescent lights
were utilized to provide the requisite light for the growth
of the microalgae.

2.2. Microalgae DNA extraction

DNA extraction from microalgae was performed
according to the procedure described by ABIO pure TM
Total DNA (ABIO pure, USA). Inoculation of cultivated
microalgae with cell lysis and protein digestion, 200 ul
lysing buffer, and 20 pl proteinase K solution (20 mg/ml).
Then, the mixture was incubated at 56 °C for 30 min the
sample was centrifuged at 10000 rpm for 5 min at 4°C.
After incubation, 200 pul of absolute ethanol was added to
the sample and mixed with a pulsing vortex to agitate the
sample thoroughly. AIll  mixtures were carefully
transferred to the centrifuge tubes, and centrifuged for 1
min at 6000 x g above (> 8000 rpm). A 600ul of buffer
BW was put in a test tube, and then centrifuged at 6000 x
g for 1 min (> 8000 rpm), from buffer BW, 600ul was
added to the centrifuge tube, then centrifuged at 6000 x g
for 1 min (> 8000 rpm). A 700ul of buffer TW was
applied and centrifuged at 6000 x g for 1 min (> 8000
rpm). The pass-through was removed and the centrifuge
tube was re-inserted into the collection tubes. The
centrifuge tube was centrifuged at full speed > 13000 x g
for 1 min to get rid of any residual wash buffer, then the
centrifuge tube was placed in a fresh 1.5 ml tube.
Subsequently, a volume of 100ul of buffer AE was
introduced and subjected to incubation at ambient
temperature for a duration of 1 minute. Following this,
centrifugation was performed at a speed of 5000
revolutions per minute for a period of 5 minutes. The
concentration of extracted DNA was determined using the
Quantus Fluorometer (Promega, USA) in order to assess
the quality of the samples for further applications. A
volume of 1 ul of DNA was combined with 199 ul of
diluted Quantifluor dye, followed by an incubation period
of 5 minutes at ambient temperature [16, 17].

2.3. Identification of green microalgae isolates

In this study, a culture medium specifically used for
microalgae served as the bio-catholyte. molecular
phylogenetic studies of sequence variation for green
microalgae were performed on the internal transcribed
spacers of nuclear ribosomal DNA (ITS). DNA extraction
was performed using ABIO pure TM Total DNA (ABIO
pure, USA). Isolated genomic DNA from Coelastrella sp.
was used as a template for PCR. The amplification of
gene ITS was performed using the universal primer: ITS1:
5-TCCGTAGGTGAACCTGCGG-3' and ITS4: 5'-
TCCTCCGCTTATTGATATGC-3' (Macrogen, Korea).
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The PCR reaction was carried out by adding the following
components: 12.5 pl GoTaq® G2 Master Mix, 3 pl
template DNA (genomic DNA), 1 ul each of the upstream
and downstream primers, and 7.5 pl nuclease-free water
to make up the volume to 25ul. The experimental
procedure consisted of the subsequent stages: an initial
denaturation phase at a temperature of 94 °C for a
duration of 5 minutes, followed by a consecutive series of
30 cycles, each including denaturation at 94 °C for a
period of 30 seconds, annealing at 55 °C for 30 seconds,
and extension at 72 °C for 30 seconds. Additionally, a last
extension step was performed at a temperature of 72 °C
for a duration of 7 minutes [18].

2.4. ldentification of blue-green microalgae isolates

PCR amplification and sequencing of the extracted
DNA samples were performed by (Macrogen, Korea).
Amplification of the gene fragment of 16S rRNA was
performed using universal primers from Thermo Fisher
Scientific (USA). The universal primers forward primer
27F (AGAGTTGATCMTGGCTCAG) and reverse primer
1492R (TACGGYTACCTTGTTACGACTT) were used
[19]. The PCR reaction was performed by adding 12.5 pul
GoTaq® G2 Master Mix, 2 pl template DNA (genomic
DNA), 1 ul each of the upstream and downstream
primers, and 7.5 ul nuclease-free water to complete the
volume to 25 pl. The PCR reaction was performed under
the following conditions: initial denaturation was at 95 °C
for 5 min, followed by 35 amplification cycles at 95 °C
for 30 s, primer annealing temperature of 60 °C for 30 s,
and extension at 72 °C for 60 s. The last extension was at
72 °C for 10 min [20].

2.5. Green and Blue- green microalgae classification

The PCR products were added directly to the well and
Sul was added. Electrical power was turned on at
100V/mA for 1h. DNA migrated from the cathode to the
positive anode poles. A gel imaging system was used to
view the bands stained with ethidium bromide in the gel.
PCR products were sent for Sanger sequencing using
ABI3730XL, an automated DNA sequencer from
Macrogen Corporation - Korea. The 16 S rRNA and ITS
genes sequence was compared using the NCBI Blast
Similarity Search Tool. Geneious software was used to
analyze the multiple alignments of the sequences. After
editing and trimming, the analyzed sequence, it was
submitted to NCBI GenBank and compared with other
GenBank online BLAST software sequences [21].

2.6. Design, construction, and setup of the sequential
cuboid compartments — PMDC

A conventionally designed PMDC with three sequential
cuboid compartments, as depicted in Fig. 2, was
fabricated from Plexiglas material. The system was set up
and operated continuously for a duration of 180 days. In
the SC-PMDC configuration, the anode and desalination

chambers were supplied with actual wastewater and
seawater, respectively.

The anode compartments in the PMDCs received a
steady inflow of real household wastewater at a rate of
1.04 ml/min, facilitated by an adjustable peristaltic pump.
Concurrently, the desalination chambers in the PMDCs
were provided with a synthetic saline solution at a flow
rate of 0.5 ml/min, utilizing a peristaltic pump (BT100S,
GOLANDER PUMP, USA). Inoculation of mixed
biomass and microalgae was carried out in the anode and
cathode chambers, respectively.

The transfer of ionic species in the saline water occurred
through the cation (CEM) and anion (AEM) exchange
membranes, which functioned to isolate the cathode and
anode compartments, respectively.

Actmal saline
seawuter

Fig. 2. Schematic Diagram of the Sequential Cuboid
Compartments PMDC

Dimensions of the SC-PMDC compartments were 25cm
X 10cm x 10cm for the bioanode, and 15cm x 10cm x
10cm for the biocathode, whereby, dimensions of the
desalination chamber were 15cm x 10cm x 10cm for
length, width, and height, respectively. Each of the
bioanode and biocathode compartments contained 2 plain
graphite electrodes. The effective size of each electrode
was 8cm x 2cm x 0.4cm.

2.7. Measurement of microalgae growth

Growth of microalgae was assessed by measurements of
the microalgae optical density using a Maxwell® RSC
instrument (Promega) at a wavelength of 620 nm.
Concentration of dry biomass microalgae was calculated
as follows [22]:

absorbance at wavelength 620 nm (1)

Microalgae concentration =
0.8702

2.8. Analysis and measurements

Daily measurement of chemical oxygen demand (COD)
was performed using the COD analyzer (Model:
Lovibond, RD 125, UK). The dissolved oxygen was
measured using Dissolved Oxygen meter (Model:
waterproof 7031, EZDO, Taiwan), while TDS was
measured using TDS meter (Model: portable Al, EZDO,
China).

The voltage in the PMDC system was directly measured
and recorded by digital multimeters, and then recorded
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voltage data were converted to current and power data for
further analysis.

3- Modelling of Microalgae Growth and Cultivation

In this study, the selected model implicitly considers the

prediction of the microalgae growth trends present in the
biocathode chamber of the PMDC system.
This model comprises of dynamic equations, a kinetic
expression, and a light transfer model. The dynamic
equations are founded on two mass balances, assuming a
well-mixed photobioreactor. In continuous mode, the
change in the number of cells over time is represented by
the given expression:

%: wX — DX )
Where; p: is the specific growth rate, (1 per hours). X:
cell number of microalgae per unit culture volume (or
biomass), (billion cells/L). D: is the dilution rate (1 per
hours) [23], i.e, ratio between the flowrate of media and
the volume of liquid phase in the bioreactor. This model
operates under the assumption that the growth rate of
microalgae is constrained by both light intensity and total
inorganic carbon levels. The model's growth response was
determined by the relationship between these
concentrations and their respective optimal values. It
employs an exponential decay function, wherein the
growth rate rises as the light intensity and total inorganic
carbon approach their ideal levels. The following
empirical parametric model follows these principles [23]:

E ) ( [TIC cenl ) ( Kei ) (3)

Kg+E ” " KL+ [TIC cen] © * Ker#+[TIC cenl

K= Hmax (

Where; Umax: maximum specific growth rate. KE: half

saturation constant by light intensity available per cell

denoted by E. KCL and KCI: the limitation and inhibition

constant by [T1Cc], respectively.

The total inorganic carbon concentration available per cell

is given by the following formula [23]:

[TICceII] = [TXI_C] (4)
The intensity of light which is accessible per cell

(denoted E) is given by the light transfer model [23]:

lin—Tout)*Ar

£ = Cntowets (5)
Where; lip: intensity of incident light, lou: intensity of
outgoing light, Ar: illuminated area of the bioreactor, V:
volume of the liquid phase in the photobioreactor.

The intensity of the outgoing light can be assessed with an
analytical expression from the values of the cell number
and the intensity of incident light [23]:

lout = C1 lin XC2 (6)

Where: C; and C, depend primarily on the type of light
and the bioreactor geometry (dimensionless). The sets of

linear, nonlinear and differential equations used in the
above-mentioned models were solved by using MATLAB
software version (R2012b).

4- Results and Discussion
4.1. Identification of microalgae isolates

The DNA concentrations were measured and found to
be 25 and 14, respectively. The extracted DNA molecules
were used as templates for amplifying the 16SrRNA
genes and ITS genes, using universal primers. The
resulted amplification products were visualized as intense,
single bands on a 1.5% agarose gel stained with ethidium
bromide as shown in Fig. 3.

1500bp

1000bp

500bp

100bp

ITS 16SrRNA

Fig. 3. The Amplification of the 16S rRNA and ITS Gene
of an Unidentified Microalgae Species Were Seen by
Fractionation on a 1.5% Agarose Gel Electrophoresis,
which Was Subsequently Stained with Ethidium Bromide

4.2. Microalgae sequencing and growth

In order to classify microalgae, sequencing of the 16S
rRNA and ITS genes have been widely used as a crucial
tool for identification due to its presence in nearly all
types of microalgae [24]. The 16S rRNA gene, with a
length of 1500 bp, has remained functionally conserved
over time and is large enough to allow for identification
of genus and species of isolates [25]. After editing and
trimming, the sequences were submitted to NCBI
GenBank and compared to other sequences available
through the GenBank online BLAST software. The
BLAST results showed sequence homology and
differences between the sequencing results and other
bacterial species submitted to NCBI, as shown in Table 1.
The results indicated the existence and characterization of
new two different types of green and blue-green algae.
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Table 1. Identification of the Isolates and GenBank Number of the New Strains of Microalgae used in Cathode
Compartment of the PMDC

Is,(\JlIglte Description I(i;)nt Accession New Accession New strain
1 Coelastrella 99.68% OM964573.1  ON420725.1 Coelastrella sp. strain AMSZZI1 internal transcribed spacer 1,
sp. partial sequence; 5.8S ribosomal RNA gene, complete sequence;
and internal transcribed spacer 2, partial sequence
2 Mariniradius 96.74% NR_117078.1 ON420764.1 Mariniradius saccharolyticus strain AMSZZI2 16S ribosomal

saccharolyticus

RNA gene, partial sequence

Due to the heavy healthy growth of microalgae in the
biocathode chamber, a visible and clear microalgae-based
biofilm was observed on the cathode electrode in addition
to the suspended microalgae growing profusely in the
bulk of the catholyte. Fig. 4 illustrates the SEM images
for the microalgae-based biofilm in the cathodic
compartment of the PMDC after 90 and 180 days of
operation. It is obvious the difference in the texture of the
biofilm due to the increased development of the
microalgae-based biofilm after 180 days of continuous
operation of the PMDC system.

1 wm

EHT = 10.00 kV
WD =

1 pm
4.4 mm

Signal A = SE2
Mag =

Results from the BLAST software showed sequence
homology and differences between sequencing results and
other bacterial species submitted to NCBI as shown in
Table 1. These results indicated that the 16 S rRNA gene
was highly variable among its species, so this gene can be
used in future to identify unknown species of this blue-
green at the same molecular level, whereby, ITS can be
used in the future to identify unknown species of green
algae.
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User Text =

o X
Date :10 Jan 2023

User Text =

ZEISN
10.00KX

Fig. 4. SEM Images of the Microalgae Growth on the Cathode in the TC-PMDC; (Upper Image) after 90 Days
Operation, (Lower Image) after 180 Days Operation
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4.3. Microalgae growth and DO concentration in the
biocathode chamber

In the PMDC system, achieving high growth rates of
microalgae is an important step towards integrated
bioenergy production. The microalgae growth profile and
dissolved oxygen concentration (DO) in the biocathode
compartments are shown in Fig. 5 of the PMDC system.

The profiles of microalgae concentration and DO
concentration in the biocathode compartment revealed
three distinct phases of microalgae growth and DO
concentration throughout the entire operation period.
During phase 1, which lasted for the initial five days, the
concentration of microalgae was relatively low, and the
growth rate was slow. However, as the operation
progressed, the concentration of DO increase.
Subsequently, from day 6 to day 97, the concentration of
microalgae steadily increased, indicating a favorable
growth environment. Phase 2 of the PMDC operation,
occurring after day 97, was marked by a decrease in
microalgae concentration over a two-week period, while
the DO concentration remained relatively stable. The
decline in microalgae concentration could be attributed to
various factors, such as growth limitations, competition
within  the microbial community, or changes in
environmental conditions. Growth limitations may have
arisen from nutrient depletion, imbalances, changes in
light availability, or unfavorable pH levels, which could
have negatively impacted microalgae  growth.
Additionally, competition among microorganisms within
the PMDC system might have influenced the microalgae
population. However, the stable DO concentration
suggests that oxygen production and availability were
maintained at a sufficient level during Phase 2. Further

DO concentration

(1)

investigation is required to comprehensively understand
the factors underlying the observed decrease in
microalgae concentration and the stability of DO levels
during this phase. Throughout phase 3 which commenced
after 110 days of continuous operation, both the
microalgae and DO concentrations continued to increase
although the microalgae concentration exhibited
noticeable fluctuations. The observed variations in the
later portion of the microalgae concentration profile may
potentially be attributed to causes that extend beyond the
inherent life cycle of microalgae. These supplementary
elements include, but are not limited to, the availability of
carbon dioxide (CO,) in the anode compartment, the level
of light intensity, and the composition of the growth
media. According to the findings of isolates [21], several
factors, such as physiological circumstances, possess the
capacity to influence the development of microalgae.

Despite these fluctuations, the DO concentration
remained relatively sufficient and stable maintaining a
level of > 6.5 mg/L. This concentration of DO is crucial
as it serves as a potential reductant necessary for power
production in the PMDC system. The observed
fluctuations in microalgae concentration during phase 3
may be attributed to various factors, such as nutrient
availability, light intensity, or changes in the microbial
community composition. These factors can influence the
growth dynamics of microalgae and result in fluctuating
concentrations. The consistent and sufficient DO
concentration throughout phase 3 is a positive outcome
for power production in the PMDC. The availability of an
adequate DO concentration supports efficient microbial
activity and facilitates the transfer of electrons, ultimately
contributing to sustained power generation.

—e— Microalgae concentration

(3)

A

DO concentration, mg/L

O L N W & 01 OO N @

» ! g
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Fig. 5. Profiles of DO and Microalgae Concentrations in the Biocathodic Compartment of PMDC Systems

4.4. Models’ predictions

The predicted results for microalgae growth in the
biocathodes versus the experimental results are given in
Fig. 6. The dynamic model, incorporating dynamic
equations, a Kinetic expression, and a light transfer model
indicated a considerable fitting. The PMDC had a

determination coefficient (R?) value of 0.830, suggesting
that the model explained approximately 83% of the
observed variance in microalgae growth. These results
suggested that the dynamic model provides a robust
description of microalgae growth in the different PMDCs
designs.
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Fig. 6. Predicted and Experimental Results for the Microalgae Growths in the Biocathodes of the PMDC Systems

4.5. Performance of PMDC

Performance of the PMDC after 180 days of continuous
operation was significant in regard of organic content
removal, power generation, and salinity elimination. One
of the most critical factors contributing to the high
organic removal efficiency is the creation of favorable
anaerobic conditions in the anodic compartment of the
PMDC. These anaerobic conditions play an important role
in promoting the activity of anaerobic microorganisms,
and accordingly facilitating the degradation of organic
pollutants. The profile of organic content removal from
actual wastewater in the anode compartment of the
PMDC is presented in Fig. 7. Despite some fluctuations in
the COD removal efficiency, the results showed a
noticeable reduction after the first day of operation.
Maximum and average removal efficiency of COD was
found to be 99.11% and 92.15%, respectively. This
promising result could be attributed to the nature of real
wastewater contents and composition which was a
favorable substrate for the biofilm species. Compared to
the previously reported studies, the promising result
obtained in this study revealed significant removal
efficiency of organic content from wastewater. Kokabian
et al. [3] studied the performance of an algae biocathode-
PMDC fed with glucose-based synthetic solution in the
anodic compartment. The COD removal efficiencies were
reported to be in the range of 58%-64%. Das et al. (2020)
[26] evaluated the performance of Oscillatoria sp.
biocathode-PMDC which was fueled with dairy
wastewater in the anodic chamber and achieved a COD
removal efficiency of 78.45%. Hui et al. [27] proposed
95% COD removal efficiency in a Chlorella vulgaris-
based biocathode of a cylindrical PMDC for landfill
leachate treatment. Bejjanki et al. [28] reported 80.2 +
0.5% COD elimination efficiency from dairy wastewater
in a triple chambered cylindrical PMDC using
Oscillatoria sp. as the biocathode.

The power generation in the PMDC system was
evaluated as a key outcome of this sustainable technique.
Profile of the power recovery in the PMDC system is also

given in Fig. 7. The power generation results obtained in
the PMDC over the 180-day period exhibited an
intriguing pattern characterized by fluctuations and
instability. Initially, there was notable increase in the
power output during the first 10 days indicating
successful microbial colonization and acclimation within
the system. This surge in power output could be attributed
to enhanced metabolic activity and favorable conditions
for electron transfer processes. However, this was
followed by a subsequent drop in power generation until
dayl6, which could be attributed to factors such as
microbial community shifts or temporary disruptions in
the system's equilibrium. Following day 16, there was a
notable recovery phase, with power generation increasing
again and reaching a maximum power generation of 420
mW/m® and a current density of 1234 mA/m3. This
energy recovery suggested that the microbial community
might have adapted to the changing conditions, resulted in
improved power generation. Hence, the results observed
in this study were significant compared to the previously
reported findings. Bejjanki et al. [28] reported a power
density value of 44.1 + 1.0 mW/m? obtained in a PMDC
fueled with dairy wastewater and designed with
Oscillatoria sp. as a biocathode. Zamanpour et al. [29]
studied the power generation in two microbial
desalination cells (MDCs) of different TDS
concentrations. The differences in the power output can
be attributed to several factors including, but not limited
to the cells geometric design, hydraulic retention time in
the cell, type of wastewater and its organic content
concentration, TDS concentration and degree of salinity,
number and material of electrodes, type of biomass within
the anodic biofilm, and microalgae-based biocathode in
the PMDC which may contributed to the increased power
density. The photosynthetic activity of the microalgae-
based biocathode can lead to enhanced electron transfer
and metabolic activity resulting in improved power
output.

On the other hand, normally the desalination efficiency
of a PMDC can be assessed by its ability to remove total
dissolved solids (TDS) from saline or brackish aqueous
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solution. Results of the desalination efficiency for the
PMDC is displayed in Fig. 7. The profile of TDS
elimination efficiency demonstrated that during the first
20 days, when the NaCl-based synthetic saline solution

was used, the PMDC achieved a maximum TDS removal
efficiency of 21.5% and an average removal efficiency of
16.03%.
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Fig. 7. Profiles of (a) Organic Content Removal (COD), (b) Power Generation, and (c) Salinity Elimination

This observation indicated that the PMDC was able to
partially remove TDS from the synthetic saline water. In
the subsequent 160 days, the synthetic saline solution in
the desalination chamber of the PMDC was replaced with
real seawater

Maximum and average removal efficiencies of TDS
recorded during the second phase were 81% and 75%,
respectively indicating a substantial reduction in the
salinity content. The improved TDS removal efficiency

observed during the second phase could be attributed to
the fact that the real seawater contains a more complex
composition with additional components such as
minerals, organic matter, and dissolved solids. These
components may contribute to improved conductivity and
electrochemical reactions resulted in enhanced TDS
removal.

Additionally, the microbial community within the
PMDC system might adapted and performed more
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efficiently when exposed to real seawater leading to
improved TDS removal. In addition to the significant
desalination efficiency obtained in this system, no
observable fouling of cation exchange membrane (CEM)
and anion exchange membrane (AEM) was noticed after 6
months of continuous operation despite the heavy growth
of bacterial and microalgae species as well the content of
suspended solids in the actual influents fed to the PMDC
which may cause membranes fouling and the subsequent
deterioration of the PMDC performance.

It is worth noting that the synthetic saline water phase
represents a controlled environment since the
concentration of salts is consistent. However, the
introduction of real seawater to the PMDC system
resulted in a significant improvement in the removal
efficiency of TDS compared to the synthesis saline water
stage. This improvement suggested that the PMDC
system is highly recommended for field applications to
desalinate real saline waters of various concentrations and
compositions. The presence of different salt ions,
impurities, and contaminants in real seawater, which are
absent or extremely limited in the synthetically prepared
saline water, may have played a vital role in enhancing
the performance of the PMDC system. The specific
properties and mechanisms of the suggested PMDC were
likely contributed to its improved removal efficiency in
the presence of real saline water. The ability to achieve
removal efficiencies exceeding 80% in real saline water is
a positive outcome, indicating the potential of the PMDC
system for salt removal in real-world scenarios. On the
other hand, hydraulic retention time (HRT) may affect the
desalination process. According to Morel et al. [30], a
longer HRT can lead to back-diffusion of ions due to the
concentration gradient between the desalination chamber
and adjacent chambers. Therefore, the promising
desalination efficiencies observed for the suggested
PMDC indicated the proper value of the HRT. The
obtained results in this study were significantly higher
than the maximum desalination efficiency of 40%
observed by Kokabiana and Gude [6] for an algae-
biocathode PMDC injected into the desalination chamber
using a synthetically prepared NaCl-based saline solution
with an initial TDS concentration of 10,000 mg/L. Nadzri
et al. [31] investigated the performance of a
photosynthetic microbial desalination cell (PhMDC)
using Chlamydomonas sp. (UKM®6) and Scenedesmus sp.
(UKM9) as biocatalysts. The desalination efficiencies
were of 44% and 32% observed in the PhAMDC-UKM9
and PhMDC-UKMS6, respectively, using a synthetically
prepared saline solution of 35000 mg TDS/L. Bejjanki et
al. [28] designed a cylindrical three-chamber PMDC
using Oscillatoria sp. as the biocathode for the treatment
of dairy wastewater. The results showed that the
maximum desalination efficiency was 65.8 = 0.5%.
Barahoei et al. [15] for a three-chamber chemical
photosynthesis desalination (CPDC) cell fed with an
initial concentration of 12000 mg/L of a synthetic NaCl-
based salt solution. The maximum removal efficiency
achieved was 69%.

Hence, the differences in TDS removal efficiency in the
previous studies could be due to differences in the type of
biocatalyst used in the biocathode and/or bio anode, the
type of substrate in the anodic section, and the geometric
design of the PMDC.

5- Conclusion

The study successfully characterized Coelastrella sp.
and Mariniradius saccharolyticus, two distinct species of
green and blue-green microalgae, through the analysis of
16S rRNA and ITS genes. The generated sequences, after
careful editing and trimming, were deposited in the NCBI
GenBank for comparative analysis using the BLAST
program available online. Additionally, we monitored the
growth of microalgae and dissolved oxygen (DO)
concentration in the biocathode chamber, comparing our
observations with a microalgae model.

Remarkably, the PMDC system demonstrated
exceptional performance in the removal of organic
content from actual domestic wastewater. The achieved
desalination efficiency reached an impressive 80.95%,
and the system exhibited a peak power output of 420
mW/mé. These findings suggest the potential of the
PMDC system for effective wastewater treatment and
energy production.
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