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Abstract: Phycoremediation of wastewater with microalgae is a viable option and is considered a
process for cleaning up toxic waste using microalgae or macroalgae. Most water is modified by its
use and must be treated before discharge. Given this situation, and following the example of other
researchers around the world, our study focuses on the filtration method and combines it with the
microalgae method to treat domestic wastewater. The aim of our work is to study the effects of using
the microalgae system in combination with the decontamination and filtration system to reduce the
nutrient content of domestic wastewater. The coupling of the two methods produced very significant
results. However, the removal efficiencies for the filtered effluent increased to 86.34%, 100%, and
91.12% for COD, ammonia, and phosphate, respectively. The algae treatment offers an ecologically
safe and less expensive system for nutrient removal and eliminates the need for tertiary treatment,
which refers to the filtered treatment effluent, allowing us to conclude that the Chlorella vulgaris
species has a very interesting influence on dissolved oxygen and that it had a very remarkable effect
on COD, with a maximum reduction that reached 80%. The results obtained show that the phosphate
content of the treated wastewater was significantly reduced during the cultivation period. In time, a
decrease in solids was observed within the microalgae treatment system, influenced by the use of two
different types of microalgae and the incorporation of the filtration system, which is based on the use
of biosorption of methylene blue by biomass. The parameters analyzed in this study are hydrogen
potential (pH), ammonia (NH3), phosphate ion (PO43~), chemical oxygen demand (COD), electrical
conductivity (EC), total solids (TS), total dissolved solids (TDS), total suspended solids (TSS), nitrates,
and dissolved oxygen (DO).

Keywords: aeration; wastewater; Microalgae; agricultural biomass; Chlorella vulgaris

1. Introduction

Wastewater must be properly treated before it is discharged as it also contains organic
and inorganic pathogens and polluting micro-organisms that could lead to the deterioration
of the water bodies received and be detrimental in terms of safety and public health [1].
Water is considered a fundamental source of life, an essential substrate for sustaining
all forms of life, including plants, animals, and humans. In order to ensure sustainable
economic development, Morocco has to face a number of worrying changes and challenges:
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economic, social, and environmental [2,3]. In this context, there is no doubt that water
scarcity is one of the major problems of the century that many countries around the world
are facing [4]. Natural resources can be divided into two main types: surface water, such as
freshwater ponds, rivers, and streams, and groundwater, such as springs and groundwa-
ter [5]. Only 0.5% of the planet’s water is freshwater, and its consumption is increasing with
population growth and industrial activity, resulting in 380,000 billion liters of wastewater
worldwide [6]. It is predicted that, by 2050, more than 50% of the world’s population
will face chronic water shortages, requiring the recycling of wastewater [7]. Domestic
wastewater is made up of blackwater, greywater, rainwater, and sometimes industrial
wastewater [8,9]. A wide range of compounds are commonly found in domestic wastewa-
ter. These include oxygen-demanding wastes and organic and inorganic chemicals [10-12].
The technologies most commonly used to remove heavy metals from the environment
include traditional processes such as chemical precipitation, filtration, chemical oxidation
and reduction, reverse osmosis and evaporation techniques, as well as electrochemical
processes [13-17]. There are a number of environmentally friendly techniques for treating
wastewater, including those based on microalgae, which are highly promising alternatives
for removing pathogens, heavy metals, nutrients, and various other contaminants from
water [18]. Chlorella is a microscopic green alga. It has been used in wastewater treatment
as an effective means of removing pollutants [19]. Extensive research into the biotechno-
logical development of algae over the last few decades has led to the development of a
system of wastewater treatment using algae, particularly microalgae, to reduce a range of
organic nutrients, inorganic products, and highly hazardous substances [20]. According to
studies currently being carried out by a number of researchers, using microalgae to treat
wastewater and valorizing the resulting biomass for energy production is doubly interest-
ing [21,22]. For wastewater treatment, the use of microalgae is known as phycoremediation,
the benefit of which is the removal or biotransformation of pollutants, including nutrients,
from wastewater [23]. Today, phycoremediation is widely used to reduce pollutant loads
because it is recognized as not only the ideal option for pollution control but also as one of
the most successful innovative technologies using biological processes to treat contamina-
tion [24-26]. Filtration is recognized as one of the most widely used methods for separating
solids and liquids through a porous membrane. It can be classified into dead-end filtration,
vacuum filtration, pressure filtration, and tangential flow filtration (such as microfiltration,
ultrafiltration, macrofiltration, nanofiltration, and reverse osmosis) [27,28]. Due to their
ability to collect low-density microalgae such as Chlorella species, filtration-based biomass
collection techniques have proven to be the most effective [29]. A solid-liquid separation
process is used to filter the microalgae cells, using a semi-permeable barrier with small
pores to collect and filter the microalgae cells [30]. Biomass collection by filtration has
proven to be one of the most successful techniques due to its ability to collect low-density
microalgae such as Chlorella species [31-35].

The aim of this study is to evaluate the different physicochemical parameters of
domestic wastewater with the intervention of Chlorella vulgaris by combining the method
based on microalgae called phycoremediation and the method of filtration with biosorption
of domestic wastewater by agricultural biomass. By this coupling of methods, we will
evaluate the percentage of maximum elimination in relation to the concentration of the
given microalgae, which are characterized as very important agents in the reduction in
solids, as well as in the reduction in carbon dioxide. The aim is to demonstrate the efficacy of
Chlorella vulgaris in assimilating nutrients and reducing contamination in order to alleviate
the current problems of water degradation. In this respect, the study aims to address the
following aspects:

The evaluation of different physicochemical parameters on domestic wastewater.
The effectiveness of Chlorella vulgaris in enhancing dissolved oxygen (DO) concentra-
tions on domestic wastewater.

e  The ability of Chlorella vulgaris to reduce chemical oxygen demand (COD), total dis-
solved solids (TDS), and total suspended solids (TSS) in domestic wastewater.
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o Chlorella vulgaris’ performance in the uptake and removal of ammonia and phosphate
(P) nutrients in domestic wastewater.

2. Materials and Methods
2.1. Chlorella vulgaris Preparation
2.1.1. Selection of Algal Species

The alga Chlorella vulgaris was chosen for this study because it is easy to grow in the
laboratory. It can produce phytochelatins in response to metals and is well known in the
research world for its use in detecting trace metals. It also contains proteins and minerals,
making it useful for biomass production on a commercial scale. This study focuses on two
species of Chlorella vulgaris. They were obtained from a research laboratory in Marrakech
and are used to treat domestic wastewater.

2.1.2. Culture Condition

The study was carried out on two beakers, the characteristics of which are summarized
in Table 1 and Figure 1, and the filtration system is provided by an air-lift system. We
have used two beakers of borosilicate glass with 2 L and a useful volume of 180 L. We
have two beakers with an equivalent volume (30% microalgae), which explains the volume
introduced of about 540 mL of microalgae, and then complete the rest of the beaker with
raw domestic wastewater (remaining 1260 mL), which means that the total volume of work
is 1800 mL. In the previous study, it was found that 30% of the concentrations of microalgae
had a very high efficiency in elimination compared to the other concentrations [36]. For
this reason, the study was carried out with a percentage of 30% of microalgae to optimize
the retention time, while varying the oxygenation time by a difference of 2 h (between 2,
4,6, ..., 24), with the following hour for each oxygenation time a decanting, respectively.
Due to its ease of cultivation, rapid development, ability to withstand difficult growing
conditions, high nutritional value, and numerous biologically active chemicals, the use
of Chlorella vulgaris in wastewater bioremediation has been reported in the literature [37].
Chlorella vulgaris is a species of microscopic green algae, according to the classification
Chlorophyta. They are characterized by their rounded, subspherical, or ellipsoidal shape,
dimensions between 2 and 10 um, immobility, and unique cup-shaped chloroplast with or
without visible pyrenoids. In the chloroplasts, they store the photosynthetic compounds
chlorophyll a and b. As shown in the figures below, these come in the form of single cells
or columns. Chlorella vulgaris reproduces asexually by the formation of autospores. This
microalgae species has been widely used in wastewater treatment due to its high growth
rate and excellent nutrient uptake capacity [38,39].

Table 1. Raw wastewater characteristics.

Parameter Sample £+ SD Moroccan Standard References
pH (7.62 £ 0.87) 6.5-8.5 [40-43]
EC (1.76 £ 0.91) 2700 (mS/cm) [3,44-46]
TDS (881.94 + 96.45) 500 (mg/L) [47,48]

TSS (mg/L) (1331.11 + 282.83) -

TS (mg/L) (2213.06 + 351.31) -

COD (154.7 + 46.70) 25 (mg/L) [49,50]
Phosphate (9.17 £ 0.60) 1(mg/L) [47]
Ammonia (2.32 + 0.97) 0.5 (mg/L) [51]

Nitrate (1.79 + 0.39) 50 (mg/L) [52,53]

DO (mg/L) (0.14 + 0.17) -
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Figure 1. Treatment system using the Microalgae method and filtration.

2.2. Analysis and Sampling of Wastewater

Fluctuations in the volume and strength of effluent are related to errors in the analysis
of physicochemical water parameters or failure to meet effluent discharge standards for
treatment. In this study, we used standard test procedures, as outlined in APHA 2012,
to analyze parameters such as hydrogen potential (pH), such that the proposed value
for wastewater required for microalgae growth is between 6.5 and 7.0, i.e., a value close
to neutrality, Ammonia (NH3), Phosphate (PO437), Chemical Oxygen Demand (COD),
Electrical Conductivity (EC), where the conductivity probe is used to measure the electric
current that flows between electrons and gives a conductance measurement in micro-
siemens per centimeter (1S/cm) or micrometers per centimeter (um/cm), Total Solids (TS),
Total Dissolved Solids (TDS), but the TDS value must not exceed 1000 mg/L if the water
is unfit for consumption, or 2000 mg/L if the filtration system has a maximum filtration
capacity, Total Suspended Solids (TSS), Nitrates and Dissolved Oxygen (DO).

Domestic wastewater collected from a wastewater pumping station; the wastewater
was stored in a cooler and then taken to the analysis laboratory for analysis without any
pre-treatment.

2.3. Processing Methodology
Filtration System

The helical airlift photobioreactor consists of an airlift and a helical section. The airlift
is divided into two sections. The ascending column is a transparent cylinder made of
polymethyl methacrylate. The gas is injected at the bottom of the ascending column by
means of a diffuser consisting of 24 holes of 2 mm diameter arranged in a star shape. The
descending column is a second polymethyl methacrylate cylinder with a larger diameter
than the ascending column, which surrounds it. It is placed at a height of 54 cm from
the base of the riser, creating an annular space at the top of the airlift. The spiral section
is a semi-transparent “tubclair” tube wrapped around a metal structure. The spirals are
superimposed. The bottom of the helix is connected to the bottom of the ascending column,
and the bottom of the descending column is connected to the top of the helix section.
Experiments on wastewater biosorption by agricultural biomass from the Sahara region of
Morocco were carried out in flow-through mode, using a column with an internal diameter
of 20 mm and a layer of glass wool at the bottom. The wastewater liquid was removed by a
peristaltic pump as shown in Figure 1.
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The pigment was added to a packing bed loaded with agricultural biomass from the
Moroccan Sahara after the effluent solution was discharged with an initial concentration
of C0. Each time, the effluent was sampled at the column outlet and analyzed using a
Shimadzu UV-Vis spectrophotometer at A = 664 nm.

As time passes, the sorption front descends towards the saturation zone. It reaches
the lower end of the conditioned bed. The effluent concentration exiting the column then
becomes progressively closer to the initial concentration, representing column saturation.
When the effluent concentration at the column outlet is 5% of the initial concentration, this
is the breakthrough time (TB) for fixed bed adsorption. Once the effluent concentration has
risen to a level between 90% and 95% of the initial concentration, the effluent exhaustion
time (ET) is determined.

It can describe the optimal retention time by that which the system must work in
order to have the highest possible percentage of organic load reduction and equally the
nutrients in a retention time that is the shortest. It has two beakers that carry an equivalent
volume (30% of microalgae), which explains the volume introduced in the order of 540 mL
of microalgae, and then completing the rest of the beaker by the raw domestic wastewater
(remaining 1260 mL), which implies that the total volume of work and 1800 mL to define
the optimal retention time, as Figure 1 shows.

Aeration is the most energy-intensive process in wastewater treatment, accounting for
45% to 75% of total plant energy consumption.

The mixture of the two beakers was then aerated for 24 h to allow the microalgae to
adapt to their host environment. The acclimatization period on the decanted supernatant
is followed by a decantation of one hour. Then, the two beakers again collected the raw
effluent and were aerated under a different aeration time, varying from 2 h to 24 h. Table 2
below shows the different variations in aeration time in the two beakers to evaluate the
optimum retention time. An application of similar timings for a duration match occurs.

Table 2. Time and duration of aeration for both beakers.

Beaker A Beaker B Duration (h)
10:00 a.m.-12:00 p.m. 02
10:00 a.m.-2:00 p.m. 04
1:00 p.m.-7:00 p.m. 06
3:00 p.m.-9:00 a.m. 18
8:00 p.m.—10:00 a.m. 14
10:00 a.m.-8:00 p.m. 10
11:00 a.m.-7:00 p.m. 08
9:00 p.m.—9:00 a.m. 12
8:00 p.m.~12:00 noon 16
10:00 a.m.—10:00 a.m. 24
1:00 p.m.-9:00 a.m. 20
11:00 a.m.—9:00 a.m. 22

The microalgae were only added at the beginning of the study. The study was repeated
three times to observe the effect of retention time and to understand how much time is
needed for the microalgae to effectively maintain the system. The filtration method is
recognized as one of the most cost-effective methods of harvesting microalgae [54]. For this
reason, a large filter with a pore diameter in the range of 4.0 to 5.5 um was used in this
study to filter the effluent. A variation study of the post-treatment parameters was carried
out under both pre-filtration and post-filtration conditions.

3. Results and Discussion
3.1. Treatment of Wastewater

Nutrient bioavailability and other physicochemical parameters, including pH, sunlight
intensity, temperature, and biological variables, influence the productivity of green-growing
microscopic organisms for nutrient uptake, explaining the availability of pathogens, viral
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aggression, predation by protozoa, and competition with microorganisms for available
nutrients [55].

In this experiment, the organization of different periods of aeration followed by
decantation is present for both reactors. This ensures the continuity of the system operation.
In order to determine the effect of microalgae as a biological agent for the removal of
substances and organic compounds, the reactors were operated in continuous mode until
the end of the study. The raw domestic wastewater received after the experiment was
characterized to study the removal of organic load as well as nutrients by microalgae at
different retention times. The results obtained showed a wide variation. This is shown
below (Table 1), showing the mean and standard deviation (SD) for all the parameters
analyzed during the study.

3.2. Treatment Result
3.2.1. COD Removal

The study was carried out on filtered effluents, and the reductions in all parameters
were greater than for unfiltered effluents. For COD, the shortest reduction was observed
after 2 h of aeration (33.33%), with a maximum reduction of 92.5% after 10 h of aeration, as
shown in Figure 2.
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Figure 2. COD abatement in both conditions.

The reduction in COD by Chlorella Vulgaris provides significant results. A direct
fermentation of the microalgae culture could lead to a significant improvement in the
economic viability of the treatment system. A yield of 14.3% of COD removal was ob-
tained [56]. During a two-day culture period, up to 80% of COD was removed. This results
in a nutrient deficiency for algal growth. It can be said that the degradation process uses
organic compounds as a carbon source, hence the need for the participation of wastewater
bacteria [57]. The high COD level indicates a higher amount of oxidable organic matter,
which plays an essential role in the metabolism of the microalgae: photosynthesis absorbs
organic carbon much faster than inorganic carbon, which is responsible for the extremely
low concentration of COD in all treated wastewater samples [58]. Elimination efficiency can
vary depending on the COD concentration and the type and origin of the wastewater [59].

3.2.2. Phosphate Removal

Phosphate is considered to be an intermediate in the conversion and synthesis of
nucleic acids. This nutrient enters the microalgae cells by direct delivery to the plasma
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membrane as HZPOE* H POZ* [22]. The phosphate removal in mg/L of the raw wastewater
from both microalgae cultures is shown in Figure 3.

Microalgae 1 Microalgae 2

I
SN T

4

100

8

I1111 iit
60 I I I I

o

I

1 40
II

20

Abatement % (Phosphate)

o
o

8 12.516.520.5 24 28 32 - 4 8 12 16 203 24 28 32

Aeration time (h) Aeration time (h)

Figure 3. Phosphate abatement in both conditions.

The results obtained show that phosphate in the treated effluent was drastically
reduced during the cultivation period. The final elimination efficiency of phosphate in
wastewater treated with Chlorella vulgaris has a significant percentage. During the optimum
retention period of 11 h, the concentration reduction varies between 42.11% and 93.18%.
An amount of phosphate concentration was found in the sequence of 0.22 mg/L. In general,
the phosphate concentration in the wastewater is between 1 and 5 mg/L. However, it is
possible to control lower-quality effluents, i.e., with higher phosphate levels, by collecting
and sampling inappropriate agricultural practices, human and animal waste, unclean septic
systems, or contaminated discharges from wastewater treatment plants.

3.2.3. Removal of Ammonia

In the case of nutrients (ammonia), a variation in the reduction in ammonia was also
observed on a six-monthly basis. A maximum reduction of 100%, which concerns the
concentration of ammonia in the filtered effluent below the detectable limit, is observed
only after 11 h of retention. This is shown in Figure 4.
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Figure 4. Ammonia abatement in both conditions.
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The removal of NH3-H was achieved by direct use of the microalgae. The undetectable
levels of ammoniacal nitrogen in municipal wastewater can be attributed to the initial
treatment of the wastewater by various bacteria and chemicals in the wastewater treatment
plant [60]. The results obtained show that NH3-N was almost completely eliminated by
Chlorella vulgaris in the processed samples due to the fact that ammoniacal nitrogen is one
of the most energetically efficient nitrogen sources in algae metabolism.

Nevertheless, a study of the reduction in solids (TS, TDS, and TSS) and EC is carried
out with results of 27.27%, 41.36%, 29.35%, and 24.87%, respectively, regarding the TDS,
TSS, TS, and EC of the treated effluent. The pH and DO of the effluent were also tested. An
increase in pH and DO was observed in the effluent for each hour of retention. After 11 h,
DO and pH reached a concentration rate of around 6.90 mg/L and 8.92 mg/L, respectively.

With respect to the optimal residence time of the microalgae, Chlorella vulgaris alone
performed admirably in the removal of NH3-N and phosphorus. The NH3-N removal
rate was faster in the light than in the dark [61]. COD removal rates were also found
to be affected under similar conditions. As a result, the reductions in COD were lower
with nutrients because the formation of nitrates affected the removal of COD [36]. As
the luminous flux is increased until the point of saturation of the light level is reached,
the following applies [62]. In the cultivation of algae, the supply of light is considered to
be an essential element of the work. The synthesis of NADPH and ATP, which bundle
the carbon skeletons and display the performance of nitrifiers, also requires the use of
light. Uniform disappearance of the light and reliable penetration also allow to maintain a
strategic distance to the self-shadowing effect [63].

In the process of absorbing the identified supplements, light acts as an accelerating
agent with mixotrophic action [64]. The efficiency of nitrogen and phosphorus removal
also depends on the structure of the environment and the ecological conditions. Examples
are the concentration of the underlying nutrients, the light level, the nitrogen/phosphorus
ratio, the light/dark system, or the microalgae species. For microalgae-based wastewater
treatment, the light/dark system is important [65]. The following study also found that
extending the retention time did not increase the removal efficiency of the system. Particu-
larly at high light intensities, the efficiency of photosynthesis can be improved by periods
of darkness between short flashes of light.

One effect on the physiology of the algae cells was the change in pH, which had an
effect on one form of nutrient through an increase in alkalinity [66] after photosynthesis
due to an increase in the pH of the effluent [67]. Increasing the pH causes self-flocculation,
which eliminates algae suspended in the effluent and reduces the phosphorus concen-
tration thanks to the interaction between cations and phosphates, which precipitate in a
complex algae—mineral structure [68]. A disinfection is conducted by Microalgal treatment
of pathogens [69].

A percentage of 40 to 50% of the carbon contained in microalgae, followed by nitrogen
(1 to 10%) and phosphorus (around 1.3%), with a typical structure of C106H181045N16P
Chlorella vulgaris follows the rule NHy > NO3 > N, under the order of use of nitrogen
sources and does not use other sources of nitrogen, although ammonia is not exhausted [36].
Biomass identification, upgrading, and nitrification are the main contributors to nitrogen
removal. The latter is taken up during heterotrophic growth and, to a lesser extent, is also
incorporated into the biomass through cellular mixing [70].

NOj3 + CO; + microalgae + sunlight — protein (1)

NH; + CO; + microalgae + sunlight — protein (2)

In the following study, phosphorus is adsorbed to the surface of the cells, which are
then digested by the biomass [71]. To obtain some of the phosphate ions, the cell membrane
takes up the phosphorus through an energetic transport and assimilates it into nucleotides
to form RNA and ATP [65]. It is stored in organic compounds, particularly nucleic acids,
proteins, and phospholipids. For energy transfer, the cells of microalgae take up phosphate,



Sustainability 2023, 15, 16110

90f13

photosynthesis, DNA, and RNA, and excess is stored in the form of polyphosphate in the
algal biomass [54]. During the experiment, a predominance of the photosynthetic process
of carbon oxidation and heterotrophic nitrification is shown by an increase in the dissolved
oxygen concentration resulting from the increase in algae [55]. Moreover, we can add that
this is due to the external ventilation.

During the submerged phase, the COD decreases due to the high degree of acclimati-
zation of life forms in modified conditions, and, in addition, a colloidal material of carbon
can exist that is gradually biodegradable [71]. The growth of micro-organisms and biomass
enabled COD to be removed through the development of biomass micro-organisms. At
the same time, the oxygen supplied by algal photosynthesis could be used to break down
organic matter in the raw effluent [72].

In the microalgae treatment system, a reduction in solids was observed over time.
Subsequently, the TDS reduction was low compared to the TS and TSS. Due to the presence
of filamentous microalgae in suspension, an increase in TDS could be due to the initial
phase. Decantation of microalgae over time was prevalent in the medium and in the final
phase, leading to a decrease in TDS concentration. Thus, similarity between EC and TDS
variation was observed.

3.3. Performance of Removing Contaminants from Wastewater Using Microalgae

The primary ways in which algae remove contaminants from wastewater are through
biosorption and bioaccumulation. Biosorption is a rapid, physicochemical, reversible,
metabolically independent, and passive process in which metal ions are bound to dead or
inactive algal cell walls by adsorption, electrostatic interaction, ion exchange, chelation,
and microprecipitation. Table 3 illustrates some efficiencies of nutrient removal using the
algae process:

Table 3. Removal efficiency of nutriments by algae.

Type of Wastewater Algae Strain Efficiency of Removal Ref.
Sewage-contaminated lake Symbiotic co-culture of Microalgae 93% of nitrogen and 99% of phosphorus [73]
Sewage wastewater; dairy Chlorella vulgaris 95% of nitrogen and 99% of phosphorus [74]

processing industry

Water from WTTP and family
septic tank

Spirulina platensis and mixed algal culture  99.6% of nitrogen and 99.41% of phosphorus  [75]

Domestic wastewater Scenedesmus sp. 80% of nitrogen and 66% of phosphorus [76]
Sewage discharge Isochrysis sp. 5.57% of nitrogen and 84-94% of phosphorus  [77]
Palm oil mill effluent Chlorella soroliniana 98.6% of nitrogen and 96% of phosphorus [77]

Recent environmental contaminants in wastewater are the focus of particular attention
because they exhibit a number of harmful characteristics, such as high polarity, the ability
to bioaccumulate in aquatic organisms, and the ability to resist biodegradation.

4. Conclusions

The present research was carried out with the aim of solving the problems of wa-
ter scarcity and water quality caused by the weak development and implementation of
wastewater treatment and discharge policies. The process was carried out in photosensitive
reactors, and key parameters were measured and analyzed to establish a relationship
between the process and Chlorella vulgaris. The physicochemical parameters observed for
domestic wastewater were variable. Untreated domestic wastewater showed the highest
values for electrical conductivity, total dissolved solids, and chemical oxygen demand. The
reduction in wastewater pollution is mainly achieved by the application of good practices
by the users of water and aquatic environments. The many advantages of microalgae must
be systematically exploited to reduce the harmful effects of nutrients in domestic wastew-
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ater. In this perspective, the species Chlorella vulgaris has been exploited to determine its
efficiency in wastewater treatment. Separation by filtration of Chlorella vulgaris occurred,
which is a species with excellent potential for nutrient removal. In this study, a direct
combination between the filtration method and the microalgae method was used to control
the raw wastewater parameters. The coupling of the two methods has produced highly
significant results. The results obtained with this treatment system are evaluated in terms
of a reduction in solids (TS, TDS, and TSS) and EC of 27.27%, 41.36%, 29.35%, and 24.87%,
respectively, in terms of TDS, TSS, TS, and EC of the filtered treatment effluent. The results
show that the filtration system provides very high removal rates of COD, ammonia, and
phosphate, which are 92.5%, 100%, and 93.18%, respectively. This demonstrates the success
of Chlorella vulgaris culture in removing nutrients from raw domestic wastewater. However,
information and comparative studies on marine microalgae are scarce. As water resources
become an increasing concern, research into the treatment of marine microalgae would be
extremely useful in many parts of the world. Overall, Chlorella vulgaris has been shown to
be effective in the treatment of domestic, agricultural, and industrial effluents, which may
prove essential in the development and implementation of policies given the current issues
of water scarcity and allocation. Several algal wastewater treatment technologies have been
commercialized, but further research is needed to verify the application of these systems for
nutrient removal in secondary treated wastewater in a real operating environment. In fact,
this sustainable wastewater treatment process enables low-cost removal of nutrients from
wastewater and the accumulation of multi-trophic biomass that can be used as feedstock
for bioenergy production (biomethane). This integrated process improves the economics of
the technology and contributes to climate change mitigation.
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