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a b s t r a c t
Alternative water sources should be considered when facing an increase in water demands and a 
decrease in freshwater supplies. Water desalination has become critical to meet increasing water 
demands, especially in water-stressed countries where water obtained by desalination far exceeds 
supplies from freshwater sources. This study aimed to investigate saline water desalination using 
marine algae. Factorial experiments were carried out based on a completely randomized design. 
Treatments were associated with four algae (Dunaliella salina, Chlorella vulgaris, Nannochloropsis 
oculata, and Scenedesmus quadricauda) considering different salinity (50–70  mS  cm–1) in three rep-
licates (laboratory conditions). Moreover, electrical conductivity (EC) was daily measured. 
The results showed no significant difference in terms of desalination between D. salina algae and 
the others at EC of 50–70  mS  cm–1. However, a major effect was observed by increasing salinity. 
The results also revealed that the application of D. salina algae led to a significant reduction in 
chlorine, sodium, and bicarbonate levels under the same condition. The suitability of these desali-
nation technologies was measured based on several criteria, including feed water quality level, 
energy source, removal efficiency, and energy requirement.
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1. Introduction

Water is considered a vital resource for the existence 
of life on the earth’s surface. It is also necessary for eco-
nomic and social development [1,2]. Freshwater accounts 
for only about 0.5% of the total global water supply, while 
seawater accounts for about 97% of it [3,4]. In many parts 
of the world, a huge amount of freshwater is required to be 
used for agricultural, industrial, and domestic purposes. 
Nowadays, nearly 25% of people suffer from inadequate 
freshwater supplies [5–7].

In the 21st century, the world’s water challenges include 
lack of accessibility to freshwater, deterioration of water 
quality, a decline of financial resources, as well as alloca-
tion and fragmentation of water management [8,9]. Water 
scarcity causes to hamper economic development, and 
thus, devastates human health, degrades the environment, 
and foments political instability [3,4,10]. To cope with the 
increasing freshwater demand, it is now highly viable to 
find out some alternative freshwater sources. As an alter-
native solution, saltwater desalination has emerged as 
an essential method to sustain future generations across 
the globe.
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Desalination coincides with a general term for the pro-
cess that removes dissolved solids and produces fresh-
water from feed waters such as seawater, brackish water, 
and inland water. The process also increasingly reclaims 
recycled water. Desalination describes a range of pro-
cesses used for reducing the number of dissolved solids in 
water. Freshwater is defined as water containing less than 
1,000 mg L–1 of salts or total dissolved solids (TDS) [11–13].

In recent years, a great deal of attention has been paid 
to the promise and prospects of desalination technology 
for alleviating the water scarcity crisis [7,14]. In its simplest 
form, the technology might substantially reduce water scar-
city by making an almost inexhaustible stock of seawater 
and large quantities of brackish groundwater, which appear 
to be available as new sources of freshwater supply [15–
17]. Several factors have the greatest effect on desalination 
costs, including feed water quality (salinity level), product 
water quality, energy costs, and scale economies [13–15].

In several regions across the world with local water 
basins depletions, communities have turned to alternative 
water sources, water recycling, water imports, and desali-
nation [3]. Desalination is the process of removing excess 
salts and other dissolved chemicals from the seawater [5], 
which reduces salt concentrations at or below the World 
Health Organization’s drinking water limit of 500 ppm 
[6]. Desalination has been around for centuries but has 
gained prominence in the last few decades.

Algae are taken into account as simple plant species, 
which have no stem, root, and chlorophyll content [5]. 
They range from small single-cell species to large and high-
density species. They also have varied abilities to grow in 
different situations including various aqueous and dry envi-
ronments [18]. Most alga species can properly grow in saline 
water and absorb substance dissolved in water [19]. In this 
way, salt in water (e.g., other nutrients) is absorbed into bio-
mass by living creatures (plant or animal). Ultimately, the 
absorption ratio of salts will be reduced from water salinity 
[5,6]. In this case, some creatures are more likely to absorb 
water-soluble nutrients higher than their nutritional needs. 
This is the reason why they have more potential for reduc-
ing water salinity. Biological methods for desalination or 
water salinity reduction focus on using different species, 
including macrophyte (aquatic plants), microphyte (algae), 
and micro-organisms or a combination of them, which 
can be an effective way in reducing water salinity [14,17].

Upside down organic plants and algae can complete 
their life cycle in a wide range of salinity. Microalgae have 
been used for wastewater treatments in the third level for 
many years. Thus, nitrogen and phosphorus compounds 
are eliminated after lowering biological oxygen demand 
and chemical oxygen demand [20,21]. Many microalgae 
(e.g., S. quadricauda and S. obliquus) can use organic com-
pounds under light conditions. These microalgae are con-
sidered as mixotrophic (in biology, it is introduced as the 
growth process of organs using a combination of organic 
matters and minerals) [22]. These microalgae apply a 
secondary treatment as an alternative for reducing the 
content of organic matters and eliminating nutrients [23,24].

Researchers used green S. quadricauda alga species to 
evaluate the efficiency of removing various nutrients in saline 
water [25–27]. They examined a continuous flow purification 

system. Saltwater was provided from the Red Sea (TDS was 
40,000 ppm). Seaweed extract was added to each reactor for 
two consecutive reactors in 7 d. The removal efficiency was 
measured around 97% for total soluble solids, sodium, chlo-
ride, and phosphate at the output of the second reactor, while 
it was about 93% for nitrate and sulfate.

This research aimed to compare different species of 
microalgae, which has a considerable impact on the saline 
water desalination process. The detailed design concepts, 
desalination processes, and advantages and disadvantages 
of these technologies are beyond the scope of this research. 
Numerous studies have been carried out for finding suitable 
technologies throughout the world. However, we did not 
find any study designed for dry countries.

2. Materials and methods

2.1. Source of water

Sirjan Lake was considered for collecting a high salinity 
water sample. The water sample was taken in sterilized 
bottles and preserved for further studies. The analysis 
procedure was accomplished by transferring the source 
of water to the Central Lab, which is located at Islamic 
Azad University, Tehran, Iran.

2.2. Microalgae used for desalination

2.2.1. Dunaliella salina

The algae were classified as the Chlorophyceae category, 
the Volvocales order, and the Chlorophyta branch. Previously, 
the algae were placed in the family of Polyblepharidaceae; 
however, due to their similarity with Chlamydomonas algae, 
they were was placed in the Chlamydomonadaceae family 
[28,29]. Dunaliella salina species are widely distributed in 
Iranian ecosystems due to their different physicochemi-
cal characteristics [30]. The most resilient eukaryotic deals 
with salinity, which is found in many saline environments, 
including lakes and saline water lagoons. The salinity 
level is 3 M for D. salina (174 M), but critical salinity points 
are 0.5 M (29 M) and 5 M (290 M).

2.2.2. Chlorella vulgaris

Chlorella vulgaris is characterized as a genus of sin-
gle-celled green algae belonging to the division-Chlorophyta. 
It has a spherical shape with a diameter of 2–10 μm without 
flagella. C. vulgaris contains green photosynthetic pigments as 
well as chlorophyll-a and b in its chloroplast. Photosynthesis 
multiplies it rapidly, and it requires carbon dioxide, water, 
sunlight, and a small number of minerals for reproduction.

2.2.3. Nannochloropsis oculata

Nannochloropsis oculata is one of the single-cell marine 
algae, belonging to the branch of Chlorophyta and the sub-
branch of Eustigmatophyceae.

2.2.4. Scenedesmus quadricauda

The alga is related to the S. quadricauda family. It is 
also considered as one of the significant single-cell algae, 
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belonging to the Chlorophyceae family. The species of 
S. quadricauda and S. obliquus are among the major com-
mercial species for the removal of some toxic cations such 
as cadmium from water sources. This can be beneficial for 
the industry [31].

2.3. Different methodology stages

First stage: Different types of microalgae and macro-
phyte species were found, which are effective for desali-
nation processes. Moreover, efficiency and effectiveness 
were determined for each of these species based on library 
reviews.

Second stage: A laboratory-scale test was prepared to 
evaluate the effect of the selected algae on the reduction 
of salinity in water. Thus, the required principles were 
achieved for designing and using these kinds of algae in 
desalination.

Third stage: After transferring the water sample to the 
laboratory, the algae underwent electrical conductivity 
(EC), which is proportionate to their salinity (ranging from 
50 to 70 mS cm–1).

2.4. Algae sample and preservation conditions

The current research was carried out to apply green 
algae including D. salina, C. vulgaris, N. oculata, and S. quad-
ricauda. The collected samples were placed in the reactor 
under laboratory conditions. A polyvinyl chloride (PVC) 
tank (5 L) was considered as a temporary medium concern-
ing input and output tanks at the same speed (speed was 
adjusted with control valves). For each treatment, three 
replicates (three continuous systems) were considered. In 
each tank, 3  cc of the algae were added to water consid-
ering different salinity. The reactor was made of 10  L of 
transparent polyethylene bottles. The maximum supply of 
light is necessary for the optimal daily growth of algae in 
a reactor with an intensity of 3,500 ± 350 lux at 25°C ± 2°C. 
It is performed based on the light protocol, that is, 12 h of 
light and 12  h of dark [32]. Alternate water aeration was 
performed using an air pump, and EC was measured with 
an EC meter in 7 d (Horiba-meter model Es-14 E). The pro-
cess was carried out to generate water flow and rotation, 
transfer the algae, and provide carbon dioxide and oxygen 
for photosynthesis and respiration, respectively. In addi-
tion to physical factors, the algae need a vital activity for 
the medium, including light, temperature, and aeration, 
which deals with micro and macro elements [33]. In this 
research, salt in water (e.g., other nutrients) was absorbed 
into biomass by living creatures (plant or animal) and 
without using food elements. Consequently, salinity was 
reduced by absorbing salts. In this regard, some creatures 
are more likely to absorb salt in water more than their nutri-
tional needs, and therefore, they have more potential to 
reduce water salinity. At the end of each period, the amount 
of chlorine, sodium, and bicarbonate was measured. 
Afterward, the samples of water and algae were transferred 
to the laboratory. Then, the amounts of sodium, chlorine, 
calcium, magnesium, and bicarbonate were measured.

2.5. Algae separation method

There are different methods for separating microal-
gae, including polymer flocculation, tangential flow filtra-
tion, centrifugation filtration, as well as filtration ultra and 
micro-screening [34]. The choice of the separation method 
depends on the density and size of algae. In the liquid-solid 
filtration method, the fluid passes through a porous medium 
to trap suspended solids such as algae. In the centrifuge 
method, algae are exposed to centrifugal forces to compel 
solids to move through the liquid, and thus, the algae are 
separated. It should be noted that filtration and centrifuge 
methods are highly time-consuming and expensive.

The results showed that the cell wall of microalgae 
contained a negative electrical charge. It was due to the 
negative charge of acidic polysaccharides (pectin) in the 
cell wall composition of microalgae [35]. It should be 
noted that microalgae cells remain scattered in the envi-
ronment, which can accumulate and become massed after 
neutralizing this negative charge. The ECF technique is 
characterized as an electrochemical method designed for 
producing coagulated metal ions from oxidizing metal 
electrodes. Electrolytes can be used to increase the reac-
tion rate in the ECF technique [36,37]. In this method, the 
electric current is generated by installing two active elec-
trodes such as an aluminum electrode. The electrodes are 
placed in the algae medium. In addition, the electrode act-
ing as the anode pole is oxidized, and it plays a key role 
in the release of metal ions. Metal ions act as coagulants 
in the formation of algal masses. It is implied that the 
microalgae coagulation process can be used to calculate 
biomass by neutralizing electrical charge [38,39].

The soil samples were air-dried at 408°C, passed through 
a 2-mm sieve, and analyzed for bicarbonate-extractable 
(Colwell) P. Briefly, 1.0  g soil was extracted with 100  mL 
0.5 M NaHCO3, adjusted to pH 8.5, by shaking end-over-end 
for 16 h (Rayment and Higginson 1992).

2.6. Statistical analysis

This pattern contained factorial combinations based 
on a completely randomized design in three replicates. 
Statistical analysis was performed using the SAS sta-
tistical software package. The SAS procedure was con-
sidered to analyze variance, and thus, the statistical 
significance was determined for the treatment effects [40].

3. Results and discussion

3.1. Comparison of desalination capacity in different treatments

The collected data were analyzed to obtain variances 
and means, and also, compared to Duncan at the probability 
level of 0.01 (Table 1).

The effect of different algae on desalination capacity 
is shown in Fig. 1. The highest desalination was observed 
in C. vulgaris algae at EC of 50  mS  cm–1, and its desalina-
tion rate was 8.87 mS cm–1. By decreasing EC to 70 mS cm–1, 
the desalination rate significantly decreased in C. vulgaris 
algae. These treatments had the lowest absorbance at 
2.07  mS  cm–1. By increasing EC from 50 to 70  mS  cm–1, 
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desalination dropped in all the algae. The amounts of 
desalination were not significantly different in S. quadri-
cauda and D. salina at EC of 50 and 60 mS cm–1.

However, the amount of desalination was signifi-
cantly different in N. oculata algae at various EC levels. 
By increasing EC values from 50 to 70 mS cm–1, the amount of 
desalination decreased from 6.97 to 2.81 mS cm–1 in the algae. 
The amount of desalination was not significantly different 
in S. quadricauda algae at various EC levels. The amounts 
of desalination were 1.78 and 1.35 mS cm–1 at EC of 50 and 
70 mS cm–1, respectively.

According to the results, the use of green algae leads 
to a reduction in water salinity [41]. This is an easy eco-
nomic solution for environmental problems caused by 
saline water in plants. It can be mentioned that the growth 
of these species is highly effective in reducing salinity in 
desalination [25–27]. The growth of N. oculata species was 
successfully performed in saline water due to desalination 
used in its metabolism. Since C. vulgaris and S. quadricauda 
commonly exhibit great salt tolerance in their habitat, 
they are known as the most active algae in stabilization 
conditions [42].

Studies have shown that these algae can grow in 
saline water [43]. This type of desalination water is con-
verted into its metabolism. In this method, salt in water can 
be absorbed and converted into biomass and other nutri-
ents. Subsequently, water salinity is reduced by absorb-
ing salts. In this regard, they are more likely to absorb 
salt in water more than their need. Therefore, they have 
more potential to reduce water salinity [24]. Microalgae 

have a high capacity for inorganic nutrient uptake, and 
can be used for mass culture in outdoor solar bioreactors. 
Unicellular green algae (e.g., C. vulgaris and S. quadricauda) 
have been widely used in a wide range of salt concentra-
tions because they naturally colonize, have fast growth 
rates, and have high nutrient uptake capabilities. However, 
biomass harvesting is one of the major drawbacks of using 
microalgae in a wide range of salt concentrations [21].

A few studies have examined the effects of small 
increases of salinity on microbial organisms in Australian 
freshwater ecosystems. The available information indi-
cates that small changes in salinity may have a small del-
eterious impact on the significant biological processes of 
algae. The reason is that water can adapt to small salinity 
changes, and that saltwater algae species can be replaced 
with other similar saltwater algae. It has been demon-
strated that the algae are able to complete their life cycle 
in a wide range of salinity levels, even within the species. 
The application of these algae and microorganisms or 
their combination can be an effective way for desalting or 
reducing water salinity [14,17,44].

The highest dry weight was observed in C. vulgaris 
algae at EC of 50  mS  cm–1, considering the dry weight of 
0.5 g. Moreover, by increasing EC from 50 to 70 mS cm–1, the 
dry weight decreased in all the algae. The amounts of dry 
weight were not significantly different in S. quadricauda and 
D. salina at EC of 50 and 70 mS cm–1 (Fig. 2).

Since there was no considerable difference in terms of 
desalination and dry weight between S. quadricauda and 
D. salina at EC of 50 and 70  mS  cm–1, a new salinity range 
was set for these algae. This salinity range was defined as 
50–140 for D. salina. The variance analysis results can be 
observed in Table 2.

D. salina algae were investigated at five different 
EC levels, including 50, 70, 100, 130, and 140 mS cm–1. The 
results showed that by increasing the concentration from 
70 to 130 mS cm–1, the salt absorption of the algae signifi-
cantly increased from 1.33 to 22.50 mS cm–1. However, by 
increasing EC from 130 to 140  mS  cm–1, the salt absorp-
tion of the algae decreased to 9.11  mS  cm–1. At low con-
centrations of 50 and 70  mS  cm–1, the salt absorption was 
not significant in the algae.

According to the results of Fig. 3, the highest absorp-
tion was associated with a concentration of 130  mS  cm–1 
in D. salina algae. Moreover, a reduction was observed at 
42.67  mS  cm–1 (in 7  d) by providing environmental con-
ditions in D. salina algae, including light, temperature, 
aeration, and EC. In this research, the purpose of reduc-
ing water salinity was to provide an economic condi-
tion for the procedure. As a result, the micro and macro 
elements used in the algal growth medium were not 
added to the incubator. The results demonstrated that 
by increasing EC from 50 to 130  mS  cm–1, the amount of 
desalination increased about seven times in the algae 
so that it changed from 1.33 to 22.5  mS  cm–1. However, 
by increasing EC from 130 to 140  mS  cm–1, desalination 
decreased in D. salina. The amounts of desalination were 
not significantly different in the algae at low EC of 50 and 
70  mS  cm–1 (p  ≤  0.05). As shown in various studies, these 
algae are unmatched among photosynthetic organisms 
since they can tolerate extreme environmental conditions 

Table 1
Variance analysis of desalination capacity and dry weight 
for the applied treatments (the values are mean square)

Dry weightDesalination capacitydfSource of variance

0.03a267.44b3Type of algae (A)
0.001a7,093.47b1Salinity (B)
0.44b28.43b3A × B
0.0421.439Error

Significant at the level: a0.05 and b0.01.
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in terms of light intensity, temperature, food availability, 
and salinity levels. Light intensity and salinity are taken 
into account as two major environmental factors affecting 
D. salina algae. In this regard, D. salina can live in a dense 
environment. High salt concentrations lead to the produc-
tion of reactive oxygen species through variation, which 
can be an effective way to absorb salt from the environ-
ment. Therefore, microscopic algae are used as a clean and 
renewable resource in the biotechnology industry [14,17].

The highest dry weight was observed at EC of 
130 mS cm–1, with a dry weight of 1.08 g (Fig. 4). Cation and 

anions had a significant reduction. The dry weight gain was 
measured at the end of the test. The result indicated that 
these algae used elements of chlorine, sodium, and bicar-
bonate to grow and reproduce as nutrients. Depending on 
the number of algae for desalination in comparison with the 
amount of dry matter, the algae had the highest dry matter 
in salinity, with the highest salt content. The main environ-
mental factors and chemical composition features affecting 
the growth of microalgae consist of light, food, pH, and 
temperature. Adjusting the above factors can greatly help 
microalgae to grow better. Light and salinity are considered 
significant factors, and their oscillation influences chloro-
phyll, carotenoids, and cell growth. Studies have shown 
that algae have a higher ability to use salinity. Moreover, 
algae significantly contribute to the growth and reproduc-
tion of the previously mentioned elements. This process is 
performed by reducing salinity through the absorption of 
salts and their use in the metabolism [26,27].

3.2. Comparison of ion absorption in different treatments

The following procedure was used to analyze the col-
lected dataset. In this case, the obtained variances and means 
were compared to Duncan at the probability level of 0.01 
(Table 3).

The chloride absorption in different treatments is 
shown in Fig. 5. The results indicated a significant dif-
ference in terms of chloride absorption between C. vul-
garis, N. oculata, and S. quadricauda algae. The results also 
revealed that S. quadricauda algae had the highest chloride 
absorption value (2,168.65  mg  L–1). By decreasing EC to 
70  mS  cm–1, chloride absorption significantly decreased in 
C. vulgaris, N. oculata, and S. quadricauda algae. The amounts 
of chloride absorption were not significantly different in 
D. salina at EC of 50 and 70 mS cm–1.

Different studies have shown that the presence of com-
pounds in the algal surface (e.g., amines, phosphates, sulfites, 
sulfhydryl, carboxyls, proteins, and saccharides) is activated 
in many respects such as ion exchange resins [45,46]. These 
compounds (e.g., amino groups) have a positive charge 
when combined with proteins. They can also absorb complex 
compounds, such as phenolic compounds, which absorb 
electrically charged electrons. However, these compounds 
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Table 2
Variance analysis of desalination and dry weight (mgr) for 
Dunaliella salina (the values are mean squared)

Dry weightDesalinationdfSource of variance

0.35a850.132a3Salinity
0.0010.263Error
1.012.98–CV

Significant at the level: a0.01.
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have a negative electrical charge [47]. Therefore, algae 
absorb chlorine from the environment, and thus, decrease its 
amount [48].

These algae are unmatched among photosynthetic 
organisms since they can tolerate extreme environmental 
conditions in terms of light intensity, temperature, food 
availability, and salinity levels [14,17]. Light intensity and 
salinity are considered as two major environmental factors 
affecting algae. Therefore, algae can live in a dense environ-
ment [26,27]. High salt concentrations lead to the produc-
tion of reactive oxygen species through variation, which 
can be an effective way to absorb salt from the environ-
ment. Therefore, microscopic algae are used as a clean and 
renewable resource in the biotechnology industry [17,49].

In other words, it can be mentioned that algae lead to the 
reduction of chlorine by 718  mg  L–1. Algae-based systems 
have been developed for bio-desalination for three decades. 
Although these systems are potentially cheaper, more effec-
tive, and environmentally friendly than conventional treat-
ment, they have failed to become a standard process [50,51]. 
As with algal biofuels, the main problem is the separation of 
cells from the liquid, which is an energy-intensive process 
[52–54]. According to the findings, algae in this group are 
likely to be presented in an active anion group. The results 
showed that chlorine adsorption increased, and thus, its 
amount decreased in the environment [47,48].

The effect of different algae on sodium absorption is 
depicted in Fig. 6. Based on the analysis results, sodium 
absorption was significantly different in C. vulgaris, N. ocu-
lata, and S. quadricauda algae. The results of the present 

study indicated that sodium absorption was significantly 
higher in S. quadricauda algae (2,100.2  mg  L–1) than in the 
other algae. However, by decreasing EC to 70  mS  cm–1, 
sodium absorption significantly decreased in C. vulgaris, 
N. oculata, and S. quadricauda algae. The amounts of sodium 
absorption were not significantly different in D. salina 
at EC of 50 and 70 mS cm–1.

Researchers found that the magnitude of anions 
showed easy uptake of the surface area and dry weight 
of algal cells [55]. It was the main factor affecting anion 
sorption and indicated favorable adsorption. Recently, 
researchers have become interested in biosorption using 
biomass-derived from freshwater, algae, marine seaweeds, 
and fungi. Many potential binding sites occur in algal cell 
walls and alginate matrices [23,56]. Existing ligands (e.g., 
the carboxyl group or other functional groups) cause to 
absorb cation in the cell wall of algae. As a result, a nega-
tive charge is generated and the attraction between negative 
charge and cation increases absorption on the cell surface. 
Ultimately, the cation is reduced in the environment [57,58].

The results of other researchers have demonstrated 
that an increase in the absorption of sodium by algae 
refers to the fact that surface openings of algae are opened 
and cations can enter grooves [25]. As a result, there are 
two stages for absorption in algae. The absorption of the 
first stage is related to active algal groups that are directly 
exposed to cations. The absorption of the second stage 
is relatively low and occurs over a long period of time 
since cations bond to surface groups [26,27].

Bicarbonate absorption for different treatments is 
shown in Fig. 7. There was a significant difference in 
terms of the amounts of bicarbonate between C. vulgaris, 
N. oculata, and S. quadricauda algae. By decreasing EC to 
70 mS cm–1, bicarbonate absorption significantly decreased 
in C. vulgaris, N. oculata, and S. quadricauda algae. The 
amounts of bicarbonate absorption were not significantly 
different in D. salina at EC of 50 and 70 mS cm–1.

Carbon is taken into consideration as an essential fac-
tor for the growth of microalgae. In general, atmospheric 
CO2 is considered as the carbon source of microalgae 
under cultivation [26,27]. However, it can be stated that 
metabolic efficiency and the combination of microalgae 
for the use of CO2, bicarbonate, and carbonate as a carbon 

Table 3
Variance analysis of the ion absorption rate for the applied 
treatments (the values are mean squared)

BicarbonateSodiumChloridedfSource of variance

4.77a83.95b0.99b3Type of algae (A)
81.52a421.80b0.16b1Salinity (B)
7.34a38.44b0.18a3A × B
2.131.302.319Error

Significant at the level: a0.05 and b0.01.
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source can vary from species to species [59]. The results 
indicated that the application of carbon was considered as 
one of the sources for the consumption of algae. Therefore, 
bicarbonate is used to supply carbon and reduces its amount 
in the environment [60]. Based on the results of other stud-
ies, different concentrations of sodium bicarbonate have 
a significant influence on the growth of two species of 
marine microalgae, and it is considered as a food source 
for the growth and development of algae [61].

4. Conclusion

In general, the results of this study indicated that the 
use of D. salina, C. vulgaris, N. oculata, and S. quadricauda 
would be an effective way of reducing salinity. The algae 
had high yields in high salinities and thus they can be used 
for reducing salinity, seawater from agricultural plants, and 
recycling plants. The results suggested using green algae 
for reducing water salinity. Fluctuations in physicochemical 
factors (e.g., salinity) have significant effects on the growth 
and biochemical composition of green algae. It can be stated 
that the growth of D. salina species is a highly effective 
method for absorbing salts in saline water, which leads to 
salinity reduction. The results are expressed without provid-
ing the food needed for the growth of algae, and salinity is 
further reduced by adding food. This procedure should be 
considered economically. The proposed system has a num-
ber of advantages including low cost, easy construction, and 
low performance and maintenance cost without the need 
for energy, and also, causes low environmental pollution. 
The use of algae is a new method for producing freshwater 
through the removal of salt from saline water. It is a cheap 
and effective tool for eliminating salinity, which itself con-
tributes to ecological safety in aquatic ecosystems. In this 
method, water pollutants (i.e., nitrogen compounds, heavy 
metals, and phosphorus compounds) are simultaneously 
eliminated. In general, it can be argued that the produc-
tion of algae biomass plays a significant role in producing 
biofuels, cosmetics, drugs, and protein substances.

Recommendation

There are few studies investigating biological meth-
ods for salinity reduction. Therefore, it is recommended to 

investigate and evaluate brown algae for salinity reduction. 
According to the results of this study, in addition to their 
low cost, the algae can be used in other areas and their 
growth can have economic justification. The use of these 
algae has been the subject of many studies in recent years 
due to economic reasons. However, limited studies have 
been performed on salinity reduction. It should be noted 
that this method is less expensive than other desalination 
methods. According to results obtained under indoor lab-
oratory conditions, the algae led to a significant reduction 
of the salt content in the saline samples. In this regard, it is 
recommended to implement an outdoor project in this area. 
In this study, the algae were evaluated in 7 d and the proce-
dure was carried out without adding nutrients needed for 
maximum growth. Thus, it is suggested to investigate the 
algae after adding nutrients to them. Further, an evaluation 
process should be developed to analyze results from the 
economic and technical points of view.

References
[1]	 M. Amidpour, M. Sufari, Optimization of Energy Consumption 

in Solar Salt Water, 6th National Energy Conference in Iran, 
Tehran, 2007.

[2]	 K. Dindarloo, V. Alipour, G.H. Farshidfar, Drinking water 
quality of Bandar Abbas, Hormozgan Med. J., 1 (2006) 57–62.

[3]	 N. Abdel-Raouf, A.A. Al-Homaidan, I.B.M. Ibraheem, 
Microalgae and wastewater treatment, Saudi J. Biol. Sci., 
19 (2012) 257–275.

[4]	 T.S. Axworthy, B. Sandford, The Global Water Crisis: Framing 
the Issue, H. Bigas, Ed., The Global Water Crisis: Addressing 
an Urgent Security Issue, InterAction Council, UNU-INWEH, 
Hamilton, Canada, 2012.

[5]	 N. Mallick, Biotechnological potential of immobilized algae 
for wastewater N, P and metal removal: a review, Biometals, 
15 (2002) 377–390.

[6]	 L. Uma, K. Selvaraj, G. Subramanian, S. Nagarkar, R. Man
jula, Biotechnological potential of marine cyanobacteria in 
wastewater treatment - disinfection of raw sewage by Oscilla
toria willei BDU 130511, J. Microb. Biotechnol., 12(2002) 699–696.

[7]	 F. Arab, Water Desalination: Present and Future of the Journal 
of Water and the Environment, Water and Wastewater 
Engineering Company, Iran, 64 (2005) 11–20.

[8]	 M. Belkacem, S. Bekhti, K. Bensadok, Groundwater treatment 
by reverse osmosis, Desalination, 206 (2007) 100–106.

[9]	 A. Ganji Vatan, Desalination of Seawater Using Renewable 
Energy Resources, 5th Iranian Conference on Watershed 
Management and Water Resources Management, Iran Irrigation 
and Water Engineering Association, Kerman, 2011.

[10]	 S. Gorjian, B. Ghobadian, Solar desalination: a sustainable 
solution to water crisis in Iran, Renewable Sustainable Energy 
Rev., 48 (2015) 571–584.

[11]	 A. Al-Odwani, E.E.F. El-Sayed, M. Al-Tabtabaei, M. Safar, 
Corrosion resistance and performance of copper–nickel 
and titanium alloys in MSF distillation plants, Desalination, 
201 (2004) 46–57.

[12]	 P. Sehn, Fluoride removal with extra low energy reverse 
osmosis membranes: three years of large scale field experience 
in Finland, Desalination, 223 (2008) 73–84.

[13]	 T. Mezher, H. Fath, Z. Abbas, A. Khaled, Techno-economic 
assessment and environmental impacts of desalination tech
nologies, Desalination, 266 (2011) 263–273.

[14]	 J.M. Park, H.-F. Jin, B.-R. Lim, K.-Y. Park, K. Lee, Ammonia 
removal from anaerobic digestion effluent of livestock waste 
using green alga Scenedesmus sp., Bioresour. Technol., 101 (2010) 
8649–8657.

[15]	 J.K. Pittman, A.P. Dean, O. Osundeko, The potential of 
sustainable algal biofuel production using wastewater 
resources, Bioresour. Technol., 102 (2011) 17–25.

a
b

c
de

c
d

ef ef

0

2

4

6

8

10

12

Nano chloropysis Chlorella Scendesmus Dunaliella salina

B
ic

ar
bo

na
te

 a
bs

or
pt

io
n 

(m
g.

l-1
)

Type of algae

50

70

Fig. 7. Investigation of bicarbonate absorption at electrical con-
ductivities of 50–70 mS cm–1 in different algae. Different small 
letters above the columns indicate that the treatment means are 
significantly different at p < 0.01.



85A. Moayedi et al. / Desalination and Water Treatment 212 (2021) 78–86

[16]	 P.J. McGinn, K.E. Dickinson, K.C. Park, C.G. Whitney, 
S.P. MacQuarrie, F.J. Black, J.-C. Frigon, S.R. Guiot,  
S.J.B. O’Leary, Assessment of the bioenergy and bioreme
diation potentials of the microalgae Scenedesmus sp. AMDD 
cultivated in municipal wastewater effluent in batch and 
continuous mode, Algal Res., 1 (2012) 155–165.

[17]	 M. Kesaano, R.C. Sims, Algal biofilm based technology for 
wastewater treatment, Algal Res., 5 (2014) 231–240.

[18]	 L.E. de-Bashan, Y. Bashan, Immobilized microalgae for 
removing pollutants: review of practical aspects, Bioresour. 
Technol., 101 (2010) 1611–1627.

[19]	 R. Muñoz, B. Guieysse, Algal–bacterial processes for the 
treatment of hazardous contaminants: a review, Water 
Res., 40 (2006) 2799–2815.

[20]	 W.J. Oswald, Microalgae and Wastewater Treatment, M.A. Boro
witzka, L.J. Borowitzka, Eds., Microalgal Biotechnology, 
Cambridge University Press, Cambridge, 1988, pp. 305–328.

[21]	 G. Laliberté, P. Lessard, J. de la Noüe, S. Sylvestre, Effect of 
phosphorus addition on nutrient removal from wastewater 
with the cyanobacterium Phormidium bohneri, Bioresour. 
Technol., 59 (1997) 227–233.

[22]	 M.E. Martı́nez, S. Sánchez, J.M. Jiménez, F. El Yousfi, L. Muñoza, 
Nitrogen and phosphorus removal from urban wastewater 
by the microalgae Scenedesmus obliquus, Bioresour. Technol., 
73 (2000) 263–272.

[23]	 N.F.Y. Tam, Y.S. Wong, Wastewater nutrient removal by 
Chlorella pyrenoidosa and Scenedesmus sp., Environ. Pollut., 
58 (1989) 19–34.

[24]	 J.M. Kim, B.-G. Ryu, B.-K. Kim, J.-I. Han, J.-W. Yang, Continuous 
microalgae recovery using electrolysis with polarity exchange, 
Bioresour. Technol., 111 (2012) 268–275.

[25]	 M.H. El Nadi, F.A.R. El Sergany, Water desalination by algae, 
ASU J. Civ. Eng., 2 (2010) 105–114.

[26]	 M.H. El Nadi, A. Waheb, I.S.A. Saad, Desalination using algae 
ponds under nature Egyptian conditions, J. Water Resour. 
Ocean Sci., 3 (2014) 69–73.

[27]	 M.H. El Nadi, O.M. El Hosseiny, N.A. Nasr, Simple simulation 
model for biological desalination by algae, WJERT, 5 (2019) 
299–316.

[28]	 A. Oren, A hundred years of Dunaliella salina research, 
1905–2005, Saline Syst., 1 (2005), doi: 10.1186/1746-1448-1-2.

[29]	 R.P. Trenkenshu, R.G. Gevorgiz, A.B. Borovkov, The 
Fundamentals of Industrial Cultivation of Dunaliella salina, 
Sevastopol: ECOSI–Hydrophisica, 2005, pp. 25–31.

[30]	 B. Zarei Darki, Iranian Aquatic Ecosystems Algae, Allavi 
Publishing, Esfahan, Iran, 2013, 323p.

[31]	 C.M. Monteiro, P.M.L. Castro, F.X. Malcata, Use of the 
microalga Scenedesmus obliquus to remove cadmium cations 
from aqueous solutions, World J. Microbiol. Biotechnol., 
25 (2009) 1573–1578.

[32]	 H.W. Nichols, Growth Media – Freshwater, J.R. Stein, Ed., 
Handbook of Phycological Methods: Culture Methods 
and Growth Measurements, Cambridge University Press, 
Cambridge, 1973, pp. 7–24.

[33]	 M. Salavatian, G.H. Azari, A. Keivan, H. Vahabzadeh, 
R. Rajabinejad, Evaluation of growth and biomass of 
Nannochloropsis oculata algae in different crop system, J. Mar. 
Sci. Technol. Iran, 5 (2008) 43–53.

[34]	 H.C. Greenwell, L.M.L. Laurens, R.J. Shields, R.W. Lovitt, 
K.J. Flynn, Placing microalgae on the biofuels priority list: a 
review of the technological challenges, J. Royal Soc. Interface, 
7 (2010) 703–726.

[35]	 D.R. Crist, R.H. Grist, J.R. Martin, J.R. Watson, Ion exchange 
systems in proton-metal reactions with algal cell walls, 
FEMS Microbiol. Rev., 14 (1994) 309–313.

[36]	 F. Perreault, D. Dewez, C. Fortin, P. Juneau, A. Diallo, R. Popovic, 
Effect of aluminum on cellular division and photosynthetic 
electron transport in Euglena gracilis and Chlamydomonas 
acidophila, Environ. Toxicol. Chem., 29 (2010) 887–892.

[37]	 S.S. Gao, M. Du, J.Y. Tian, J.Y. Yang, J.X. Yang, F. Ma, J. Nan, 
Effects of chloride ions on electro-coagulation-flotation process 

with aluminum electrodes for algae removal, J. Hazard. Mater., 
182 (2010) 827–834.

[38]	 C. Safi, B. Zebib, O. Merah, P.-Y. Pontalier, C. Vaca-Garcia, 
Morphology, composition, production, processing and appli
cations of Chlorella vulgaris: a review, Renewable Sustainable 
Energy Rev., 35 (2014) 265–278.

[39]	 A. Golzary, S. Imanian, M.A. Abdoli, A. Khodadadi, A. Karbassi, 
A cost-effective strategy for marine microalgae separation by 
electro-coagulation–flotation process aimed at bio-crude oil 
production: optimization and evaluation study, Sep. Purif. 
Technol., 147 (2015) 156–165.

[40]	 R.C. Littel, R.J. Freund, P.C. Spector, SAS System for Linear 
Models, 3rd ed., (SAS Series in Statistical Applications) 
Paperback – March 28, 1991.

[41]	 J.V.R. SohrabiPour, M. Rabiei, Identification of the Potential 
of Persian Gulf Agrofyctos, Iranian Journal of Medicinal and 
Aromatic Plants Research, Year 23 (No. 35, Spring 2007), p. 23.

[42]	 H. Gimmler, C. Wiedemann, E.-M. Möller, The metabolic 
response of the halotolerant green alga Dunaliella parva to 
hypertonic shocks, Ber. Dtsch. Bot. Ges., 94 (1981) 613–634.

[43]	 Z.-Y. Wen, F. Chen, Heterotrophic production of eicosapen
taenoic acid by microalgae, Biotechnol. Adv., 21 (2003) 273–294.

[44]	 K.-L. Yang, T.-Y. Ying, S. Yiacoumi, C. Tsouris, E.S. Vittoratos, 
Electrosorption of ions from aqueous solutions by carbon 
aerogel: an electrical double-layer model, Langmuir, 17 (2001) 
1961–1969.

[45]	 Z.R. Holan, B. Volesky, Biosorption of lead and nickel by 
biomass of marine algae, Biotechnol. Bioeng., 43 (1994) 
1001–1009.

[46]	 E. Rubin, P. Rodríguez, R. Herrero, M.E. Sastre de Vicente, 
Biosorption of phenolic compounds by the brown alga 
Sargassum muticum, J. Chem. Technol. Biotechnol., 81 (2006) 
1093–1099.

[47]	 J.C. Lazo-Cannata, A. Nieto-Márquez, A. Jacoby, A.L. Paredes-
Doig, A. Romero, M.R. Sun-Kou, J.L. Valverde, Adsorption 
of phenol and nitrophenols by carbon nanospheres: effect of 
pH and ionic strength, Sep. Purif. Technol., 80 (2011) 217–224.

[48]	 B. Bina, M. Kermani, H. Movahedian, Z. Khazaei, Biosorption 
and recovery of copper and zinc from aqueous solutions by 
nonliving biomass of marine brown algae of Sargassum sp., 
Pak. J. Biol. Sci., 9 (2006) 1525–1530.

[49]	 H.H.A. El-Baky, F.K. El-Baz, G.S. El-Baroty, Production of 
lipids rich in omega 3 fatty acids from the halotolerant alga 
Dunaliella salina, Biotechnology, 3 (2004) 102–108.

[50]	 I.R. Rawat, R. Ranjith Kumar, T. Mutanda, F. Bux, Dual role 
of microalgae: phycoremediation of domestic wastewater 
and biomass production for sustainable biofuels production, 
Appl. Energy, 88 (2011) 3411–3424.

[51]	 E. Olguín, Phycoremediation: key issues for cost-effective 
nutrient removal processes, Biotechnol. Adv., 22 (2003) 81–91.

[52]	 E. Molina Grima, E.-H. Belarbi, F.G. Acién Fernández, A. Robles 
Medina, Y. Chisti, Recovery of microalgal biomass and 
metabolites: process options and economics, Biotechnol. Adv., 
20 (2003) 491–515.

[53]	 P.J. le B. Williams, L.M.L. Laurens, Microalgae as biodiesel & 
biomass feedstocks: review & analysis of the biochemistry, 
energetics & economics, Energy Environ. Sci., 3 (2010) 554–590.

[54]	 L. Christenson, R. Sims, Production and harvesting of micro
algae for wastewater treatment, biofuels, and bioproducts, 
Biotechnol. Adv., 29 (2011) 686–702.

[55]	 C.-J. Tien, Biosorption of metal ions by freshwater algae with 
different surface characteristics, Process Biochem., 38 (2002) 
605–613.

[56]	 T. Saitoh, N. Nakagaki, Y. Uchida, M. Hiraide, C. Matsubara, 
Spectrophotometric determination of some functional groups 
on Chlorella for the evaluation of their contribution to metal 
uptake, Anal. Sci., 6 (2001) 793–795.

[57]	 L. Ray, S. Paul, D. Bera, P. Chattopadhyay, Bioaccumulation 
of Pb(II) from aqueous solutions by Bacillus cereus 
M1

16, J. Hazard. Subst. Res., 5 (2005) 1–21, https://doi.
org/10.4148/1090-7025.1031.



A. Moayedi et al. / Desalination and Water Treatment 212 (2021) 78–8686

[58]	 R.M. Gong, Y. Ding, H.J. Liu, Q.Y. Chen, Z.L. Liu, Lead 
biosorption and desorption by intact and pretreated Spirulina 
maxima biomass, Chemosphere, 58 (2005) 125–130.

[59]	 M.G. de Morais, J.A.V. Costa, Biofixation of carbon dioxide 
by Spirulina sp. and Scenedesmus obliquus cultivated in a three-
stage serial tubular photobioreactor, J. Biotechnol., 129 (2007) 
439–445.

[60]	 M.L. Jeong, J.M. Gillis, J.-Y. Hwang, Carbon dioxide mitigation 
by microalgal photosynthesis, Bull. Korean Chem. Soc., 
24 (2003) 1763–1766.

[61]	 D.A. White, A. Pagarette, P. Rooks, S.T. Ali, The effect of sodium 
bicarbonate supplementation on growth and biochemical 
composition of marine microalgae cultures, J. Appl. Phycol., 
25 (2013) 153–165.


