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ABSTRACT

The region of Moroccan Sahara Laayoune is characterized by an arid climate, where water is
scarce and more in demand. In this case, the desalination process offers many advantages such
as the preservation of current freshwater reserves and the use of seawater as an unlimited source.
Unfortunately, by using this technology there are rising concerns about possible adverse environ-
mental impacts. This work presents a qualitative study of marine waters desalination plants in
the Moroccan Sahara in Laayoune. The different compositions of the brines and offshore marine
were characterized and analyzed where they are discharged. Furthermore, the different aspects
of the environmental impacts of desalination have been deducted comparing them to the litera-
ture. The studied desalination plants product permeates with 45% of total dissolved solids. A major
issue of desalination in Moroccan Sahara Laayoune is the co-produced waste called ‘brine” or
‘reject’ which has a high salinity along with chemical residuals and is discharged into the marine
environment. Other issues include entrainment and entrapment of marine species, and heavy
use of chemicals. The purpose of this study is to analyze the potential impacts of desalination,
and brine treatment on the environment and suggest mitigation measures.
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1. Introduction seawater in the oceans and 3% in the form of fresh water,
groundwater, lakes and rivers. Nearly inexhaustible sources
of water are the oceans and seas. Their main disadvantage is
the high salinity. Therefore, it would be interesting to tackle

Water is essential for life. It is one of the most import-
ant resources on earth, presenting three quarters of the plan-
et’s surface. In addition, about 97% of the earth’s water is
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the problem of water scarcity with the desalination of this
water [1,2].

Besides, the current water resources are inadequate
and are depleting continuously due to rapid industrial-
ization, overexploitation, population growth, and climate
changes [3,4]. According to the United Nations, by 2050,
around 7 billion in 60 countries will endure severe water
scarcity [5-10]. Desalination of seawater is perceived as one
of the most viable and oldest processes to encounter the
mounting demand for high-quality water [11,12].

Desalination is now successfully practiced in more
than 150 countries such as the Middle East, North Africa,
southern and western US, and southern Europe to meet
industrial and domestic water requirements according to
the International Desalination Association [13]. Currently,
the amount of water desalination has been reported to reach
95 million m*d, of which the Middle East and Africa region
contributes to a 48% of water production.

Desalination is a multi-stage process and typically yields
two products: (i) fresh water (water that meets quality for
human use), and (ii) brine (water with high salinity and
reject concentrate). In addition to its high salinity, reject brine
is also chemically contaminated. A typical reverse osmosis
(RO) brine consists of a total dissolved solids concentration
of ~70.000 mg/L, which contains several chemical residues
from pretreatment and cleaning processes, in addition to
sodium chloride. Membrane processes are one of the con-
ventional processes that are used for the pretreatment of
raw seawater prior to RO desalination [14-16].

Chemicals such as NaOCl, FeCl,, AICI,, H,SO,, HCI, and
NaHSO, are typically applied at the pretreatment stage to
aid in water treatment for minimizing algal growth, reduc-
ing corrosion, inhibiting scaling, adjusting the pH, and
chlorinating the water. Brine also has a higher density than
that of typical saltwater. Thus, brine disposal will contami-
nate the marine environment, causing a major concern for
desalination around the world and therefore appropriate
environmentally friendly brine management is essential [6].
There have been several methods implemented for brine
disposal, including sea disposal, land disposal, evaporation,
membrane distillation, forward osmosis, deep electrodi-
alysis, capacitive deionization, well injection, and sewage
disposal [7,8].

Firstly, the different compositions of the brines and off-
shore marine were characterized and analyzed where are
discharged. In addition, the different aspects of desalination
as well as the environmental impacts (Els) were deduced
and compared to the literature. On the other hand, various
practices in brine management comprising treatment tech-
nologies and disposal methods have been evaluated and
argued for developing zero liquid discharge (ZLD) sys-
tems for recovering freshwater and solid salts [13].

2. Materials and methods

2.1. Presentation of the study area and the Laayoune
desalination plant

The bathymetry of the South Atlantic area shows the
existence of two areas with a wide continental shelf, one is
located north of Tarfaya (Cap Juby) and the other south of

Boujdour (Cap Boujdour). The region of Laayoune, for its
part, is located in a central area with a relatively narrow
continental shelf between Tarfaya and Boujdour. It is in
this part that the coastline of the study area is located.

Indeed, the distribution of isobaths, between the coast
and the depths of 100 m, shows that the 100 m isobath is
close to the coast between Tarfaya and Boujdour, and it
gradually recedes offshore. It is a desert coastline, usually
with long sandy beaches [17]. In the study area, the bathy-
metric line (-5 m) is located about 900 m from the shore-
line, and the lines (-10 m) and (-20 m) at 1,700 and 3,800 m,
respectively, which corresponds to an average slope of the
very low fund, around 0.5% or (1/200).

The wave spectrum shows significant mean heights,
between 0.5 and 3.5 m. The physical characteristics of the
swell in the study area will strongly impact the coastal
strip between the coastline and the 10 m isobaths [17,18].

The sea current is one of the important descriptive param-
eters of the environment. The surface currents observed
in this area are those of the Canary Current, generally ori-
ented in the North-South axis. The average current intensi-
ties observed in this zone are between 0.1 and 0.3 m/s. The
maximums are of the order of 0.7-0.8 m/s [17].

At the coast, average wind speeds generally exceed
8 m/s. The frequency concentration in the N NE direction
and more accentuated during the summer months (May to
September). Also a negligible rainfall inputs (54.3 mm/y)
according to the Department of National Meteorology-
Delegation of Laayoune [19], as well as a high evaporation
rate (158.99 mm) according to Sakia Hamra Oued Eddahab
Hydraulic Basin Agency [20].

2.2. Presentation of Laayoune desalination plant

The desalination plant is located in the town of ElMarsa
on the Atlantic coast, 28 km west of the town of Laayoune.
The average latitude and longitude of the city are respec-
tively: 13°25W and 27°06N. The plant is 800 m far from
the coast and has a production capacity of 56.000 m?*/d as
displayed in Fig. 1.

This plant has undergone several extensions since its
construction in 1995, with a capacity of 6.000 m*d. The
first was in 2005 to reach 13.000 m*d and the second in
2010 to achieve 26.000 m®/d. The last extension brought the
production capacity to 52.000 m®d [1].

The desalination process used comprises four main
steps which are: (i) source water intake: The desalination
plant uses subsurface intakes for seawater supply through
16 coastal boreholes. The raw water is stored in two tanks
with a capacity each of 750 m*h, which ensures the contin-
uous supply of the station. (ii) Pretreatment: the pre-treat-
ment applied consists of filtration through sand filters in
parallel, and acidification with concentrated sulfuric acid
with an average treatment rate of 40.1 g/m® And injection
of flocon 135 sequestering agent with an average treatment
rate of 3.1 g/m’ and microfiltration on parallel microfilter
batteries with a differential pressure between upstream
and downstream is 0.8-1 bar. (iii) RO: desalination of the
pre-treated water is carried out by series modules and fit-
ted with pressure exchangers of the ERI and DWEER type
for energy recovery. (iv) Post processing: the RO water



H. Elaouani et al. / Desalination and Water Treatment 257 (2022) 131-141 133

LAAYOUNE
DESALINATION
PLANT’S

FEEL

-ih
emmercelandiservices}

il 0%

Fig. 1. Geographical map of the situation of the desalination plant [18].

produced undergoes remineralization treatment. The
objective is to comply with the requirements of the World
Health Organization drinking water standards and for the
protection of works downstream of the station and the dis-
tribution network. The osmosis water is remineralized by
lime at the entrance to the treated water tank. Finally, the
disinfection is carried out with gaseous chlorine with a
treatment rate of around 0.6 to 1 mg/L.

2.3. Sampling

The sampling operation was carried out according to
a schedule, by a specialized technician using a traditional
fishing boat. The taking of samples includes the discharge
of the desalination station (brine), nine points in the open
sea and whose interdistance between them is 300 m as
shown in Fig. 2. This operation was carried out monthly for
a period of 21 months. The studied samples are stored in
the dark at 4°C to prevent any possible degradation. All the
rules of conservation of the samples were respected during
their transport.

While specifying that the brine is discharged directly
to the coast without any outlet reaching the Atlantic Ocean
by crossing the sand of the coast.

The sampling points are given as follows:

e DPosition X: defines the point of discharge of the brine
on the coast, before its contact with the ocean;

¢ The X position: designates the point of contact with
seawater, which is 300 m away from the X position;

¢ Points (X, X, X, X, X, X, X, and X]) represent
sampling stations at constant inter-distances of 300 m.
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Fig. 2. Representation of the sampling points of marine water.

The choice of the location of the sampling points is
guided by the desire to sweep a maximum and representa-
tive area. The aim of this work is to study the behavior of
brine and the probable and possible changes in its physico-
chemical characteristics upon contact with seawater.

2.4. Characterization

A multitude of physicochemical parameters have been
determined, such as temperature, pH, electrical conductiv-
ity (EC), turbidity, dissolved oxygen (DO), total phosphate
(TP), total nitrogen (TN), as well as metals by Inductively
coupled plasma mass spectrometry (ICP/MS), such as boron,
plumb, total iron, and cadmium.
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All these physicochemical parameters were ana-
lyzed according to the AFNOR [21], Standards in Public
Laboratory for Tests and Studies (PLTS/LPEE).

3. Results and discussions
3.1. Results

As desalination activities intensify and the number of
large installations around the world increases, concerns
about the potentially adverse risks and Els of desalination
are still being assessed [23-30].

The main environmental concerns of desalination are
classified into two categories: direct and indirect Els. The
direct impacts are mainly allied with the pollution associ-
ated with the brine, the emissions of air pollutants such as
greenhouse gas emissions and intensification of energy use.
Indirect impacts include noise pollution, land use and con-
struction related impacts.

All seawater desalination processes, whether thermal or
membrane, produce huge amounts of concentrate (brine).
With a conversion rate of 45%, the Laayoune desalination
plant rejects 68.500 m?/d of brine. In general, these waste
streams discharged directly to the sea and without an outfall,
contain various heavy metals, by-products and residues of
chemicals used in the desalination process such as the sol-
vents used for anti-scaling, anti-foaming and anti-corrosion
purposes. These discharges can have harmful effects abiotic
and biotic impacts on marine life [31-36].

The abiotic impacts modify the physicochemical charac-
teristics of the receiving environment, such as the chemical
composition, temperature, salinity, turbidity and DO level.
Biotic impacts directly affect living biota in terms of their
abundance of diversity, metabolic rate and physiological
state [37].

This study is interested in the environmental assessment
of the direct discharge of brine to the ocean, through the
space-time study of physicochemical parameters and some
metal elements, over an area of 360.000 m? as explained in
Fig. 2.

3.1.1. pH

The spatio-temporal variation in pH is displayed in
Fig. 3. Firstly, the pH profile is almostidentical, at all sampling
stations, and oscillates between 7.2 and 7.5. Nevertheless, a
slight increase for point X, with a value of 7.8 was noticed.
Secondly, the pH value of the brine represented by the point
X, does not vary, or varies slightly throughout its disper-
sion. The pH, therefore, remains in the range of neutrality,
except that extreme values can constitute a danger for the
fauna and the flora, as demonstrated by, Peres et al., that the
fish are killed starting from a pH = 4.9 [38].

3.1.2. Temperature

Fig. 4 presents spatio-temporal temperature variation.
It can be observed from this figure that the temperature of
this zone varies between 19 and 23°C, with the minimum
recorded at the level of X,. In general, and according to these
values, the temperature does not constitute thermal pollution

for the aquatic environment. This is due to the use of RO sea-
water as a desalination technology.

It should be noted that the impacts of temperature
are important when thermal processes which are mostly
replaced by membrane desalination [39]. Indeed, the high
temperature of the discharged brine can have several nega-
tive impacts on marine life, as the toxicity of chemicals and
metals generally increases with temperature [40-42].

3.1.3. Dissolved oxygen

The spatio-temporal DO variation is depicted in Fig. 5.
As can be seen, the DO levels are high and display values
between 6 and 8.5 mg/L, this means that the study area ben-
efits from good oxygenation in general. The spatiotemporal
variation of DO is very important to take into account, since
it is the essential element of life and governs the majority of
biological processes in aquatic ecosystems.

The DO value in brine may be less than 1 mg/L, in certain
desalination discharges [43], especially those using thermal
processes. This low value is due to the high temperature.
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Fig. 3. Spatio-temporal variation in pH.
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In this respect, a low level of DO affects marine life
because even though adult fish can survive at reduced levels
of DO, their reproductive capacities and the survival rate of
juvenile fish decrease [44,45].

The reject stream may also contain residues of oxygen
scavengers such as hydrazine (N,H,), hypochlorite ions
(ClO") and sodium sulfite (Na,SO,) which are used to inhibit
corrosion [46]. These chemicals can harm marine life if
released into shallow water without treatment [47].

3.1.4. Electrical conductivity

Fig. 6 shows the spatio-temporal EC variation. It is clearly
shown that the peak of the EC is reached, for the 3 y at the
level of the point X, which is the brine. Degradation of
these maximum values occurs as one moves away from the
point of release. Thus, the EC varies between 63 mS/cm to
more than 80 mS/cm. These values remain very high com-
pared to that of seawater, which is in the order of 49 mS/cm.
Similar EC values from brine discharges from Israeli desali-
nation plants have resulted in adverse effects on benthic
heterotrophic bacteria [48]. Likewise, a high salinity brine

8.5
—E—2016
&3 —aas
A

7.5+ \ A

IR A

55 4+————T—T—T T T

DO (mgl/L)
2
=
_—
2
{

Sampling station

Fig. 5. Spatio-temporal DO variation.

—m— 2016
80 = 2017
i —A—2018
N N
E | A A N A
MW A
2 . \A -
(6]
) " \A .Q\\
A
| |
A | A
65 -
T T T T T X T T, T T T

X X, X X X X X X X X

Sampling station

Fig. 6. Spatio-temporal EC variation.

had negative impacts on photosynthesis and leaf growth of
adult sea grass Posidonia australis [32].

The recorded results also reflect the high levels of salin-
ity in the wastewater, affecting the habitats of marine spe-
cies and therefore biodiversity [49]. This anthropogenic
pollution, caused by this concentrate, can modify the local
salinity regimes and its effect depends on the assimilation
capacity of both the area and the species.

3.1.5. Turbidity

The spatio-temporal turbidity variation is presented
in Fig. 7. According to this figure, the turbidity increases,
from point X, which is also that of the brine, throughout
the sampling stations, to reach a maximum of 8 NTU. This
increase is due to the turbulence that characterizes the
region. In addition, significantly higher values for the year
2016 was seen, which is probably because of the floods of
Ouad Sakia Hamra that the region has experienced this year.

On top of that, the turbidity is responsible for the decrease
in visibility which reduces the availability and reliability
of visual cues for aquatic animals, limiting the private and
social information available, reducing the distance at which
animals can detect food, predators and congeners [50,51].

3.1.6. Total nitrogen and total phosphate

Figs. 8 and 9 display the spatio-temporal TN and
TP variation, respectively. First, there is a discharge of
brine with a TN rate which varies over the 3 y from 1.4 to
1.8 mg/L and continues to decrease or stabilize throughout
the various sampling stations (Fig. 8). Then, and similarly,
the TP profile is exposed, with a maximum of 2.7 mg/L
(Fig. 9). The most remarkable thing is that these maxima
coincide, always at point X. Admittedly, these values are
much higher than those found during the characterization
of seawater, which are in the order of 0.15 and 3.11 mg/L,
for the TP and TN, respectively. In addition, it is well
known that the excess of these two nutrients leads to the
proliferation and excessive growth of fauna (algae and
aquatic plants). It causes also hypoxia, which can change
the balance of a specific ecosystem [52,53].
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Fig. 7. Spatio-temporal turbidity variation.
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3.1.7. Cadmium

The spatio-temporal Cd variation is depicted in Fig. 10.
It can be observed that the year 2016 was characterized by
more levels above that of the detection limit, at 5 sampling
points, with a maximum of 8.5 10 mg/L at X. The year
2018 comes later, with 4 points whose maximum value is at
point X . All the values of X, which are the discharge point
of the brine, are lower than the discharge standard pre-
scribed by the Moroccan standard, the General limit value
(GLV) of which is 0.2 mg/L [54,55].

3.1.8. Boron

Fig. 11 plots the variation of spatio-temporal B. As clearly
shown in the figure, the rejected brine contains boron lev-
els above 8 mg/L. This concentration decreases through-
out the sampling points, except for station X, in the year
2018, where an increase to 8.57 mg/L was noticed. These
rates remain quite high, and in the absence of GLV in the
Moroccan legislation concerning boron, the limit required
in the discharges is very variable, ranging from 1.5 mg/L
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Fig. 10. Spatio-temporal Cd variation.
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in Israel, 5 mg/L in Brazil and Singapore, and 10 mg/L in
Japan [56].

Several studies have shown that excessive consump-
tion and exposure to boron is toxic to plants, animals and
humans [57]. Common plant responses to high boron con-
tent include poor root development, impaired photosyn-
thesis, and increased oxidative stress due to the generation
of reactive oxygen species [58].

3.1.9. Lead

The spatio-temporal Pb variation is shown in Fig. 12.
It can be seen that all the Pb values are below 0.0055 mg/L,
except that an increase in the values compared to that
recorded at point X was noticed, which is the rejection of
the brine.

Lead accumulates in the bodies of aquatic organisms
and in the soil, and consequently suffer from lead poison-
ing. In crustaceans, these effects are felt even though if very
low levels of lead are present. The functions of phytoplank-
ton can be disrupted in the presence of lead. It is worth
to mention that, phytoplankton is an important source of
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oxygen in the seas and many large marine animals feed on
them [59-61].

3.1.10. Total iron

Fig. 13 presents the spatio-temporal Fe variation.
According to this figure, obtained results during the year
2016, record the minimums for all the campaigns and
stabilize around 0.023 mg/L. The years 2018 and 2017
present values oscillating between 0.03 and 0.035 mg/L,
and are dispersed at the same rate, at all the sampling
stations. The main source of iron is ferric chloride, which
is a coagulant used in the desalination process [62,63]. In
reality, the intake, which is done underground via coastal
boreholes, coagulation is not used in the desalination
process in Laayoune, because of the raw water which
wonderfully reduces the turbidity content.

3.2. Discussion

Overall, it was noticed from the spatio-temporal distribu-
tion of all the parameters studied that:

® A clear variability of values over time, thus negating
the prejudice or the hypothesis of accumulation in the
same sampling station, throughout the years of study;

® A certain horizontal or/and vertical alignment of the
values along the sampling stations;

* DPeaks are often recorded in the sampling station X.
This is perhaps due to the bathymetry and the residual
current of the study area, which allows having a point
of accumulation or stagnation due to oceanographic
factors;

e The virtual stability of the values recorded in this study
area, supported by minimal variation percentages, leads
to the conclusion that there is no effective dilution of this
discharge into the ocean. This means that the study area
is at the heart of the brine plume.

Thus, and given the location of the brine discharge
area, leading directly to the entrance to the port area, and
bordering that of the discharge of industrial effluents,
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Fig. 13. Spatio-temporal Fe variation.

there could be an effect of accumulation of pollution in
depth and in sediments. Without an outlet to ensure the
dilution of the brine released, this area then constitutes a
discharge of hypersaline concentrate, which can harm
the receiving environment, this ecosystem known for its
fishery resources. As a result, this can lead to the unem-
ployment of local fishermen [64]. As a consequence of
dehydration, there is a reduction in turgor pressure that
could result in the long-term extinction of the marine
species [65].

In the case of well-designed maritime infrastructure,
as indicated in recent studies, more fish were found in
the discard areas. In particular, Kelaher et al. [66], stud-
ied the effect of desalination reef fish abundance and
diversity in the Sydney RO desalination plant (Australia).
Researchers found that a rate of 279% increase in the
number of fish in the exit sites obtained from before to
after the start of the discharge.

4. Mitigations

The commonly used method for the efficient removal
of brine adopted by the majority of plants is the discharge
to surface water, especially the sea [12]. Brine treatment is
considered one of the favorable options as it involves min-
imizing the volume of waste, reducing environmental
pollution and recovering fresh water [12,67].

In this part, the main ways of mitigating the harm-
ful impacts of brine discharge, through the bibliography
were summarized. Several authors have raised this subject,
approaching it from several angles [6,11,68].

Recently, researchers are focused to mitigate the harm-
ful impacts of brine towards: (i) brine dilution multiport
delivery systems which can be used for brine dispersion
and to control the concentration and extent of the salinity
plume [69], and far from productive and ecologically sen-
sitive areas. (ii) Reduction of the amount of waste stream
via a minimum liquid discharge or ZLD. However, fur-
ther research needs to conduct in this direction to assess
the feasibility of the ZLD system in practical applications
[70,71]. (iii) The valorization from the rejected brine, which
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can be a precious and important source of water, by the
recovery of minerals, salts and chemicals through process-
ing, such as lithium recovery [72].

4.1. Water recovery

The desalination process generates huge volumes of
wastewater with many retained materials. Effective brine
treatment can result in the recovery of water from brine
and a significant decrease for streams [73].

Els can also be reduced using ZLD technologies to treat
the desalination reject. ZLD has the advantage of recov-
ering valuable salt and fresh water from the brine and
minimizing the volume of concentrate. Several thermal
and membrane technologies can be used to achieve ZLD,
such as the brine concentrator and crystallizer [74]. Some
methods are based on conventional and natural processes,
while others are sophisticated and mechanical technolo-
gies. Processes, such as mechanical and thermal evaporative
crystallizers, evaporation ponds, spray dryers, wind intensi-
fied evaporation, salt solidification and sequestration, slurry
precipitation and recycling, RO and forced circulation crys-
tallization can separate water and salts from the discharged
brine. Although these technologies are currently not favor-
able due to their high cost, it is expected that more efficient
ZLD techniques will be available in the future [12].

Evaporation ponds are most effective in arid or semi-
arid areas as they depend on solar energy to evaporate the
water from the discharged brine and leave the salts to precip-
itate. This technique is simple and proven in industrial and
wastewater treatment applications. However, this method
has the disadvantages of high cost, and it contaminates
groundwater and habitat due to the infiltration and accu-
mulation of micropollutants.

4.2. Extraction of precious materials

Lately, special, and serious attention has been paid to
recovering valuable elements from the discarded brine, as
it contains most of the elements of the periodic table and
it is concentrated there, so it considered co-products of the
desalination process of seawater.

The idea of extracting valuable materials from dis-
carded brine was proposed by Mero et al., [75]. The last few
years have seen huge advances in the treatment and reuse
of desalination brine. Historically, sodium chloride salt has
recovered from seawater for the past few thousand years.
Over the years, people have explored ways to extract other
precious metals such as magnesium, gold, uranium, bro-
mine, potassium, cesium, rubidium, and lithium from sea-
water [6,11,76].

A recent study shows great potential recovery lithium
by membrane process, the preliminary economic analysis
affirms that the process can be made profitable chlor-alkali
industry [72]. In addition, other minerals and chemicals such
as NaOH, Cl,, H,, MgO, CaCO,, KCl, HCl, Na,SO,, CaSO,,
CaCl, and pure salts can be recovered from brine using
various techniques [75,77].

The recovery of valuable materials from the brine not
only minimizes its negative effects on the environment but
also reduces the operational cost of desalination. In addition,

it can increase the profitability of desalination plants if
these constituents could be marketed. The extraction pro-
cess, however, depends on feasibility, economics, energy
considerations, and technical aspects of the technology [75].

4.3. Energy recovery

The reject can be used to recover energy from the salinity
gradient, and theoretical calculations suggest that an amount
of energy can be recovered. Because of that, the discharged
brine has high osmotic pressure due to the high salinity;
the brine can used as a salinity gradient energy source by
mixing it with fresh water. Therefore, the discharged brine
can be used for power generation and water harvesting
simultaneously [77,78].

The recovered energy can be converted into electric-
ity or mechanical energy by developing a suitable system.
Likewise, delayed pressure osmosis and reverse electrodialy-
sis can be used to recover energy from the reject stream [78].

4.4. Carbon dioxide sequestration

Several researchers have studied and shown the CO,
capture potential of the released brine and its storage
[79-81]. This way of using brine not only contributes to the
reduction of CO, emissions, but also decreases the salinity
of the brine discharged [81].

Dindi et al., reported that brine was used for CO, absorp-
tion to precipitate NaHCO, which resulted in the removal
of Na* from the brine, making them safer to release into the
environment [81]. The adsorbent can be recycled and reused
in many cycles for CO, absorption and chloride removal [83].

4.5. Other beneficial uses of brine

Spirulina cultivation, fish farming (for specific fish that
adapt to saline waters), and irrigation of shrubs and fodder
crops, are all potential applications of the brine released
from desalination plants [83]. However, more research-
ers are needed in this direction to determine the suitability
of the release flux for the applications and necessary pre-
treatments [84].

Another potential use for brines is hydrotherapy.
Hypersaline swimming pools promote the exchange of
mineral salts with the body, which is useful as a disinfec-
tant and wound healing, for the treatment of health prob-
lems such as rheumatism and osteoarthritis, skin conditions
involving acne or psoriasis, and finally flotation which is
ideal for people with reduced mobility, being also an effec-
tive relaxant [85].

5. Conclusion

The Laayoune region in southern Morocco has expe-
rienced rapid socio-economic development, which has
required a large mobilization of water resources. This
demand will continue to grow in the future, given the ambi-
tious projects already launched or under construction in sev-
eral sectors (industry, energy, urbanization, agriculture, etc.).
Desalination of seawater, therefore, remains the most reliable
solution to meet this demand in this arid region.
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However, desalination generates various Els, mainly
the rejection of brine and overconsumption of energy. This
work aimed to study the potential impacts of desalination
of brine discharges, and suggest mitigation measures. It
has clearly shown that the brine does not undergo a dilu-
tion in the receiving marine ecosystem, where the physical
and chemical properties of the brine do not or little change.

To remedy this situation, it is suggested to adopt mit-
igation measures such as dilution before discharge, the
installation of diffusers ensuring better dispersion in the
ocean and the treatment of brines according to the ZLD
approach. The latter solution offers several advantages,
such as increasing the rate of freshwater production, recov-
ering valuable materials and producing salts. In addition,
the region offers great opportunities that make desalina-
tion more environmentally friendly. It should be noted
that several projects exploiting the inexhaustible source of
solar and wind energy are installed in the region. Among
the geomorphological characteristics of the region, the exis-
tence of large flat-bottomed depressions, in communication
or not with the sea, called “sebkhas”, offering prospects
for aquaculture of species that adapt to the high level of
salinity. In addition, environmental monitoring plans and
brine dispersion modeling approaches to predict releases,
brine diffusion and mixing behavior must be in place
for the ongoing environmental assessment of the littoral.

Finally, there is no doubt that with technological prog-
ress, the use of renewable energies in desalination, and the
exploitation of the local specificities, the objective of sus-
tainable and ecological desalination can be achieved.
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