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Abstract. This pioneering study, conducted for the first time in Algeria, investigates the negative impacts
of brine discharges from the Kahrama seawater desalination plant in northern Algeria on marine flora and
fauna. This research consisted of underwater observations at the brine discharge point (in situ). These
observations revealed the existence of a layer of foam and debris on the surface of the water, most likely
caused by the chemicals used in the washing water, such as antifoams, anti-scaling agents and other
biocides. The seawater in the area appeared cloudy and contained suspended particles, which
corresponded to the results of a comparison of the physicochemical parameters of the seawater before
desalination and the discharged water. This comparative assessment revealed that the latter contained
particularly high levels of calcium (2915.57 +482.27 mg/L) and total dissolved solids
(46877.14 + 635.84 mg/L). Banks of green algae closely resembling Caulerpa prolifera (Forssk.) were
also noticed. In addition, the benthic vegetation had completely disappeared inside the landfill zone,
leaving a stony environment invaded by sea urchins, indicators of pollution in this ecosystem.
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Introduction

Since 2008, global desalination efforts have grown exponentially due to increasing
demand for fresh water improving technologies and economic viability (Zapata-Sierra
et al., 2021). Seawater desalination (SW) represents approximately 60% of desalination
efforts globally and more than 80% around the Mediterranean (Elsaid et al., 2020). It is
also the most energy-intensive type of desalination due to the high salt concentration in
the feed water (Lior et al., 2017; Shah et al., 2022). We are also witnessing a very
strong increase in the volume of water produced by desalination which was
45 million m®day in 2017 (Kara and Khaldi, 2017) and reached 95 million m®day in
2018 worldwide. Furthermore, hydrological changes caused or induced by climate
change make it more difficult to sustainably manage water resources, which are already
under severe pressure in many regions of the world (Papa et al., 2023). Around the
Mediterranean, 76% of freshwater production is ensured by reverse 0smosis
installations. The largest plants are located in Spain, the main producer (31% of total
capacity) with more than thirty desalination plants with medium to high capacity,
between 20,000 and 125,000 m®/day, followed by Algeria (20%), Israel (18%) and
Libya (11%) (Pulido-Bosch et al., 2019).
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Faced with these vital challenges and in order to remedy water stress especially in
view of the scarcity of rain due to the harmful effects of global warming, Algeria has
decided, and has been doing so for almost twenty years, to rely on desalination of
seawater in order to replace natural resources in the majority of cities in northern
Algeria (Bessenasse and Filali, 2014). Algeria, which has 1200 km of coastline,
currently has 21 desalination stations spread across 14 coastal Wilayas (cities) and 7
others under construction, and 81 dams (with a total capacity of 9 billion m?), which
come under the Ministry of Water Resources (MWR, 2023). These desalination stations
currently provide 17% of the water consumed in the country and supply 6 million
people with a volume of 2.6 million m3/day (MWR, 2023). The largest station is that of
Mactaa, located in the Wilaya of Oran in the west of the country, with a capacity of
500,000 m¥day of drinking water with a long-term objective of more than
2 million m®day. It is one of the largest reverse osmosis installations in the world (Kara
and Khaldi, 2017). Most desalination stations use the reverse osmosis membrane
technique, with the exception of the Kahrama station located in the Bethioua industrial
zone in ARZEW, 40 km from the city of Oran. The Kahrama plant is Algeria’s
pioneering seawater desalination complex, inaugurated in August 2005. It uses a Multi-
Flash (MSF) distillation process using energy from electricity generation and produces
90,000 m3/day of drinking water (Gacem et al., 2012; Mokrani and Moudjari, 2022).
Despite the advantages of seawater desalination for the production of fresh water, the
latter nevertheless causes considerable damage to the marine environment.

The main impacts of seawater desalination on the marine environment are associated
with two components: the intake of seawater towards the plant and the discharge of
brine (Panagopoulos and Haralambous, 2020). Indeed, the main effects associated with
the withdrawal of seawater are the entrainment and collision of marine organisms
(Shokri and Sanavi Fard, 2023). Brine is the hypersaline discharge from a membrane
plant and the hypersaline and hot discharge from a thermal desalination plant. Brine
also includes various chemicals, antifoulants and antifoams used primarily as biocidal
agents in the pre-treatment of water as well as the post-treatment of produced water
(Semblante et al., 2018). Antiscalants are also widely used chemicals in cleaning
circuits but little is known about their ecotoxicological effects on the receiving biota,
despite their wide use (Marques et al., 2023).

In this context, the purpose of our study is to assess the impact of brine discharges
from seawater desalination on the marine ecosystem of the Kahrama desalination plant.
Several physical and chemical parameters of the raw seawater and brine wastewater will
therefore be assessed. In addition, and for the first time in Algeria, in situ observations
were conducted by snorkeling on the seabed.

Materials and methods
The study area

Kahrama is a joint stock company 100% owned by the company Sonatrach (Oil and
Gas Company) created in 2002 by Algerian Energy Company (AEC) and put into action
in September 2005. It is 1SO certified (9001, 14001 and 18001 defining a system of
integrated quality, safety, hygiene and environment management) whose objective is the
production of electricity (2.7 million MWh) and distilled water from seawater. The
complex is located in the industrial complex area of Arzew near the port of Bethioua,
40 km from the city of Oran (West Algeria) at coordinates 35°48°26.208” North and
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0°14°48.911” West (Fig. 1). This station aims to produce water intended for human
consumption, using the staged flash distillation technique or MSF (Multi Stage Flash)
with a capacity of 90,000 m®/day.
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Figure 1. Geographic location of Kahrama station (Google Maps, 2023)

The Kahrama complex is essentially composed of:

(@) The power plant is made up of three turbo-generator groups, the 3 groups are
identical each is equipped with an axial air flow compressor providing compressed air
for the combustion of the gas in the turbine, which in turn drives the generator, thus
developing a power of 114.6 MW. For the operation of the power plant, two systems are
necessary: The fuel gas conditioning system (quality, temperature and pressure) and the
electrical system for the control, monitoring and distribution of electrical energy.

(b) The desalination plant also consists of three units, seawater intake, a desalinated
water treatment system and a discharge system. This complex also has a steam system
made up of three heat recovery boilers connecting the power plant and the desalination
plant.

The desalination of seawater process using the Multi Stage Flash or MSF technique
consists of four stages (Gacem et al., 2012): seawater intake with filtration and pumps,
pre-treatment by the addition of biocidal compounds, the desalination process itself
and post-treatment. Briefly, the seawater is heated in a boiler, there is condensation of
the steam on a bundle of pipes conveying the seawater which passes through the boiler
(phase 1) (Fig. 2). This heated seawater then flows into another tank corresponding to
another floor where the ambient pressure is lower so that the water immediately
begins to boil. The sudden introduction of heated water at each stage triggers
expansion and its instantaneous evaporation (“Flash™) (phase 2). Typically, only a
small fraction of this water is converted to steam, depending on the pressure
maintained upstairs since it will boil until the water drops back to boiling point.
During the condensation process (phase 2), the steam releases its latent heat to the
seawater in the pipes. The distillate in stage 1 then flows into stage 2 and together
with that of stage 2, flows to stage 3 and so on. The distillate from all stages is finally
collected in a distillate tank (phase 3). The latter is then transported elsewhere where
it will be treated by the distilled water treatment system to end up in the drinking
water system (phase 4). The brine must be recovered at the end of desalination in
order to be recycled or released directly into the sea.
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Figure 2. Operating principle of the desalination unit at the Kahrama station

Sample collection

To study the physicochemical parameters, seven separate water samples were taken
at intervals of 4 days during the month of April 2022 from the seawater found in the
reception tank belonging to the desalination station and from the discharge water
consisting of brine after desalination, which were also taken from the desalination plant.

Analysis of samples

A range of physical and chemical parameters were measured. The pH, the
temperature and the conductivity which is linked to the concentration and nature of the
dissolved substances are measured by a conductivity meter (WTW conductivity meter
inoLab Cond 7110) and are expressed in micro Siemens per centimeter uS/cm. The total
hardness (TH), measured using the Metrohm 848 Titrino plus and corresponding to the
overall quantity of calcium and magnesium salts, was calculated as follows:

TH =2.497 x Ca2 + concentration (mg/L) + 4.116 x Mg2 + concentration (mg/L) (Eq.1)

The salinity representing the mass in grams of solid substances in 1 kg of water was
measured by a salinometer (Guideline instruments 8400B Autosal Lab Salinometer).
The total dissolved solid matter (TDS), representing the total concentration of
substances dissolved in water, composed of mineral salts such as cations and anions as
well as some organic matter, was determined by the gravimetric method according to
this formula:

Total dissolved solid matter (mg/L) = [(P2-P1)/V] x 106 (Eq.2)

where P2 is the weight of the dry residue and the evaporation capsule in mg, P1 is the
weight of the evaporation capsule in mg, V represents the volume of the sample
(100 ml) and 106 is the reaction factor.

The alkalinity (unlike acidity) of water corresponds to the presence of bases and salts
of weak acids. Its dosage was carried out by the titration method with the strong acid,
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hydrogen chloride, at the endpoint at pH =4.23 using a “METROHM” device and
according to this formula:

Alk (mg/L) = VHCL (ml) x 10 (Eq.3)

where 10 is the reaction factor.

Chlorides (CI") are salts, but in very variable proportions can be present in large
quantities in seawater following industrial pollution. The concentration was calculated
following this formula:

ClI"(mg/L) =V (ml) x 35.5 (Eq.4)

where V is the Volume of silver nitrate necessary for titration of the solution and 35.5 is
the reaction factor.

Calcium (Ca?") is present in particular in limestone rocks in the form of carbonate.
Its salts are present in almost all natural waters. The concentration was calculated
following this formula:

Ca?* (mg/L in CaCO3) =V (ml) x 50 (Eq.5)

where V is the volume of EDTA and 50 is the reaction factor.

Magnesium (Mg?*) is present in the form of carbonates or bicarbonates in seawater.
The magnesium concentration is calculated by a formula making the connection with
calcium.

The iron (Fe**) is generally found in ferric and precipitated form, often associated
with suspended matter. Its dosage was carried out using a mini-1240 UV-type
spectrophotometer and is expressed in mg/L.

The copper (Cu2"), its presence follows the erosion of soil or rocks or even the
activities of processing plants. Its dosage was made by spectrophotometry at 560 nm
and is expressed in mg/L.

The dissolved oxygen is related to the quantity of oxygen which is in solution in
water and which is available for plant and animal respiration. Its measurement was
carried out using an oximeter and is expressed in mg/L.

The dosage of hydrocarbons, an indicator of the presence of oil, has been done by
gas phase chromatography and expressed in parts per million (ppm) or in mg/L (Rodier,
2010; (Bessenasse and Filali, 2014; Mehtougui et al., 2018).

In situ study

Observations were carried out by free diving in pairs, at the brine discharge area of
the Kahrama desalination station at coordinates 35°48°3.348” North and 0°10°22.079”
West (Fig. 3B), with a depth level of 1-3 m deep, in very favorable weather conditions.
Photographs were taken using a waterproof digital camera (GoPro HERO 7 black
Touch Screen 4K HD Video 12MP model). As a healthy control zone, we chose the Cap
Carbon zone, 18 km away from the Kahrama industrial zone (Fig. 3A). The Cap Carbon
Zone is located in the extreme west of the Gulf of Arzew, at coordinates
35°54°7.62”North and 0°20°22.31”West (Fig. 3C). We also used C-MAP application
for the maritime map and Windy for the meteorological application (wind direction and
power, sea currents, swell and water temperature).
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<ahrama desalinatiomn uanic

Figure 3. Geolocation of the control area of Cap Carbon (A) and the Kahrama desalination
unit (B)

Statistical analysis

Data were analyzed with SPSS 26.0 software. For the comparison of the
physicochemical parameters of the seawater (before desalination) and the discharge
water (after desalination), the T-test for paired samples was used. The T-test for one
sample was used to compare the parameters of the discharge water with the
international standards. Statistical significance was assumed for p-values less than 0.05.

Results and discussion
The physicochemical parameters evaluation

The work carried out in this study focused on the consequences of the discharge of
brine, resulting from the desalination of seawater at the Kahrama station, on the marine
ecosystem. The comparative results of the physicochemical parameters of seawater and
wastewater are presented in Table 1. The majority of the parameters studied show a p-
value <0.003 except for the metals iron and copper, which proves a significant
difference before and after the desalination of seawater. Indeed, pH analysis shows an
average pH of 8.05 for seawater (Table 1). This value can be explained by the fact that
the addition of CO; to the seawater by respiration or by oxidation of the organic matter
favors the formation of carbonic acids, hydrogen ions and bicarbonate ions
(Mondragén-Diaz et al., 2022). The discharge water has a pH of 8.3, which is in line
with the standard limited to 9 with p < 0.001 (Table 2).

Our results concerning conductivity show an average value of
54369.14 + 158.00 uS/cm for seawater, due to a high concentration of minerals. This
value increases significantly (P <0.05) in discharge water to 60528.57 + 111.27 uS/cm
(Table 1) and largely exceeds the international standard required at 2800 puS/cm which
agrees with the P value < 0.001 (Table 2).
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Table 1. Physicochemical parameter comparison between seawater and discharge water from the Kahrama plant

Kassouar et al.: Consequences of brine discharges from seawater desalination on the marine ecosystem, case study of the Kahrama station in the North West of Algeria

Parameters Seawater Discharge waters P value
S1 S2 S3 S4 S5 S6 S7 Mean+SD s1 S2 S3 S4 S5 S6 s7 Mean+SD
pH 8.2 8.07 | 7.99 8 8 8.1 8 8.02+0.08 86 | 83 | 832 | 83 | 828 | 826 | 8.28 8.33+0.12  |P<0.001
Conductivity (uS/cm) 54210 | 54500 | 54134 |54540 | 54300 | 54400 | 54500 |54369.14+158.00| 60700 | 60400 | 60600 | 60500 | 60600 | 60400 | 60500 |60528.57+111.27 [P<0.001
Temperature (°C) 215 | 216 20 201 | 201 21 21.2 20.790.70 278 | 286 | 272 | 262 | 274 | 272 | 27.3 27.39£0.72  |P<0.001
Salinity (mg/L) 37250 | 36300 | 37400 | 36800 | 37100 | 37300 | 37550 | 37100+425.25 | 41200 | 41000 | 40300 | 41000 | 41000 | 41200 | 41600 |41042.86+390.97 |P<0.001
Total dissolved salts (mg/L)| 39030 | 39240 | 39245 |39096 | 39160 | 38970 | 39240 |39140.14+111.33 | 47340 | 45680 | 47260 | 47190 | 46300 | 47110 | 47260 | 46877.14+635.84 |P<0.001
Alkalinity (mg/L) 120 122 120 | 124 122 120 | 121 121.29+150 | 1200 | 1200 | 1200 | 1200 | 1000 | 1100 | 1000 | 1128.57+95.12 |P<0.001
Total hardness (mg/L) 5010 | 5050 | 6150 | 6000 | 6100 | 6000 | 6500 | 5830+571.96 |12800 | 12850 | 12900 | 12350 | 13000 | 13350 | 13200 |12921.43+319.97 |P<0.001
Chloride (mg/L) 9500 | 9575 | 9585 | 9230 | 9585 | 9600 | 9570 | 9520.71+132.21 | 12425 | 11715 | 11650 | 11005 | 11650 | 11650 | 11264 | 11622.71+440.58 |P<0.001
Calcium (mg/L) 1000 | 1475 | 1000 | 1400 | 1450 | 1000 | 1250 | 1225422220 | 2525 | 3750 | 2375 | 2550 | 2959 | 3250 | 3000 | 2915.57+482.27 |P<0.001
Magnesium (mg/L) 867.92 | 868.72 | 886.95 | 886.9 | 868.72 | 850.5 | 820.12 | 864.26+23.16 | 1220 |1158.42|1448.88|2059.42|1959.18|1269.67|1385.1 | 1500.10+362.34 |P<0.001
Iron (mg/L) 0 0 0 0 0 01 | 003 0.02+0.04 0.01 0 0 0 0.01 0 0 p=0.285
Copper (mg/L) 0 0 0 0 0.02 0 0 0.00 0 0 0 0.1 0 0 0 p=0.476
Hydrocarbon (mg/L) 71 70 70 71 70 70 71 70.43+0.53 9.6 9.5 9.7 9.6 9.7 9.5 9.7 9.61+0.09 P<0.001
Dissolved oxygen (mg/L) 8.46 8.5 8.4 8.4 8.5 8.5 8.47 8.46+0.04 9.75 7.6 7.76 7.6 7.7 755 | 7.65 7.94+0.80 P<0.001
Mean + SD (n = 7), S: Sample
Table 2. Physicochemical parameter comparison between discharge water from the Kahrama plant and their international standard values
Discharge waters

Parameters st 2 s3 S4 S5 s6 S7 Mean + SD DWSt P value

pH 8.6 8.3 8.32 8.3 8.28 8.26 8.28 8.33+0.12 9 P <0.001

Conductivity (uS cm™) 60700 60400 60600 60500 60600 60400 60500 60528.57 + 111.27 2800 P <0.001

Temperature (°C) 27.8 28.6 27.2 26.2 27.4 27.2 27.3 27.39+0.72 25 P <0.001

Salinity (mg/L) 41200 41000 40300 41000 41000 41200 41600 41042.86 + 390.97 35500 P <0.001

Total dissolved salts (mg/L) 47340 45680 47260 47190 46300 47110 47260 46877.14 + 635.84 27750 P <0.001

Alkalinity (mg/L) 1200 1200 1200 1200 1000 1100 1000 1128.57 + 95.12 2030 P <0.002

Total hardness (mg/L) 12800 12850 12900 12350 13000 13350 13200 12921.43 +319.97 4439.6 P <0.001

Chloride (mg/L) 12425 11715 11650 11005 11650 11650 11264 11622.71 + 440.58 21431 P <0.001

Calcium (mg/L) 2525 3750 2375 2550 2959 3250 3000 2915.57 + 482.27 200 P <0.001

Magnesium (mg/L) 1220 1158.42 1448.88 2059.42 1959.18 1269.67 1385.1 1500.10 + 362.34 820 P =0.003

Iron (mg/L) 0.01 0 0 0 0.01 0 0 0.00+0.00 3 p =0.285

Copper (mg/L) 0 0 0 0.1 0 0 0 0.00 +0.00 05 p=0.476

Hydrocarbon (mg/L) 9.6 95 9.7 9.6 9.7 95 9.7 9.61+0.09 10 P <0.001

Dissolved oxygen (mg/L) 9.75 7.6 7.76 7.6 7.7 7.55 7.65 7.94+0.80 8 P <0.001

Mean + SD (n = 7), DWSt: Discharge waters Standard values
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Concerning the temperature, the seawater displays an average value of 20.7°C while
that of the wastewater reaches a higher value of 20.79 + 0.70°C but slightly exceeding
the Algerian standard set at 25°C, which proves that these waters are cooled before
being discharged into the sea.

The salinity is higher in the discharge waters (41042.86 + 390.97 mg/L) made up of
brines and exceeds significantly (P <0.05) the standard set at 35500 mg/L (Table 2),
which means that the discharge water is not diluted before its discharge into the sea.

Concerning the measurement of alkalinity and the dosage of TDS, the discharge
water displays a considerable increase in these parameters following the presence of
alkaline species and dissolved salts in high concentrations in brine, compared to those in
seawater. Similar results were reported by Mohammedi et al. (2013) in their study of
discharge from the Cap Djinet desalination plant in the province of Boumerdes (central
Algeria), which is equipped with the same technology as Kahrama.

As for the analysis of the main ions such as chlorides, calcium and magnesium, our
results show that seawater is rich in these ions and that their concentration increases in
discharge water (p <0.001 for chlorides and calcium and p = 0.003 for magnesium).
These results are in agreement with those of Mehtougui et al. (2018) on the monitoring
of discharges from the Honaine desalination plant (western Algeria). However, the use
of biocide as a disinfectant here, sodium hypochlorite during the pre-treatment of
seawater, can be found in the form of residual chlorine in the rejected brine and form on
contact with seawater toxic complexes such as bromoform (Taylor et al., 2006).

Our results show a chloride value (11622.71 + 440.58 mg/L) lower than that required
by the international standard (21431 mg/L). Likewise, the use of antiscalants during
desalination leads to an increase in these calcium ions in the washing water (Shokri and
Sanavi Fard, 2023; Prisciandaro et al., 2019). The latter greatly exceeds the
international standard limited to 200 mg/L. Furthermore, given the correlation that
exists between total hardness and calcium and magnesium, a reduction or increase in the
latter necessarily implies a reduction or increase in hardness. Our results shown in
Table 1 show a significant increase in these ions in the wastewater. Furthermore, we
also measured metals such as iron and copper, our results indicated in Table 1 show a
very tiny quantity, almost zero, of these metals both in seawater and in wastewater,
which explains p-value = 0.285 for iron and 0.476 for copper. The same finding has
been reported in the literature (Cherif and Belhadj, 2018; Gurreri et al., 2020).

Concerning hydrocarbons, they display a value of 70.5 mg/L in seawater but without
exceeding the Algerian standard equal to 120 mg/L. On the other hand, the discharge
water displays a value of 7.5 mg/L complies with the Algerian standard equal to 10
mg/L. Finally, the dosage of dissolved oxygen shows a value of around 7.6 mg/L both in
seawater and at the level of discharge water and not exceeding the required standard
equal to 8 mg/L with p <0.001. The hydrocarbon content is a crucial parameter in the
sanitation of the marine ecosystem, regardless of its location or purpose (Djoher et al.,
2020). It is widely accepted that the physicochemical quality of the discharged water
from the desalination factories has a significantly negative impact on the aquatic life
unless it is subject to stringent purification in order to comply with environmental
standards (Dairi et al., 2023).

In situ study of the impact of discharge water on the studied marine ecosystem

In the Kahrama discharge area, where this study was conducted for the first time in
Algeria, we were able to see a layer of foam and dirt on the water’s surface that was
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caused by brines and washing water. These latter ones do, in fact, include various
chemical substances used in the pre-treatment and maintenance of the installations,
such as anti-foams and antiscalants. Figure 4 shows the cloudy, suspended-particle-
filled interior of the sea. These observations support our results from above regarding
the high calcium and TDS levels in the discharge water (Table 1). It has also been
demonstrated that antiscalants made of polyphosphonates and polymers, which are
used in the desalination industry, have an effect on the physiology of the coral
Montipora capricornis and lessen the abundance of endosymbiotic algae (Marques et
al., 2023).

Figure 4. The presence of foam on the surface of seawater loaded with particles suspended in
the sea at the discharge zone

These chemicals can also seep into the soil, causing pollution and upsetting the
balance of the marine ecosystem. For the vast majority of them, both their future and
effects, as well as their unrestricted use, are poorly understood (Camara et al., 2021).

Our observations further revealed meadows of the same species of green algae on the
seafloor (at a depth of about 3 m) (Fig. 5A), which were strikingly similar to the green
algae Caulerpa prolifera identified in the northern Mediterranean coasts by Perreira
(2015) (Fig. 5B) and in Turkish coasts by Okudan et al. (2016) (Fig. 5C). Until recently,
Caulerpa prolifera (Forssk.) Lamouroux was the only species of the genus Caulerpa
present on Algeria’s coasts but since then, the species Caulerpa taxifolia (M. Vahl)
Agardh and Caulerpa racemosa var. cylindracea (Sonder) have been reported in the
northern Mediterranean (Bentaallah and Kerfouf, 2013).

A few small clusters of brown algae coexisted with this species of green algae in the
Kahrama discharge area; no other species of seagrass were found. However, we noticed
that as it approaches the brine discharge zone (Fig. 6), the expansive green algae
(Fig. 7) covering the rocky and sandy bottoms gradually disappears.

This decrease in vegetation is probably caused by the green algae beds’ sensitivity to
an increase in the salinity of the environment around brine discharges. In fact, as shown
in Figure 8, an atrophy in the leaves of these algae was noticed. Posidonia oceania, a
marine phanerogam native to the Mediterranean Sea, demonstrated this when it
experienced oxidative damage as a result of brine discharge from desalination stations
(Capo et al., 2020). While Cymodocea nodosa and other Mediterranean seagrasses are
more resilient to the effects of hypersalinity stress (Sandoval-Gil et al., 2012).
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Figure 5. Green algae (Caulerpa prolifera), phenotypically observed, in the brine discharge of
Kahrama area (A), Perreira’s (2015) identification (B), Okudan’s et al. (2016) identification

©

Figure 6. Observation of green algae beds in the sandy and rocky bottoms at the brine
discharge zone in the Kahrama area

As we moved deeper into the brine discharge zone, we noticed a rocky area that was
overrun with sea urchins but devoid of any vegetation (Figure 9A, B). Even though sea
urchins are sensitive to sudden changes in salinity, their abundance in polluted areas is
caused by their herbivorous nature. Their presence is a sign of pollution in a coastal
zone (Parra-Luna et al., 2020; Zhang et al., 2020).
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Figure 7. Progressive decrease in benthic flora in the brine discharge zone in the Kahrama
area

) 3
NS ¥ ¢y \‘ig

Figure 8. Atrophy of green algae leaves due to sensitivity to the hypersaline environment in the
brine discharge zone of Kahrama area

Figure 9. Strong presence of sea urchins occupying the rocky bottoms in the brine discharge
zone of Kahrama

Indeed, different bioindicators have been used extensively by researchers until now
to assess the quality of the marine environment (Fouad et al., 2019). Those from benthic
macro-fauna have many advantages. Echinoderms, corals, marine worms and molluscs
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represent the most used organisms (Adzigbli and Yuewen, 2018). However, the
pollution caused by brine discharge risks contaminating the vital organs of these sea
urchins. Indeed, an accumulation of contaminants was observed in the eggs/gonads of
the sea urchin Paracentrotus lividus (Lamarck, 1816), collected on the northwest
Portuguese coast subject to anthropogenic pressures, but taking into account the low
levels of accumulated products, the harvested sea urchins were declared safe for human
consumption (Rocha et al., 2017). Another study, in Corsica (north-west Mediterranean,
near the old Canari asbestos mine) on Paracentrotus lividus showed that contamination
by trace elements, coming from the migration of mining waste, does not affect the
health of Paracentrotus lividus (EI Idrissi et al., 2023). Furthermore, our results
obtained in the statistical study, during the determination of iron and copper in the brine
discharge water, showed an absence of these elements in the environment.

Finally, and in order to evaluate the extent of this pollution generated by the water
from brine discharges at the level of the industrial zone of Kahrama, where swimming is
prohibited, the latter was compared with a more distant zone, authorized for swimming,
the Cap Carbon beach. Our observations showed a totally healthy environment, with
clear and luminous water revealing a variety of small fish and lush flora composed of
different seagrass beds (Figs. 10 and 11).

Figure 10. Marine fauna and flora observed (at 1 m depth) at the healthy control zone of Cap
Carbon (Arzew, Algeria)

Figure 11. Lush benthic flora observed at the healthy control zone of Cap Carbon (Arzew,
Algeria)
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Conclusion

These findings lead us to the conclusion that building a desalination station has a
variety of environmental effects, some of which are beneficial, like the availability of
high-quality water, which is a prerequisite for economic and social development. Others
are detrimental, such as marine pollution which destabilizes and unbalances marine
ecosystems, leading to the decrease of plankton biomass and marine biodiversity. In
addition, before brine is released into the environment, a brine neutralization station
should be taken into consideration in order to preserve the Mediterranean coast’s
ecological health. An important thing to consider is that the salts produced by the
desalination sectors can be recovered in some industries, like construction or glass
manufacturing, or used again internally on the producing site. Finally, in order to restore
the original conditions of various ecosystems, this study may be used to increase
awareness of the harm that these pollutants cause.
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