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Impacts of Seawater Desalination on
Marine Ecosystems

Abstract:

Yinuo Zhang With the global freshwater scarcity, Seawater desalination
particularly through reverse osmosis (RO), is a solution to
address the problem. Nowadays, seawater desalination is
used in various countries, like The United Arab Emirates
(UAE), Africa and China, etc. However, despite its huge
benefits, the technology is also accompanied by adverse
environmental effects, like brine discharge which can
lead to localized changes in salinity and subsequently
affect the water quality and biodiversity of the area. Huge
energy consumption is another issue, as most seawater
desalination plants need the electrical energy to control the
high-pressure pump which means the enormous energy
requirement. Noise pollution, CO2 emissions, biofouling
and invasive species also impact on marine ecosystems.
These effects can be minimized by innovative solution,
such as improving RO membrane, zero liquid discharge
technology, renewable energy technologies, energy
recovery devices and continuous environmental monitoring
and regulation. This paper investigates ecological
consequences in seawater desalination processes, highlights
the potential adverse effects, and discusses the mitigation
measures.
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1. Introduction. problem. By 2022, global total daily seawater desali-
nation capacity approximately exceeded 80 million
cubic meters [1]. Despite its critical role in freshwa-
ter provision, the ecological impacts of desalination
remain a major concern. This is primarily because
most seawater desalination techniques, such as re-
verse osmosis, multi-stage flash desalination, and
multi-effect distillation, can only acquire less than
50% of freshwater from the feed stream. The remain-

Fresh water is scarce, and its global availability is
decreasing. More than 2 billion people suffered by
water stress and about 3.6 billion people undergoing
water scarcity for at least one month per year. By
2050, the quantity of suffered people in the world is
anticipated to about 5.7 billion. Desalination is grad-
ually becoming an important method to solve this



ing portion which contains most of the dissolved solids
and pre-treatment additives, is managed as brine effluent.
As byproducts of desalination plants, concentrated brine
and carbon emissions lead to thermal pollution, effect the
climate, and become a threat to the environment. This re-
view provides a comprehensive analysis of the ecological
implications of seawater desalination and explores mitiga-
tion measures.

2. Overview of Seawater Desalination
Technologies

Seawater desalination technologies developed rapidly,
primarily include thermal and membrane-based meth-
ods, The most widespread desalination technologies are
reverse osmosis (RO) and multi-stage flash (MSF) but
other technologies such as multi-effect distillation (MED),
membrane distillation (MD) and Electrodialysis (ED) are
currently being developed.

Reverse Osmosis (RO) is accounted as one of the essen-
tial methods for seawater desalination. RO is a procedure
that use pressure push seawater through a semi-permeable
membrane to separate pure water and salt solution. RO
effectively removes most dissolved salts, microorganisms,
and organic compounds from seawater [2]. MSF and
MED are technologies intending to facilitate the recovery
of condensation latent heat, and then can maintain low
temperatures. By decreasing the vapor pressure, rapid
water evaporation can be achieved in the upper space, and
then removing water vapor from the device can decrease
the energy consumption during operation. Membrane
distillation (MD) means a groundbreaking approach to
water separation. In this system, raw water is received to
heating, making vapor to permeate through hydrophobic
membrane materials which situated on one side. Con-
sequently, the water vapor molecules undergoa phase
transition on the opposite side of the membrane, and then
transforms back into liquid water by the introduction of
cold flow. Electrodialysis technique (ED) is a method
that extracts salt from seawater through thin channels and
uses ion-exchange membranes to exchange positive and
negative ions. When seawater flows the membranes, an
electrical current pushes the cations and anions exchange
respectively, so contribute to high efficiency in seawater
desalination [3].

3. Environmental Impacts of Seawater
Desalination

Seawater Desalination may impact environment on many
pathways: the occupancy land, the brine discharge, the
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groundwater, the marine ecosystems, thermal pollution,
and finally energy consumption.

3.1 Impact of land use and water Conservation

The seawater desalination plants, especially in coastal
areas, convert a beautiful tourism into an industrial zone.
If pipelines carrying seawater are put above the aquifer, in
some case of sealing failures in valves and pipelines, the
groundwater may be contaminated, leading to decreased
groundwater quality, directly influencing human health.
Although seawater desalination can provide large amounts
of freshwater, its long-term operation may not effectively
address the root causes of water scarcity. In some areas,
desalination may be perceived as a substitute for tradition-
al water management practices, thereby neglecting the im-
portance of water conservation and sustainable water re-
source management. Over-reliance on desalination could
exacerbate the over-extraction of natural water sources,
thereby disrupting natural water cycles [4].

3.2 Impact of Brine Discharge on Marine Eco-
systems

One of the by-products of both RO and thermal seawater
desalination is brine, which is water with a much higher
salinity than the original seawater. When directly dis-
charged into the ocean, brine can lead to localized chang-
es in salinity and subsequently affect the water quality and
biodiversity of the area. The disposal of brine can cause a
number of ecological problems.

Brine discharge from desalination plants contains salt con-
centrations several times higher than the natural seawater.
The release of large quantities of brine into the ocean can
change the salinity of surrounding water and the physical
and chemical character of seawater. Marine organisms
are highly sensitive to salinity fluctuations, especially
those species with low tolerance to salt, such as certain
fish, seaweed, and shellfish which may face growth and
reproduction challenges. Changes in salinity caused by
brine can interfere with spawning cycles, egg hatching
rates, and survival rates of juveniles. Tay et al. [5] report-
ed that changes in water quality due to brine discharge
affected reproductive success in certain marine species.
This disrupted the local populations of these species and
altered the dynamics of the ecosystem. A case Study in-
dicated that some desalination plants in the UAE have
caused significant changes in salinity and temperature in
surrounding marine areas, affecting local fisheries [6]. The
ability of marine species to adapt to increased salinity is
influenced by several factors, including species’ natural
tolerance limits, the duration of exposure, and the rate of
salinity change. Species such as coral reefs, which have
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narrow salinity tolerance ranges, may be particularly vul-
nerable to brine discharge. Lee et al. pointed out that brine
discharge leads to an increasing salinity around the dis-
charge area, and in extreme cases, this may force species
that were once well-suited to the area to relocate or perish,
disrupting the stability of the ecosystem [7].

3.3 Chemical Contaminants and Heavy Metal
Pollution

Brine from desalination plants may carry chemical addi-
tives (such as disinfectants) and heavy metals (like lead,
mercury, and arsenic) from seawater. These pollutants
can be toxic to marine organisms, especially those higher
up in the food chain. El-Baz et al. [8] observed that brine
discharge containing heavy metals and chemicals poses
long-term negative effects on marine ecosystems. Fish
and shellfish in the brine discharge zone exhibited higher
levels of toxic substances, which may eventually affect
human food safety through bio-accumulation.

Chemical Persistence and Toxicity are important factors.
Some of these chemicals, such as chlorine and anti-scal-
ants, can persist in the environment and bio-accumulate in
marine organisms. For example, chlorine is known to be
highly toxic to marine life, causing gill damage, reduced
growth, and mortality in fish and invertebrates. Addition-
ally, many biocides and disinfectants used in desalination
plants can disrupt the reproductive processes of marine
species by acting as endocrine disruptors. Studies on the
Long Beach desalination plant have demonstrated that
chemical additives used during the desalination process
can have lethal effects on marine organisms, particularly
on larval fish [9]. Another study found that the anti-scal-
ants used in reverse osmosis membranes contributed to the
accumulation of toxic substances in surrounding coastal
ecosystems [10].

Oxygen Depletion: Brine often contains lower levels of
dissolved oxygen, and its discharge can reduce the oxygen
content in the local water, which in turn threatens ma-
rine organisms, particularly those species that depend on
high-oxygen environments.

3.4 Energy Consumption and Its Indirect Envi-
ronmental Impact

Seawater desalination technologies are primarily classified
into two categories: reverse osmosis (RO) and thermal
distillation (such as multi-stage flash (MSF) and multi-ef-
fect distillation (MED)). The energy consumption varies
significantly between these technologies, both of which
require substantial energy input to drive the desalination
process.In general, many parameters may affect energy
use and the choice of technique for desalination [11]. The

heating requirements are electrical power for thermal de-
salination techniques, which range from 40 kWh/m3 to 80
kWh/m3. At the same time, for its auxiliary equipment,
it uses 2.5 kWh/m3 to 5 kWh/m3 of power. The most
commercially viable desalination plant uses an average of
around 100 TWh of energy annually, which causes emis-
sions of 60—-100 Mt of CO2 [12-13]. So each technology
should have an efficient solution to minimize the energy
consumption and reduce CO2 emissions. According to
International Energy Agency, facilities relying on conven-
tional energy sources are important point contributors of
CO: emissions in regions with limited renewable energy
deployment [14].

3.5 Noise Pollution and Its Ecological Impact

Noise generated by esalination infrastructure is another
ecological stressor. High-pressure pumps, motors, venti-
lation systems, and brine discharge operations all produce
mechanical and underwater noise. These disturbances can
affect marine species that rely on echolocation, such as
whales and dolphins, by interfering with navigation and
communication. Prolonged exposure to underwater noise
has also been shown to reduce reproductive success and
alter the behavior of fish and invertebrates [15,16]. In
ecologically sensitive or protected areas, continuous noise
emissions may disrupt food webs and force species to
abandon critical habitats [17].

3.6 Biofouling and invasive species

Biofouling and invasive species present additional risks.
Reverse osmosis membranes are prone to microbial adhe-
sion and biofilm formation, which degrade system perfor-
mance and can facilitate the transfer of microorganisms
into the marine environment. Certain pathogenic microor-
ganisms, including Escherichia coli and Vibrio cholerae,
have been detected in poorly managed desalination sys-
tems. Even highly efficient membranes may fail to com-
pletely remove small viruses under conditions of aging
or damage, allowing pathogens such as norovirus to con-
taminate treated water [18-20]. Leakage risks, including
microcracks in membranes or sealing failures in pipelines
and valves, may also lead to cross-contamination between
seawater and product water, complicating quality control
and increasing ecological risks [21].

3.7 Impacts on Marine Biodiversity

The discharge of brine and the associated chemicals can
change the physical and chemical characters of marine
ecosystems. These sudden changes in environmental con-
ditions can stress marine organisms, particularly plankton
and benthic species, leading to a loss of biodiversity.



Several studies have indicated that elevated salinity and
the presence of toxic chemicals can disrupt reproductive
cycles, growth, and survival of marine species, particu-
larly in sensitive habitats such as coral reefs and seagrass
meadows. Abdelrhman et al. [22] found that prolonged
brine discharge led to significant changes in the species
communities in the surrounding areas. Some species dis-
appeared or diminished, and were replaced by those more
tolerant to high salinity environments.

3.8 Thermal Pollution

Thermal pollution is another significant concern, especial-
ly for thermal desalination plants. The release of heated
seawater into the environment can raise the temperature of
local marine ecosystems, disrupting the delicate balance
of marine life. Some species are particularly sensitive to
temperature changes, and the increased water temperature
can lead to changes in species composition, reduced bio-
diversity, and increased mortality rates among tempera-
ture-sensitive organisms.

4. Mitigation Measures for Environ-
mental Impacts

There are several strategies to minimize brine disposal.
Discharging brine into deep-sea areas, where salinity
changes are less disruptive and biological activity is low-
er, can reduce the local ecological impact. While mixing
and Dilution Technologies, such as ocean currents or air
bubbles can dilute the brine, reduce its salinity increases.
More advanced approaches, including zero liquid dis-
charge (ZLD), aim to recover nearly all pure water from
brine and leave solid residues for safer disposal or indus-
trial reuse. In some cases, concentrated brine can be re-
purposed for salt production or other industrial processes,
thereby reducing direct release into marine environments.
Energy consumption is another pressing concern. The
implementation of renewable energy technologies is the
main purpose of research. The integration of solar energy,
geothermal, and umidification—dehumidification systems
into desalination plants has already shown success in
regions such as the United Arab Emirates (UAE), where
solar-powered reverse osmosis facilities have achieved
lower carbon footprints and reduced operating costs [13].
Waste heat recovery and advanced energy recovery devic-
es provide additional opportunities for reducing fossil fuel
dependence and greenhouse gas emissions, ensuring a
more sustainable operation of desalination facilities. Tech-
nological innovation is also vital for reducing ecological
pressures. The development of low-impact desalination
technologies, including high-efficiency reverse osmosis
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membranes, anti-fouling coatings, and hybrid systems, can
significantly reduce both energy demand and brine-related
impacts [23]. Water recycling initiatives, where treated
seawater is reused in industrial or agricultural applica-
tions, further enhance resource efficiency and alleviate en-
vironmental burdens. Finally, Strategies and policies need
to be considered to protect the environment when making
the planning, establishment, and operation on desalination
facilities.

5. Conclusion

Seawater desalination is known as a vital strategy to solve
the freshwater shortage. The potential negative effects of
desalination, such as brine discharge, energy consumption,
noise pollution, chemical contamination, and thermal pol-
lution require careful management and technological inno-
vation to minimize ecological harm. Future research and
technological advancements should focus on advancing
innovative membrane technologies to enhance efficiency,
zero liquid discharge (ZLD) technologies, advantageous
uses and final disposal options for the concentrate gen-
erated during desalination, further integrating renewable
energy sources to power desalination plants, and the ap-
plication of artificial intelligence (AI) to improve system
function and maintenance. Furthermore, effective policy
and ecological monitoring will be essential to achieve a
long-term sustainable desalination operation.

References

[1] International Desalination and Reuse Association. IDRA
Desalination and Reuse Handbook 2023-2024. 2024. Available
at: https://www.desalination.com/publications/catalogue/ida-
handbook

[2] International desalination and reuse association. IDRA
Desalin resuse Handb 2023 2024;2024. <https://www.
desalination.com/publications/catalogue/ida-handbook)

[3] Zapata-Sierra A, Cascajares M, Alcayde A. Worldwide
research trends on desalination. Desalination 2021;519:5305.
https://doi.org/10.1016/J.DESAL.2021.115305

[4] Song H W, Bai D, She J, Liu L F, Wang K, Wang S H.
Global trends of seawater desalination research: An Al-assisted
bibliometric analysis during 2019-2024. Available at: http://
creativecommons.org/licenses/by/4.0/

[5] Tay E M, Tan S C, Lim Y P. Effects of brine discharge
on marine life: A review on the ecological consequences and
mitigation strategies. Marine Pollution Bulletin, 2020, 160:
111462.

[6] Helal A, Al-Malek S, Al-Katheeri E. Economic feasibility
of alternative designs of a PV-RO desalination unit for remote
areas in The United Arab Emirates. Conference on Desalination



Dean&Francis

ISSN 2959-6157

and the Environment, European Desalination Society and Center
for Research and Technology Hellas (CERTH), Sani Resort,
Halkidiki, Greece, 2007.

[7] Naseer M N, Zaidi A A, Khan H, Kumar S, Owais M T B,
Wahab Y A, Badruddin I A. Desalination technology for energy-
efficient and low-cost water production: A bibliometric analysis.
Green Process Synth 2022;11:306—15. https://doi.org/10.1515/
GPS-2022-0027/

[8] Hosseini H, Saadaoui I, Moheimani N, Al Saidi M, Al
Jamali F, Al Jabri H, Ben Hamadou R. Marine health of the
Arabian Gulf: Drivers of pollution and assessment approaches
focusing on desalination activities. https://doi.org/10.1016/
j.marpolbul.2021.112085

[9] Roberts D A, Johnston E L, Knott N A. Impacts of
desalination plant discharges on the marine environment: A
critical review of published studies. Water Research, 2010, 44:
5117-5128.

[10] Poirier K, Lotfi M, Garg K. A comprehensive review of
pre- and post-treatment approaches to achieve sustainable
desalination for different water streams. Desalination, 2023.
https://doi.org/10.1016/j.desal.2023.116944

[11] Ahmed F E, Hashaikeh R, Hilal N. Solar powered
desalination — technology, energy and future outlook.
Desalination 2019;453:54-76. https://doi.org/10.1016/
j.desal.2018.12.002

[12] Zhang Z, Malik M Z, Khan A, Ali N, Malik S, Bilal M.
Environmental impacts of hazardous waste, and management
strategies to reconcile circular economy and eco-sustainability.
Sci Total Environ 807 (2022) 150856. https://doi.org/10.1016/
j.scitotenv.2021.150856

[13] International Energy Agency. Energy Technology
Perspectives 2019: Moving Towards Sustainable Energy
Systems. IEA, 2019.

[14] Richardson W J, Greene C R, Malme C I, Thomson D H.
Marine Mammals and Noise. Academic Press, 1995.

[15] Aguirre A A, Tabor G M. Introduction: marine vertebrates
as sentinels of marine ecosystem health. EcoHealth 1, 2004.
https://doi.org/10.1007/s10393-004-0091

[16] Slabbekoorn H, Bouton N, Van Opzeeland I, Coers A, ten
Cate C. A noisy spring: The impact of globally rising underwater
sound levels on fish. Trends in Ecology & Evolution, 2010,
25(5): 258-267.

[17] Le-Clech P, Chen V, Fane T A G. Fouling in membrane
systems: A review. Desalination, 2006, 202(1-3): 1-12.

[18] Naylor J R, Baker A L, Dudley L D. Bacterial contamination
in reverse osmosis membranes. Desalination, 2010, 250(1-3):
33-38.

[19] Meier L, Kistler A, Le-Clech P. Assessment of pathogen
removal in reverse osmosis desalination systems. Water
Research, 2012, 46(8): 2615-2625.

[20] Al-Mashaqgbeh I A, Al-Sa’ed R. Reliability of reverse
osmosis membrane systems for seawater desalination.
Desalination, 2006, 196(1-3): 257-269.

[21] Abdelrhman A M, Al-Saadi S I, Al-Baharna M A. Impact
of desalination brine discharge on marine biodiversity in the
Arabian Gulf. Environmental Science & Technology, 2018,
52(11): 6273-6281.

[22] Wang J, Huo E. Opportunities and challenges of seawater
desalination technology. Frontiers in Energy Research 10 (2022)
2019-2022. https://doi.org/10.3389/fenrg.2022.960537

[23] Jahangir M H, Razeghi M, Naseri A, Youseff H, Noorollahi
Y. Hybrid solar—wind farm site selection for reverse osmosis
desalination: A case study in Siata and Baluchestan using
geographic information system. Energy Reports, 2025. https://
doi.org/10.1016/j.egyr.2025.05.030.





