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Abstract The UAE has challenges to cope with the
consequences of fast growth, environmental issues, and
global warming. The UAE government places a high
priority on two significant concerns: environmental
protection and maintaining sustainable growth. UAE is not
different from many other countries and is suffering from
many environmental challenges such as water shortages,
air quality, marine pollution, invasive species, and land
degradation. Because of its geographic location, the marine
environment of the UAE supports a diverse range of marine
and coastal ecosystems. On the other hand, this marine
environment provides many services to the people of UAE
such as transportation, recreation, and fishing. Accordingly,
this marine ecosystem is expected to be under growing
strain due to different human activities within this sensitive
marine ecosystem. The aim of this paper is to provide a
thorough overview of marine pollution in the UAE and
discuss the significance of the marine environment, and the
causes and effects of UAE’s marine pollution. This study is
trying to provide a historical review of different incidents
of marine pollution that occurred in the UAE, as a baseline
study for any future planning and managing risk of any
proposed developmental project. The review of all
published studies reveals that there is not one single
solution to protect the marine environment, but it should
consider the multifaceted approach. The possible
recommendations can be summarized as the development
of protected marine areas that are being managed and
monitored probably, encouraging marine protection
initiatives, analyzing the gaps in the current laws and
regulations for marine pollution prevention, applying

proper monitoring, encouraging environmental
stewardship, and encouragement of making solid abiding
regional agreements with other neighbouring countries in
the Gulf.

Keywords Marine Pollution, Arabian Gulf, Marine
Ecology, Risk Assessment

1. Introduction

The world's oceans and marines are degrading because
of rising coastal development, marine debris, excess
nutrients, untreated wastewater, and other pollution issues
[1], [2]. The seascape ecology in the UAE is under
significant stress because of anthropogenic activities such
as excessive fishing, environmental pollution, marine and
coastal habitat loss, and global climate change [2].
Sustainable development goal 14 is about life underwater
(conserving and sustainable use of the oceans, seas, and
marine resources). According to the UN sustainable
development 2022 report, the goal 14 status in the UAE
remains a major challenge. The indicator of the ocean
health index of the clean water score of the UAE was
reaching 68.3 in 2020 (0 is the worst-100 is the best) [3].

Marine pollution happens when harmful impacts are
produced by the release of chemicals, particles, agricultural
and residential debris/waste, noise, or the invasion of exotic
species into bodies of water [4]. As per UAE law number
24 of 1999, marine pollution can be described as the
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contamination of seawater by waste elements such as
plastic, petroleum and non-degradable metals [5].
Furthermore, this legal regulation of the UAE Government
mainly provides guidelines in order to ensure the
preservation and protection of the environment and further
maintain the natural balance effectively. In addition, UAE
law number 24 of 1999 also aims at reducing the rate of any
form of pollution in order to eliminate any adverse long-
term impacts on the environment. Furthermore, this law
also determines the rate of emissions which can be allowed
legally from petroleum operations. Moreover, it can be
stated that UAE law number 24 of 1999 attempts to protect
the marine ecosystem from adverse impacts of pollution.
Marine ecosystems can become negatively affected by
pollution from land-based sources that contaminate aquatic
ecosystems and coastal waters with nutrients, sediments,
and pathogens in addition to toxic chemicals like metals,
pesticides, and industrial products. Additionally, marine
pollution may be the result of water-based sources such as
fishing and aquaculture activities, waste discharge from
ships, ballast water from oil tankers, and oil spills from
ships. The atmosphere itself can release pollutants into the
water [6]. Certain chemical reactions occur in the
atmosphere which results in the formation of methane. As
per the statements of Freakley et al. [7], climate-damaging
methane is produced in the air due to atmospheric chemical
reactions that are further released into oceans as air acts as
the carrier of pollutants. In addition, hydroxyl radicals are
also formed in the atmosphere due to chemical reactions
which are also deposited in water bodies and further lead to
marine water pollution. Based on the observations of
Freakley et al. [7], harmful emissions of nitrogen oxides
and hydrocarbons create reactions with sunlight which
further result in the formation of ozone above the ground
level. Consequently, ozone droplets are deposited into
oceans and seas through air which eventually hampers
marine ecosystems. Thus, it provides an appropriate
justification for the actual ways by which methane and
hydroxyl radicals are carried by the wind and deposited into
oceans and seas.

The UAE marine realm includes a diverse range of shore
and marine habitats with significant biodiversity that offer
several benefits to us [8]. The UAE's marine and coastal
environments are incredibly significant from an economic,
social, and environmental perspective. It is also a key
location for fishing, desalination, and oil extraction, as well
as a vital route for international trade [9].

One of the common forms of marine pollution is marine
dumping which is defined as the deliberate discharge of
waste or other debris from seagoing vessels, aircraft,
platforms, or other man-made structures. Dumping waste
intentionally into UAE waterbodies is prohibited by UAE
law [5]. Illegal dumping in the marine causes
environmental problems that endanger the local marine
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ecosystem. Due to the hundreds of ships that operate in the
area, the UAE has passed legislation prohibiting the
disposal of garbage and oil sludge into the water. Any
deliberate dumping of waste or pollutants into the marine
environment by ships, industrial facilities, or other sources
is prohibited by UAE Federal Law No. 24 of 1999 on the
Protection and Development of the Environment [10], [11].

For many years, one of the most prevalent sources of
pollution in the Arabian Gulf has been caused by both
planned and accidental oil leaks into the sea [12]. Planned
or intentional oil spills occur when ship captains drive oil-
containing vehicles recklessly [13]. Consequently,
accidents occur in the middle of the sea and large volumes
of oil spill into the ocean which leads to toxic pollution. In
addition, hackers often intervene in the operating systems
of ships and regulate the malfunction of oil tankers in the
middle of the ocean. Consequently, oil tankers explode and
a huge volume of oil gets spilt into the marine water which
adversely hampers the marine ecosystem. Hence,
petroleum manufacturing companies need to take
precautionary measures such as using resilient technologies
like Blockchain in order to prevent hackers from
intervening in ships’ operating systems and creating
planned leakage of oil into the ocean.

A sizable quantity of oil still enters the ocean every year
in Abu Dhabi’s coastal areas via several lands- and sea-
based sources, including industrial releases, and leaks from
offshore oil facilities and ships [14].

The marine environment is very important to the UAE
from both an economic and environmental perspective. The
marine environment contributes significantly to the fishing
industry, which in turn contributes significantly to the food
security of the UAE population. The marine environment
is also important for trade and transport in the UAE because
of its location as a global trade hub and an essential part of
the global supply chain. Furthermore, the UAE has pristine
beaches and crystal-clear water with attractive marine life.
This attracts many tourists from all over the world to
practice several activities such as scuba diving, snorkeling,
and recreational fishing. The marine environment has
environmental importance because of the rich biodiversity
of the marine creatures on UAE coasts, including a diverse
range of flora and fauna such as coral reefs, mangroves,
seagrass beds, and various fish species. The importance of
the marine environment is not limited to its economic and
environmental importance but also includes social and
cultural aspects such as preserving the culture and identity
of the UAE [8].

This paper aims to discuss the importance of the UAE’s
marine environment, the causes, the impacts of UAE’s
marine pollution, and a review of marine pollution cases
that happened in the UAE, and propose solutions and
recommendations to prevent, reduce and mitigate UAE’s
marine pollution.
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2. Services Provided by the Marine
Ecosystem to the UAE

2.1. Economic and Social Importance

The UAE's seaports serve as regional and international
centers that contribute significantly to economic growth
and diversification. The country’s marine transportation
industry is continuously growing in terms of ports,
operating ships, and sustaining and constructing dry docks.
Overall, the UAE's seaports manage 61% of cargo bound
for GCC countries. Aside from oil ports, the UAE has 12
commercial trading ports. It has 310 berths and a cargo
capacity of 80 million tons of oil [15].

Fishing is an important part of the UAE's legacy and
cultural importance. Also, in the UAE, around 5,262
national fishermen are working in 5,976 vessels. There are
also over 20,000 recreational vessels registered and
licensed, showing that this subsector provides a significant
amount of fishing pressure in the UAE [16].

Marine and coastal areas in the UAE are a critical part of
tourism activities. The contribution of tourism to the
UAE’s GDP in 2019 is 11.6%. Coastal and marine tourism
have a significant economic impact [17].

The marine environment also serves as a feedwater for
the desalination plants. Recent statistics showed that about
42% of the country's total water requirements come from
70 major desalination plants that use seawater for the
desalination process [15].

2.2. Environmental Services

The Arabian Gulf, including the UAE, is filled with a
wide range of marine and coastal ecosystems, including
mangrove swamps, seagrass beds, coral reefs, and mud and
sand flats. These habitats serve crucial ecological and
economic roles by acting as feeding and nidification
grounds for a range of marine creatures that are significant
for commerce. They also help maintain the genetic and
biological diversity in the marine environment [18]. It is
home to around 598 species of wild vascular plants, 58
species of native animals, 459 species of birds, 66 species
of corals, and over 80 species of sharks and rays [9][8].
Currently, marine protected areas (MPAS) occupy 12% of
the UAE's marine regions [8].

3. Review of Possible Factors Affecting
the Marine Environment in the UAE

Marine pollution in the UAE may be caused due to many
factors such as oil and gas exploration, exploitation of
marine resources, pipeline transit, tanker loading, and
downstream conversion in refining and petrochemical
operations [19]. Furthermore, some industrial cooling
activities, power generation plant and water may lead to

545

thermal pollution due to discharge of hot water from
cooling operations. Due to water scarcity in the region,
UAE relies heavily on water desalination, where some
water desalination plants may discharge the waste brine to
the marine environment [20].

Desalination plants mainly aim at purifying salt water
into fresh water in order to provide adequate amounts of
drinking water for people [21]. Desalination plants obtain
water from oceans and seas and eventually purify those into
fresh drinking water. Accordingly, the construction of
desalination plants has been negatively impactful on the
marine ecosystem in terms of releasing industrial waste
products into the ocean. In addition, desalination plants
have also hampered marine ecosystems by releasing plastic
materials into the ocean.

Brine also contains antiscaling and anticorrosive
chemicals used in the cooling system in addition to a higher
concentration of contaminants originally existed in
feedwater. Feedwater may contain contaminants such as
hydrocarbon, oil products, and chemical heavy metal
pollution because most of the desalination facilities get
their feedwater mostly from the Arabian Gulf, which is
highly contaminated. Oil tankers, cargo ships, and military
fleets are all causes of water pollution in the area and are
constantly moving through it [20]. Brine discharge to the
marine ecosystem is a growing concern, especially with the
significant increase in the amount of desalinated water
production in UAE. The increased salinity and the high
concentration of the chemicals associated with desalination
process can lead to many negative impacts on the marine
environments such as change in the water chemistry,
reduced dissolved oxygen and alteration of ecological
balance in the marine environment. Increased salinity for
example can encourage the growth of salt tolerant species
and decline of delicate species that cannot tolerate the
elevated salt concentration near the discharge points. There
are some strategies to minimize the impact of desalination
plants such as use of generated brine in other industrial
applications whenever possible, set discharge limits for the
brine disposal to the marine environment and proper
selection of discharge points to ensure proper mixing with
the receiving water, and continuous monitoring of the water
quality as well as the any potential changes in the
ecosystem can help in minimizing the impact of brine on
the marine environment in the UAE.

Due to the UAE geographic location, where there is a
plentiful supply of oil, it is known to be vulnerable to
several stresses. Consequently, a variety of problems with
water pollution have been caused by operations connected
to oil and other human activities [22]. Oil-related activities
are a common source of marine pollution in the UAE. One
of the accidents that happened in relation to oil
transportation happened in 2001 where a tanker carrying oil
from Irag sank near UAE that caused several impacts such
as a water desalination Plant being temporarily shut,
Sharjah residents experiencing a temporary water shortage,
and the shore line near one of popular beaches were
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impacted where rocks along the beach were covered and
stained with oil related compounds [23]. In another instant
where the source is unknown, an Oil slick was found near
Kalba (Kalba is one of the most attractive cities located in
the Emirates of Sharjah, UAE) coastline in 2021 (ghost
slick) that caused the death of more than 39 sea snakes [24].
Also, there was a very big, massive pollution resulting from
the deliberate dumping of oil during the Gulf war (war
between Iraq and Kuwait) which in turn resulted in a very
significant deterioration of the marine life in the Gulf. This
deliberated dumping of oil resulted in several long-term
consequences of environmental issues (such as thousands
of marine creatures killed) and dangers over time that are
still present till today [22].

Coastal development in the Gulf countries is putting a
significant stress on the Arabian Gulf's coastal marine life
[25]. The primary sources of seawater pollution can be
attributed to one or more of the following such as growing
population, economic growth, sediment dredging and fill
operations, and the deposition of pollutants in the
atmosphere [26]. For example, in Dubai, there are two
massive coastal projects, which are the "Palm Islands™ and
"The World". [18] mentioned that the processes of
dredging and reclamation have both immediate and long-
term ecological, physical, and chemical effects. These
actions entail the direct removal of macrobenthos and the
long-term alteration of the physical environment.
Additionally, it causes the loss of seagrass beds, the loss of
prime mudflats, and the degradation of coral reefs.

The marine ecosystem in the UAE region is endangered
by the environmental problems raised by the disposal of
waste in the sea [10]. Moreover, recent studies showed
microplastics was found in UAE’s marine environment
[27].

Considering the global impact of the climatic changes,
the UAE is not away from being impacted by increase of
sea level. The increased sea level may have an impact on
the country's critical infrastructure, including power plants
and desalination facilities, as well as habitats in coastal
areas [28], [29]. According to a study of climate change's
influence on marine biodiversity and fisheries in the
Arabian Gulf, more local extinctions are expected for the
UAE, with a more than 26% decline in future fish harvests
[29][30].

Overfishing has led vital fish species to drop beyond
sustainable levels. At least 13 fish species have been
captured at more than sustainable levels, including
significant species like Hamour “Epinephelus Coioides”,
and Kanaad “Scomberomorus Guttatus” [31], which have
been overfished up to five times the sustainable and
acceptable limit [10]. Fish populations are being heavily
exploited by unplanned overfishing of certain popular
species, which in turn harms other species due to bycatch
and improperly disposed of fishing gear [32].

One of the important contributing factors to ecological
imbalance in the marine environment is the introduction of
invasive and alien species. The introduction of these
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harmful species may be accidental or intentional. These
species have significant impact on the marine ecosystem
either through competing with or preying on the native
species. Unfortunately, it is difficult to identify this impact
once it has happened especially in the marine environment.
It usually takes several years, rendering any early
preventive or corrective actions ineffective. Ships and
recreational vessels are examples of vectors in a marine or
aquatic setting since they might accidentally convey
foreign creatures in cargo containers, packing material,
fishing gear, ballast water, or affixed to the hull [9].

Tourism plays a very important role in the UAE
economy as the travel and tourism sector contributes a
share of 11.6% to the national GDP of the UAE [9].
Accordingly, the government in the UAE has made a total
spending of 180.4 billion ADE to increase the number of
hotels up to 1089.

In 2019 the contribution of the travel and tourism sector
to the UAE’s GDP was nearly AED 180.4 Billion ($ 50
Billion) which is equivalent to 11.6% of the total GDP. Due
to these current tourism activities and the expected
expansion in this sector, it is expected that the marine
environment may be negatively impacted due to excessive
coastal and marine related activities.

Another current emerging pollutant is microplastic. In
the oceans, microplastic pollution has become a new
environmental concern as it is often consumed by fish and
other marine animals. The microplastic pollution is
generally caused by the irresponsible littering of plastic in
the seashores. In addition, hazards such as storms and
rough winds also contribute to this type of pollution in
marine life. Microplastic pollution also affects marine life
by delaying the growth of marine animals and causing
oxidative damage to their lives. In addition, increased
microplastic pollution also reduces the food-taking
capacity of the sea animals and results in abnormal
behaviour in their food consumption. A recent study
conducted to assess the microplastics in beach sediments
along the coast of Dubai found that there is microplastic
contamination in beach sediments collected from the wrack
lines of 16 beaches in Dubai. It was found that microplastic
is 0.33 mg per gram of dry sediment, and number of
microplastic is 59.71litems per kg of dry sediment. The
study results also showed the presence of 5 heavy metals
(Cr, Ni, Cu, Zn, and Pb) [27]. It is well-recognized that the
existence of microplastics in marine ecosystems has a
detrimental effect on the fauna and flora that thrive in these
habitats. Microplastics can physically and chemically
injure marine life by ingesting, entangling, and suffocating
it [30]. Microplastics may reduce food intake, inhibit
growth, result in oxidative damage, and cause abnormal
behavior in fish and other aquatic species [33]. Most wild
marine creatures affected by plastic entanglements and
organic pollutants absorbed and transported by
plastics/microplastics include seabirds, fish, crabs, and
other invertebrates [34]. Microplastic pollution is a
significant issue globally, not only in the UAE, where this
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emerging environmental issue requires a multi-faceted
approach that requires contributions from all stakeholders.
Raising public awareness, enacting proper laws and
regulations, and continuing research and development for
cost-effective alternatives can proactively minimize any
new flow of microplastics into the marine environment. On
the other hand, clean-up operations such as beach lean-up
and the use of innovative technologies to remove
microplastics from the marine environment, coupled with
continuous monitoring and assessment, can significantly
reduce the current concentrations of microplastics.

The presence of heavy metals within the sea causes
pollution as it causes chemical, physical, and biological
anomalies within the marine species. In addition, according
to the observations of Caputi et al., [35], the presence of
soluble heavy metals within the seawater causes a barrier
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to the diversity of marine life and brings alterations to the
species composition along with their population within the
marine bodies. In the coastal areas of Abu Dhabi, sea
contamination can be observed in terms of arsenic,
antimony, cobalt, barium, copper, nickel, zinc and mercury
Heavy metal pollution had incisively increased in the
coastal area of Abu Dhabi between 2004 to 2014 [36].
However, the rate of heavy metal pollution has decreased
in the last five years.

Because of its geographic location (UAE map, Figure 1),
the UAE marine environment receives many upstream
remote pollutions from other neighbouring countries that
may not share the same sustainability concerns and
perspective toward the marine environment, or they may
not be impacted by the deterioration of the marine
environment because of their upstream location [37].
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Figure 1. Map of underwater currents in UAE
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4. Indicators of Negative Impact on
Marine Ecosystem in the UAE

Marine pollution is viewed as a problem that affects not
just humans but also marine habitats that are exposed to it.
Polluted water has a wide range of negative consequences
on the ecosystem, including harm to aquatic life and food
chains, the spread of diseases, disturbance of the
environment due to the depletion of resources including
water and soil, and financial loss. The above-mentioned
causes caused several impacts on the UAE marine
environment, such as impacting marine creatures and the
ecosystem (the loss of seagrass beds, the loss of prime
mudflats, and the degradation of coral reefs), the decline in
future fish harvests, the impact of native species by alien
species, the depletion of resources, the loss of habitat and
alteration, habitat disturbance, and extinctions of some
species. Following the increased pollution in the coastal
areas of the UAE, a rapid decrease has been noted in the
case of seawater species. For instance, a 90% decline has
been observed in the availability of "Shaari" (Spangled
Emperor, Lethrinus nebulosus), "Hamour" (Orange
Spotted Grouper, Epinephelus Coioides), and "Farsh"
(Painted Sweetlips, Diagramma pictum™) [9]. In addition, a
26% decline has also been observed in the availability of
grown-up trout fish in the coastal areas of the UAE.

Moving to the deformities that had been detected in some
of the marine creatures in the gulf region. Recent research
found some abnormalities in the tested fishes. For instance,
several commercial fish caught off the Arabian Gulf coast
of Saudi Arabia showed signs of the saddleback disorder.
Ten fish species from seven families were discovered to
have these abnormalities, which often included a dip in the
dorsal profile along with missing dorsal spines or rays.
Along with the saddleback deformity, other morphological
anomalies including scale disruptions, lateral line
deformity, and kyphosis, the presence of a lesion, minor
ambicoloration, and supernatural deformities were seen.
The presence of comparable malformations in such a
variety of fish species from the same area showed that the
abnormalities were brought on by some aspect of the
environment that was shared by all these species [39].

Another study showed that ten deformed free-swimming
i.e., post-birth, elasmobranchs, representing five species
and featuring malformed heads, snouts, caudal fins, and
claspers, were recorded from the Arabian Gulf. This milk
shark, Rhizoprionodon acutus, may be the first
elasmobranch, in which the entire lack of pelvic fins has
been documented. Possible explanations were briefly
examined, including the harsh natural conditions and the
significant manmade pollution in the Arabian Gulf [39].

Fish stock in the UAE has also declined in the last few
years on account of increased pollution. Furthermore, it is
expected that Fish Stock in UAE is supposed to decrease
by 26% by the end of 2090 [9].
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Palm Jumeirah, an artificial Island in Dubai has become
a significant cause of decline of Fish Stock in the UAE. The
developer missed several critical opportunities to reduce
environmental impacts in 2001 during the coastal
development of that area. Furthermore, the developer has
been permitted to disregard essential environmental rules
due to political pressure and legal loopholes [40]. The Palm
Jumeirah has buried and asphyxiated species, increased
turbidity, and altered alongshore sediment movement. In
addition, another major reason behind the fish stock decline
in UAE has included massive blooms affected the Arabian
Gulf (caused by the dinoflagellate species Cochlodinium,
which was found for the first time in the waters of the
Arabian Gulf) [41]. In between 2008-2009, widespread fish
deaths, harmed coral reefs, hindered fishing, hurt the
tourism sector, and halted desalination operations have
resulted in the decline of fish stock in the UAE coastal areas.

5. Risk Management Approach to
Address the Marine Pollution

In this study, we use the risk assessment approach
through identifying hazards, assessing the severity of their
impact, and selecting appropriate mitigation measures. The
model provides a comprehensive understanding of the
causes, consequences, severity, and mitigation measures of
the potential marine pollution in the UAE, which can be
used to develop effective risk management strategies to
combat any future accident marine pollution. Exploring
previous historical incidents showed that there is a potential
risk of many factors as shown in table 1. The severity of the
risk is calculated based on the probability of the risk
occurrence and the impact. Our analysis shows that the
severity is high of oil spills, microplastics, climate change
and sea dumping. However, the possible severity of the
desalination plants, tourism activities, marine invasive
species and sewage discharges can be limited due to low
probability or the localized impact.

The impact of oil spills, for instance, can be severe,
causing damage to fish larvae, turtle eggs, and deformities
in physique. Offshore sediments, coastal habitats, and
marine creatures are also affected. The severity of this
impact is high, and the suggested mitigation measures
include the containment and removal of spilled oil using
dispersants, booms, skimmers, and in-situ burning. The
establishment of contingency plans and reaction methods is
also recommended.

Microplastics, another pollution source, can have a high
impact on marine organisms and beach sediment pollution.
The severity of this impact is high, and sustainable waste
management methods and public awareness initiatives are
suggested as mitigation measures. This includes decreasing
plastic waste, collecting and correctly disposing of plastic
trash in marine settings.
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Table 1. Risk assessment matrix for possible marine pollution threats in UAE based on historical studies
Pollution Impacts Severity Mitigation Measures Citation
Source
Qil Spills Offshore sediments, coastal | High Containment and removal of spilt oil using dispersants, | [19]
habitats, and marine creatures booms, skimmers, and in-situ burning; establishment of
have all been affected. contingency plans and reaction methods
Microplastics | marine organism impact and | High Sustainable waste management methods and public awareness | [27],[43]
beach sediment pollution initiatives to decrease plastic waste; collection and correct
disposal of plastic trash in marine settings
Desalination Brine, pollutants, and heavy | Moderate | Implementation of environmentally friendly practices in plant | [21]
plants metals discharge into the design, building, and operation; utilization of modern
marine ecosystem treatment technology and monitoring systems
Tourism Pollution of marine | Moderate | Implementation of environmentally friendly tourist techniques | [17]
ecosystems  and habitat such as eco-tourism, low-impact programs, and appropriate
deterioration waste disposal; construction of protected marine areas and
conservation zones
Climate Changes in ocean currents, | High global reduction of greenhouse gas emissions through the use | [28],
Change temperatures, and pH levels of renewable energy and sustainable transportation; | [44]
development of adaptation techniques to mitigate the effects
of climate change
Sea dumping | Waste and chemical dumping | High Policy and regulatory implementation to restrict the discharge | [45]
into the marine environment of garbage and chemicals into the water; encouragement of
that results in damages to practices for sustainable waste management
marine environment
Harmful An increase in poisonous and | High Monitoring and early detection of algal blooms; development | [14]
Algal hazardous algae species, which of warning systems and emergency action plans; and study
Blooms harms marine habitats and into the causes and consequences of harmful algal blooms.
human health
Recreational Overfishing and fish stock | High Using sustainable fishing techniques such as catch-and- | [46],[47]
Fishing depletion release, size and bag limitations, and closed seasons; creating
marine protected areas
Marine Invasive species introduced | Moderate | Monitoring and early detection of invasive species; use of | [35]
Invasion that affect the local ecology control methods, such as physical removal, chemical
treatment, and biological control
Marine Pollution of marine habitats | High Using effective waste management procedures and public | [34]
Debris and marine organism awareness efforts to decrease marine debris, removing and
entanglement disposing of marine debris in coastal and marine areas
Sewage Enrichment  of  nutrients, | Medium Strict regulation, improving sustainable sanitation, and raising | [14]
discharge eutrophication, and depletion public awareness
of oxygen
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Desalination plants are another pollution source that can
discharge brine, pollutants, and heavy metals into the
marine ecosystem. The severity of this impact is moderate,
and the recommended mitigation measures include
implementing environmentally friendly practices in plant
design, building, and operation. Utilizing modern treatment
technology and monitoring systems can also help mitigate
the impact of desalination plants on the marine ecosystem.

Tourism is another source of pollution that can result in
the pollution of marine ecosystems and habitat
deterioration. The severity of this impact is moderate, and
the recommended mitigation measures include
implementing environmentally friendly tourist techniques
such as eco-tourism, low-impact programs, and appropriate
waste disposal. The construction of protected marine areas
and conservation zones can also help mitigate the impact of

tourism on the marine ecosystem.

Climate change can cause changes in ocean currents,
temperatures, and pH levels. The severity of this impact is
high, and the suggested mitigation measures include global
reduction of greenhouse gas emissions through the use of
renewable energy and sustainable transportation.
Developing adaptation techniques to mitigate the effects of
climate change is also recommended. Adaptation
techniques that may be adopted to combat the local impact
of climate change may involve restoration and
conservation of coastal vegetation to enhance carbon
dioxide uptake, and alkalinization through the addition of
natural or man-made alkalinity to enhance carbon dioxide
removal and or carbon storage. Also, local efforts can
manipulate the biological and ecological adaptation
through assisted evolution approaches and restoring
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degraded habitats and ecosystems. Furthermore, protection
of biota and ecosystems from possible climate change can
be enhanced through some restorative measures such as
protecting marine habitats and ecosystem through marine
protected areas to restore hydrological regimes in the
coastal areas [42].

Sea dumping, waste, and chemical dumping into the
marine environment that result in damage to the marine
environment are another source of pollution. The severity
of this impact is high, and policy and regulatory
implementation to restrict the discharge of garbage and

chemicals into the water are suggested mitigation measures.

Encouragement of good practices is also recommended.
There are many good practices that have already been
extensively considered in the UAE, such as the use of
environmentally  friendly products, raising public
awareness regarding waste segregation, providing waste
bins all over the beaches and tourist areas, strict regulation
on the implementation of shipboard waste management,
continuous monitoring, and early warning systems to detect
any spills, whether intentional or not.

Marine debris is another source of pollution that can
cause pollution of marine habitats and marine organism
entanglement. The severity of this impact is high, and using
effective waste management procedures and public
awareness efforts to decrease marine debris s
recommended. Removing and disposing of marine debris
in coastal and marine areas can also help mitigate its impact
on the marine ecosystem.

As mentioned in table 1, the MPAs occupy 12% of the
UAE's coastal & marine areas. Experts have recommended
the development of protected marine zones along the
UAE's coastline to minimize additional harm [25]. There is
no doubt that marine protected areas are beneficial to the
UAE. They play a vital role in the conservation of marine
biodiversity and protecting coastal areas. Moreover, marine
protected areas provide a sanctuary for endangered species
and can enhance their ability to adapt to some of the
impacts of climate change.

The expansion of Marine protected areas might have
some impacts on the economic and tourism activities
Figure 1. Map of underwater currents in UAE which
requires reducing the total areas available to practice these
activities. The issue might be solved by conducting an
Environmental Impact Assessment in decision-making for
any project and activity undertaken near or within the
marine environment to set measures that ensure the
protection of the marine environment. Moreover,
Salahuddin, 2006 [41] emphasized that developers should
follow environmental regulations.

Al-Shaikh, 2018 mentioned that stricter government
laws and regulations for any person or industry
contaminate the marine environment [43]. Enforcement
and monitoring are the main keys to the successful
implementation of laws and regulations. Moreover,
accomplishing  policy, regulatory and legislative
requirements coherence across UAE authorities is required
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to improve the effectiveness of UAE water protection
governance while addressing the problem of lack of
coordination among authorities.

Furthermore, according to Al-Abdulrazzak &
Trombulak [44], it is suggested to implement an approach
based on criteria unique to marine systems for classifying
the degree of protection in MPAs. The approach is called
Marine Protected Area Classification System. Each of the
following seven characteristics: designated use, natural
character quality, year-round protection, breadth of zoning
into sub-areas for various uses, accessibility to the public,
resource extraction, and size about sustaining crucial
biological processes—defines MPAs. The Marine
Protected Area Classification System enhances the creation
and maintenance of effective protected areas by clearly
defining the goals, uses, and allowable activities of each
site, and by providing a common language from which to
organize the marine conservation toolbox. The authors
believe that this approach will reduce the impact on the
UAE marine environment as well as not impact the
economical and tourism activities significantly.

Another problem might arise which is the lack of
management and monitoring of MPAs. Naser [18] stated
that protection of marine zones must have adequate
comprehensive management strategies to ensure their
efficacy.

Monitoring is an important tool to reduce pollution and
discover the sources of pollution. Most of the causes of
marine pollution are illegal dumping, deliberate pollution,
and accidents. Monitoring can reduce illegal activities, help
to deal with pollution as soon as possible and detect long-
term impacts on marine pollution. But how the monitoring
covers a large area of water bodies. Technologies can solve
this problem such as satellite images and using artificial
intelligence (Drones). Hosseini et al. [45] recommend that
monitoring needs to progress past straightforward
measures and toward more multivariate, adaptive, and
integrated technology. In terms of simplicity, applicability,
and impartial representation, genomic monitoring is the
most effective method for that. Drones can offer several
advantages compared to conventional monitoring tools
such as routine sampling process, satellite imagery and
manned aircraft. Drone can be cost-effective, can cover
large areas quickly, and provide real-time data on pollution
levels. They can monitor pollution levels, track the
movement of waste, and assess the effectiveness of clean-
up efforts. Drones can also detect oil spills, direct clean-up
crews, deploy containment booms, and prevent marine
pollution by monitoring and enforcing regulations. On the
other hand, satellite imagery can be very helpful in
identifying the areas with high marine plastic pollution or
bigger picture of marine pollution [46].

Additionally, to monitor the conservation of marine life,
many programs are required, some of which may involve
pollution measurements in sediments [22]. Comprehensive
environmental monitoring and scientific research in the
domains of marine sciences and conservation biology are
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essential components of any endeavor to protect and
manage biodiversity and marine resources in the Arabian
Gulf. Increases in the quantity and quality of marine
science academic programs at Arabian Gulf institutions can
help to improve the region's long-term research abilities
[18]. Especially, the fishing sector, which is crucial from a
social and economic perspective. Fisheries still need to
manage and monitor a number of commercial fish species
properly for different deformities and be sure different
species of fish are free from abnormalities. Moreover, a
reporting system for fish abnormalities needs to be created
at the level of all Gulf countries, where the exchange of
information can be a good early warning and monitoring
system [39]. Businesses and other stakeholders must be
involved in the protection of the UAE’s marine
environment. For example, reduce the use of heavy metals-
containing materials. Shawish et al. [26] stated that
governments and authorities must encourage initiatives that
address water-related issues and emphasize sustainability
and efficiency. Additionally, it is advisable to make these
initiatives simple to carry out to motivate targeted facilities
and companies to undertake them. Also, support national
and international businesses that practice environmental
stewardship and utilize fewer harmful ingredients in their
production processes [22].

The UAE is working on numerous initiatives involving
the desalination of water utilizing renewable energy
sources to power reverse osmosis desalination systems.
Other initiatives focus on using brine to produce salts,
improving agriculture irrigation, and creating fewer
carbon-based products. Supporting and financing these
programs can improve marine environment sustainability.
Moreover, there must be plans and strategies that protect
the marine environment and its component. For example,
recently, the UAE established a plan to mitigate and act
against the impacts of invasive species including their
presence in the marine environment. The plan is called the
UAE National Invasive Species Strategy and Action Plan
2022 — 2026. These strategies can be very beneficial if all
the gulf nations collaborate to implement these initiatives,
plans, and strategies.

Unfortunately, Arabian Gulf countries do not share the
same sustainability perspective. So even with stricter
regulation and the best marine management and monitoring
practices, the pollution might come from neighboring
Arabian Gulf countries. Naser [18] stated that experts also
proposed a coordinated effort by all Arabian gulf countries
to combat marine degradation and consolidate
environmental stewardship into a single approach to
safeguard surviving marine life regions. | think negotiating,
supporting, and assisting neighboring countries can be
helpful to achieve wanted results. Hosseini et al. [45] stated
that ROPME has only allowed for regional action in the
form of monitoring and studies backed by international
organizations. There is a need to change the emphasis from
analyzing pollution and supporting protection to
implementing more comprehensive solutions, such as
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collaborative monitoring and regulation [47].

6. Conclusions

Some of the major environmental issues the UAE is now
dealing with include water shortages, air pollution, marine
pollution, invasive species, and land degradation. Marine
pollution threatens the marine ecosystem in the UAE.
Anthropogenic activities that are linked to the quickening
of economic, social, and industrial advancements are
putting a growing strain on marine ecology in the United
Arab Emirates. The coastal and marine environment might
lose its potential for aesthetic and economic value due to
pollution unless adequate measures are implemented to
mitigate the threat of contamination. Some of the main
causes of marine pollution in the UAE are oil exploration,
thermal pollution, waste dumping, coastal development,
climate change, overfishing, the introduction of invasive
species, and marine tourism. Some of the recommendations
to improve the marine pollution situation in the UAE are to
develop protected marine areas that are being managed and
monitor probably, encourage marine protection initiatives,
stricter laws and regulations for marine pollution
prevention, monitoring, encourage  environmental
stewardship, and implement plans and strategies by
supporting and collaborating with Arabian Gulf countries.
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