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Abstract

Aguatic pollution has a serious negative influence on Libya's vast coastline, endangering both human
health and marine ecosystems. This paper highlights the main contaminants, their sources, and the
biological effects of water pollution on fish species in Libyan waters. Heavy metals (mercury, lead,
arsenic, and cadmium), microplastics, polycyclic aromatic hydrocarbons (PAHS), and artificial detergents
such as sodium lauryl sulphate (SLS) are important contaminants. Industrial discharges, untreated
wastewater, petrochemical operations, and agricultural runoff are the sources of these contaminants. They
cause genetic harm, physiological changes, and ecotoxicological concerns in fish species, which may
cause cancer in humans who consume them. Food security and marine biodiversity are at risk because
elevated pollutant levels frequently surpass global safety criteria established by the FAO and WHO. In
order to protect Libya's marine ecosystems and coastal communities, this report emphasises the urgent
need for stronger legislation, improved environmental monitoring, and efficient mitigation strategies.
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Introduction

Libya is not an exception to the global problem that aquatic pollution poses to marine ecosystems. With
its vast coastline, the Libyan coastal region is especially susceptible to several types of pollution, which
have a significant impact on the local fish populations. Chemical pollutants, untreated wastewater, and
industrial discharges are some of the sources of pollution that affect Libya's coastal waterways. A thorough
analysis of the Libyan coastline reveals that marine sediments include polycyclic aromatic hydrocarbons
(PAHSs) and heavy metals such as arsenic (As) and mercury (Hg), nickel (Ni) and zinc (Zn). With a 20%
chance of toxicity for heavy metals and PAHS, these contaminants, which are mostly man-made, provide
ecotoxicological hazards to the marine environment [1]. Concerns regarding possible health hazards for
human populations consuming fish contaminated with these hazardous metals are raised, including the
possibility of cancer from arsenic consumption [1].

Libyan waters are contaminated by heavy metals as well as artificial detergents , It is well recognised that
these detergents, which are present in both residential and commercial wastewater, are harmful to fish and
other aquatic life. Fish species may have DNA alterations as a result of SLS exposure in the marine
environment, suggesting genome toxicity and possible long-term effects on fish populations [2].The
complex character of water pollution in the area is highlighted by the way SLS interacts with other
pollutants to intensify its harmful effects [2].
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Another an urgent problem is the presence of heavy metal contamination in local fish species. According
to studies, several fish from the Libyan coast have different levels of heavy metals like copper (Cu), lead
(Pb), and cadmium (Cd). These levels directly endanger consumers' health because they are frequently
above the guidelines established by the Food and Agriculture Organisation (FAO) and the World Health
Organisation (WHO) [3]. These metals' buildup in fish not only compromises their survival and well-
being but also jeopardises the security of the local population's food supply [3, 4].Microplastic pollution
IS a growing issue throughout the Mediterranean region, particularly Libya. Fish and aquatic invertebrates'
nutrition, growth, and reproduction has been discovered to be impacted by microplastics, which may have
an impact on the entire food chain [4, 5].

Fish that consume microplastics may limit their intake of natural prey and may also be more susceptible
to other pollutants and diseases [4].This emphasises how better waste management techniques are required
to lessen the negative effects of microplastics on Libya's marine resources [5, 6]. Although the negative
impacts of pollution on fish have received most of the attention, it is also critical to take into account the
possibility of aquatic habitats recovering and being restored through efficient management and pollution
control techniques. Knowing how resilient fish populations are and how they may adjust to shifting
environmental conditions may help reduce the negative effects of pollution in Libya's aquatic ecosystems
[7, 8, 9]. Reviewing the effects of water pollution on fish in Libya while emphasising the primary causes
of pollution, the consequences for the environment, and the main obstacles and possibilities for enhancing
water quality is the goal of this study.

Overview of Aquatic Pollution in Libya

Aguatic pollution is a severe environmental issue in Libya that has an impact on both marine environments
and human health. The Libyan coastline is particularly vulnerable due to the discharge of industrial and
urban waste, particularly petrochemical pollutants, into the ocean. It has been discovered that a variety of
pollutants, including as heavy metals, petrochemicals, and microplastics, damage the Libyan coastline,
putting both human populations and marine life at risk [1, 10, 11, 12].

The extraction of crude oil in the Libyan region of Ajdabiya has resulted in high levels of radioactive
elements and heavy metals in the water, exceeding local irrigation limits [10]. Similar to this, the Tobruk
Bay area is heavily polluted by municipal, agricultural, and industrial effluent, which has affected aquatic
life, the water's suitability for human consumption, and the water's quality [11, 13]. Mercury and other
heavy metals from industrial processes, such those from the chlorine-alkali plant in Abo-Kamash,
exacerbate the environmental problem. Human health may be negatively impacted by mercury levels in
fish and sediments [14]. Furthermore, the presence of oil residues in coastal lagoons and microplastics in
marine ecosystems highlight Libya's ongoing challenges in reducing aquatic pollution [14, 5]. Overall, the
consequences of Libya's water pollution on marine biodiversity, human health, and the wider
Mediterranean ecosystem demonstrate how serious the issue is. These pollution issues need to be fixed in
order to manage Libya's marine and coastal resources responsibly.

Along the Libyan coast, heavy metals such mercury, lead, copper, chromium, cadmium, nickel, and zinc
have been discovered; in certain places, their concentrations are higher because of industrial
activity[15,1,16] . In areas like Ajdabiya and Jalo, where untreated trash is discarded into the environment,
petrochemical waste especially that from the production of crude oil is a major source of pollution
[10,17,4] .Water pollution is a result of the usage of pesticides, especially organochlorine pesticides
(OCPs). In northeastern Libya, these have been found in both surface and groundwater, with surface water
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exhibiting greater levels of contamination [18]. Anthropogenic contamination is indicated by the presence
of arsenic, mercury, nickel, zinc, and polycyclic aromatic hydrocarbons (PAHS) in marine sediments close
to petrochemical plants [1,4]. Heavy metals such as Mercury, lead, copper, chromium, cadmium, nickel,
and zinc are among the heavy metals that are frequently detected. varied inland and coastal water bodies
contain these metals in varied amounts [1,4,16,19].Polychlorinated biphenyls (PCBs) and polycyclic
aromatic hydrocarbons (PAHSs) have been found in coastal regions; the former have a combination of
pyrolytic and petrogenic origins [15,1].The quality of water is greatly impacted by crude oil waste, with
areas such as Ajdabiya having high concentrations of nitrates and other chemical markers of oil
contamination. [10,17].Water sources have been discovered to contain organochlorine pesticides,
especially 2,4-D, suggesting that agricultural runoff is a source of pollution[18].

Impact of Aquatic Pollution on Fish Health

Fish health is seriously threatened by aquatic pollution, especially in places like Libya where the coastal
ecosystem is essential to the local population. Numerous contaminants, such as synthetic detergents, heavy
metals, and microplastics, have been found to be significant causes of aquatic environment deterioration,
which impacts fish health and, in turn, human health via the food chain.

With major effects on aquatic life, microplastic (MP) pollution is a global issue that is becoming more and
more problematic. Microplastics have been identified in significant amounts in African waterways,
notably those near Libya. They have a particular negative impact on fish health in the Mediterranean
region. Inadequate waste management techniques, which are prevalent in underdeveloped nations, worsen
this contamination. Since fish are a major source of protein for many coastal communities, the presence
of microplastics in fish not only endangers fish populations but also poses health hazards to humans[5,7].
Industrial operations, especially those of petrochemical facilities, pollute Libya's coastal regions.
According to studies, heavy metals including arsenic (As) and mercury (Hg), which come from human
sources, are abundant in the marine sediments in these regions. These contaminants endanger marine life
ecotoxicologically and may be harmful to human health if consumed by fish. These harmful elements'
presence in fish can cause cancer and other illnesses, underscoring the need for improved environmental
management and monitoring[1].

It has been demonstrated that artificial detergents, including sodium lauryl sulphate (SLS), seriously harm
the aquatic ecosystem in Libyan coastal waters. Fish and other aquatic life are poisoned by these
detergents, which are frequently present in household and commercial wastewater. In fish species like
Sardine aurita, they can result in DNA changes that harm fish populations over time and impair their
survival and well-being[2].

Another serious problem influencing fish health in Libya is heavy metal contamination. High
concentrations of heavy metals, such as cadmium (Cd), lead (Pb), and nickel (Ni), have been discovered
in a variety of fish species. These levels surpass the guidelines established by the Food and Agriculture
Organisation (FAO) and the World Health Organisation (WHO). Haematological measures, which are
markers of toxicant impact, are among the physiological changes brought on by these metals' accumulation
in fish tissues. Consuming infected fish puts human health at risk in addition to having an adverse effect
on fish health[3,21,4].Fish health in Libya is affected by water pollution in a variety of ways, including
synthetic detergents, heavy metals, and microplastics. Aquatic ecosystems and human health are seriously
threatened by these pollutants. Stricter restrictions, better waste management techniques, and extensive
environmental monitoring are needed to address these problems and safeguard the wellbeing of fish popu-
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lations and the communities that depend on them.

Physiological and behavioral effects of pollutants on fish species

Numerous types of pollution affect Libya's coastal waterways, which has a major physiological impact on
the local fish population. These contaminants, which cause a variety of physiological and biochemical
abnormalities in fish, include synthetic detergents, heavy metals, and endocrine-disrupting chemicals
(EDCs).Significant amounts of heavy metals, including copper, lead, zinc, cadmium, and mercury, have
been discovered in Libya's marine environment, especially along the Khomse Coast. These metals cause
oxidative stress and possible cellular structure damage when they build up in the tissues of fish species
such as Sarpa salpa, Liza saliens, and Pagellus acarne. To determine the degree of heavy metal
contamination in these fish species, biomarkers such malonyldialdehyde (MDA), glutathione peroxidase
(GSSG P), catalase (CAT), and superoxide dismutase (SOD) are employed[21].Aquatic life in Libya is
seriously threatened by the presence of artificial detergents like sodium lauryl sulphate (SLS) in the
maritime environment. Fish species may have DNA mutations as a result of these detergents, which are
frequently present in household and commercial wastewater. By causing DNA mutations, these detergents
demonstrate their genetic toxicity, which may have long-term consequences for fish populations and the
general well-being of the aquatic ecosystem[2].Elevated levels of heavy metals, including copper, lead,
zinc, cadmium, and mercury, have been discovered in fish and seawater along Libya's Khomse coast.
These metals cause oxidative stress and possible liver injury when they build up in the liver tissues of fish
species [21].

Pollutants from petrochemical factories that release arsenic, mercury, nickel, zinc, and polycyclic aromatic
hydrocarbons (PAHS) into the marine environment also impact the Libyan coastline. By potentially
harming the ecosystem and human health through fish consumption, these pollutants provide
ecotoxicological hazards. The increased target hazard quotients and possible carcinogenic risks linked to
arsenic ingestion suggest that the presence of these contaminants in fish can cause liver damage and other
health problems.[1]

Because of environmental pollutants, fish liver is more vulnerable to oxidative stress and genotoxic
consequences. Fish from polluted locales had higher DNA damage and lower antioxidant enzyme activity
than fish from cleaner areas, according to studies done in similar Mediterranean settings, like Tunisia's
Bizerte Lagoon. Significant changes are seen in liver histology, such as lipid vacuolation and membrane
disruption, which are signs of stress brought on by pollution.[22].

The petrochemical sector is the main cause of pollution in the coastal region of Libya. Chemicals including
arsenic (As), mercury (Hg), nickel (Ni), zinc (Zn), and polycyclic aromatic hydrocarbons (PAHSs) have
been determined to be important contaminants in marine sediments by a thorough evaluation. These
contaminants, especially anthropogenic mercury and arsenic, have been detected at high concentrations
and are derived from industrial discharges.The kidneys of fish are essential for waste product elimination
and osmoregulation. The fish's capacity to maintain homeostasis may be impacted by kidney impairment
brought on by exposure to heavy metals and other contaminants[1,4]. Fish health is at risk due to the
prevalence of harmful metals like arsenic and mercury in the marine environment, which can cause kidney
dysfunction. Fish survival and reproduction may be impacted as a result of compromised filtration and
excretion systems. With a likelihood of toxicity for the ecosystem of less than 9% for heavy metals and
less than 20% for PAHs1, these pollutants are regarded as having a low to moderate ecotoxicological risk.
Mercury and arsenic enrichment in surface sediments, however, suggests a substantial human influence
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that may have long-term consequences for fish kidneys and other marine organisms.[1]

Consuming fish that has been contaminated with harmful metals could be harmful to human health. Life
time cancer risk values imply a possible carcinogenic danger from consuming arsenic, while target hazard
quotients show a possible risk linked to exposure to these harmful metals. This emphasises how crucial it
is to keep an eye on and control pollution levels in order to safeguard human populations and marine
life[1,4].

Conclusion

The ecology and human health are seriously threatened by aquatic pollution in Libya, especially along its
lengthy coastline. It has been reported that fish and marine sediments contain heavy metals , with possible
ecotoxicological hazards noted. Concentrations of these metals, which are frequently man-made, have
been discovered that may endanger human health by contaminating fish, Furthermore, it has been
demonstrated that fish species have DNA alterations when synthetic detergents are present in Libyan
coastal waters. The harmful effects of these detergents on aquatic life are exacerbated by their interaction
with other contaminants and their difficulty in biodegradation. This draws attention to the larger problem
of untreated wastewater flow into marine ecosystems, which has the potential to cause serious ecological
harm.

This is especially problematic for areas like Libya, where residents mostly depend on marine resources
for protein in their diets and waste management procedures may not be at their best., fish populations and
human health are at risk from Libya's aquatic pollution, which is typified by heavy metals, artificial
detergents, and microplastics. Better waste management procedures and further study are needed to fully
comprehend the effects and create practical mitigation plans in order to address these problems.This is
especially problematic for areas like Libya, where residents mostly depend on marine resources for protein
in their diets and waste management procedures may not be at their best. In conclusion, fish populations
and human health are at risk from Libya's aquatic pollution, which is typified by heavy metals, artificial
detergents, and microplastics. Better waste management procedures and further study are needed to fully
comprehend the effects and create practical mitigation plans in order to address these problems.
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