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ABSTRACT

Water pollution is a pressing global
environmental issuewith far-reaching consequences
for freshwater ecosystem. This review paper
examines the multifaceted impact of water
pollution on freshwater fish species and their
aquatic environments. e explore the various
sources and types of pollutants, their effects on
fish populations, and the broader consequencesfor
aguatic biodiversity and ecosystem health.
Additionally, we discuss mitigation strategies,
regulatory measures & future research directions
to addressthiscritical challenge.
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INTRODUCTION

Water pollutionisthat pervasive and urgent
global environmental concern that arisesfrom the
introduction of harmful or undesirable substancesinto
bodies of water, including rivers, lakes, oceansand
ground water. Water pollution originatesfromvarious
sources, includingindustria discharges, agricultural
runoff, sewage and wastewater, miningactivitiesand
urban stormwater. Each sourceintroducesaunique
et of pollutantsinto aquatic environments.

Generaly, thefish speciesare one of themost
important aquatic communities concerning humans.
Thepallution generdly denctesany unwanted dteration
inthenatura quality of any ecosystem brought around
by the changesin their physical, chemicd, aswell as
inbiological factors (Subhendu, 2000). Freshwater
fish represent a remarkable diversity of species,
shapes, sizes and behaviours. They include well-
known groupslike salmon, trout, bass, catfish and
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carp, aswdl ascountlesslesser-known species They arevitd sourceof proteinfor millionsof peopleworldwide.
They provideessential nutrition and livelihoodsthrough subsi stence and commercial fishing. Freshwater
ecosystemsand thefish they support have culturd sgnificancefor many communities. Hsheries, bothcommercid
& recreationa, generate substantial economic benefits. Thehedlth of freshwater ecosystem and fish population
servesasacrucia indicator of broader environmenta conditions. Declinein fish speciesor poor water quality
can signal problemssuch aspollution, habitat degradation or climate changeimpacts.

The pollutants rel eased from different types of industria discharge and sewage not only pollutethe
surfacewater of riversand reservoirsbut a so infiltrateinto ground and a so pollute the groundwater resources.
Aquatic ecosysemsareexposed to pollution | cadsisassoci ated with theincreasein urbani zation and popul ation
growth (Edokpayi and Nkwaoji, 2000; Nkwaji et a., 2010). These pollutants cause major threatsto aquatic
ecosystems, dter hydrology, physcochemicd and fauna characteristics(Nkwaoji et d., 2010). In contemporary
times, developing nationsfaceacritical set of chalenges primarily centered around the mismanagement of
vast volumes of waste materia s generated through numerous human activities. One of themost formidable
issueswithinthisrealmistheimproper disposd of these pollutantsinto the surrounding natural environment.
Theseactivities, in particular, have asevereimpact on water bodies, especidly freshwater ecosystemssuchas
riversand reservoirs. Asaresult, theseessentia natural resources become compromised and unsuitablefor
both primary and secondary uses Consequently the primary focus of thisreview articleisto evaluate the
repercuss onsof water pollution on thewell-being of fish popul ationsand their habitats.

Sources of Water Pollution

Water pollution arises from various sources, both natural and human- induced, that introduce
contaminantsinto aquati c environments. Understanding these sourcesiscruciad for effective pollution control
and environmental protection. Herearethe primary sourcesof water pollution:

1. Point SourcePoallution

» Indudgrial Discharges. Factoriesand manufacturing fecilities discharge pollutantsdirectly into water
bodies. These pollutantscan include heavy metds, chemicals, and toxic substances.

» Municipal Wastewater : Municipa sewagetreatment plantsrel easetreated or untrested sewageinto
riversand streams, potentialy carrying pathogensand nutrients.

»  MiningActivities. Mining operationsgenerate acidic runoff and introduce heavy metal sand sediments
into nearby waterways.

» Power Plants. Power plants, especially coa-fired ones, rel ease thermal pollution and may discharge
pollutantsinto water during cooling processes.

»  Chemical Plants. Chemica manufacturing facilities can dischargeawiderange of chemicalsand
hazardous materiasinto water bodies.

2. Non-Point Sour cePollution

» Agricultural Runoff: Pesticides, herbicides, fertilizers, and animal wastefrom agricultura activities
canwashinto water bodies, contributing to nutrient pollution and chemical contamination.

> Urban Runoff: Stormwater runoff from urban areas carriespollutantslikeoil, heavy metds, trash, and
chemicalsfromroads, parkinglots, and industria sites.

»  Congtruction Sites: Soil erosion from construction sites can lead to sediment pollution, aswell asthe
transport of construction-related chemicalsinto nearby water bodies.

»  Septic Systems: Failing or poorly maintai ned septic systems can rel ease pathogens, nutrients, and
contaminantsinto groundwater and surface water.

3. Atmospheric Deposition
Airborne pollutants, including pollutantsfrom industries and transportation, can settleinto water bodies
through rainfall and deposition. This process contributes to nutrient enrichment and chemical
contamination.
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Natural Sources

Volcanic Eruptions. Vol canic activity can release ash, minerals, and gasesinto water bodies, affecting
water qudlity.

Erosion: Naturd erosion processes canintroduce sedimentsand natura pollutantsinto water, especidly
inareaswith fragile ecosystems.

Microbial Activity: Natura microbia decomposition processes can lead to the rel ease of organic
matter and nutrientsinto water bodies.

I nadequate Waste Disposal

Improper Solid Waste Disposal: 11legal dumping of solid waste, including plastics, can contaminate
water bodies and disrupt aquatic ecosystems.

I mproper Hazar dousWaste Disposal: Incorrect disposal of hazardous materias, suchaschemicals
and el ectronic waste, can result in contamination of groundwater and surface water.

Ship and Boat Oper ations

Ballast Water: Ballast water from ships can introduce invasive species and pathogensinto new
environments,

Oil Spills: Accidenta oil spillsfromvesse scanlead to severeail pollutionin oceansand coastd aress.
ClimateChange

Climate change can exacerbate water pollution by altering precipitation patternsand increasing the
frequency and severity of extremeweather events, which can lead to the runoff of pollutantsfrom
varioussources.

Types of Water Pollutants

Water pollutantsencompassawiderange of substancesthat, when introduced into aquatic environments,

can degradewater qudity and harm aquati c ecosystems. These poll utants can originatefrom vari ous sources,
both natural and human-induced.

1

>

Nutrients

Nitrogen: Excessnitrogenfrom sourceslikeagricultura runoff and wastewater can lead to nutrient
pollution. It promotes excessive algal growth, which depletes oxygen in water, causing “dead zones”
harmful toaquaticlife.

Phosphor us: Phosphorus, oftenfrom agricultura runoff and detergents, contributesto eutrophication,
causing alga bloomsand oxygen depl etion in aguati c ecosystems.

Sediments

Soil erosonfrom construction Sites, agriculture, deforestation, and urban runoff canintroduce sediments
into water bodies. Sedimentation can cloud water, smother aquatic habitats, and hinder sunlight
penetration, affecting plant and animd life.

Pathogens

Bacteria, viruses, and parasitesfrom human and animal waste can contaminatewater, causingwaterborne
diseases. Inadequate sewage treatment and failing septic systems are common sources of pathogenic
pollution.

Heavy Metals

Mercury, lead, cadmium, and arsenic areexamples of heavy metal sthat can enter water bodiesthrough
industria discharges, mining, and atmospheric deposition. These meta s can accumulatein aquatic
organisms, posing hedthrisksto bothwildlifeand humans.
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1.

Toxic Chemicals

Industrial and agricultural chemicals, such aspesticides, herbicides, and synthetic compounds, can
leachintowater bodies, affecting aguaticlife. Somechemicals, like polychlorinated biphenyls (PCBs)
and polycyclic aromatic hydrocarbons (PAHS), are persistent and highly toxic.

Oil and Petroleum Products

Oil spillsfrom transportation accidentsand industria activities can coat water surfaces, harming aguetic
organismsandfouling habitats. Thetoxicity of oil and itslong-lasting effectsmakeit asevere pollutant.
Thermal Pollution

Discharge of heated water from power plantsand industrial processes can raisewater temperatures,
affecting aguatic ecosystems. Elevated temperatures can reduce dissol ved oxygen level sand stress
aguatic organisms, particularly cold-water species.

Acid Rain

Sulphur dioxide(SO,) and nitrogen oxides (NOx) emissionsfromindustrial activitiesand transportation
can react with atmospheric moisture, leading to acid rain. Acidic precipitation can lower the pH of
water bodies, harming aquetic life, especialy senstivespeciesliketrout.

Plasticsand Microplastics

Plastics, including single-use plasticsand microplastics (tiny plastic particles), can enter water bodies
through littering and runoff. They pose threatsto aguatic organismsthrough ingestion, entanglement,
andtherelease of harmful chemicals.

Radioactive Substances

Radioactive pollutants, such as uranium and radium, can enter water bodiesfrom natural sourcesor
nuclear accidents. They may accumulatein aguatic organismsand poselong-term hedlth risks.
Emerging Contaminants

Thiscategory includes pharmaceuti cal's, personal care products, and endocrine-disrupting compounds,
which can enter water systemsthrough wastewater dischargeand agricultura runoff. Their impact on
aqueati c ecosystems and human hedlth isan emerging areaof concern.

Impact on Freshwater Fishes

Theimpact of water pollution on freshwater fishissignificant and multifaceted, affecting both individua

fish speciesand entire aquatic ecosystems.

1.

>

Altered Water Quality

Chemical Contaminants: Pollutantssuch asheavy metads(e.g., mercury, lead), pesticides, industria
chemicals, and nutrients can enter freshwater ecosystems, atering water quality. Elevated level s of
these contaminants can betoxic tofish, affecting their health, growth, and surviva.
Habitat Degradation
Sedimentation: Excessivesediment runoff from construction, agriculture, and urban areascan smother
fish habitats, including spawning grounds and areas wherefish seek shelter.
Nutrient Enrichment: Nutrient pollutionfrom agricultura runoff and sawage canlead totheovergrowth
of algae, which can reducewater clarity and disrupt aquatic habitats.
Toxic Effects
Bioaccumulation: Fish can accumulate pollutantsin their tissues over time, aprocess known as
bioaccumul ation. Thiscan result in high concentrationsof toxinsin predator fish, making them unsafe
for consumption by bothwildlifeand humans.
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»  Sublethal Effects. Evensubletha exposureto pollutantscan have detrimentd effectson fish behaviour,
reproduction, and immune systems, making them more vul nerable to di seases and predators.

4. Disrupted Reproduction

Pollutants caninterfere with fish reproductive cycles, leading to decreased fertility, deformitiesin
devel oping fish embryos, and skewed sex ratiosamong fish popul ations.

5. Disease and Pathogens
Water pollution can create favorable conditionsfor the proliferation of disease-causing pathogens,
|eading to disease outbreaks among fish populations. Thiscan result in mass mortality eventsand
popul ation declines.
6. Altered Behavior and Physiology
Pollutants can disrupt fish behavior, affecting feeding patterns, migration, and reproduction. Changesin
physiology, such as altered gill function, can impair a fish’s ability to respire and regulate bodily functions.
7. Lossof Biodiversity

Water pollution can disrupt the bal ance of aquatic ecosystems, favouring pollution-tolerant species
over others. Thiscanlead to adeclinein nativefish species, reducing overd| biodiversity.

8. Economiclmpact

The decline of fish populations dueto water pollution can have significant economic consequences,
especidly inregionswherefishingisamajor industry. Lossof fish stocks can lead to unempl oyment
and economic hardship.

9. Regulatory Measures
Many countrieshaveimplemented regul ationsand environmenta protection measuresto mitigate water
pollution and itsimpactson fish pecies. Theseincludewastewater trestment, agricultura best practices,
and pollution monitoring programs.
10. Long-Term Consequences

Theimpactsof water pollution on freshwater fish can havel ong-term consequences, with some pollutants
persistingintheenvironment for years. Thiscan result in chronic hedthissuesfor fish popul ationsand
conti nued degradati on of aguatic ecosystems.

Impact on Aquatic Ecosystems

Instantly after organic pollution comesin contact with water bodiesresultsinadecreaseor even purging
of dgaedueto de-oxygenation and littleamount of light present. Further, thisisfollowed by agradud increase
in a gae abundance once situationsimprove. Thisgradual increaseisstirred by the bulky concentrations of
nutrients that are probable to be present (Mason, 1991). Planktons (phytoplankton and zooplankton),
macrobenthos, fish speci es, and macrophytesare badly affected by biodegradable organic pollution (Hynes,
1960; Mdik et a., 2018; Kumar et d., 2018). Generaly, De-oxygenation decreasesthelight levels, increases
TSSand settling materid thusresultsin thereduction or loss of aquatic specieswhich aremost sendtivetothe
pollution (Hawkes, 1962; Haslam, 1987). Mainly inthe downstream regions of riverstendsto bemoreof a
problematic from biodegradabl e organic pollution (Mason, 1991).

Thiscausescertain glitchesfor migratory fish specieswith high DO requirementsi.e. inthe case of
Salmo salar and Samo trutta. In afew cases, thelevelsof DO and organic pollutants can prompt avoidance
behavior and actsasabarrier which avertsthem reaching highly oxygenated breeding and spawning grounds
(Richardson et al., 2001).

Human Health Implications

Theimpact of water pollution on freshwater fish can havesignificant humanhedthimplications, particularly
when peopleconsume contaminated fish or use polluted water sources. When fishin polluted watersaccumul ate
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toxinsand pollutantsin thair tissuesthrough aprocessknown as bioaccumul ati on, consuming these contaminated
fish can pose health risksto humans. Contaminants such asheavy metas(e.g., mercury, lead), persistent
organic pollutants (POPS), and industrial chemicascan harm human healthwhen ingested.

Mercury isacommon contaminant in somefreshwater fish, particularly larger predatory species. Chronic
exposureto high levelsof mercury through fish consumption can lead to mercury poisoning, which can cause
neurologica and developmentd issues, especially in children and devel oping fetuses. Lead contaminationin
freshwater ecosystems can affect fish populations. Consumption of lead- contaminated fish canleadtolead
ppoi soning in humans, causing arange of health problems, including cognitiveimpairmentsand devel opmental
issuesin children.

Fish exposed to chemical pollutantslike pesticides, industria chemical's, and endocrine-disrupting
compounds can passthese contaminants on to humanswhen consumed. Some of these chemica shave been

linked to various health concerns, including cancer, reproductive disorders, and hormonal disruptions.

If fish are exposed to waterborne pathogensin polluted waters, consuming undercooked or raw fish
can transmit waterborne diseasesto humans, leading to gastrointestinal illnesses and other healthissues.
Polluted water bodies can release airborne pollutantsinto the atmosphere, which can affect air quality and
lead to respiratory problemsin nearby communities.

Health i ssues resulting from the consumption of contaminated fish can place afinancial burden on
hedlthcare systemsandindividuas, including medica costsand potential lost productivity duetoillness.

For communitiesthat rely onfishing for sustenance and liveihoods, the contamination of fish populations
dueto water pollution can underminefood security and economic stability.

Mitigation and Management Strategies
Mitigating and managing theimpact of water pollution on freshwater fishisessentia to protect aquatic
ecosystemsand ensurethe sustainability of fisheries.

1. Pollution Prevention

» Regulatory M easur es. Enforce and strengthen regulations on industrial discharges, wastewater
treatment, and agricultural runoff to limit therelease of pollutantsinto water bodies.

» Best Management Practices (BM Ps): Promote BM Psin agriculture, construction, and industry to
reduce pollutant runoff. These practicesinclude soil conservation, reduced pesticide use, and proper
wastedisposal.

2. SustainableLand Use

»  Water shed Management: Implement comprehensive watershed management plansto protect and
restorethe hedth of freshwater ecosystems. Thisincludesland-use planning, riparian buffer zones, and
wetland preservation.

> Urban Planning: Encourageresponsi bleurban planning that minimizesimpervious surfaces, employs
greeninfrastructure, and manages stormwater to prevent pollutionin urban aress.

3. Wastewater Treatment

» UpgradingInfrastructure: Invest in modernizing and upgrading wastewater treatment facilitiesto
effectively remove pollutants and pathogens from sewage before dischargeinto water bodies.

» Advanced Treatment Technologies: Explore advanced treatment technol ogies, such asmembrane
filtration and ultraviolet disinfection, toimprovewater quality.

4. Monitoring and Assessment

» Water Quality Monitoring: Establish monitoring programsto regularly assesswater quality in
freshwater ecosystems. Thisincludestracking pollutant level sand ecosystem hedlth indicators.
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»  Fish Health Assessment: Monitor fish populationsfor signs of pollution-rel ated stress or disease.
Thiscan serveasan early warning system for water quality issues.

Habitat Restoration

Revegetation: Restoreriparian zones and buffer areas with native vegetation to reduce sediment
runoff and providehabitat for aquaticlife.

»  Fish Passages: Build or improvefish passages, likefishladdersand culverts, tofacilitatefish migration
and accessto spawning habitats.

6. FisheriesManagement

»  Regulation and Enfor cement: Implement and enforce sustainablefishing regulations, including catch
limitsand sizeredtrictions, to prevent overfishing and maintain hedlthy fish popul ations.

» Socking Programs. Consider stocking fish populations in degraded areas to help restore fish
populations, but do so cautiously to avoid unintended consequences.

7. Education and Outreach

»  PublicAwareness. Educate communities, industries, and policymakers about theimportance of water
quality and itsimpact on fish and aquati c ecosystems.

»  SafeFish Consumption Guideines: Providecear and up-to-date guidelineson thesafe consumption
of fishfrom polluted waters, especially for vul nerabl e popul ationslike pregnant women and chil dren.

8. Researchand Innovation

»  Scientific Resear ch: Support researchinto theeffects of pollution on freshwater fish and ecosystems
to inform management decisionsand mitigation strategies.

»  Technological Solutions: Exploreinnovativetechnol ogiesfor water trestment, pollution detection,
and ecosystem restoration.

9. International Collaboration

Collaboratewith neighboring countriesand i nternational organi zationsto addresstransboundary water
pollution issuesand devel op coordinated strategiesfor pollution control.

10. Environmental Advocacy

Encourage and support environmental advocacy groupsand NGOSworking to raise awareness about
water pollution issuesand advocatefor policy changes.

CONCLUSIONS

Variousimpuritiesand toxinsfind their way into aquati c ecosystems, severely affectingwater quality
and disrupting thelife cycles of aguatic organisms. Some pollutantsexhibit apotent capacity to harm aquatic
lifeboth structurally and metabolically. Despitethis, thereislimited concrete evidenceto directly link water
impuritiesand pollutantsto the proliferation of diseasesamong aquatic animals. Prolonged exposure of aguetic
animal sto pollutantsposes an ongoing hed th risk, placing them inavulnerable position. Hence, it isevident
that various human activities poseadirect andindirect threat to aquati c creatures. To addresstheseissues, it
isimperative that everyone takes proactive steps to safeguard aquatic communities. Researchers have
cong stently documented awide array of impactsfrom pollutants on the popul ations of variousfish species
over time. These effects are often associated with chronic exposure levels that bring about a range of
consequencesfor agquaticlife. These conseguences encompass alterationsin histopathological conditions,
physiological harm, adjustmentsin migration patterns, aswell asembryonic and devel opmental changes,
particularly among fish species.

\ Y

Numerous pollutants present in the atmosphere contain a variety of toxic compounds, such as
organophosphate compounds, which exert fatal impacts on fish species. Consequently, thereisapressing
need to devise methods using molecul ar biology techniquesthat can advance cost-effective toxicol ogical
assessmentswithout relying on aguatic animal sto detect environmenta stressors. Further research endeavours
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should be undertaken to determinethe specific concentration levelsand duration of exposuretoal pollutants.
Equdly vital isthetask of substantiating significant lethal and sub-lethal effectson aquatic organisms.
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