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Abstract- Environmental pollution is a major global concern arising from increasing industrialization, urbanization,
agricultural activities, transportation, petroleum exploration, mining and improper waste disposal. This research
work examines environmental pollution and the harmful effects of pollutants on ecosystem components, with
empbhasis on their sources, environmental fate, transport and ecological consequences. Major forms of pollution,
including air, water and soil pollution, are discussed alongside important pollutants such as heavy metals,
petroleum hydrocarbons, pesticides, nutrients, plastics and other hazardous substances. This review highlights how
pollutants alter soil properties, water quality and atmospheric conditions and affect plants, animals and
microorganisms. Particular attention is given to bioaccumulation, biomagnification, biodiversity loss and
disruption of ecosystem functions. The potential implications of environmental pollution for human health and
ecosystem sustainability are also examined. Furthermore, pollution prevention, monitoring, remediation and
ecosystem restoration strategies are considered, including physical, chemical, biological, phytoremediation and
emerging nanotechnology-based approaches. This review emphasizes integrated and sustainable pollution-
management practices to reduce environmental degradation, protect biodiversity and promote long-term
ecosystem health.

Keywords: Environmental, Pollution, Pollutants, Ecosystem.

I. INTRODUCTION environmental quality, biodiversity, ecosystem
functioning and human wellbeing.

The environment provides the essential resources

required to sustain life, including air, water, soil, food, Environmental  pollution occurs when harmful
minerals and other natural resources (Tam et al, Substances or forms of energy are introduced into
2023). The continued existence and wellbeing of the environment at levels capable of producing
humans, plants, animals and microorganisms undesirable changes. Pollutants may be released
depend on the proper functioning of these directly into the atmosphere, soil or water, or may
environmental components. However, increasing Move between environmental compartments
population growth, urbanization, industrialization, through natural processes such as runoff, leaching,
agricultural activities, mining, transportation and the Volatilization,  sedimentation and  atmospheric
exploitation of natural resources have intensified deposition (Tudi et al., 2021). Some pollutants occur
pressure on the environment (Ekpo et al.,, 2025). One haturally, whereas many others are generated or
of the major consequences of these activities is released through human activities. The increasing
environmental pollution, which has become a Volume and diversity of anthropogenic pollutants
significant global concern because of its effects on have made environmental contamination more
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complex and difficult to manage. The major forms of
environmental pollution include air, water and soll
pollution, while other forms include noise, thermal,
radioactive and plastic pollution (Odimgbe et al,
2026).

These forms of pollution are closely interconnected
because contamination of one environmental
compartment can influence the quality of another.
For example, pollutants released into the
atmosphere can be deposited on soil and water,
while contaminants present in soil can migrate into
groundwater or surface water (Ekpo et al., 2023).
Similarly, pollutants in aquatic environments can
accumulate in sediments and subsequently enter
aquatic food chains. This interconnected nature of
environmental systems means that the effects of
pollution may extend considerably beyond the
location where contaminants are initially released
(Villarrubia-Gémez et al., 2024). The sources of
environmental pollutants are diverse and include
industrial activities, agricultural practices, petroleum
exploration and production, mining, transportation,
domestic activities, municipal waste disposal and
wastewater discharge (lkechukwu et al., 2026).

Industrial activities may release heavy metals,
petroleum  hydrocarbons, particulate  matter,
solvents and other chemical substances. Agricultural
activities contribute pesticides, herbicides, fertilizers
and animal wastes, while petroleum-related activities
can introduce crude oil and petroleum-derived
compounds into soil and water. Improper disposal of
municipal and domestic waste also contributes
significantly to environmental contamination,
particularly in rapidly growing urban and industrial
communities (Abubakar et al, 2022). Among the
pollutants of environmental concern are heavy
metals, petroleum hydrocarbons, pesticides,
nutrients, plastics, persistent organic pollutants and
pathogenic microorganisms. Their environmental
significance depends on characteristics such as
toxicity, persistence, mobility, concentration and
bioavailability. Some pollutants can be degraded
naturally, while others may persist for long periods.

Persistent pollutants can accumulate in sail,
sediments and living organisms, thereby increasing

the possibility of long-term ecological exposure.
Certain  contaminants can also  undergo
bioaccumulation and biomagnification, allowing
them to move through food chains and potentially
affect organisms at higher trophic levels. Pollution
can substantially alter the physical, chemical and
biological characteristics of environmental systems
(Umanah et al, 2025). In soil, contaminants may
modify pH, nutrient availability, organic matter,
microbial activity and soil structure (Samuel et al.,
2023). Petroleum contamination, for instance, can
interfere with soil aeration, water movement and
nutrient availability, thereby reducing the suitability
of soil for plant establishment and growth. Heavy
metals may affect microbial processes and interfere
with nutrient cycling.

Similarly,  excessive pesticide and fertilizer
application can disturb soil biological communities
and contribute to the contamination of nearby water
resources (Sarah et al, 2026). Water pollution can
affect the quality and ecological integrity of rivers,
streams, lakes, groundwater and other aquatic
environments. The introduction of organic matter,
nutrients, petroleum hydrocarbons, heavy metals
and other contaminants can alter pH, turbidity,
dissolved oxygen and other water-quality
characteristics. Excessive nutrient enrichment may
promote eutrophication, while toxic substances can
directly affect fish, aquatic plants, microorganisms
and other aquatic organisms (Abeokuta et al., 2025).
Polluted water can also serve as a pathway through
which contaminants are transported from one
location to another. Air pollution is another major
environmental concern.

Emissions  from industries, vehicles, power
generation, agricultural burning and waste
combustion release gases and particulate matter
into the atmosphere. Pollutants such as particulate
matter, nitrogen oxides, sulphur dioxide, carbon
monoxide and volatile organic compounds can
affect atmospheric quality and may contribute to
adverse ecological and human-health outcomes
(Ugochukwu et al., 2025). Atmospheric pollutants
can also be transported over considerable distances
and subsequently deposited on terrestrial and
aquatic ecosystems. The biological effects of
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environmental pollution are equally important (Aib
et al,, 2025). Plants may absorb pollutants through
their roots or leaves, leading to changes in
germination, root development, plant height, leaf
formation, photosynthesis and biomass production.
Animals can be exposed through contaminated
food, water, soil and sediments, potentially affecting
growth, reproduction, behaviour and survival.

Microorganisms,  which  are  essential  for
decomposition and nutrient cycling, may also
experience changes in population abundance,
diversity and metabolic activity following exposure
to contaminants (Obruche et al,, 2019; Micheal et al.,
2026). Changes in these biological communities can
ultimately  affect ecosystem  structure and
functioning. Environmental pollution can further
contribute to biodiversity loss and ecological
imbalance. Pollution may create environmental
conditions that favour tolerant species while
reducing populations of sensitive organisms. Such
changes can modify food webs, predator-prey
relationships, nutrient cycling and other ecological
processes (Itodo et al., 2021). The reduction of
biodiversity may also decrease the resilience of
ecosystems and their ability to recover from
environmental disturbances (Moreno-Mateos et al.,
2020; Umudi et al., 2025).

Consequently, pollution should not be viewed solely
as the presence of contaminants but as a process
capable of disrupting the relationships and functions
that sustain ecosystems. The consequences of
environmental pollution also extend to human
populations. Humans can be exposed to
environmental contaminants through inhalation,
ingestion and dermal contact. Contaminated food
and drinking water can provide important exposure
pathways, particularly where pollutants accumulate
in agricultural products or aquatic organisms
(Obruche et al, 2019;,Umudi et al, 2025).
Communities located near industrial, mining,
petroleum-producing and waste-disposal areas may
experience increased environmental exposure.

The nature and severity of potential effects depend
on the pollutant, concentration, exposure route,
duration of exposure and characteristics of the

exposed population. The increasing complexity of
environmental pollution has created a need for
effective  pollution  prevention,  monitoring,
remediation and ecosystem restoration (Khanam et
al, 2023; Nathan et al., 2025). Pollution prevention
involves reducing the generation and release of
contaminants at their sources through improved

industrial  processes, responsible agricultural
practices, effective waste management and
appropriate environmental regulations. Where

contamination has already occurred, remediation
may involve physical, chemical or biological
approaches. Increasing attention has been directed
toward sustainable technologies such as
bioremediation, phytoremediation and
nanotechnology-based remediation because of their
potential to reduce contaminants while minimizing
additional environmental damage (Erienu et al,
2022).

Therefore, understanding environmental pollution
and its harmful effects on ecosystems is essential for
developing appropriate strategies for environmental
protection and sustainable resource management. A
comprehensive assessment of pollutant sources,
environmental fate, ecological effects, exposure
pathways and remediation approaches provides a
basis for addressing existing contamination and
preventing future environmental degradation. This
review consequently examines the concept and
major forms of environmental pollution, sources and
characteristics of pollutants, their fate and transport
in the environment, effects on soil, water and air
quality, impacts on plants, animals and
microorganisms, bioaccumulation and biodiversity
loss, ecological and human-health implications, and
approaches for pollution control, remediation and
ecosystem restoration.

Il. CONCEPT AND TYPES OF
ENVIRONMENTAL POLLUTION

Environmental
environmental

pollution is one of the major
challenges  associated  with
population  growth, industrialization,  urban
development, agricultural intensification and
increasing exploitation of natural resources
(Obruche et al, 2025). It generally refers to the
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introduction of undesirable substances, organisms,
or forms of energy into the environment in
concentrations capable of causing adverse changes
to environmental quality and living organisms.
Pollutants may alter the physical, chemical and
biological characteristics of air, water and soil and
may interfere with the natural functioning of
ecosystems (Saxena, 2025).

Although some pollutants originate from natural
processes such as volcanic eruptions, wildfires,
erosion and decomposition, anthropogenic activities
constitute major sources of persistent and
widespread pollution. The environment is composed
of interconnected components, including the
atmosphere,  hydrosphere, lithosphere  and
biosphere. Pollution in one component can therefore
affect other components. For instance, contaminants
released into the atmosphere can eventually be
deposited on soil and water surfaces, while
pollutants introduced into soil can migrate into
groundwater or become available to plants (Festus-
Amadi et al, 2021). Similarly, pollutants discharged
into rivers can be transported downstream and
accumulated in sediments and aquatic organisms.
This interconnectedness makes environmental
pollution a complex problem requiring an integrated
approach (Umudi et al, 2025). Environmental
pollution can be classified according to the
environmental medium affected, the nature of the
pollutant, or the source of contamination. The major
forms include air, water and soil pollution, while
other forms include noise, thermal, radioactive and

Type of Major Common envilr\gﬁjnirental
pollution pollutants ||sources
effects
nutrients, oil , reduced
pathogens activities  ||water quality
Heavy metals, Indystry, Reduced soil
| agrlculture,f il
Soil petroleum waste ert_l |_ty,
ollution hydrocarbons disposal toxicity,
P ., pesticides, Posal, | microbial
. petroleum || .. .
plastics L disruption
activities
Traffic, .
Noise Excessive industries, a'itﬁg?;::zn d
pollution  ||sound energy ﬁonstructlo wildlife
P& vr\]/;esr Reduced
Thermal P i dissolved
. Excess heat ||industries,
pollution oxygen and
wastewater X
discharge aquatic stress
[a\lcl':i(ilft?;s Radiation
Radioactiv ||Radionuclide minin " ||lexposure and
e pollution ||s medic%i ecological
damage
sources
Wildlife
Domestic |lingestion,
Plastic Macroplastics||waste, habitat
ollution I industry, degradation
P microplastics ||fishing, and food-
packaging ||chain
contamination
Table 1 and figure 1 demonstrates that

plastic pollution.

Table 1: Major Types of Environmental Pollution
and Their Characteristics

Type of Major Common _Major
. environmental
pollution pollutants ||sources
effects
Particulate Indt_Jstrles, Respiratory
. vehicles, | effects,
Alr matter, - CO, burnin vegetation
pollution ||SO2,  NOX, 9 g
power damage,
VOCs . .
generation ||climate effects
Petroleum Industrial Aquatic
Water hydrocarbons ||discharge, to(j(icit
pollution ||, heavy||sewage, Y,
. eutrophication
metals, agriculture,

environmental pollution occurs in several forms and
that each form is associated with characteristic
pollutants, sources and ecological consequences.
Air, water and soil pollution are particularly
interconnected. For example, petroleum
hydrocarbons released during oil production can
contaminate soil and groundwater, while volatile
components may enter the atmosphere. Similarly,
agricultural chemicals applied to soil may be
transported through surface runoff into rivers and
streams.

The table also illustrates that pollution effects extend
beyond the environmental medium into which
pollutants are initially introduced. Plastic materials
discarded on land may eventually enter aquatic
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systems, where they can fragment into microplastics.
Heavy metals released into water may accumulate in
sediments and subsequently become available to
benthic  organisms.  Consequently,  pollution
classification is useful for analytical purposes, but
environmental pollution should ultimately be
understood as a connected system involving
interactions among  different  environmental
compartments.

Major Types of Envuronmental Pollution J A

Figure 1: illustration of various types of
environmental pollution

Sources and Major Environmental Pollutants
Environmental pollutants originate from numerous
natural and anthropogenic activities. Natural sources
include volcanic eruptions, forest fires, weathering of
rocks, natural oil seeps, dust storms and
decomposition of organic materials (Okpanachi et
al, 2025). However, human activities have
significantly increased the quantity, diversity and
distribution of many pollutants. Industrialization is
one of the major sources of environmental
contamination. Manufacturing and processing
industries generate wastewater, gaseous emissions,
particulate matter, solid waste and chemical residues
(Awuchi et al., 2020; Itodo et al., 2021).

Depending on the industrial process, pollutants may
include heavy metals, solvents, acids, alkalis,
hydrocarbons and persistent organic compounds.
Agriculture is another important source. Intensive
agricultural practices involve the use of fertilizers,
pesticides, herbicides and other agrochemicals.
Excessive application of these materials can result in
accumulation in soil and movement into surface and
groundwater through runoff and leaching.

Agricultural activities can also introduce nutrients,
sediments and animal wastes into water bodies.
Petroleum exploration, production, transportation
and processing are particularly important sources of
environmental pollution in oil-producing regions.
Accidental spills, pipeline leakage, operational
discharges and improper handling of petroleum
products may contaminate soil and water with total
petroleum hydrocarbons and other petroleum-
associated compounds. Municipal and domestic
activities contribute substantial quantities of solid
waste, wastewater, plastics, detergents and organic
materials. Poor waste disposal practices can result in
the uncontrolled release of contaminants into
surrounding soil and water.

Table 2: Major Sources of Environmental Pollutants
and Associated Contaminants

Principal
Source Major pollutants  [|environmental
medium affected
Petroleum .
roeu Crude oil, TPH,|_ .
exploration and Soil and water
. PAHs, heavy metals
production
. Hea metals,
Industrial vy . . .
o solvents, acids,||Air, soil and water
activities
hydrocarbons
Pesticides,
Agriculture herbicides, Soil and water
fertilizers, nutrients
CO, NOx, SO,
Transportation ||particulate matter,||Air and soil
hydrocarbons

Heavy metals, acid
mine drainage,
sediments

Mining Soil and water

Plastics, organic
waste, pathogens,
chemicals

Municipal waste Soil and water

Nutrients,
detergents,
pathogens, organic
matter

Domestic

Water
wastewater

Smoke, particulate
matter, CO, VOCs

Dust,  sediments,
particulate matter

Open burning Air and soil

Construction Air and water
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Principal
environmental
medium affected

Source Major pollutants

Pb, Cd, Hg, Cr and
organic
contaminants

Electronic waste Soil and water

The information presented in Table 2 indicates that
different human activities release distinct but
sometimes overlapping groups of pollutants.
Petroleum activities are strongly associated with
hydrocarbon contamination, whereas agriculture
contributes substantially to nutrient and pesticide
pollution. Industrial activities are more diverse and
may release both inorganic and organic
contaminants.

The presence of heavy metals across several sources
is particularly significant because metals do not
readily undergo biological degradation. Their
persistence means that they may remain in
contaminated environments for extended periods.
Petroleum hydrocarbons also represent an
important group of contaminants because their
environmental behaviour varies according to their
molecular composition, volatility, solubility and
persistence (Correia & Rasteiro, 2025). The diversity
of pollutant sources demonstrates why pollution
management cannot depend on a single
intervention. Effective environmental protection
requires source-specific controls, appropriate waste-
management practices, environmental monitoring
and remediation strategies suited to the nature of
the contamination.

I1l. FATE AND TRANSPORT OF
POLLUTANTS IN THE ENVIRONMENT

Following their release, pollutants do not necessarily
remain at their original point of introduction
(Jacintha et al., 2025). They may be transported
through air, water and soil and may undergo
physical, chemical and biological transformations.
The processes determining the movement,
persistence, transformation and availability of
pollutants are collectively referred to as their
environmental fate and transport. In soil, pollutants
may be adsorbed onto mineral surfaces or soil

organic matter, dissolved in soil water, volatilized
into the atmosphere, degraded by microorganisms,
or transported through leaching and surface runoff.
Soil pH is particularly important because it influences
the chemical form, solubility and mobility of many
contaminants. Soil organic matter can also influence
the retention of organic pollutants and metals. Water
serves as an important pathway for pollutant
transport. Contaminants can be carried through
rivers, streams, groundwater and stormwater
systems. Some pollutants become associated with
suspended particles and sediments, while soluble
contaminants may remain in the water column
(Obruche et al,, 2018; Singh et al,, 2024). Pollutants
deposited in sediments can later be remobilized
under changing environmental conditions.

Atmospheric pollutants can be transported by wind
and may undergo chemical reactions before being
deposited on terrestrial or aquatic surfaces. Volatile
organic compounds, for example, may move
considerable distances before degradation or
deposition.

Table 3: Major Environmental Processes Affecting
Pollutant Fate

Environmental

Process Lo
significance

Description

Attachment  of
pollutants to soil
or sediment
particles

Release of
pollutants  from
surfaces

Can reduce or
increase pollutant
mobility

Adsorption

May increase

Desorption bioavailability

Movement
through soil with
infiltrating water

Can contaminate

Leaching groundwater

Transfers
pollutants to
surface waters

Transport across

Runoff land surfaces

Can increase
atmospheric
exposure

Transfer from
liquid/solid phase
to air

Volatilization

Can reduce
pollutant

persistence

Microbial
breakdown of
contaminants

Biodegradation

Breakdown
through sunlight

May reduce some

Photodegradation -
contaminants
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s Environmental
Process Description L
significance
Deposition of{|Can concentrate
Sedimentation  ||pollutants  with||contaminants in
particles sediments
Uptake and||Can increase
Bioaccumulation ||retention by||biological
organisms exposure
Conversion into
. . _|IMay reduce or
Transformation |jother  chemicall|. .
forms increase toxicity

Table 3 shows that pollutant behaviour is governed
by several interacting processes. Adsorption may
immobilize contaminants temporarily, but changes
in pH, moisture, temperature or chemical conditions
can promote desorption and remobilization. Thus,
the absence of pollutants from the water phase does
not necessarily mean that contamination has been
eliminated. Biodegradation is particularly important
in the natural attenuation of organic contaminants.
Microorganisms can use some petroleum
hydrocarbons and other organic compounds as
carbon or energy sources.

However, degradation rates depend on
environmental  conditions, including  oxygen
availability, temperature, moisture, nutrient status
and the chemical structure of the contaminant. The
fate of a pollutant also determines its ecological
availability. A contaminant that is strongly bound to
soil particles may have lower immediate
bioavailability than one present in the dissolved
phase. However, environmental changes can alter
this relationship. Understanding pollutant fate and
transport is therefore essential for accurate
environmental risk assessment and for selecting
appropriate remediation methods.

IV. EFFECTS OF POLLUTION ON SOIL,
WATER AND AIR QUALITY

Pollution can cause significant deterioration of soil,
water and atmospheric quality. These environmental
compartments provide essential ecosystem services
and support agricultural production, biodiversity and
human activities.

Effects on Soil Quality

Soil is a major environmental receptor for pollutants.
Contaminants may enter soil through atmospheric
deposition, industrial  discharge,  agricultural
chemicals, waste disposal, mining and petroleum
spills. Soil contamination can alter pH, electrical
conductivity, organic matter, nutrient availability,
structure  and microbial activity. Petroleum
contamination can affect soil aeration and water
infiltration and may interfere with plant root
development (Mohanta et al, 2024). Hydrocarbon
compounds may coat soil particles and reduce the
availability of water and nutrients to plants. Heavy
metals can also interfere with enzymatic activities
and microbial processes involved in nutrient cycling.

Effects on Water Quality

Water pollution may result in physical, chemical and
biological changes. Contaminants can increase
turbidity, alter pH, reduce dissolved oxygen and
introduce toxic substances. Excess nutrients may
stimulate algal growth and contribute to
eutrophication. Petroleum contamination can form
surface films that interfere with gas exchange and
light penetration. Toxic hydrocarbons may also
affect fish, plankton, aquatic plants and
microorganisms.

Effects on Air Quality

Air pollution occurs when gases, particles or
biological materials accumulate in the atmosphere at
concentrations that can cause adverse effects.
Industrial emissions, combustion of fossil fuels,
transportation and open burning are major
anthropogenic sources. Particulate matter can
reduce visibility and affect vegetation by depositing
on leaf surfaces (Etus and Erienu, 2026). Gaseous
pollutants such as sulphur dioxide and nitrogen
oxides may contribute to acid deposition and
atmospheric chemical reactions.

Table 4: Environmental Effects of Major Pollutant

Groups
Pollutant . Water Air-related
Soil effects
group effects effects
Ee;[jrroolt(:e:rrg Reduced | Toxicity Volatile
0?1/3 fertility and|jand reduced|lemissions
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Pollutant . Water Air-related
Soil effects
group effects effects
microbial ||water
disruption ||quality
Toxicity g?(?(?ittlc and
Heavy and altered|| oY Atmospheric
: sediment o
metals nutrient ... ||deposition
cycling contaminati
on
Microbial ||Toxicity to
Pesticides |[and  plant||aquatic Volatilization
effects organisms
Soil . Indirect
Nutrients ||nutrient !Eutrophlcat atmospheric
. ion
imbalance effects
Atoaion|meston
. and habitat||Microplastic/par
Plastics and ]
- . [[contaminati |[ticle transport
microplasti
.~ llon
c formation
Increased
Particulate ||Deposition |[turbidity Reduced air
matter on soil after quality
deposition
S.O'I . Waterborne || Aerosol
biological || . . .
Pathogens : disease transmission in
contaminat || . .
ion risks some settings

Table 4 and figure 2 highlights the interconnected
effects of pollutants across environmental
compartments.  Petroleum  hydrocarbons, for
example, can contaminate soil and water while
volatile fractions can contribute to atmospheric
contamination. Similarly, pesticides applied to
agricultural soils may be transported into water
bodies and, in some circumstances, volatilize into the
atmosphere.

The table further demonstrates that pollutant effects
are not restricted to the environmental medium in
which they originate. This supports the need for
integrated environmental assessment. Monitoring
soil alone may not adequately describe the
environmental consequences of a contamination
event if pollutants are simultaneously migrating into
groundwater or being taken up by organisms.

EFFECT OF POLLUTION ON SOIL, WATER
AND AIR QUALITY

Watef Quality

Soil Quality
Figure 2: Environmental Effects of Pollution on Sail,
Water and Air

V. EFFECTS OF POLLUTANTS ON

PLANTS, ANIMALS AND
MICROORGANISMS
Plants, animals and microorganisms respond
differently to  environmental  contaminants

depending on pollutant concentration, exposure
duration, species characteristics and environmental
conditions.

Effects on Plants

Plants may absorb contaminants through roots,
leaves or stems. Pollutants in soil can affect seed
germination, root growth, shoot development,
nutrient uptake and photosynthesis. Petroleum
hydrocarbons may physically coat roots and
interfere with water and nutrient uptake. Heavy
metals can disrupt enzyme activities and induce
oxidative stress (Fu & Xi, 2020). Contamination can
also affect agricultural productivity. Reduced
germination and poor vegetative development may
ultimately result in lower biomass and crop vyield.
Consequently, the restoration of contaminated
agricultural soils is important not only for ecological
purposes but also for food production (Etus and
Erienu, 2026).

Effects on Animals

Animals can be exposed through contaminated
food, water, soil and sediments. Pollutants may affect
growth, reproduction, immune responses, behaviour
and survival (Ogwuche and Obruche, 2020). Aquatic
organisms can be particularly exposed because
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contaminants may remain dissolved in water or
accumulate in sediments.

Effects on Microorganisms

Microorganisms  play  essential roles  in
decomposition, nutrient cycling, soil formation and
pollutant transformation. Contamination can alter
microbial population size, community composition
and metabolic  activity. Some  sensitive
microorganisms may decline, whereas organisms
capable of tolerating or degrading particular
pollutants may become more abundant.

Table 5: Effects of Environmental Pollutants on
Major Biological Groups

Organism Major exposure Potential effects
route
Reduced
Roots, leaves, e
. germination, growth
Plants contaminated |7 ., ... .
. inhibition, nutrient
soil and water ||.
imbalance
Water, Physiological stress,
Fish sediments and|[reduced growth and
food reproduction
Food, water and||Bioaccumulation
Birds contaminated |{jand reproductive
habitats effects
Soil Soil and organic Reduced survival
; and altered
invertebrates matter .
behaviour
Direct contact Changes . n
. . . abundance, diversity
Microorganisms||with X
. and metabolic
contaminants o
activity
. Food, soil and Contamlna}nt
Livestock Water accumulation  and
health effects
. \Water and Reduced groyvth and
Aquatic plants - photosynthetic
sediments -
activity

The table 5 indicates that organisms can experience
different effects depending on their ecological
position and exposure pathways. Plants are directly
exposed to contaminated soil and water, making
plant growth an important indicator of soil quality.
Soil microorganisms may respond rapidly to
contamination because they interact directly with
soil contaminants.

Animals may experience indirect exposure through
food chains. A contaminant accumulated by plants
or lower trophic organisms can subsequently
become available to herbivores, predators and
humans. The effects of pollution therefore extend
beyond individual organisms and may influence
ecological relationships and ecosystem functioning.

VI. BIOACCUMULATION,
BIOMAGNIFICATION AND EFFECTS ON
BIODIVERSITY

Bioaccumulation occurs when organisms take up
contaminants faster than they can eliminate them.
The process may occur through respiration,
ingestion, dermal contact or uptake from
contaminated environmental media.
Bioaccumulation is particularly important for
contaminants that are persistent and difficult for
organisms to metabolize or excrete.
Biomagnification refers to the increase in
contaminant concentration at successive trophic
levels of a food chain (Oros, 2025). It means that
organisms occupying higher trophic positions may
receive contaminants through consumption of
contaminated prey. Pollution can also reduce
biodiversity. Sensitive species may disappear from
contaminated environments while pollution-tolerant
organisms become dominant. Changes in species
composition can influence food-web interactions,
competition, predation and nutrient cycling.

Table 6: Bioaccumulation, Biomagnification and
Ecological Consequences

Possible
Process/effect ||Description ecological
consequence
Build-up of Increased
. . contaminants .
Bioaccumulation || internal
within an
. exposure
organism
Increasmg_ Greater
. ... .. |lconcentration
Biomagnification ._|lexposure of
through  trophic||
higher predators
levels
. Decl_lr_1e of Reduced
Species loss sensitive LT
. biodiversity
organisms
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Possible agricultural productivity, degradation of fisheries,
Process/effect ||Description ecological reduced availability of clean water and deterioration
consequence of ecosystem services.
Communit Change in||Altered
alteration y abundance of|lecological Table 7: Major Exposure Pathways and Potential
species interactions Implications
Changes in||Reduced i
Food-web reda%or- re ecosystem Expr)]osure Examples POtimla!
disruption PI . hp' Y ) b')I/'t pathway implications
relationsnips Stability . Polluted air,||Respiratory and
Increased Inhalation moke, v r temic ex r
Reduced Lower ability tol\, - L. SMOKE, vapours |[SystemIc eXposure
resilience recover from stress|| . Y . Internal exposure
disturbance . Contaminated S
Ingestion through the digestive
food and water
system
Table 6 demonstrates that the ecological [permal Polluted soil and||[Absorption and local
significance of pollution goes beyond direct toxicity. ||contact water exposure
A pollutant may initially affect a small group of _ Contaminated . )
organisms but subsequently produce broader Egggf'g:‘am crops, fish and g:‘r):ﬁﬁ:ug‘(u':;hor: and
effects through food-web interactions. Persistent livestock P
contaminants may be transferred between trophic 0 tional Industrial  and||Repeated
levels, thereby increasing exposure among exc;gsejaréona agricultural environmental
organisms that consume contaminated prey. activities exposure

Biodiversity loss can further affect ecosystem
stability because different species perform different
pollinators, decomposers, aquatic organisms or
predators may therefore influence processes such as
decomposition, nutrient cycling and energy transfer.

VII. ECOLOGICAL AND HUMAN HEALTH
IMPLICATIONS OF ENVIRONMENTAL
POLLUTION

Environmental pollution is closely associated with
ecological degradation and human exposure to
contaminants. Humans may be exposed through
inhalation of polluted air, consumption of
contaminated food and water, or direct contact with
polluted soil and other environmental media
(Mititelu et al., 2025). The magnitude of health risk
depends on the type of pollutant, concentration,
exposure duration, route of exposure and individual
characteristics. Heavy metals such as lead, mercury
and cadmium are of concern because of their
persistence and potential to affect biological
systems. Petroleum-associated contaminants may
also pose risks depending on their chemical
composition and exposure conditions. Pollution can
also affect communities indirectly through loss of

The table 7 shows that environmental contaminants
can reach humans through several pathways. Food-
chain transfer is particularly important because
pollutants that accumulate in crops, fish or livestock
can become part of the human diet. This illustrates
the connection between environmental quality and
food safety. The existence of several exposure
pathways also emphasizes the importance of
controlling pollution at its source. Preventing
contamination can reduce exposure more effectively

than addressing health consequences after
widespread environmental contamination has
occurred.

VIil. POLLUTION CONTROL,
REMEDIATION AND ECOSYSTEM
RESTORATION

Pollution control involves strategies designed to
prevent, reduce, contain or eliminate the release and
effects of environmental contaminants. The most
effective approach is often prevention at the source,
because reducing pollutant generation minimizes
the need for costly remediation.
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Industrial facilities can reduce pollution through
cleaner production, waste minimization, wastewater
treatment and emission-control technologies (Garg
& Singh, 2022). Agricultural pollution can be reduced
through appropriate fertilizer application, integrated
pest management, erosion control and improved
waste management. Petroleum-related pollution
requires proper infrastructure, monitoring, spill
prevention and rapid response to accidental
releases. Where contamination has already occurred,
remediation becomes necessary. Remediation
methods may be physical, chemical, biological or a
combination of approaches.

Table 8: Major Environmental Remediation

Approaches
Remediation Examples Major l\_/laj_or_
approach advantages ||limitations
. Excavation, Rapid Can _be
Physical - . expensive
o containment, ||contaminant
remediation . : and
soil washing  |[removal - .
disruptive
. Oxidation, Effective May
Chemical . for selected||generate
. reduction, .
remediation S contaminant|(|secondary
stabilization
products
Relatively |[May  be
Bioremediati ||Microbial sustainable [|slow and
on degradation and less||condition-
disruptive |/dependent
Low-cost  ||Usually
Phytoremedi ||Plant uptake or and_ requires
. . ... ||lenvironmen ||longer
ation immobilization
tally treatment
friendly periods
Potential
Nanoparticle |[High environme
Nanoremedi ||adsorption, surface areal|ntal risks
ation catalysis orf|and require
immobilization ||reactivity  ||assessmen
t
Effective High
L for  some
Thermal Heating/inciner . energy
: persistent :
treatment ation : requireme
contaminant nts
S

Table 8 illustrates that no single remediation method
is universally applicable to all contaminated
environments. Physical approaches may provide

relatively rapid removal but can disturb soil structure
and require substantial resources. Chemical
techniques can be effective but may generate
transformation products or require careful control.

Biological methods have received considerable
attention because they can be less disruptive and
may promote ecological recovery. Bioremediation
uses microorganisms to degrade or transform
contaminants, whereas phytoremediation uses
plants to remove, stabilize or transform pollutants.

Nanoremediation is an emerging area involving the
use of engineered or biologically synthesized
nanomaterials for contaminant removal or
transformation. Nanomaterials can possess high
surface area and reactive sites, potentially improving
their interaction with pollutants (Yagoob et al., 2020).
However, their application should be accompanied
by assessment of their persistence, mobility and
possible effects on non-target organisms.

IX. ECOSYSTEM RESTORATION

Successful remediation should not be limited to
reducing contaminant concentrations. An ecosystem
may remain degraded even after contaminant levels
have declined if soil structure, vegetation, microbial
communities and ecological functions have not
recovered. Ecosystem restoration therefore seeks to
re-establish ecological processes and biological
communities (Holl et al, 2022). Restoration may
involve re-vegetation, soil amendment, microbial
stimulation, nutrient management, erosion control
and long-term monitoring. In contaminated
agricultural soils, restoration should also consider
plant establishment, germination, growth, nutrient
availability and soil biological activity.

Overall Synthesis

Environmental pollution is a multifaceted problem
involving the introduction and movement of harmful
substances through interconnected environmental
compartments. The effects of pollutants extend from
changes in soil, water and air quality to impacts on
microorganisms, plants, animals, biodiversity and
human populations. The severity of these effects
depends on pollutant characteristics, environmental
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conditions, exposure pathways and duration of
contamination (Babuji et al, 2023). The literature
indicates that prevention, monitoring, remediation
and ecological restoration must operate together.
While  conventional physical and chemical
remediation methods remain important, increasing
attention is being directed toward biological and
environmentally compatible technologies. These
approaches include bioremediation,
phytoremediation and the application of advanced
materials such as nanomaterials. For contaminated
soils, particularly those affected by petroleum
hydrocarbons, effective remediation should ideally
reduce pollutant concentrations while
simultaneously  improving soil quality and
supporting plant establishment. This creates an
important basis for investigating innovative
materials and remediation technologies that can
both reduce environmental contaminants and
promote ecosystem recovery.

X. CONCLUSION

Environmental pollution remains a significant threat
to ecosystem stability, biodiversity and human
wellbeing. This review has demonstrated that
pollutants originating from industrial activities,
agriculture, petroleum exploration, transportation,
mining and improper waste disposal can
contaminate air, water and soil and subsequently
move between environmental compartments. The
persistence and mobility of contaminants such as
heavy metals, petroleum hydrocarbons, pesticides,
plastics and other hazardous substances can
produce prolonged ecological effects. Pollution can
alter soil properties, reduce water and air quality,
inhibit  plant growth, affect animals and
microorganisms, and disrupt nutrient cycling and
other essential ecosystem processes.

Bioaccumulation and biomagnification may further
increase contaminant exposure within food chains,
contributing to biodiversity loss and ecological
imbalance. Effective management therefore requires

an integrated approach involving pollution
prevention, environmental monitoring, appropriate
regulation and timely remediation. Biological
approaches, phytoremediation and emerging

nanotechnology-based techniques offer promising
alternatives for contaminated environments when
carefully evaluated for effectiveness and safety.
Sustainable  pollution  management,  public
awareness and ecosystem restoration are essential
for protecting environmental resources, maintaining
biodiversity and ensuring the long-term health and
productivity of ecosystems.
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