International Journal of Science and Research (IJSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

The Impact of Pollution on Biodiversity Loss: A
Review

Santosh B Rathod

Assistant Professor, Department of Chemistry, Hon. Balasaheb Jadhav Arts, Commerce & Science College,
Ale Tal. Junnar Dist. Pune 412411
Email: santoor211185[at]gmail.com

Abstract: Biodiversity loss is one of the most pressing environmental challenges of the 21st century, driven by multiple anthropogenic
factors including pollution. This review synthesizes recent literature on how various forms of pollution such as air, water, soil and
chemical pollutants contribute to the decline in species diversity and ecosystem health. Drawing from global studies, we highlight key
mechanisms like habitat degradation, toxicity to organisms and cascading ecosystem effects. Findings indicate that pollution
exacerbates biodiversity loss, with disproportionate impacts on aquatic and terrestrial ecosystems. We discuss mitigation strategies and
emphasize the need for integrated pollution control to safeguard biodiversity. This paper underscores the urgency of addressing

pollution as a core driver in conservation efforts.
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1. Introduction

Biodiversity encompassing the diversity of genes, species,
and ecosystems forms the foundation of ecological
resilience, human well-being, and planetary health. It
underpins essential ecosystem services such as pollination,
nutrient cycling, water purification, soil formation, and
climate regulation. High levels of biological diversity also
enhance ecosystem stability, enabling natural systems to
better absorb disturbances and adapt to changing
environmental conditions. For human societies, biodiversity
supports food security, provides raw materials and
medicines and contributes to cultural, recreational, and
spiritual values. Despite its fundamental importance, global
biodiversity is declining at a rate unmatched in human
history.

Human activities have accelerated biodiversity loss to levels
that exceed natural background extinction rates by orders of
magnitude. While land-use change, overexploitation of
natural resources, climate change, and invasive species are
widely recognized as major drivers, pollution although
pervasive and globally increasing remains comparatively
under examined in biodiversity assessments and policy
frameworks. The Intergovernmental  Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES)
identifies pollution as one of the five principal direct drivers
of biodiversity decline, yet its multifaceted impacts are often
overshadowed by more visible pressures such as habitat
destruction and climate warming.

Pollution encompasses a vast array of contaminants
originating from industrial, agricultural, and urban systems.
These include chemical pollutants such as pesticides,
herbicides, pharmaceuticals, endocrine-disrupting
compounds, and heavy metals; physical pollutants such as
plastics, micro plastics and noise; and biological pollutants
such as pathogens introduced through wastewater discharge.
Airborne particulates, nitrogen and sulphur emissions, and
greenhouse gases further interact with terrestrial and aquatic
ecosystems, altering environmental chemistry and biological

functioning. These pollutants permeate every biome from
densely populated coastal zones to remote mountain and
polar ecosystems where they disrupt physiological
processes, reduce reproductive success, alter species
interactions, and degrade habitats.

Recent research up to 2025 reveals that pollution not only
affects individual organisms but also cascades across trophic
levels, reshaping community composition and ecosystem
dynamics. For example, pesticide exposure continues to
drive insect declines that reverberate across food webs,
while nutrient pollution from agricultural runoff fuels
eutrophication, leading to dead zones in freshwater and
marine  systems. Emerging contaminants such as
nanomaterials, novel chemical compounds, and micro plastic
associated toxins present additional challenges, as their long-
term ecological consequences remain poorly understood.

This review synthesizes contemporary evidence on the
impacts of pollution on biodiversity, drawing from
interdisciplinary studies across terrestrial, freshwater and
marine environments. We aim to elucidate the mechanisms
by which pollutants affect organisms and ecosystems,
quantify biodiversity losses where data allow and identify
knowledge gaps that require urgent research attention.
Furthermore, we explore policy and governance approaches
ranging from regulatory frameworks and market-based
instruments to nature based solutions and international
cooperation that offer pathways to reduce pollution and
protect biodiversity. By integrating insights from diverse
scientific and policy sources, this paper contributes to the
growing global discourse on environmental stewardship
amid escalating ecological challenges.

2. Methods

This narrative review was informed by a systematic and
comprehensive search of peer reviewed literature, designed
to capture contemporary research on the relationship
between pollution and biodiversity loss. To ensure breadth
and depth, we queried major academic databases including
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Web of Science, Scopus, PubMed and Google Scholar as
well as reputable web-based scientific repositories. Searches
focused on articles published between 2015 and 2025 to
reflect the most recent decade of research and emerging
pollution-related  challenges. ~Keyword combinations
included, but were not limited to: pollution and biodiversity
loss, environmental pollution impacts, chemical pollutants
ecosystem  effects, biodiversity and contaminants,
ecotoxicology, micro plastics and ecosystems, and air,
water, soil pollution biodiversity. Boolean operators and
database-specific filters were used to refine results and
enhance search sensitivity.

Inclusion criteria prioritized empirical studies, meta-
analyses, systematic reviews, and high-quality narrative
reviews that examined direct or indirect impacts of pollution
on biodiversity at genetic, species, population, community,
or ecosystem levels. Studies were included if they:

Exclusion criteria eliminated articles lacking empirical
grounding (e. g., purely theoretical commentaries), studies
with insufficient methodological transparency and research
that focused solely on human health impacts without
ecological relevance. The initial search generated over 300
articles. After screening titles and abstracts for relevance,
approximately 70 full-text articles were evaluated in detail.
From these, 20 key papers were selected for in-depth
synthesis based on methodological robustness, geographical
representation and relevance to the thematic focus of this
review. Priority was given to studies with global or regional
scopes, as well as those employing interdisciplinary
approaches or long-term monitoring data.

Data synthesis followed a qualitative thematic analysis.
Extracted information was organized into major pollution
categories air pollution, waterborne contaminants, soil
pollutants and anthropogenic noise and light allowing cross-
comparison of ecological impacts. Within each category,

sub-themes such as pollutant pathways, biological
mechanisms of toxicity, trophic interactions, habitat
alterations, and cumulative multistressor effects were

identified. Impact severity was qualitatively assessed by
considering effect magnitude, spatial extent, and ecological
significance as described by each study. No primary data
collection or statistical meta-analysis was conducted;
instead, the review integrates secondary evidence to identify
prevailing patterns, research gaps and areas of consensus or
divergence in the literature. Efforts were taken to minimize
bias by consulting multiple data sources, cross-verifying
findings across studies, and acknowledging limitations
related to geographic and taxonomic coverage in the
available research.

3. Results
Types of Pollution and Their Effects

Pollution manifests in various forms, each contributing

uniquely to biodiversity decline.

1) Water Pollution: Agricultural runoff, industrial
effluents, and plastic waste severely affect aquatic
ecosystems. Pesticides and pharmaceuticals disrupt
endocrine systems in fish and amphibians, leading to
population declines. A comprehensive review found that
over three times as many terrestrial plants are affected
by pollution compared to animals, but aquatic species
suffer from bioaccumulation of toxins like heavy metals
and micro plastics. In oceans, plastic pollution has been
linked to the ingestion and entanglement of marine
species, contributing to the loss of up to 10-70% of
ecosystem functioning in polluted areas.

2) Air Pollution: Emissions from vehicles and industries,
including particulate matter and nitrogen oxides, alter
atmospheric conditions and deposit pollutants on land
and water. A global meta-analysis revealed that air
pollution negatively impacts pollination processes,
reducing plant reproduction and indirectly affecting
herbivore populations. In urban areas, air pollutants
have been associated with shifts in species composition,
favouring pollution-tolerant species and leading to local
extinctions.

3) Soil Pollution: Heavy metals and agrochemicals
degrade soil quality, affecting microbial diversity and
plant growth. Studies on imperilled species in the US
attribute soil contamination to biodiversity loss in
terrestrial habitats, with cascading effects on food webs.

4) Light and Noise Pollution: Often overlooked, these
sensory pollutants disrupt animal behaviors such as
migration and reproduction. The meta-analysis cited
earlier detected no overall effect from light pollution on
pollination but noted context-specific declines in
nocturnal species diversity.

Quantifying Biodiversity Loss

Experts estimate that pollution contributes to a 10-70%
reduction in ecosystem services and nature's contributions to
people (NCP) due to species threats or extinctions. Globally,
pollution is implicated in the decline of over 1 million
species at risk of extinction, with synergistic effects from
climate change amplifying these losses. In polluted
ecosystems, biodiversity indices (e. g., Shannon diversity)
often drop by 20-50%, as sensitive species are outcompeted
or eliminated.

Pollution Type Key Impacts on Biodiversity Example Species Affected Estimated Loss (%) |
Water Bioaccumulation, habitat eutrophication Fish, corals, amphibians 30-50
Air Reduced pollination, respiratory stress | Pollinators (bees, butterflies), birds 10-40
Soil Microbial disruption, plant toxicity Earthworms, plants 20-60
Noise Behavioural alterations Nocturnal mammals, birds 5-30

4. Discussion

The results highlight pollution as a pervasive threat to
biodiversity, often interacting with other drivers like climate

change. For instance, air pollution exacerbates global
warming by contributing to greenhouse gas emissions,
which in turn accelerates habitat loss. Challenges in
attribution arise due to the complexity of pollutant mixtures
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in ecosystems, making it difficult to isolate effects.
Mitigation requires reducing pollution to levels that do not
harm ecosystems, through policies like stricter emission
standards and waste management. International frameworks,
such as the UNEP's efforts, emphasize pollution action as a
"missing link" in biodiversity protection. Future research
should focus on synergistic impacts and long-term
monitoring to inform adaptive strategies.

5. Conclusion

Pollution is one of the most significant and pervasive drivers
of biodiversity loss, undermining the stability of ecosystems
and the well-being of communities that rely on them.
Contaminants from industrial activities, agriculture, waste
mismanagement, and chemical releases degrade habitats,
disrupt species interactions, and reduce the capacity of
ecosystems to provide essential services such as clean water,
fertile soil and climate regulation. As these pressures
intensify, many species face heightened risks of population
decline or extinction, further weakening ecological
resilience. Addressing this crisis requires urgent, coordinated
and multifaceted action. Reducing pollution at its source
through improved waste management, stricter emissions
regulations, sustainable agricultural practices, and the
promotion of cleaner technologies is essential to prevent
further ecosystem degradation. At the same time, large-scale
habitat restoration, including reforestation, wetland
rehabilitation and the clean-up of contaminated
environments, is crucial for reviving damaged ecological
systems. Because pollution transcends political boundaries,
international cooperation and harmonized policies are key to
achieving durable progress.

By prioritizing comprehensive pollution control measures,
societies can strengthen ecosystem resilience, safeguard
biodiversity and advance global sustainable development
goals. This review emphasizes not only the need for stronger
policy enforcement but also the importance of
interdisciplinary research that integrates ecological science,
public health, economics and social policy. Such
collaboration will support the development of innovative
solutions and sustained action to confront the growing
environmental threat posed by pollution.
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