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Abstract
Plastic pollution has emerged as one of the most urgent environmental challenges of current era. Plastic

pollution has extensive consequences on ecosystems, fauna, and human health. The interaction of organisms
with plastic trash yields a variety of repercussions, both direct and indirect, including the possibility for sub-
lethal impacts, which, due to their unpredictability, may be significantly concerning. The peril of plastic trash
was apparent much earlier in aquatic ecosystems; nevertheless, in recent years, the influence of microplastics on
terrestrial ecosystems has emerged as a focal point of research. The interaction between organisms and plastic
transport is an emergent field of research, requiring further attention. This article examines the origins, effects,
and enduring consequences of plastic pollution in forest ecosystems while proposing sustainable ways to
alleviate the situation. The consequences of plastic pollution are concerning, as entanglement in plastic results in
physical traumas including strangling, restricted movement, amputations, developmental issues, and premature

mortality.
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Introduction

Plastic pollution is a well-documented global
problem of increasing concern due to its complex
nature and the significant potential long-term
consequences of its continued entry into ecosystems.
Global plastic pollution has become a major source of
worry due to its negative impact on both the
environment and human health (Weber et al., 2023).
Mass production of plastics has occurred since their
invention. Plastic waste production across the globe
has reached approximately 6300 million metric tons,
most of which has been disposed of in landfills and
into the surrounding environment. Plastics have
entered the atmosphere and begun to form a chemical
layer around the planet since 2000, despite being newly
produced in the last 150 years (Gautam et al., 2024).
This has led to a worldwide need of attention to
combat plastic debris and its fallout. Unfortunately,
since they resist degradation for longer than Nature
anticipated, most of the primary plastics produced are
still present in Nature. They have now been largely
reduced to microplastic numbers. Over the last decade,
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information has been accumulating about the impact of
microplastics ranging in size from 1 pum to 5 mm on
aquatic and terrestrial systems (Geyer et al., 2017). The
detrimental impacts of plastic pollution have recently
been highlighted worldwide, and a wide range of
terrestrial and aquatic ecosystems have been reiterated
to be harmed. Plastic pollution is comprised of a
variety of different organic polymers, which are
persistent and ubiquitous within the environment.
Because of their hydrophobic characteristics, plastics
often accumulate organic contaminants, which can
potentially impact species that interact with plastic.
Plastics are polymer compounds with a wide
variety of uses in a myriad of jurisdictions. They are
manufactured by synthesizing monomers, which are
small compounds that polymerize to form long chains.
Importantly, plastic is not a single material, but a term
that represents a number of polymer compounds, all of
which fall into one of two categories: thermoplastics
(which melt and not chemically change with heat) and
thermosets (which cannot be reformed with heat, as
they chemically change with heat). Thermoplastics
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include a variety of polymers, such as Low-Density
Polyethylene (LDPE), Polyvinyl Chloride (PVC),
Polypropylene  (PP),  Polystyrene  (PS), and
Polytetrafluoroethylene (PTFE). Thermosets include a
number of  polymer  compounds, including
polyurethane, epoxy, phenolic, and silicone (Gilpin et
al., 2003). Plastics infiltrate into the atmosphere as
microplastics, which can adsorb chemical pollutants,
and increased plastic manufacturing is anticipated to
exacerbate the leaching of chemicals from
microplastics into soil and water. Microplastics can
cause leaching of compounds such as flame retardants,
plasticizers, and other hazardous compounds.

Throughout the development of large
industrial cities featuring an agricultural industry, fresh
waterway mouths became natural gathering sites of
plastic pollution. The large number of unmonitored
waterways facilitates the movement of plastics into
regions rarely subjected to terrestrial plastic pollution
and drastically complicated the hydrological dispersion
model of larger plastic debris (=1 mm). Human
habitation will continue to produce more plastics and
thus more microplastics for the foreseeable future. It
must therefore be anticipated that plastic particles will
increasingly be part of cultivation systems and thus of
the food chain.

Plastic Pollution in Forests:

Forests serve as reservoirs of natural resources
that sustain the ecological equilibrium of the planet
(Sarkar, 2016; Sarkar and Mazumder, 2016). Forests
are the greatest terrestrial carbon sink, sequestering
around 289 Gt of carbon in above-ground biomass and
accounting for an estimated 37% of the global soil
organic carbon reservoir. Since ancient times, forest
products have served as a vital source of subsistence.
The biodiversity of forest is significantly influenced
throughout time by cycles of natural disasters and
human activities, including fire, agriculture,
technology, and commerce (Sarkar et al., 2017a). In
addition to this plastic pollution severely affect forest
ecosystem. The evaluation of plastic in forest
ecosystems  may  significantly  disrupt  our
comprehension of carbon storage, food webs,
biological interactions, and the acquisition and cycling
of nutrients within these systems. It has become a
significant worldwide concern, equivalent to climate
change and the decline of biodiversity. Forest soils can
be distinguished from other terrestrial soils by the
presence of trees, the absence of agricultural
applications, and the existence of distinct biological
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material cycles that vary according to climate (von
Wilpert, 2022).

Plastics are conveyed from waterways to
riparian zones, where they can aggregate and serve as a
source of plastic pollution in the terrestrial ecosystem.
Riparian forest zones probably have fluctuating
impacts on the retention and movement of plastic
pollution throughout time. During floods, plastics are
prone to deposition above the bank. Water level in
aquatic body, velocity of water flow, plant type,
coverage, and roughness are critical regulatory
elements in the preservation or release, or movement of
plastics within riparian ecosystems (Fu et al., 2023;
Liu et al., 2024). Terrestrial forests are also affected by
the deposition of plastics. Microplastics were
demonstrated to build in soil aggregates and those
linked to soil organic matter and resulted modifications
in the structure and biophysical characteristics of soil
growth mediums (Dissanayake et al., 2022).

There are several ways that plastic gets into
forest ecosystems (Weber et al., 2023). Tourism and
recreational activities like trekking and camping often
significantly result in deposition of discarded plastic
bottles, food wrappers, and single-use items. Forest
fringe communities may use plastic for daily utilities
and disposal of waste, which often ends up in
surrounding forested areas. lllegal waste disposal and
open dumps adjacent to forest peripheries facilitate the
transport of plastics by wind and precipitation into the
depths of forest interiors. Road construction and
development activities within forested regions
introduce large volumes of synthetic materials.
Agricultural plastic, such as mulch films and fertilizer
bags etc., utilized near forest peripheries, also adds to
this encroachment. Gradual negligence of these
activities converts the situation worst for many forested
areas. This neglect may indicate a deficient
comprehension of plastic pollution in forest
ecosystems, necessitating urgent additional research to
record not only the presence of plastics in forests but
also their fragmentation, movement, deposition,
accumulation, consequences, and eventual destiny.
Impact of Plastic and Microplastic on Soil and
Agquatic Bodies

Microplastics can impact the ecosystem
services rendered by soils. They may evolve into a
nascent category of contaminants in terrestrial
ecosystems, creating increasingly intricate settings for
animals and habitat. Organisms can aid in the
translocation of plastics throughout habitats and
ecosystems. The migration of some animals may
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facilitate the redistribution of plastics over various
spatial scales, from microhabitats to whole continents.
These activities are likely accountable for dispersing
plastic over the landscape and perhaps creating plastic
pollution in areas previously unexposed to non-
biological plastic influxes. The structure of the soil
could be disrupted by microplastics because they
interact with the minerals in the soil. Upon infiltrating
the soil, microplastic particles may be assimilated into
soil aggregates, compromise their stability, induce pore
obstruction, or be translocated vertically into deeper
soil strata (Weber et al., 2022). Additionally, the
physicochemical qualities of the soil could be altered
because microplastics release hazardous chemicals and
adsorb protons. The manufacture of plastics may be
partially dissociated from fossil-fuel carbon emissions
by a transition to bio-based feedstock’s; nevertheless,
this move will impact biosphere integrity, land and
water systems, and biogeochemical processes, all of
which are already exceeding planetary boundaries
(Gautam et al., 2021; Villarrubia-Gomez).

The interactions between plastics and soil
organisms are intricate, and published investigations
have yielded contradictory data regarding the effects of
plastics on these creatures. The interactions between
plastics and organisms significantly impact the transit
and destiny of plastics across ecosystems. Plastics are
conveyed, consumed, processed, and occasionally
retained by organisms. Biological interactions, such as
ingestion, modify the physical and chemical
characteristics of plastics, hence affecting their
translocation between ecosystems. The accumulation
of particles due to egestion may subsequently modify
the distribution of plastics while also enhancing their
bioavailability to organisms. Higher plants may also
store plastic, with considerable aerial buildup in the
branches and foliage of plants in both terrestrial and
riparian ecosystems. The ecological effects on biota
resulting from plastic exposure may arise from
numerous approaches.

Impact of Plastic Pollution on Forest Flora

Plants have crucial roles in supporting
essential  ecological processes: organic  matter
generation, stabilization of water and nutrient cycles,
and preservation of soil quality. Their effect
encompasses the alteration of natural environments and
the establishment of ecological niches that can
augment biodiversity. Flora serves as an essential
component in food webs, sustaining consumers from
detritivores to herbivores, which subsequently provide
the foundation for bigger predators (Mazumder et al.,
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2021). A multitude of plants can also furnish substrate
for many species and function as habitat for epiphytes,
insects, and other fauna (Sarkar et al.,, 2017h).
Nonetheless, plant communities may suffer detrimental
effects from the accumulation of plastic debris in
terrestrial ecosystems, rendering them wvulnerable to
microplastic exposure. Microplastics of diverse shades
and shapes have been found to modify the
characteristics of soil growth medium, resulting in
adverse impacts on seed germination, biomass, and
nutrient absorption of several plants like forage millet.
Microplastics can affect nutrient cycling in forest
ecosystems by modifying the microbial populations
that decompose organic waste (Li et al., 2023). This
may result in alterations in nutrient availability for
plant growth, impacting the overall forest ecosystem.

Soil contamination by microplastics is likely
to directly or indirectly impact plants, as they are
anchored in the soil. Substantial alterations have been
discovered in plant biomass, tissue elemental
composition, root characteristics, and soil microbial
activities. These effects encompass alterations in plant
growth and productivity, root shape, and plant-
mycorrhiza interactions (van Kleunen, 2020; Moreno-
Jimenez et al., 2021).
Impact of Plastic Pollution on Forest Fauna

Plastic pollution negatively impacts life
processes at all levels, from plankton to mammals. The
long-term effects of plastics on forest ecosystems may
arise from habitat deterioration and decreased food
availability for saproxylic fauna due to the excessive
accumulation of plastic in water habitats. Plastic
pollution induces ecological disruption, resulting in
habitat destruction as plastic trash can suffocate
habitats, adversely impacting the animals dependent on
these ecosystems for shelter, sustenance, and
reproduction (Thelma et al., 2024). Starving animals
can detect food in abandoned containers and may
become ensnared by their heads, feet, or wings. This
would result in the animals ultimately becoming
ensnared, asphyxiating, and perishing. This excludes
the fact that ingested plastics can lead to intestinal
obstructions and mortality. Plastics induce numerous
adverse mechanical, chemical, and biological effects
on the organisms that consume those (Lear et al.,
2021). Wild animals inhabiting areas adjacent to
human settlements or contaminated with plastic and
other foreign objects are more prone to developing
health disorders associated with plastic exposure.

Plastics are progressively degraded into
secondary microplastics through physical, biological,
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and chemical processes, ultimately resulting in nano
plastics that can be transported and bioaccumulated
throughout food webs, hence imposing ecological
impacts (Pironti et al., 2021). Both macro and micro
plastic fragments can pose threats to particular species
through entanglement or ingestion. Numerous studies
have demonstrated the widespread and pervasive
prevalence of plastic pollution in aquatic environments
of forest ecosystem, and the occurrence and
transmission of plastic waste among various reservoirs
have resulted in the acknowledgement of a "plastic
cycle," analogous to global biogeochemical cycles
(Rochman and Hoellein, 2020). Large plastic debris is
responsible for tangling, but tiny plastic fragments lead
to ingestion. The ingestion of plastics, whether directly
or by trophic transfer, has several immediate
repercussions, diminishing appetite, affecting feeding
behaviour, and reducing body weight, fitness, and
reproductive capacity (Wright et al., 2013; Besseling et
al., 2013; Lee et al., 2013).

The ingestion as well as accumulation of
plastics in foraging animals has been linked to their
foraging tactics and dietary habits (Katlam et al.,
2018). Alteration of habitat and foraging tactics has
considerable impact of herbivores (Dey et al., 2020).
Plastics can also serve as vectors for pathogens,
potentially transmitting diseases to animals via
contaminated surfaces or water sources. The presence
of microplastics can diminish earthworm populations,
perhaps leading to a decline in soil fertility (Sharma et
al., 2023). Plastic, especially microplastic, infiltrates
every food chain, affecting invertebrates, fish, turtles,
and even mammals. Recent studies indicate that
zooplankton ingest plastics present in their
surroundings. Plastic waste has considerable adverse
effects on plankton, the smallest organisms of the
forest ecosystem. Microplastics, upon ingestion, can
traverse trophic levels and pose a threat to crustaceans
and other consumers. Microplastics release compounds
such as phthalates and BPA, which interfere with the
hormonal systems of both invertebrates and
vertebrates. Additional chemicals leached from
microplastics include parabens, fire retardants, and
artificial colours, which adhere to soil particles and
remain in the soil for extended durations. The leaching
of deleterious chemicals, such as phthalates, from
ingested plastic can result in toxicological effects that
impair the nervous system and reproductive health,
ultimately causing hormonal imbalances (Katlam et al.,
2022). Avian species have accumulated plastic waste
and debris, considerably exacerbating environmental
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degradation in recent decades. Recent studies have
shown that most terrestrial bird species include
microplastics in their gastrointestinal tracts (Zhao et
al., 2016). Plastic adversely impacts avian species by
obstructing the digestive tract, resulting in tissue
damage from toxic compounds known as
polychlorinated biphenyls (Parker, 2014).
Impact of Plastic Pollution on Forest Microflora
The existence of plastic has direct chemical
implications for environmental microbial ecosystems.
Plastics directly influence microbiomes by exerting
harmful effects, supplying additional carbon sources,
and serving as platforms for microbial colonization and
diffusion. Plastic pollution intensifies soil deterioration
and adversely affects the structure and functioning of
soil microbial communities, hence undermining forest
ecosystem productivity and sustainability (MacLean et
al., 2021). Plankton develops gangrene upon ingesting
plastics, adversely affecting consumer species inside
the food chain that rely on them for nourishment
(Obebe, 2020). Microplastics can influence the
population, quantity, and diversity of microorganisms
in the environment, thus affecting bio-geochemical
cycle. Researchers indicated that the incorporation of
microplastics resulted in a significant decrease in total
nitrogen, soil organic carbon, pH, NH4+-N, and
microbial variability, while concurrently inducing an
increase in dissolved organic carbon, fungal variability,
and enzymatic activities, particularly those associated
with biogeochemical processes (Sharma et al., 2023).
Plastic  pollution has brought about
devastation on the ecosystem in recent years. The
growth of technology has led to a rise in plastic
pollution, which has compromised all ecological
factors (Surela et al., 2025). Plastics are manufactured
from synthetic or semi-synthetic organic polymers,
both of which are very resistant to biodegradation and
due to this, plastics may persist in the ecosystem for as
long as one hundred years (Sharma et al., 2023).
Despite the significance of soils as reservoirs for
microplastics, existing understanding of their
prevalence and impact within these environments is
still inadequate.

Conclusion
Plastic pollution constitutes a significant
worldwide concern, presenting social risks with far-
reaching ecological repercussions across many
habitats. Environmental contamination caused by
plastic trash is becoming acknowledged as a
significant ecological burden, particularly in forest
14
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ecosystems, where the prolonged biophysical
degradation of plastics has deleterious impacts on
plants, animals and microbes. However, the
implications of plastic pollution in forested ecosystems
are still poorly understood even though ecosystems at
a global scale are directly impacted by plastic
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