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ABSTRACT

Plastic pollution has emerged as one of the most critical environmental issues
facing the planet today. While the impact of plastic waste in oceans has
gained widespread attention, its effects on terrestrial ecosystems, particularly
soil and freshwater bodies, are equally alarming but less understood. This
paper explores the pathways through which plastic particles—ranging from
macroplastics to microplastics—enter soil and water systems, interact with
biota, and disrupt ecological and biochemical processes. The accumulation of
plastics in soil affects aeration, water retention, microbial activity, and
nutrient cycles, while in water bodies, plastic contaminants harm aquatic
organisms, alter water chemistry, and contribute to bioaccumulation in the
food chain. This paper also outlines the emerging research into nanoplastics
and their potential toxicological impacts, providing a crucial overview of the

scientific, societal, and regulatory dimensions of the problem. A special focus

101 | Page 101-106 © MANTECH PUBLICATIONS 2023. All Rights Reserved


mailto:meerasharma@git.edu.in*
mailto:arjundev.rs@git.edu.in*

MANIECH Journal of Remote Sensing, Environmental Science & Geotechnical Engineering
Publications Volume 8, Issue 3, September-December, 2023

is placed on recent field studies, remote sensing integration, and sustainable
waste management practices aimed at mitigating these threats. As we
advance into the Anthropocene, understanding and addressing the impacts of
plastic pollution on soil and water is essential for maintaining biodiversity,
ensuring food and water security, and preserving the health of terrestrial and

aquatic ecosystems.

Keywords—Plastic pollution, microplastics, soil contamination, water pollution,

nanoplastics, ecosystem health, environmental monitoring.
INTRODUCTION

In recent decades, plastic production has skyrocketed, with global output surpassing 390
million metric tons annually. Plastic is prized for its durability, versatility, and low cost,
but these same properties make it a persistent pollutant in the environment. As plastic
degrades slowly, it accumulates in ecosystems, fragmenting into microplastics and
nanoplastics that infiltrate even the most remote terrestrial and aquatic regions. While
much attention has been focused on marine plastic pollution, emerging research

highlights the pressing concern of plastic accumulation in soils and freshwater systems.

Plastic pollution in soil stems from agricultural practices, landfill leachates, urban
runoff, and atmospheric deposition. Microplastics, in particular, interfere with soil
structure, alter water retention, and inhibit microbial processes essential for plant
growth. Likewise, in freshwater systems such as rivers, lakes, and groundwater aquifers,
plastic debris not only affects water quality but also enters food chains via ingestion by
aquatic species. These changes threaten biodiversity and raise concerns about long-term

ecosystem resilience and human health.

The interaction of plastic particles with environmental matrices such as soil minerals,
organic matter, and biota leads to complex physicochemical and biological effects.
These include the transport of toxic additives and the formation of biofilms that may

serve as vectors for pathogens or harmful chemicals. Furthermore, the presence of
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plastics in agricultural soils can impact crop productivity and potentially introduce

contaminants into human food systems.

This paper aims to synthesize current knowledge regarding the effects of plastic
pollution on soil and water, highlight recent scientific findings, analyze case studies, and
suggest frameworks for mitigation and sustainable waste management. The urgency of
this issue calls for interdisciplinary approaches, including environmental science,
toxicology, waste engineering, and policy development, to curb the growing threat posed

by plastic pollutants.

LITERATURE REVIEW

Plastic pollution, especially in terrestrial and freshwater ecosystems, has gained
increasing attention over the last two decades. According to Rillig (2012), microplastics
have invaded nearly all soil environments, disrupting microbial communities and
altering nutrient cycles. Barnes et al. (2009) discussed the accumulation of plastics in
aquatic ecosystems, noting that synthetic polymers tend to persist due to their resistance

to degradation. Recent research by Chae and An (2018) explored the toxi...

METHODOLOGY

This study involved a two-pronged methodological approach. First, various soil and
water samples were collected from industrial and urban locations with visible plastic
waste. Second, laboratory analysis was carried out to identify microplastic content, using
Fourier-transform infrared spectroscopy (FTIR) and microscopy. The soil was sieved,
density-separated, and analyzed for polymers. Similarly, water samples were filtered and

dried before microscopic analysis. Data were statistically analyzed to ....

Table 1: Types of Plastics Found in Soil and Water

Plastic Type Soil Presence (%) Water Presence (%)

Polyethylene (PE) 45% 35%
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Polypropylene (PP) 30% 25%
Polystyrene (PS) 15% 20%
Polyvinyl Chloride (PVC) | 10% 20%

This table shows the percentage of plastic types found in soil and water samples.

Table 2: Effect of Microplastics on Soil Quality Parameters

Soil Parameter Control (No | Low Plastic | High Plastic
Plastic) Content Content

pH 6.8 6.5 6.1

Organic Carbon | 1.2 1.0 0.7

(%)

Water Holding | 45 38 30

Capacity (%)

This table indicates how increasing microplastic contamination reduces important soil

quality parameters.

FUTURE SCOPE

Future research should focus on long-term monitoring of plastic pollution in terrestrial
and aquatic systems. The development of biodegradable alternatives to conventional
plastics could mitigate pollution. Additionally, advanced detection techniques for
nanoplastics, public awareness campaigns, and policy implementation are crucial for
managing plastic waste at the source. Multidisciplinary studies involving soil scientists,

ecologists, and policymakers will be essential to create holistic solutions.

CONCLUSION
Plastic pollution has emerged as a critical environmental threat, extending beyond
oceans to soils and freshwater systems. The persistence of plastic debris affects soil

texture, fertility, and microbial life, while aquatic systems experience toxic and physical
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damage to organisms. Analytical studies underscore the ubiquity and toxicity of
microplastics and nanoplastics. Immediate attention is required through regulation,
public education, and scientific innovation. Mitigating this issue is not only vital for

environmental sustainability but also for safeguarding human health.
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