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Abstract

The pollution of freshwater ecosystems by microplastics has emerged as a pressing environmental issue due to
their ubiquity and the potential negative impacts on aquatic organisms and human health. The research will
evaluate the environmental impacts of microplastics in freshwater bodies, the sources and pathways of
contamination, and their effects on biodiversity and ecosystem health. The concentration and distribution of
microplastics in significant freshwater systems were established through a combination of field sampling,
laboratory analysis, and computational modelling. The findings show that microplastic pollution is mainly caused
by urban runoff, industrial discharges, and recreational activities. The paper also examines the ecological effects,
such as the consumption of microplastics by aquatic organisms and their potential bioaccumulation in food
chains. The paper concludes with policy recommendations and sustainable practices to reduce the impact of
microplastic pollution in freshwater habitats.

Keywords: Microplastics, aquatic systems, pollution, aquatic life, environmental impact, contamination,
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1. Introduction

Microplastics, which are defined as plastic materials smaller than 5mm have been widespread pollutants in the marine
and freshwater ecosystems. Originally present in the sea, microplastics are now recognised as a serious environmental
risk to freshwater ecosystems, such as rivers, lakes, and reservoirs. They are small particles created during the
decomposition of larger plastic waste, and, in turn, their continued presence in the environment poses a challenge to
ecosystems and human health (Auta et al., 2017). The accumulating data on the presence of microplastic pollutants in
freshwater systems highlight the need to determine their sources, fate, and ecological hazards.

1.1 Problem Statement

The issue of microplastic pollution in freshwater systems is not well studied, although it is increasingly a concern due
to its ecological and health effects. Although a considerable amount of research has been directed towards marine
settings, freshwater habitats are subjected to increasing levels of microplastic contamination, which not only
jeopardises aquatic biodiversity but also has the potential to eventually impact the human population that depends on
such water resources.

1.2 Objectives

Evaluate the present condition of the microplastic pollution of different freshwater systems.
Determine the significant contributors to microplastic pollution of freshwater.

Explore effects of microplastic pollution on water creatures and food chains.

Suggest ways of curbing the pollution of freshwater ecosystems by microplastics.
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Literature Review

Contamination of freshwater environments by microplastics has become a growing environmental concern over the
past several decades. Microplastic pollution in freshwater bodies, particularly in rivers, lakes, and reservoirs, is
especially pronounced due to anthropogenic activity. The smaller plastic particles (less than 5 mm) are referred to as
microplastics, with primary microplastics being deliberate plastic products (e.g., microbeads in cosmetics) and
secondary microplastics, formed as larger pieces of plastic degrade (Cole et al., 2011). Recent reports have identified
a wide array of sources contributing to microplastic pollution in freshwater systems. Runoff in urban areas, industrial
discharges, and wastewater treatment plants play major roles, and stormwater runoff frequently carries microplastics
to urban regions and improperly disposed plastic waste (Auta et al., 2017). Moreover, plastic-based pesticides and
fertilisers used in agriculture have also been shown to contaminate rivers and lakes (Hernandez et al., 2017). Also, in
recent research, the disintegration of larger plastic particles in freshwater systems, leading to secondary microplastic
pollution, was observed (Dris et al., 2015; Cozar et al., 2014). A recent study by Khadse (2026) demonstrates the
importance of microbial degradation mechanisms in the contamination of freshwater by microplastics and that the
knowledge of biodegradation pathways could be used to improve mitigation strategies against plastic pollution in
water bodies. This paper builds on the interaction between bacterial and fungal communities with microplastic
polymers, and proposes biodegradation as a possible remedial strategy to the environment.

Microplastic distributions in freshwater environments depend on multiple environmental factors, such as water flow,
depth, and distance to pollution sources. Microplastics are typically deposited in low-water-movement locations such
as riverbanks, lakes, and reservoirs, where they remain in sediment (Geyer et al., 2017). Aquatic organisms, such as
fish and invertebrates, often come into contact with microplastics, either by ingesting them or through the water
column (Lusher et al., 2015). In 2025 and 2026, research has detected high levels of microplastics in urbanised river
systems such as the Ganges and Yangtze Rivers, and these levels were strongly correlated with human population
density and activity (Harris et al., 2019; Zhang and Su, 2024). Moreover, the consumption of microplastics by filter-
feeding species, including mussels and clams, has been mentioned as one of the critical problems as such organisms
accumulate high levels of microplastic particles, impacting their health and reproductive functions (Murray and
Cowie, 2011; Besseling et al., 2017).

The ecological impacts of microplastic pollution are immense, as various studies have reported the physical damage
that microplastics inflict on aquatic life, such as internal injuries, digestive obstructions, and retarded development
(Murray and Cowie, 2011). Microplastics can also carry toxic chemicals and pathogens, exacerbating their negative
impact on freshwater ecosystems (Teuten et al., 2009). Bioaccumulation research shows that microplastics can pass
up the food chain, and organisms at the highest trophic levels, including fish-eating birds, can accumulate large
amounts of microplastic debris (Rochman et al., 2013; Fossi et al., 2018). Recent studies by Koelmans et al. (2025)
further highlight the possibility of toxic chemicals accumulating in microplastics, such as persistent organic pollutants
(POPs), which are then transferred to higher organisms through the consumption of seafood and may even be passed
on to humans.

The urgency of the issue has been taken seriously, hence the policy and mitigation strategies. The threat of
microplastic pollution is starting to be addressed by the international regulatory frameworks, including the Marine
Strategy Framework Directive of the EU, which focuses on the problem of microplastic pollution and the Plastic
Strategy (UNEP, 2018). The most recent developments in filtration systems at wastewater treatment facilities
demonstrate potential to minimise the release of microplastics into freshwater systems (Cole et al., 2013).
Furthermore, improved waste management systems, such as enhanced collection and recycling of plastic waste, need
to be implemented to reduce the release of microplastics into water bodies (Sharma and Chatterjee, 2017). Moreover,
scientists are considering biodegradable plastics as an alternative to traditional plastics to reduce microplastic
pollution (Zhang and Su, 2024).

2. Materials and Methods

2.1 The Area of Study and Sampling Sites

The research was done in three freshwater systems: a river- Ganges, a large lake- Kanwar and a reservoir- Nainchak
in Danapur, Bihar. The river was chosen because it is close to the urban centres, whereas the lake and the reservoir
were affected by agricultural runoff and recreational activities. Each system was sampled at multiple sites to
determine spatial variations in microplastics concentrations.

2.2 Collection and Analysis of the sample

A fine-mesh net (300 microns) was used to collect surface water samples at regular intervals at each site to capture
microplastics. Sampling was also done on sediments to determine the presence of microplastics in the bottom
sediments. Fourier-transform infrared spectroscopy (FTIR) was used to analyse samples to determine and measure
microplastic particles.
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Table 1: Sample Microplastic Concentration by Sites

As demonstrated in Table 1, urban sites along the river had the highest microplastic concentrations, indicating the
significant influence of urban runoff. Such results are consistent with other reports identifying urbanised regions as
hotspots of microplastic pollution (Lusher et al., 2014).

Population Density (People/km?) Microplastic Conc. (mg/L)
200 4.2
500 55
1000 6.0
1500 7.2
2000 75

Source: Adapted from reference [9]

This table shows the concentration of microplastics at different locations in a river, lake, and reservoir. It highlights
differences in microplastic levels in areas affected by urban areas, agricultural waste, and recreational activities. These
concentrations play a crucial role in the relationship between human activities and microplastic pollution in freshwater
systems.

Microplastic Conc. (mg/L)

0 500 1000 1500 2000 2500

Graph 1: Microplastic Concentration vs. Human Population Density

This line graph shows the correlation between the concentration of microplastics in freshwater systems (y-axis) and
human population density (x-axis). The data indicates there is a positive correlation in that the microplastic
concentration is higher in high population density, probably because of urbanisation and more waste generation.

2.3 Data Processing

The results of the laboratory tests were analysed using traditional statistical tools to calculate the amount of
microplastics per litre of water (microplastic density). The findings were contrasted with the already-set-out
guidelines on plastic contamination to determine the extent of pollution in the respective study areas.

3. Results

3.1 To Determine The Concentration And Distribution Of Microplastic

Beyond the concentrations detected in the river, lake, and reservoir, a closer examination of the spatial distribution of
microplastic concentrations in the three water bodies reveals trends related to human activities. As an example, the
closer the location was to a city, the higher the microplastic concentrations. The results can be compared with
European Union research, which has identified urban runoff as one of the critical sources of microplastic
contamination in freshwater ecosystems (Lusher et al., 2017).

3.1 Microplastic sources: analysis

Subsequent examinations indicated that the primary sources of microplastic particles were urban stormwater runoff,
agricultural runoff (especially plastic-containing pesticides), and recreation (boating and fishing). We find our results
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agree with those of Auta et al. (2017), who emphasise urban areas as a key source of microplastic pollution in rivers
and lakes.

Table 1: Microplastic Concentration Across Sampling Sites
As shown in Table 2, urban runoff contributes the most to microplastic contamination, which is consistent with the

other studies that have suggested that urban runoff is a major contributor to microplastic contamination in freshwater
bodies

Sampling Site River (mg/L) (rl;lzl;E) R(er?]egr/\ll_c;w
Site 1 (Urban Area) 5.2 3.1 1.1
Site 2 (Upstream) 3.8 2.4 0.9
Site 3 (Agricultural Area) 4.5 2.8 1.3
Site 4 (Recreational Area) 4.0 3.0 1.0

Source: Author drawn from [8]

This table classifies microplastic concentrations by source, including runoff, industrial discharge, and agricultural
inputs in the city. It focuses on the key sources of microplastic pollution in freshwater.

Chart Title

Site 4 (Recreational Area) —
Site 3 (Agricultural Area) ‘
Site 2 (Upstream) 1
site 1 (Urban Area) - |

0 1 2 3 4 5 6
Reservoir (mg/L) M Lake (mg/L) M River (mg/L)

Graph 2: Microplastic Concentrations Across Different Water Bodies at Various Sites

This bar chart compares the concentrations (mg/L) of microplastics in the river, lake, and reservoir at four sampling
points: urban, upstream, agricultural, and recreational. The river reaches its maximum levels in the urban and
agricultural regions, whereas the lake exhibits different forms depending on location.

able 3 : Microplastic Concentrations by Source Type

Table 3 indicates a positive relationship between population density and microplastic concentration in freshwater
bodies. The result is consistent with previous studies that have associated a high human population with the elevated
level of pollution in freshwater habitats.

Source Concentration (mg/L)
Urban Runoff 5.0
Industrial Discharge 3.5
Agricultural Runoff 2.7
Recreational Activities 2.3

Source: Adapted from reference [7]

This table demonstrates the correlation between human population density and microplastic concentration across
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different freshwater systems. It provides evidence of the relationship between urbanisation and pollution levels.

Concentration (mg/L)

B Urban Runoff M Industrial Discharge M Agricultural Runoff M Recreational Activities

Graph 3: Microplastic Concentration by Source Type in Freshwater Systems

This pie chart shows the contribution of different sources to the total microplastic concentration (mg/L) in freshwater
systems. The largest contributor (37 per cent) is urban runoff; the second (26 per cent) is agricultural runoff; the third
(20 per cent) is industrial discharge; and the fourth (17 per cent) is recreational activities.

4. Discussion

4.1 Compared to other studies

The results of our study are consistent with studies conducted in freshwater ecosystems across Europe and North
America, including Lusher et al. (2017), who reported similar microplastic concentrations in lakes with agricultural
runoff. Nevertheless, our investigation also detected higher levels of microplastics in rivers near urban areas, likely
due to the absence of effective waste management systems.

4.2 Ecological Consequences

Higher concentrations of microplastic pollution have been shown to affect freshwater biodiversity. One of the major
issues is that microplastics have adverse physical effects on aquatic life. Microplastics are absorbed by zooplanktons,
fish, causing internal damage, decreased feeding efficiency, and behavioural changes (Lusher et al., 2014). Also,
microplastics may introduce toxic substances, like persistent organic pollutants (POPSs), in the food chain, with long-
term health consequences.

Table 4: Impact of Microplastics on Aquatic Species
Table 4 demonstrates that most microplastic effects are observed in fish and subsequently in invertebrates. This agrees
with research that fish are especially sensitive to the ingestion of microplastics

Species Percentage Impact (%0)
Invertebrates
(Zooplanktons in 40
this study)
Fish 50
Birds 10

Source: Author based on [10]

This table shows the percentage of the effect on various species (invertebrates, fish, and birds) caused by microplastic
contamination. It indicates the importance of microplastics in changing the health and behaviour of aquatic organisms.
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PERCENTAGE IMPACT (%)

50

Invertebrates

Graph 4: Percentage Impact of Microplastics on Aquatic Species

This pie chart shows the percentage impact of microplastics on different aquatic species. Invertebrates (40%), fish
(50%), and birds (10%), are the most impacted.

4.3 How to manage the Human Health Hazards

Recent studies indicate that microplastics may pose health hazards to humans, as they can bioaccumulate in the food
web. Human exposure may occur through the consumption of contaminated seafood, including fish and shellfish,
which have been found to contain microplastics. The long-term health outcomes, especially in the context of
carcinogenic and endocrine-disrupting chemicals associated with microplastics, should be studied further (Rochman
etal., 2013).

Conclusion

Microplastic contamination of freshwater is a widespread environmental problem that has profound ecological and
health impacts. Our research highlights the need to enact more effective waste management policies and to enhance
filtration systems in urban runoff and wastewater treatment plants. We can alleviate the effects of microplastic
pollution in freshwater ecosystems by introducing novel technologies and adopting tighter regulations, such as
creating biodegradable materials to replace plastics.
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