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Abstract: Microplastic pollution of rivers, lakes, estuaries, and coastal waters has become one of the most pervasive
forms of pollution, as a result of the ongoing trend of increased plastic production, inadequate waste management
practices, and the eventual breakdown of larger plastic waste. The objective of the present study was to explore the
distribution of microplastics in interconnected aquatic systems, the potential for ecological impacts on aquatic biota,
the potential for bioaccumulation and biomagnification along the food chain, and sustainable solutions for reducing
contamination. Twenty-four stations on river, lake, estuarine and coastal systems were visited, and in each location
surface water, bottom sediment and representative aquatic organisms were sampled, processed and analyzed for
abundance of particles, particle shape and polymer type. In general, microplastics were found at all stations, and the
highest concentrations were found in estuaries; the concentrations in sediments far exceeded those of overlying water,
making sediments long-term sinks for microplastics. The most prevalent polymer types were polyethylene and
polypropylene, while the most prevalent particle shape was fiber. Reduced feeding, growth, and reproductive output
of test organisms were associated with exposure, and effects were higher with increasing exposure. Bivalves and
shrimp that filter feed had the highest body burdens, and particles were detected in the edible parts of fish, suggesting
direct transfer to humans. Advanced wastewater treatment, constructed wetlands, and stormwater filtering were the
most effective mitigation options evaluated to reduce the amount of microplastic released. The study concludes
microplastic contamination is a long-term, systemic issue that requires a multi-faceted approach at the source, on
transport routes, and in receiving waters.
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I. Introduction

Background of Microplastic Pollution

Result of the light weight, low cost, durability and molding ability, plastics are vital to everyday life.
This durability also equates to long-term presence in the environment of plastic items. Plastic waste is
degraded by exposure to sunlight, wave action, temperature fluctuation, and biology into increasingly tiny
pieces when it enters the natural environment. Microplastics are usually defined as particles smaller than
five millimeters. These particles have now been detected in nearly every water body that has been sampled,
ranging from mountain lakes to urban rivers, deep ocean sediments to polar ice. Water bodies serve as
conveyors, as well as collection points for plastic waste. Particles are transported from urban areas and
farmland to the ocean by water, and a significant amount of these particles are filtered out by sediments in
lakes and estuaries. This means that the problem of microplastic pollution in water is no longer a local one
but a landscape-scale issue, interrelated with land use, waste management, and water quality.

Sources of Microplastics in Aquatic Environments

There are two main categories of sources for microplastics entering water. Primary microplastics are
those that are designed to be small, like plastic pellets from industry and cosmetic and cleaning product
beads. Secondary microplastics are created when larger plastics, like bags, bottles, packaging, fishing nets,
and ropes, break down. There are significant amounts of fibers released from synthetic textiles when
washing, particles from tires on roads, and agricultural plastics in the field. The sources of these particles
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to water are wastewater discharge, urban stormwater, surface runoff, atmospheric deposition, and direct
dumping.

Environmental and Ecological Concerns

The small size of microplastics makes them easy for aquatic animals to mistake for food. In the gut,
particles can obstruct and injure the gut, cause a false sense of fullness, and decrease energy available for
growth and reproduction. Microplastics also carry other pollutants and microorganisms to their surface,
which can act as carriers of harmful substances to living tissue. Many of the invertebrates affected by these
plastic pollutants are prey of larger animals and humans, and there is concern about the possibility of
microplastics moving up the food chain to cause ecosystem instability and affect human health.

Research Problem and Knowledge Gap

Despite the increasing number of studies on microplastics, these studies tend to be conducted in one
environment, one medium (water only), or one species and under laboratory conditions. There are limited
studies that focus on multiple components of water, sediment, and organisms in freshwater and coastal
ecosystems that are connected. Further, there is inconsistent evidence of the extent of particle transfer from
feeding levels, and there is little practical comparison of the effectiveness of various mitigation options.
Managers are unable to prioritize and make effective control decisions due to this lack of joined-up
evidence.

Aim and Objectives of the Study

The objective of the study is to achieve an integrated evaluation of the level of microplastic pollution in
aquatic systems, combining exposure, effects, bioaccumulation and mitigation.

1. To identify the presence and distribution of microplastics in water and sediments in rivers, lakes,
estuarine and coastal waters.

2. To determine dominant microplastic sources and likely types found in aquatic environments.

3. To assess the impact of microplastics on growth, feeding, reproduction, and survival of aquatic
species.

4. To assess the bioaccumulation patterns of microplastics in different aquatic organisms.
5. To investigate the movement of microplastics in the aquatic food chain at various feeding levels.

6. To compare the efficacy of sustainable mitigation measures to reduce microplastic aquatic
contamination.

The introduction in section 1 provides background information on microplastics, where they come from,
the ecological problems they cause, the lack of research, and the aims of the study. In Section 2, previous
studies of the presence, types, ecological effects, bioaccumulation, and control methods of microplastic
pollution are reviewed. The research design, sampling, laboratory identification, ecological evaluation,
bioaccumulation assessment, and data analysis are described in Section 3, while Section 4 presents the
mitigation evaluation. The results of contamination distribution, polymer composition, ecological effects,
food chain transfer, and the efficiency of mitigation are reported in Section 4. The implications of findings
for aquatic ecosystem management are discussed in Sections 5 and 6, and major outcomes and future
research directions are summarized.

II. Literature Review
Occurrence of Microplastics in Aquatic Ecosystems

Spending 20 years conducting research on the presence of microplastics in aquatic ecosystems, water
pollution scientists have found microplastics in almost every aquatic habitat they have studied, from surface
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waters to deep sediments, and their numbers are projected to continue to grow as plastic production grows
(Thompson et al., 2024). A wide range in the abundance of particles has been recorded in reviews of
freshwater and marine systems, and the highest numbers are typically observed in proximity to dense human
populations and industrial sites (Issac & Kandasubramanian, 2021). Seawater, wastewater, and freshwater
separation studies have determined that the abundance and distribution of particles are influenced by water
flow, the density of the particles, weather events, and proximity to human activity (Kye et al., 2023).
Riverine systems are significant and important conduits transporting particles from land to sea and can hold
significant amounts of particles for long periods of time, especially along and on the riverine system (Kumar
etal., 2021).

Types and Sources of Microplastic Contamination

Microplastics can be further divided by origin into primary microplastics and secondary microplastics,
and by shape into fibers, fragments, films, foams and pellets (Wang et al., 2021). As the most commonly
reported polymers, they are found in packaging and consumer goods; polyethylene, polypropylene,
polystyrene, polyethylene terephthalate (PET) (Osman et al., 2023). The main sources are identified as
textile washing, tire wear, cosmetic products, fishing activity, and larger litter due to weathering, and the
sites where wastewater treatment plants collect and release litter are considered important release points
(Kumar et al., 2021). The contribution of each source depends on population density and the industrial
activities and waste management systems in each region (Wang et al., 2021; Kumar et al., 2021).
UV-induced photo-oxidation plays a major role in the environmental durability and toxicological risk
control of dominant polymer materials (polyethylene and polypropylene). Solar irradiation breaks polymer
chains and creates surface functional groups containing oxygen (carbonyl, hydroxyl), which increases the
hydrophilicity and specific surface area of the surface. In estuarine areas, there are sudden changes in ionic
strength, pH, and DOC concentrations between salinity zones, which change the electrical double layer of
weathered microparticles. The physicochemical changes influence the aggregation rates of particles and
greatly increase or decrease the sorption capacity of co-existing hydrophobic organic pollutants and heavy
metal ions, which further increases ecological exposure risks in mixing zones.

Effects of Microplastics on Aquatic Organisms

Laboratory and field research indicate that ingested microplastics can lead to damage to the gut; in fish
and invertebrates, it can decrease feeding efficiency and growth rates, and lower reproductive success
(Bhuyan, 2022). It has also been associated with stress responses, inflammation, behavior changes, and
changes in gut microbial communities (Sangkham et al., 2022). It is of particular interest that smaller
particles can enter tissues outside the digestive tract due to their ability to penetrate biological barriers
(Rahman et al., 2021). Particles and attached contaminants can also carry disease-causing microorganisms
and persistent organic pollutants, which can have a greater effect when combined than when present
individually (Osman et al., 2023; Sangkham et al., 2022).

Bioaccumulation and Transfer Through the Food Chain

Microplastics have been found in plankton, shellfish, crustaceans, fish, marine mammals, and seabirds,
so they have been found across the entire trophic level of the food chain (Ziani et al., 2023). Mussels and
oysters are highly vulnerable filter-feeding animals, as they take in large amounts of water and filter out
suspended particles (Yuan et al., 2022). Predators can ingest microplastics indirectly through contaminated
food, and this can result in the transfer of microplastics between feeding levels (Ziani et al., 2023; Yuan et
al., 2022). All of these are sources of particles and are now considered to be a significant pathway for human
exposure via aquatic food chains (Li et al., 2023). It is unclear, however, whether microplastic
concentrations in the blood continue to rise at higher feed rates because many animals defecate a significant
proportion of the ingested microplastics (Rahman et al., 2021; Li et al., 2023).
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Existing Approaches for Microplastic Control and Removal

The methods of removal have been classified into physical, chemical, and biological technologies, such
as filtration, settling, coagulation, membrane technologies, and microorganisms or enzymes. Improved
wastewater treatment may be able to remove a high percentage of particles from the incoming wastewater,
but the treated particles are frequently added to sludge that may be applied to land in the future. The
degradation of natural products by sunlight, heat, and microbial activity is slow, and there is still much
research to be conducted on the breakdown of natural products by light and biological methods. Examples
of policy measures include the ban on cosmetic microbeads, waste collection improvements, and limits on
single-use plastics, which have been suggested as vital supplements to technical solutions (Osman et al.,
2023).

Research Gap

Previous studies have identified the following remaining uncertainties. Comparisons between studies
are complicated by differences in sampling and identification methods. There is limited field data that
includes water, sediment, and organism samples collected at the same locations, and long-term monitoring
is limited. The extent of transfer to humans through seafood and its health consequences are still poorly
understood. Lastly, consideration is rarely given to comparing mitigation options by both effectiveness and
sustainability, leaving managers without direction on where to invest.

III. Methodology

Research Design

Research design: multi-compartment field
assessment of aquatic microplastic pollution
Study area selection: river, lake, estuary
and coastal stations (24 sites)
< >
Surface water Bottom sediment Aquatic organism
samples samples samples
Laboratory processing: drying, organic matter
removal, density separation and filtration
Identification: visual sorting by size, shape
and colour, followed by polymer confirmation
< >
Ecological impact evaluation Bioaccumulation and food-chain
(growth, feeding, reproduction) transfer assessment
Evaluation of sustainable mitigation strategies
(removal efficiency and feasibility)
v
Data analysis: descriptive statistics,
group comparison and trend assessment
v
[ Interpretation and management recommendations ]

Figure 1: Methodological Framework of the Study
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A cross-sectional, multi-compartment field design was used to investigate the presence of microplastic
pollution in the water, sediments, and aquatic organisms at the same sites. The design involved field
sampling, laboratory analysis, a structured process to evaluate mitigation options, and exposure
observations. The overall process of the study is summarized in figure 1, starting from the selection of the
site to interpretation of the findings.

Study Area and Sampling Approach

A total of 24 sampling stations were chosen in four categories of aquatic environments, 6 stations in
each category, with rivers, lakes, estuaries and nearshore coastal waters. Stations were selected to represent
a range of human influence, such as near urban centers, wastewater outfalls, agriculture, and relatively
undisturbed reference sites. Runoff and water flow vary with seasons, so sampling was done both in wet
and

Collection of Water, Sediment and Aquatic Organism Samples

Surface water was sampled by passing a measured quantity of water through a fine-mesh net, and by
bulk sampling in clean glass containers. A stainless-steel grab was used to sample the top layer of bottom
sediment, and three sub-samples were composited at each station. Representative organisms were taken
from various feeding levels, such as the zooplankton, the bivalves, the shrimp, and some species of fish,
according to their feeding habits. All organisms were measured, weighed, and then frozen for analysis.
Throughout, metal and glass equipment and cotton clothing were used to reduce contamination from
synthetic fibers. The sampling design for the 24 stations is summarized in table 1, which shows the number
of water, sediment, and organism samples collected at each station from river, lake, estuarine, and coastal
environments.

Table 1: Summary of Sampling Design Across Aquatic Environments

Environment type | Number of stations | Water samples | Sediment samples | Organism samples
River 6 36 18 72
Lake 6 36 18 60
Estuary 6 36 18 84
Coastal 6 36 18 78
Total 24 144 72 294

Identification and Assessment of Microplastic Contamination

Samples were dried in the laboratory as necessary, and natural organic matter was removed from
samples as necessary. The particles were then separated from the sand and silt by means of a dense salt
solution that is used for flotation: plastics can be floated, but heavier mineral grains settle. The floating
material was filtered out and then examined under a microscope, and each possible particle was counted
and then sorted by size, shape, and color. A subsample of particles was then analyzed using an identification
device based on infrared spectrum to verify the polymer type. Blank samples were also processed with the
field samples to identify and correct any background contamination.

Evaluation of Ecological Impacts

Controlled exposure trials were conducted using invertebrates and juvenile fish sampled in the area to
assess the ecological effects. Organisms were maintained in clean water and exposed to low, medium, and
high concentrations of microplastics within the range found in the field. Growth, feeding rate, reproductive
output, and survival were monitored during exposure and compared to unexposed controls.

Assessment of Bioaccumulation Patterns

Bioaccumulation was determined separately for the digestive tract and edible tissue of organisms
collected. The number of particles consumed per organism was plotted and compared among the groups of
organisms arranged in order of increasing feeding levels. The correlation between sediment particle
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concentrations and the concentrations of organisms in the bottom of the water was also investigated to
determine the effect of local contamination on organism body burden.

Evaluation of Sustainable Mitigation Strategies

Field performance and operator data and site observations were used to evaluate seven mitigation
strategies. These included the use of advanced wastewater treatment, constructed wetlands, storm water
filtration, washing-machine fibre filters, bio-based coagulation and restrictions on single-use plastics in
rivers. The reduction of microplastic load, cost, ease of adoption and environmental side effects were
evaluated for each strategy.

Data Analysis

Averages and measures of spread were calculated for each environment, sample type and organism
group to summarise the data. Standard group comparison techniques were used to test for differences
between the type of environment and for differences between level of exposure. Associations between
contamination level of sediment and body burden of organisms were examined by correlation. Differences
were considered meaningful when they were consistent across sampling periods and were found to be
statistically significant.

IV. Results

Distribution of Microplastics in Aquatic Environments

Microplastics were found in all twenty-four stations, reflecting that contamination is found in all aquatic
environments sampled as shown in figure 2. Average surface water abundance was highest in estuaries,
followed by rivers, coastal waters and lakes. Counts were generally higher at stations near urban settlements
and wastewater outlets than at reference stations and were higher following rainfall events, which were
likely due to the influence of runoff.
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16 4 WM Sediment (items per kg dry weight)
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Aquatic environment type

Figure 2: Microplastic Abundance in Surface Water and SEDIMENT across Aquatic Environment Types
Major Sources and Types of Microplastics ldentified

Polymer identification indicated that polyethylene was the most common polymer followed by
polypropylene, polystyrene and polyethylene terephthalate as illustrated in figure 3. All four of these
polymers were together responsible for more than 40% of the identified particles, reflecting that these are

www.aquaticfrontiers.com 165



Aquatic Ecosystems and Environmental Frontiers, Volume 4, Issue 2, June 2026 ISSN: 3049-186X
DOI: https://doi.org/10.70102/AEEF/V412/4F260220

the polymers most widely used in packaging, containers, bags and textiles. The presence of polyamide was
most frequently found at coastal and estuarine stations, and is seen as being influenced by fishing activity.

Polyethylene 31.4%
Polypropylene
Polystyrene

Polyethylene terephthalate

Polymer type

Polyamide (nylon)
Polyvinyl chloride

Others

0 5 10 15 20 25 30 35
Share of identified particles (%)

Figure 3: Polymer Composition of Identified Microplastic Particles
Microplastic Contamination in Water and Sediments

The concentrations of microplastics in the sediments were significantly higher than the concentrations
in the overlying water at all environment types, with the highest average concentrations being found in
estuarine sediments as shown in figure 4. The shape of fibres was the most abundant in water and in
organisms, with fragments having a greater proportion in sediment, indicating that heavier, more irregular
particles sink more easily. The films and foams were found in surface water, which is the result of
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Figure 4: Shape Composition Of Microplastics Across Sample Compartments
Ecological Effects on Aquatic Organisms

The results of exposure trials indicated that organism performance decreased with increasing levels of
microplastic. Feeding rate was the most sensitive response, decreasing by approximately one-third at the
highest exposure level. Reproductive output and growth also decreased significantly as a result of exposure
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and survival was impaired primarily at high exposure. Particles also caused constipation and decreased
activity in organisms.

Bioaccumulation Across Different Aquatic Species

Over two-thirds of all of the organisms studied contained microplastics. Shrimp and bivalves were found
to have the most particles per individual, which is related to their food processing behavior. Sediment
contamination was strongly correlated with the number of particles in the body of bivalves, indicating that
body burden of bivalves was affected by the local contamination level.

Transfer of Microplastics Through the Aquatic Food Chain

The number of particles in the digestive system jumped from zooplankton to bivalves and shrimp,
dropped down in small plankton-eating fish and then climbed up in omnivorous and predatory fish as in
figure 5. Particles were also found in the edible tissue of bivalves and fish, although at lower levels than in
the gut. The pattern suggests that micro-plastics are transferred up the food chain via ingestion and did not
tend to accumulate at each successive trophozoon. However, unlike classical persistent contaminants,
particle loads were not biomagnified but instead were indicative of a dynamic equilibrium resulting from
on-going egestion and feeding selectivity.

5 =@— Digestive tract
=B Edible tissue

Microplastics (items per individual)

0

T T T T T T
Zooplankton Bivalves Shrimp Small Omnivorous fish Predatory fish
planktivorous fish

Organism group (increasing trophic position)

Figure 5: Microplastic Levels in Digestive Tract and Edible Tissue Across Organism Groups
Effectiveness of Sustainable Mitigation Strategies

The microplastic load reduction was most significant with advanced wastewater treatment (WWTF) and
second with the constructed wetlands followed by stormwater filtration as seen in figure 6. The
washing-machine fibre filters, the bio-based coagulation technologies had moderate reductions, and the
litter booms were least effective at removing small particles, but still effective at removing larger particles
before they decompose. The moderate effect of single-use plastic restrictions, which is likely to increase
with time as source reduction builds up, was observed. Table 2 presents the percentage of reduction in the
micro-plastic load obtained with advanced wastewater treatment, constructed wetlands, and fibre filters, all
of which have their own limitations of application, but at lower cost and more accessible.
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Figure 6: Reduction in Microplastic Load Achieved by Different Mitigation Strategies

Table 2: Comparative Assessment of Sustainable Mitigation Strategies

Strategy Load Cost Ease of Main limitation
reduction adoption
Advanced Very high High (0.45 — Moderate Particles concentrate in sludge;
wastewater (>90%) 0.80 kWh/m3 energy high CapEx/OpEx
treatment penalty)
Constructed High Low (Passive operation) High Requires land area
wetlands (80-85%) (0.5--1.2 m?/capita)
Stormwater High Moderate Moderate Regular maintenance needed
filtration
Washing-machine Moderate Low High Depends on household uptake
fibre filters
Bio-based Moderate Low Moderate Limited large-scale testing
coagulation
Riverine litter Low Low High Misses small particles
booms
Single-use plastic Moderate Low Moderate Requires enforcement
restrictions

V. Discussion
Interpretation of Microplastic Contamination Patterns

The ubiquitous distribution of microplastic at all stations indicates that none of the linked aquatic
compartment is free of microplastic contamination. The greatest concentrations in estuaries are due to the
fact that they occur at the confluence of rivers and the sea; water velocity and mixing of fresh and salt water
result in particles settling out and getting deposited. The lower levels of lakes are likely to show longer
water residence times, where particles have a chance to settle. The significant difference between water and
sediment indicates that contamination may remain in the sediment for many years after it ceases to be

deposited.
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Ecological Consequences for Aquatic Ecosystems

Increased exposure impacts feeding, growth and reproduction of the individual, which then has
implications for the population level. Minimized feeding and growth rates can compromise populations and
reduced reproductive rates can impede recovery and the availability of young fish for fisheries.
Invertebrates are important in filtering water and recycling nutrients; impacts to invertebrates can impact
ecosystem functions, including water clarity and nutrient cycling. There were also indications that fibres
dominate in organisms which should also be highlighted with regard to the particles derived from textiles.

Significance of Bioaccumulation and Food-Chain Transfer

The high body burden in bivalves and shrimp is significant is that these species are eaten whole,
including the digestive tract, which leads to direct exposure by humans. Particles were detected in the
muscle of fish after removal of the gut prior to consumption, indicating that this removal process does not
completely remove exposure. A lack of consistent particle numbers as feed gets higher indicates that
microplastics are transferred up the food chain, but also are partially excreted, meaning the primary concern
may not be in the progressive accumulation but in the chemicals and microbes that are transferred with the
microplastics. It therefore is important to start evaluating environmental risk factors based on the
susceptibility of a vector to transport pollutants rather than on the usual trophic magnification factors.

Comparison with Previous Studies

The high percentages of polyethylene and polypropylene and fibres are consistent with the trends often
reported for freshwater and coastal systems, while the higher levels of contamination in the vicinity of urban
areas are also consistent with this trend. The decrease in feeding and reproduction observed was similar to
that reported in laboratory exposures of fish and invertebrates, and the positive correlation of sediment
concentrations and bivalve body burden suggests that filter-feeding organisms are good indicators of local
pollution. The conflicting results from build-up by feeding level also corroborate the uncertainty recorded
in previous studies, and further emphasize the necessity of long-term food-web studies.

Implications for Aquatic Ecosystem Management

The results suggest that the whole river basin, lake, estuary and coast are not to be managed as distinct
entities. Monitoring and control should be focused on priority zones, such as estuaries and water outlets. A
monitoring program for bivalves can be used as a good early warning system for food and environmental
safety. There is also a need for standardisation of sampling and reporting procedures to allow results from
different areas to be compared and pooled.

VI. Conclusion

The results of the study indicate that there is microplastic contamination all over connected river, lake,
estuarine and coastal environments, and the estuaries and sediments are the primary accumulation area. The
most common polymer type was polyethylene, followed by polypropylene, and the most common shape of
the particles was fibre, indicating the packaging and textiles are the key industries. Feeding, growth and
reproduction were inhibited in aquatic life exposed to microplastics and particles were detected in all groups
of organisms studied, including edible parts of fish and shellfish. The results have important ecological
consequences. Loss of filter feeders, and other vital species, can make populations vulnerable and disrupt
critical ecosystem processes; ingestion of particles in popular aquatic food products ties aquatic pollution
to human health. Therefore, it is necessary to control microplastic pollution if one wants to safeguard both
the ecosystem and food security. A set of sustainable measures is recommended, such as upgrading
wastewater treatment, implementing safety measures for sludge disposal, installing constructed wetlands in
urban and agricultural catchments for stormwater filtration, introducing fibre filters for domestic washing,
and implementing robust policy measures to decrease single use plastics and improve waste collection.
Future studies should be conducted over a longer time period using the same protocols, investigating the
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behaviour and effects on the smallest particles, the effects of microplastics with attached pollutants and
large scale field testing of low-cost nature-based removal technologies.
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