289

Environment and Ecology 43 (1A) : 289—295, January—March 2025

Article DOI: https://doi.org/10.60151/envec/DEVO7788
ISSN 0970-0420

Microplastics in Freshwater Ecosystems: Sources,

Transport and Ecotoxicological Impacts on

Aquatic Life and Human Health

Varsha, Sushil Kumar Singh

Received 7 February 2025, Accepted 7 March 2025, Published on 17 March 2025

ABSTRACT

Microplastics (MPs) are widespread pollutants in
freshwater ecosystems, originating from industrial
runoff, urban waste, and agriculture. These particles,
ranging from nanometers to millimeters, accumulate
in sediments and pose risks to aquatic life. Freshwater
organisms ingest MPs, leading to reduced feeding
efficiency, growth inhibition, and reproductive tox-
icity. MPs also act as vectors for toxic chemicals,
contributing to bioaccumulation and biomagnifica-
tion, raising human health concerns. Potential impacts
include inflammation, oxidative stress, and chemical
exposure. This review explores MP sources, transport
mechanisms, and ecotoxicological effects, highlight-
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ing the need for further research and effective waste
management to mitigate their risks.

Keywords Bioaccumulation, Health concern, Fresh-
water, Ecosystem, Microplastics.

INTRODUCTION

Microplastic (MP) pollution has become a significant
global issue due to the growing use of plastic in ev-
eryday life, leading to an increase in MPs worldwide
(Yu et al. 2018). The demand for plastic has driven
a massive rise in its production, from 1.5 million
tons in 1950 to 367 million tons in 2020 (Da et al.
2017). MPs are often directly released into water
bodies such as rivers and lakes from water treatment
plants (Kurniawan et al. 2023). Since the majority
of plastics end up in the environment, the increased
production rate, not with standing limited recycling
and lack of breakdown to harmless particles, became
a significant issue. Primary and secondary sources
are the two major ways that MPs are found in the
environment. The main sources are synthetic plas-
tics made in smaller sizes for a variety of uses, like
manufactured feedstock pellets, household cleansers,
cosmetics, industrial abrasives for sandblasting, and
polyethylene microbeads (scrubbers) in domestic
cleaners (Horton et al. 2017). A sizable portion of
MPs escape filtration systems and end up in terrestrial
habitats, even though wastewater treatment has a high
efficiency and can remove up to 95% of MPs (Eerkes
et al. 2015). Fishing nets, bags, microwave containers,
and other large plastic items naturally break down
biochemically to produce tiny fibers or fragments that
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enter the environment and become secondary sources
of MP pollutants. Most MPs identified in marine hab-
itats are assumed to have secondary origins as their
primary sources. Recent research has shown MPs in
freshwater habitats, including groundwater, wetlands,
streams and estuaries (Du ef al. 2021). According to
Zhang et al. (2022a), wastewater treatment technolo-
gy, urbanization, human activity, and water quality are
the prime factors that are responsible for the increased
levels of MP contamination in freshwater systems.
A significant source of MPs, wetlands are one of the
main ecosystems that take in MPs from wastewater
from municipal, industrial, and agricultural sources
(Kumar et al. 2021). Plastic items like Fishery nets
left behind, food packets, Wrappers and beverage
bottles are among the items that pollute the aquatic
environment (Zhou et al. 2018). If large-scale human
activities are abandoned, many xenobiotic pollutants
may be accidentally or intentionally introduced into
aquatic environments around the world (Alimba and
Faggio 2019). Microplastics (MPs) are widespread
across all levels of aquatic ecosystems and present a
serious threat to primary organisms (Aragaw 2021).
Research has shown that microplastics (MPs) are
present in various edible fish species, demonstrating
their potential to accumulate through the food chain
and ultimately reach humans via biomagnification
(Alfaro-Nufiez et al. 2021). Since fish serve as a
vital protein source for humans, MP contamination
in aquatic environments may not only impact fish
but also pose indirect risks to human health. The
present evaluation centers on diverse facets of MPs,
encompassing their origin and the consequences of
MP contamination in freshwater environment. The
primary objectives of this review are to evaluate the
impact of microplastics on fish, examine their effects
on human health, and identify gaps in knowledge
along with strategies for mitigation. It highlights the
need for comprehensive studies to understand MP
sources, global spread, health risks, and regulatory
recommendations for future control.

Methodology for data collection

Globally, data have been collected from various
research articles published by different scholars and
scientists. Some online searching data bases like Goo-
gle scholar, PubMed are used to gather information

regarding impacts MP on aquatic life and human.
Sources of MP in the environment

MPs come from both primary and secondary sources.
Primary MPs are intentionally added to product like
synthetic textiles (35% from washing), cosmetics
(2% from microbeads), and electronics. Other major
sources include tire abrasion (28%), city dust (24%),
road construction (7%), marine coatings (3.7%), and
plastic pellets (0.3%) (Landrigan et al. 2023). Sec-
ondary MPs form when larger plastics, like bottles,
degrade due to UV radiation and wave action (Law
and Thompson 2014). Environmental factors like
temperature, UV radiation, and plastic properties
also cause degradation, though freshwater systems
experience less forceful degradation than marine
environments (Andrady 2011). High UV penetration
and low nutrition in freshwater lakes can accelerate
plastic breakdown.

Distribution and occurrence of MPs in freshwater

To understand the impact of MP contamination in
freshwater ecosystems, it’s essential to examine their
sources, spread, types, and effects. MPs in freshwa-
ter mainly come from industrial materials, personal
hygiene products, and synthetic textiles. A major
source in rivers is untreated domestic and commercial
sewage. MPs are concerning because they accumulate
as their size decreases (Frias and Nash 2019), and
their large surface area allows them to carry harmful
contaminants like metals and toxins. Recent studies
show MPs are a significant threat, especially in drink-
ing water (Li et al. 2018). Watershed and river system
studies highlight the growing accumulation of MPs.
MPs are found in high amounts in river sediments and
water, often after rainfall, as they can settle from the
atmosphere (Parashar and Hait 2023). The concen-
tration of Microplastics are also affected by the flow
rate of river. When rivers flow into the ocean, they
contribute MPs to marine ecosystems. Proximity to
wastewater disposal sites influences the distribution
of MPs in freshwater systems.

Worldwide presence of MP concentration in river
system

According to Sofra et al. (2010), 13.4 items/L of



MP was found in Greater London (UK) in 2010. In
Los Angeles (USA) 2011, river San Gabriel had a
10- 12932/m* average number of MPs (Moore ef al.
2011). Thames River (UK) had a 10-9732/m’ number
of MPs found in river water in 2014 (Morritt et al.
2014). Yangtze River’s (China) surface water had
found an average 8465600/km* number of MP (Zhang
et al. 2015). In Australia, River Brisbane had 10 to
520 items/kg of MP in sediment (He et al. 2020).
In 2023, Rajan ef al. (2023) estimated 92.85+50.69
items/m® found in the River Ganga, India.

Impact of MPs in freshwater ecosystem

The widespread use of plastics has resulted in signif-
icant MP contamination in freshwater ecosystems,
Presenting a danger to aquatic species and disturbing
ecological food chains. Studies have found MPs in
various freshwater species, with ingestion rates as
high as 83% in some fish species. MPs can cause
digestive issues, reduced energy intake, and bioaccu-
mulation of toxic chemicals, further impacting plant
and animal life. These pollutants threaten biodiversity
and ecosystem stability, highlighting the urgent need
for pollution control and sustainable waste manage-
ment (Sarijan et al. 2021).

Toxic effect of MPs on fish

Fish play a vital role in freshwater ecosystems, serv-
ing as key biological components that contribute to
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ecological balance and biodiversity and is highly
demanded all over the world for food and commercial
purposes. Developing countries are home to 94%
of the world’s freshwater fisheries, which provide
food and support. For millions of the world’s most
vulnerable populations while also enhancing national
economies through exports, tourism, and recreation
(FAO 2007). Because MPs are frequently the same
size as their meal, fish may inadvertently swallow
them when foraging. Exposure to microplastics (MPs)
negatively impacts fish development and quality by
inducing the production of reactive oxygen species
(ROS), leading to cellular damage, inflammation,
immunotoxicity, genotoxicity, behavioral changes,
DNA damage, and alterations in gut microbiota (Fig.
1). Furthermore, as nano-scale MPs build in tissues
and cross the biological barrier, they may have an
additional molecular impact on life (Li ef al. 2021).
These MPs will also alter lipid metabolism. Juvenile
perch behavior was observed to be affected by expo-
sure to polyethylene terephthalate MPs, according
to Lonnstedt and EkIov (2016). Wright et al. (2020)
observed that brown trout exposed to PVC micro-
plastics experienced disruptions in their circadian
rhythms, resulting in decreased swimming activity.
Such behavioral alterations can significantly impact
their survival, reproductive success, and overall
ecological role. For example, altered behaviours may
disrupt predator-prey interactions and community
balance, while reduced feeding and activity can slow
growth and reproduction.
MPs effects in fish
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Fig. 1. Toxic effects of MPs in fish.
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Toxic effect of MPs through food chain

Plastic often binds to toxic substances in the environ-
ment. When ingested by animals, these substances
accumulate in their fat and tissues, a process called
bioaccumulation. As plastic particles and their asso-
ciated toxins move up the food chain, their effects
become stronger, known as biomagnification. This
helps us understand how MPs and their toxins travel
across trophic levels. MPs are similar in size and
shape to plankton, making them easily ingested by
aquatic filter feeders along with various pollutants,
leading to bioaccumulation and transfer up the food
chain (Desforges et al. 2015). Research also indicates
that MPs can spread pollutants through food chains
by attachment in water or ventilation (Batel et al.
2018). Plastics contain hazardous chemicals such as
tetrabromobis phenol (TBBPA), bisphenol A (BPA),
and polybrominated diphenyl ethers (PBDE), which
have been detected in human tissues and bodily fluids.
Additionally, di (2-ethylhexyl) phthalate (DEHP) can
leach from PVC-based medical devices into patients’
bloodstreams (Dong et al. 2020). MPs have also been
found in seafood, including bivalves consumed by
humans (Van and Janssen 2014). Fig. 2 illustrates the
accumulation of MPs in organisms and their transfer
through the food chain.

Conc. of microplastic increase in ppt

Microplastics in human beings

The effects, transport, and distribution of MPs within
the human body are still not fully understood. How-
ever, research has identified that MPs are found in the
digestive systems of various freshwater invertebrates,
as well as in both tap and bottled water (Mintenig et
al. 2019). The effect of MPs is particularly concern-
ing in Shellfish, given the prominence of seafood
in human diets. MPs in the digestive tract could
potentially spread to other body parts. MPs enter
the human body primarily through endocytosis and
persorption (Fig. 3).

The toxicological effects of MPs may also impair
fish health, raising concerns for human consumers,
especially those who frequently eat fish.

Toxicological effects in human health

MPs, when ingested or inhaled, can trigger inflam-
matory responses in the body, potentially leading to
chronic inflammation and contributing to respiratory
issues like asthma and gastrointestinal disorders (Gal-
loway and Lewis 2017). MPs often contain harmful
additives, such as bisphenol A (BPA) and phthalates,
that can leach into the body and disrupt endocrine
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Fig. 2. Graph showing increasing of MP level along with the increase in trophic levels of a particular food chain in ppt (Parts per thousand).
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Fig. 3. Entry point of MPs in human organ and its impact on human body.

function, increasing the risk of reproductive issues,
developmental delays, and cancers (Koelmans et al.
2022). Studies have examined that MPs can adsorb
toxic chemicals from the environment, such as heavy
metals and persistent organic pollutants (POPs),
which, when consumed, accumulate in the body
and can damage organs like the liver, kidneys, and
heart (Mintenig et al. 2019). Furthermore, MPs can
cause oxidative stress at the cellular level, leading to
DNA damage and cell death, which may increase the
risk of developing cancer or degenerative diseases.
Ingested MPs can also disrupt gut health, affecting
nutrient absorption and disturbing the gut microbiota,
which can compromise immune system function and
overall health.

Research gap and future prospective

Scientists are increasingly studying the effects of
MPs on freshwater environments and organisms,
but several research gaps remain. A key area is un-
derstanding how MPs are ingested, absorbed, and
transported through food chains, including their
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Fig. 4. Year wise publications on MPs effects in fish.

attachment to gut walls. MPs also act as carriers for
contaminants like metals, organic pollutants, and
viruses, requiring further investigation into how
these toxins are transported and their impacts on
fish. Additionally, MPs may amplify toxicity when
combined with other pollutants, making it crucial to
study these compounded risks at various stages of
fish development. Comparing the harmful effects of
microplastics in fish with those of other prevalent pol-
lutants, such as heavy metals, is essential for gaining a
thorough understanding of the risks to human health.
Addressing these knowledge gaps will improve our
awareness of both the ecological and health-related
impacts of microplastics.

Research trends on the impact of MPs in fish and
humans

Research by Garrido Gamarro et al. (2020) empha-
sizes that MP pollution is becoming an increasing
environmental concern, putting both fish and human
health at risk. MPs are present in fish all over the
world, and humans can be exposed to them by eating
contaminated seafood. There is a growing focus on
understanding how microplastics affect both aquatic
life and human health (Chae and An 2018). Despite
the increasing number of studies, the full extent of
their impact is still not well understood. Figures.
4-5 show trends in research, highlighting the rising
importance of studying microplastics.

Management and public awareness initiatives

Managing MP pollution in freshwater ecosystems
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requires a combination of preventive and remedial
approaches. Reduce the manufacturing and single-use
plastics uses, implementing strict waste management
practices, and encouraging recycling can significantly
curb the amount of plastic waste entering freshwater
systems. Upgrading wastewater treatment facilities
to filter microplastics more effectively is crucial, as
these facilities are often the last line of defence before
pollutants reach rivers and lakes. Public awareness
campaigns and policies that regulate microplastic
pollution, such as banning microbeads in personal
care products, can also play a significant role. Ad-
ditionally, research on bioremediation techniques
and eco-friendly materials can provide long-term
solutions, minimizing the ecological and health risks
posed by microplastics in these environments.

CONCLUSION

Plastic is a widely used material, but MP contamina-
tion now affects all levels of aquatic ecosystems from
seafloor sediments to surface waters due to improper
use and disposal. MPs are ingested by aquatic life,
including plankton and fish, which then accumulate
these particles in their bodies. When people consume
contaminated fish, they too are exposed to these
plastics, raising health concerns linked to chronic
illnesses. Reducing MP pollution is essential. This
requires cutting down on single-use plastics, like bags
and bottles, and implementing stricter regulations to
improve waste management and recycling. Addition-
ally, innovative methods for breaking down plastics
can help create sustainable materials, reducing their
impact on ecosystems and human health.
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