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Effect of microplastics pollution in riverine
ecosystem: A review
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Abstract

Microplastic contamination in riverine ecosystems includes diverse forms
such as threads, fragments, films, foams, and pellets. These tiny particles
can be ingested by aquatic organisms and travel long distances,
eventually settling in sediments. While many studies have examined
microplastics in surface waters and river depths, research on their
accumulation and mobilization within riverbeds is limited. Effective
mitigation of microplastic contamination requires comprehensive
sampling from various locations, including non-point sources and intra-
site variations, to better understand their distribution and
concentrations. Microplastics degrade from larger plastics through
mechanical forces and UV radiation, and they pose significant threats to
aquatic life, human health, and ecosystems. This article focuses on the
impact of microplastics, including their adsorption of harmful
contaminants and their ecotoxicological effects. Additionally, policy
interventions are essential for reducing plastic pollution in riverine
environments.
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Introduction

In natural environments, the ongoing degradation of plastic waste into
macro, micro, and nano plastics is a consequence of various mechanical
forces, including friction, heat degradation resulting from exposure to
sunlight, and UV degradation. The prevalence of microplastics is
extensive, and they are widely dispersed within river ecosystems,
exhibiting the capacity to traverse substantial distances as they flow
toward the ocean. Indeed, rivers serve as the principal conduit for
microplastic entry into the world's oceans. Due to their ease of transport
and diffusion within river and stream networks, microplastics may
eventually settle and persist in sedimentary layers. With a population of
nearly 1.412 billion people, India is the largest consumer of plastic [1].
Plastic trash degrades in the natural environment as macroplastics,
microplastics, and nanoplastics as a result of mechanical, thermal, and UV
deterioration, as well biodegradation through photodegradation, and
then by mechanical forces such as friction [2]. MPs (microplastics) are
synthetic or semi-synthetic polymer plastic particles with an average
diameter of 1 to <5 mm [3]. As a result of their proliferation and
dispersion in the aquatic environment, plastics have been shown to
interfere with marine and freshwater life in a variety of ways, including
ingestion and entanglement [4-5]. For more than 50 years, the presence
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of microplastics in marine environments has been continuously recorded [6] but freshwater
microplastics have only recently received consideration [7-9]. The increased frequency of
microplastics in soil and water testing has recently brought attention from across the globe to
riverine ecosystems. The Yangtze River in China, for example, produces the most plastic waste (0.33
million tonnes per year), followed by the Ganga River in India (0.12 million tonnes per year), which is
eventually deposited into marine habitats [10-11]. Plastics cannot be eliminated from seas or rivers
with efficient waste management, as proven by aquatic biota ingestion of microplastics. As a result, in
the next 30 years, the weight of plastic will exceed that of fish [12]. MPs have been discovered in river
water and sediment all around the world [13-14]. Microplastics are permanently deposited in
sediments found in freshwater, marine, and terrestrial ecosystems [15-16]. Microplastics in rivers are
typically sourced from land, such as anthropogenic sources, industrial activities, and high population
density [17]. Numerous studies have shown MPs in edible fish, and MPs enter human systems as a
result of biomagnification [18]. The effects of MP on fish species ranged from minimal biological
system disruption to major negative consequences, including mortality [19]. Internal body tissue
exposed to MPs after transfer within the body, physiological injury caused by MPs buildup in the
gastrointestinal system, interruption of organisms' energy flow caused by MPs excreting as pseudo-
feces, and all of these consequences are damaging, according to Meng et al., [20]. They can allow trace
metals and organic pollutants to enter aquatic environments [21]. MP accumulation and deprivation
in key organs such as the gills, intestines, and stomach can impair fish's predatory behavior and
create confusion between MPs and actual prey [22-23].

In addition, MPs were found in fish meat and muscle, which are consumed predominantly by
humans [24-25]. The accumulation of MPs causes growth retardation, hormone disruption, metabolic
disturbance, oxidative stress, immunotoxicity, neurological dysfunction, and genotoxicity-induced
behavioral disorders [23, 26]. Only a few studies have looked into the harmful impact of MPs on fish
and humans.

Microplastic pollution in the riverine ecosystem

Origins of microplastic pollution

Identifying the origins of MP contamination is an essential first step in regulating their contamination.
Depending on where these sources enter the ocean (Figure 1), they might be categorized as marine or
terrestrial [27]. The two categories of microplastics are primary MPs, which are manufactured as
pellets, microbeads, and fiber, and secondary MPs, which originate from the weathering,
fragmentation, or degradation of larger plastic waste [28]. In India, religious institutions were a
major source of microplastic contamination. In addition to the ever-changing population, visitors and
tourists generate garbage and wish to wash their clothes, bathe, and discard them along the river's
banks [29-30]. In the region's pilgrimage centers around the Nethravathi River in Karnataka, the
highest concentrations of microplastics were found [31]. Other researchers have demonstrated that
human activities have exacerbated MP contamination in pilgrimage sites such as Rameshwaram [32],
Thiruchendur [29], and Velankanni [33]. Microplastic pollution in the neighboring aquatic system is
primarily caused by densely populated urban areas with important fishing and shipping ports, such
as Chennai and Cochin [33]. The presence of marine biota has been documented in these cities, which
are important hubs of heavy fishing and intense human activity resulting in unrestricted trash
dumping [34]. Compared to other beaches in India, Juhu Beach in Mumbai, which has the highest
beach usage and recreation activities, has the highest MP pollution density [35].

However, as indicated above, this could be related to the selection methods employed.
Microplastics in effluent were drastically decreased after a further treatment phase [36]. Fibers and
plastic flakes were the most prevalent types of microplastics in this study (18.5% and 67.3%,
respectively), while microbeads represented just 3% of total particles [37]. Microplastic
concentrations in this mixture dropped by 98 percent, from 15.7 particles per liter and 5.23 particles
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per liter in sewage treatment wastewater to 0.25 particles per liter and 0.04 particles per liter
in final effluents [36]. Untreated sewage is dumped into waterways without treatment in numerous
nations [38].

Sources of microplastic

pollution |

Figure 1. Sources of microplastic pollution

In places lacking the most advanced facilities, these forecasts may differ by up to a factor of
100. Secondary microplastics derived from plastic litter can originate from a variety of sources, such
as landfilling and processing, disposal and transportation systems, solid municipal waste, and
persons who make litter on intention or by mishap. This comprises both large plastic items and
sanitary waste deposited into rivers by combined sewage overflows (CSOs).

MPs distribution and abundance

Several studies have revealed microplastics in urban rivers, major rivers [39], and Estuary Rivers
[40]. Surface water concentrations of MP in a highly populated Chicago River range from 730,341 to
6,698,264 pieces per km2. Ocean and Great Lakes indices are equivalent or perhaps greater than one
another [41]. MP concentrations in the mainstream of the Yangtze River in China range from
3,407,700 to 13,617,500/km?2 and from 192,500 to 11,817,500/km?2 in the estuary zones of four river
tributaries [42]. MP levels in freshwater environments are influenced by waste management, particle
size, number of populations, groundwater flow, and urban and economic growth [43]. The
accumulation of MPs in open seas, sediments, and organisms is influenced by several human,
environmental, and geographic factors. Along the shore, ocean and wind current location, direction,
beach profile, season, and regional geomorphological settings all play a significant effect in the
abundance and dispersion of these organisms [44]. Other significant factors include the cumulative
effects of longshore drift, the morphodynamic situation of coastlines, and the mixing and depletion of
saltwater and freshwater [27]. According to supplementary studies, over 72% of substances are
between 0.33 and 1 millimeter in size. Numerous studies of lakes, rivers and oceans have revealed an
inverse relationship between the concentration of microplastics and particle size.

Characteristics and chemical composition

A size-splitting study of MPs showed that their sizes vary among aquatic system components.
Consequently, a number of researches [28, 30, 45] found that bigger size groups of microplastics
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predominated in water and sediments, whereas others [46-47] reported that smaller
fractions were prevalent. Polyethene, Polystyrene, and Polypropylene are the types of plastic waste
most commonly detected on the water surfaces [48]. PE, PS, and PP were the predominant MPs
identified in coastal sediments. PP and PE account for 62% of world demand, which coincides closely
with global plastic output [2]. In addition, the density of the previously mentioned polymers is less
than that of saltwater. Even amongst distinct sample matrices from the same study, there was
diversity (sediments and water). A diameter range of 0.3 to 1 mm was prevalent in the soil and
sediments of the Nethravathi River, but the range of 1 to 5 mm was more prevalent in water samples
[31]. These differences in MP characteristics documented in research may be related to changes in
sampling and analytic techniques. The size of MP reflects the effects of the breakdown and
fragmentation of plastic trash in aquatic habitats. Determining its impact on bioaccumulation in a
variety of aquatic benthic organisms necessitates a thorough investigation [47].

Transport and fate of microplastics in the riverine ecosystem

Plastic pollution has been described as the aquatic environment's difficult moment of
industrialization. Microplastics have been found in sediments and water samples from a variety of
natural habitats, including coastal zones [49], hills catchments [50], river catchments [51] and others.
Degradation from dumping sites, surface runoffs, drainage from agricultural drainage activities,
stormwater home activities, sewage effluents, wind and tidal waves, and other pathways all
contribute to plastics entering the riverine ecosystem [52]. The main source of microplastic
transportation in riverine environments is degradation and fragmentation, besides human-induced
activities [53]. In the natural environment, MP goes through various natural processes during
transportation, such as degradation, biofouling, egestion, flocculation, and ingestion. Microplastic
transport and deposition are heavily influenced by their particle density, size, shape, and surface
heterogeneity; hence, particle degradation is essential to their environmental fate [54-55].
Microplastic density, content, and forms decide whether microplastic is neutral, buoyant, or sinks in
aquatic habitats [52].

Large microplastics, as indicated by their shapes, seem to be more liable to be deposited in
the river bed sediments [51]. Based on this research, the size, shape, and density of microplastic
particles have quite a substantial effect on their interactions, illustrating the complexity of
microplastic destiny and movement in riverine environments. Biofouling also promotes microplastic
settling and density, but the component mass is decreased by breakdown, making microplastic more
buoyant, especially in river waters [20]. The flow of microplastics across rivers is assisted by
flocculation and aggregation. Due to the ionic strength of saline waters, significant flocculation has
been seen in estuarine and marine environments to date. Despite this, more than 90 percent of
material transported by rivers is flocculated. Homoaggregation and heteroaggregation describe the
microplastic concentration about particle size based on the density and size of the microplastics [55-
56]. Additionally, flocculation and aggregation play a significant influence on the migration of
microplastics in rivers. By flocculation, the riverine system transports approximately 90% of
sediments. Microplastic interactions with the ecological environment are essential for microplastic
transport and deposition tracking in river environments. Several studies on microplastic transport in
the riverine environment have been published, such as those on the Seine River in Paris [57], some
rivers in Switzerland [58], the Ganga River in India [8, 59], the Rhine River in Germany [39] and
Danube River [60]. Natural phenomena such as rainfall, surface runoff [61], wind [62], flooding [63],
and air currents trigger microplastic movement into rivers [64]. Due to downhill movement, MP is
transported in rivers, which is further affected by the longitudinal advection flow of plastic particles
in the river [65]. Some scientists employed the transport monitoring apparatus and sample
processing technique to examine the transmission of microplastic in big and medium rivers [66].

Source and sink processes influence microplastic movement in a riverine environment [22].
Microplastics from a range of point and nonpoint sources were largely deposited into a river,
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contributing to pollutant deposition and accumulation in adjacent aquatic bodies [67]. The
sedimentation process governs the fate and migration of microplastics in river settings. According to
a study, extensive microplastic retention has been recorded in reservoirs and dams in rivers around
the globe [10]. The transfer of plastic debris was influenced by river hydrology including water level,
river velocity, and total discharge. Scientists demonstrated comparable variables influencing the
deposition and transit of plastic waste in river environments [68]. Moreover, river flooding can
enhance the aggregation and mobilization of microplastics. The ten nations with the greatest
potential for plastic mobilization causing floods are China, Thailand, Egypt, Philippines, Brazil,
Turkey, Congo and Vietnam [63]. Microplastic accumulates in a broad river catchment as a result of
extensive particulate discharge, water velocity, and surface runoff from a variety of river outlet
channels [69]. According to this study, the greater water levels in river streams mobilize plastic
waste, which subsequently accumulates on vegetation and in sediments along riverbanks and
vegetation. The transport of microplastics downstream of rivers is significantly affected by river
morphology and tidal currents. They observed microplastic mobility and abundance in water and
sediments [70]. The most common morphologies included fibers, pieces, foils, and spheres.
Microplastic concentrations in Elbe River sediments are comparable to Rhine River sediments [71].
Rivers are the important transport mechanism for microplastic and plastic pollution by using
geotropic plastic bottles that traveled 2845 kilometers in 94 days down through the Ganga River in
India [72].

Gravitational sedimentation is the most prevalent mechanism for microplastics to settle.
Sedimentation influences the resuspension of microplastics, followed by their aggregation,
interactions with organisms and biofouling. In areas of low energy, such as standing water, fine silt
particles gradually settle [73].

Ingestion of microplastic by riverine biota
Due to their extensive presence in ecosystems, microplastics constitute a threat to aquatic
ecosystems and, consequently, to aquatic life. Microplastics are consumed by aquatic organisms,
disrupt aquatic ecosystems, and thus impact biota [44]. 25 percent of microplastic ingestion studies
have been conducted on fish, followed by 15 percent on molluscs, 11 percent on tiny crustaceans, 6
percent on annelid worms, 3 percent on echinoderms and mammals, 2 percent on birds, and 1
percent on cnidarians [74]. Microplastics are small enough for fish to easily consume. According to
the findings, more than ten distinct fish species from China's coastal estuary had 20 meters in their
guts and gills. 22% to 100% and 22% to 89% of all individuals had microplastics in their intestines
and gills, respectively. It contained between 0.3 and 5.3 particles per individual in the intestines and
between 0.3 and 2.6 particles per individual in the gills [75]. The incidence of microplastic ingestion
in fish was 1.8%, and the average amount of plastic per organism was 0.02 pieces. However, only cod
had a higher incidence rate, at 12.3 percent [76]. In addition, microplastics have been detected in the
digestive systems of turtles [77] and fish [78] in a variety of rivers. Presence of microplastic in the
digestive tracts of 78 wild freshwater gudgeons (Gobio gobio) in Flanders, Belgium [79]. The fish
were collected from 15 distinct rivers at 17 different locations. The results indicated that 9 percent of
gudgeons in all Flemish rivers were contaminated with microplastics. Importantly, it was
demonstrated that 9 percent of the fish had consumed at least one microplastic particle, indicating
that fish frequently consume microplastic. Scientists investigated the prevalence and properties of
microplastic in 25 minor water bodies along the Yangtze River. It was discovered that tadpoles, as
well as surface water and sediments, contained microplastics. It was found that microplastic is
abundant in small bodies of water and is devoured by native tadpoles [80].

However, only fibers were identified in the setting of microplastics, and a significance level of
0.05 indicated that there was no detectable difference in microplastic abundance between the fish
species that consumed the plastic. Fibers and filaments can clog the digestive tract of fish, inhibiting
food absorption [81]. The presence of microplastic particles in the digestive systems of fish caught
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unintentionally during the swallowing of target species in shrimp fisheries in an estuary [78].
The Attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-FTIR) method was
utilized to identify plastic particles extracted from the fish digestive tract. Based on their size range of
0.38 to 4.16 mm, the scientists categorized microplastic particles as pellets (97.4 percent), sheets (1.3
percent), bits (0.4 percent), and threads (0.9 percent). Polyamide (PA), rayon, and polyethylene were
detected in the fish polymers (PE). PA (Nylon) was discovered at the highest concentration,
accounting for 97.4% of all microplastics ingested by fish in Amazon estuary samples. A role was
performed by yellow particles, nylon pellets, blue thread and translucent sheets.

Effects of microplastic pollution on fish and human health

The effects of MPs on specific physical and biological processes have been investigated. The MP's
exposure testing is used to catch fish from a variety of habitats, with the majority coming from the
sea. After intake, MPs may cause morphological and functional alterations in the digestive systems
(Figure 2), producing nutritional and developmental problems in fish [82].

" Immune system: Stress, Interference,

> Liver: Toxicity, Bioaccumulation

[

L. Muscle: Toxicity, Bioaccumulation
Main impacts of

MPs on Fish —> Gonads: Growth, Degeneration, Disruption,

A J

Intestine: Obstruction, Adhesion, Damage, Low

Circulatory system: Translocation, Cardio

A 4
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Figure 2. Impacts of MPs on fish

The majority of the study focused on Danio rerio including oxidative stress, reduced mobility,
gene expression disruption, and reproductive organ damage [83-84]. Oryzias melastigma was the
second most researched fish that was physically harmed after ingesting MPs [85]. In Oryzias
melastigma, growth suppression, dysbiosis of the fish gut, weight loss, alteration of the liver's anti-
oxidative condition, damage to reproductive organs, and growth retardation are all obvious effects
(Table 1) [86-87]. Sparus aurata is another often-consumed fish that is harmed by MPs. Stress,

oxidative damage; survival, behavioral alterations, and immune system damage were all observed in
this fish [88].

Effect of MPs on fish behavior and health

Behavior plays a pivotal role in determining critical parameters such as overall health, growth,
reproduction, and survival. Recent research suggests that the olfactory sense of fish larvae may be
vulnerable to damage induced by an immunological response triggered by pollutants from
microplastics. Microplastics not only impacted essential behaviors such as activity and feeding but
also impaired innate responses to olfactory cues signaling danger [92]. This impairment in predator
avoidance behavior substantially heightened mortality rates caused by predators targeting larvae.
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Table 1. Effect of microplastic in fish species

S.N. Fish species Effects References
1. Symphysodon Discus fish (Symphysodon aequifasciatus) exhibit neurobehavioral | 82
aequifasciatus toxicity due to micro- and nanoplastics. Reduction in growth and
changes in neurotransmitters in the brain and gut of fish.
2. Oryzias melastigma Secondary PVC microplastics are more harmful to Oryzia smelastigma | 85

embryos than main PVC microplastics. Toxic effects are primarily
caused by physical impairment in embryos. The particle absorption
process in the chorion causes hypoxia.

3. Oryzias melastigma Male marine medaka, polystyrene microplastics enhance the | 87
estrogenic effects of 17a-ethynylestradiol (EE2) (Oryzias melastigma).
Growth, HSI, and GSI indices were inhibited by MPs rather than EE2.
In a dose-dependent approach, MPs boosted EE2-induced E2 levels.
EE2 with MPs increased oestrogen biomarker gene expression more
than EE2 alone. In the EE2 plus MPs group, histopathological harm to
the liver and testes was found.

4. Danio rerio Zebrafish (Danio rerio) have a preference for bio-based polylactic acid | 83
microplastics in their diets, which can cause intestinal injury and
microbiota dysbiosis. Bioaccumulation and oxidative stress both
increase intestinal damage, and growth retardation is also increased.
Lipid metabolism is disrupted, and genes involved in lipid digestion,
transmission, and absorption are disrupted.

5. Ctenopharyngodon Effects of microplastic exposure at the physiological, biochemical, and | 89
idella transcriptome levels in grass carp (Ctenopharyngodon idella). Those
fishes ate grass-fed beef lost weight and had histological alterations.
MP-1000 therapy causes increased oxidative damage in the liver.
Metabolic diseases and oxidative stress are linked, according to
pathway enrichment.

6. Solea senegalensis Presence of one or the other affect the toxicity of polyethylene | 90
microplastics and modified nanoclays on flatfish (Solea senegalensis).
MPs boost antioxidant defenses, neurotransmission, and energy
expenditure when consumed. Histological changes were generated by
PE, MPs alone and in combination with nanoclays. Under joint
exposure, energy usage rose.

7. Dicentrarchus labrax Effects of chemical contaminants and polypropylene microplastics on | 91
the health and gut microbiota of European sea bass (Dicentrarchus
labrax). It induces an inflammatory response in the European sea bass
gut. The gut microbiota of fish changed significantly after ingesting
contaminated MPs.

The presence of microplastics poses a significant threat to the survival of fish, profoundly
influencing their life cycle dynamics. Fish microplastics primarily build up in the intestine, while they
can occasionally also cause major pathogenic alterations in the liver and gills (Figure 2). The gut's
damaged epithelium barrier modifies the gut microbiota, increases inflammation and oxidative
stress, and impacts gene expression and protein synthesis profiles. In the afflicted fish livers,
oxidative stress and evidence of dysregulated lipid and carbohydrate metabolism have also been
noted [93].

Effect of microplastics on reproduction of fishes

Microplastic pollution is widespread, with concerns about its enrichment, adsorbability, and toxicity.
The study investigated the effects of polystyrene microplastics (PS) and cadmium (Cd) on the gonad
development and reproduction of rare minnow (Gobiocypris rarus) over 28 days. Decreased condition
factors, number of spawning events, number of eggs per spawning, and average hatching rate were
observed, likely due to long-term oxidative stress and inflammation affecting gonad development and
reproduction function [94]. Polystyrene microplastics (PS-MPs) and 17a-Methyltestosterone (MT)
caused varying degrees of reproductive system damage in zebrafish, with increased damage over
time. Histological analysis showed a decrease in the ratio of mature oocytes and spermatozoa, and
gRT-PCR results indicated significant changes in mRNA expression related to gonad development.
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Offspring of zebrafish exposed to MT and MT + PS-MPs exhibited delayed incubation, slow
development, and increased malformations [95]. Contamination of aquatic creatures with
microplastic (MP) is a global danger to human health and aquatic life, as it adversely affects the
physiological and physical fitness of different fish species. Virgin MPs and nanoparticles (NPs)
compromise the immune, digestive, and reproductive systems, induce intestinal dysbiosis, and may
have transgenerational effects. It has been discovered that fish can become harmed by prolonged
exposure to low ambient levels of MPs in aquatic habitats [96].

Studies have focused on the combined ecological risks of microplastics and other organic
pollutants, such as progestin residues. Exposure of adult zebrafish to polystyrene microplastics (PS)
and norethindrone (NET) resulted in gill damage and oxidative stress, with decreased glutathione
content and antioxidase activity. Co-exposure to PS and NET led to reduced testosterone and
estradiol levels in females, increased androgenic effects, and significant changes in gut microbiota,
highlighting the importance of studying their combined toxicity [97].

Most research on microplastics (MPs) has focused on physiological effects, with less attention
given to potential behavioral impacts. The study aimed to determine if MPs alone or with the
endocrine-disrupting chemical 17-alpha ethinyl estradiol (EE2) alter reproductive behavior and
decision-making in fish. While male sexually selected traits were unaffected, non-exposed females
showed significant discrimination against males exposed to high concentrations of EE2. The findings
suggest MPs may alter social behavior in fish, with more pronounced effects in females, potentially
impacting population size and the broader aquatic community [98].

Microplastics impact adult growth, lipid storage, and external coloration in fathead minnows,
suggesting a potential food dilution effect. Environmentally sourced microplastics, but not
preconsumer ones, had endocrine-disrupting effects on the parental generation and their offspring,
leading to delayed egg production, less viable eggs, and higher rates of malformation. Results suggest
that environmentally relevant concentrations of microplastics have significant implications for forage
fish populations [99].

Effect of microplastics on phytoplankton and zooplankton

Plastic debris has become ubiquitous in marine and freshwater systems, entering the environment
via accidental release, mismanaged waste streams, and also through the everyday use of certain
personal care products, textiles that shed synthetic fibers into wastewater, and cleaning agents
(Figure 3). Fish and invertebrates may consume the tiny particles of plastic waste that are broken
down by weathering. As a result of these species being eaten, microplastics may enter the entire food
chain and impact people, birds, and marine mammals. Long-term exposure to polystyrene
microplastics significantly reduced the growth and chlorophyll concentration of marine microalgae,
as well as the survival, nauplii production rate, and lipid concentration of the copepod [100].

Severe threats posed by microplastics (MP), plastic leachates (PL), and associated chemicals
on phytoplankton, detailing their impacts at organismal, community, and ecosystem scales, which
include decreased photosynthesis and primary productivity, altered microbial community structures,
and disrupted nutrient cycling and biogeochemical processes, ultimately affecting ecosystem stability
and services [101].

Microplastics are pervasive in the marine environment, posing significant environmental and
economic concerns. This review evaluates the ingestion of microplastics by zooplankton, highlighting
the negative impacts on biological processes and the potential for microplastics to enter the food web
[102].

Microplastic (MP) pollution has been widely reported, with MPs in oceans being ingested by
plankton and potentially transferring to other trophic levels via the plankton food web. MPs are often
eaten by zooplankton due to their resemblance to prey in size, color, and buoyancy, leading to
intestinal damage, reduced ingestion, slow growth, and abnormal gene expression [103]. A study
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Figure 3. Impact of microplastic pollution on aquatic system

investigates how the shape of microplastics and the presence of algal-derived infochemicals
affect ingestion rates in three zooplankton species. Different species showed a preference for certain
shapes: Calanus helgolandicus for fragments, Acartia tonsa for fibers, and Homarus gammarus larvae
for beads. Additionally, infochemicals increased microplastic ingestion in these species, suggesting
that feeding strategies influence susceptibility to microplastic ingestion [104].

When zooplankton consumes microplastics, it can have detrimental effects on their health
and ability to operate, such as a decrease in copepod algal eating. Microplastics adhered to the
external carapace and appendages of exposed zooplankton. When the copepod Centropages typicus
was exposed to naturally occurring algal assemblages with and without microplastics, it was
observed that the presence of 7.3 um microplastics (>4000 mL-1) dramatically reduced algal feeding.
Results suggest that marine microplastic pollution may adversely affect zooplankton health and
function [105].

Microplastics impact adult growth, lipid storage, and external coloration in fathead minnows,
suggesting a potential food dilution effect. Environmentally sourced microplastics, but not
preconsumer ones, had endocrine-disrupting effects on the parental generation and their offspring,
leading to delayed egg production, less viable eggs, and higher rates of malformation. Results suggest
that environmentally relevant concentrations of microplastics have significant implications for forage
fish populations [106].

Effect of MPs on Human health

The intake of seafood containing MPs poses a severe threat to human health. It is possible for
intestinal MP contamination to spread to other bodily areas. Endocytosis and perception are two of
the most common entry points for MPs into the human body. Fish performance may be negatively
affected by toxicological consequences for those who eat fish as a main meal, which could have poor
effects on fish capture [107]. Additional research is required on these areas, taking into account
actual MP and environmental pollution levels [108]. The accumulation of MP and nanoplastics in
organs results in inflammation and blockage [109].

The vast surface area of microplastics made them susceptible to becoming vectors when
exposed to pathogens and contaminants [110]. MPs might not have much of an effect on exposure to
dangerous chemicals as compared to everyday food consumption and dust inhalation [111].
Conversely, a big number of MP exposures could significantly increase their amount. The monomers,
additives, and breakdown products carried by MPs could represent significant health concerns to
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people if they are transmitted. MPs influence the diversity and function of the gut
microbiome. Such impacts could have significant repercussions if numerous MPs are consumed by
humans.

Microplastic mitigation and policy interventions

Due to their harmful impacts, microplastic cleanup at reliable resources can be an effective method
for preventing ecosystem pollution. Environmental restrictions prohibiting plastics for effective
waste management have been established internationally, such as the ban on non-biodegradable
tableware in France, the prohibition on single-use shopping bags in California, and the ban on plastic-
based packaging materials in Massachusetts. The UNEP (United Nations Environment Programme)
endorsed the "Beat Plastics Pollution" theme for World Environment Day, 2018 in an effort to inspire
local communities, increase public awareness of the effects of plastic pollution on the environment,
and persuade people to use fewer single-use plastics. Politicians and governments must devise ways
to limit plastic and microplastic manufacturing. The use of plastic water bottles and shopping bags
was outlawed in California in 2014. Microplastics have been discovered in bottled water not only in
the United States but also in Brazil, India, Thailand, Mexico, Kenya, China and Indonesia (0-10,000
particles). To avoid microplastic contamination, in 2015 the United States banned the use of
microbeads made of plastic in personal care items. Currently, there are no specific guidelines for
microplastic contamination, nor have any metrics been devised to measure the microplastic limit for
drinking purposes.

Conclusion

Rivers are a major source of microplastics entering the world's oceans. Fragments of plastic are easily
transported and disseminated in river streams, where they may settle and become lodged in
sediments. Examples of microplastic contamination in riverine ecosystems include threads,
fragments, films, foams, and pellets that are ingested by riverine animals and can travel long
distances. The most effective strategy for minimizing contamination in riverine ecosystems is testing
at non-point sources, such as surface water, downhill flow, and intra-site variations. In addition, there
is a significant information gap about the possible origins, transportation, weathering process,
identification of polymers, impact, and associated toxins in aquatic systems, which necessitates
further research. Monitoring contaminants therefore requires a rapid and critical evaluation of
research instruments, particularly comparative evaluation for quantification and identification in
watercourse environments.

To evaluate the microplastic contamination in various habitats in order to define the baseline
microplastic proportion in riverine ecosystems. It is recommended to perform additional research on
the exposure of fish and other riverine creatures to nanoplastics. To further develop cleaning
methods, it is vital to examine the relationship between riverine pollution and the presence of
microplastics in groundwater and to give recommendations for future research. In terms of its
bioecological consequences and trophic exchange, microplastic in freshwater creatures has not yet
been thoroughly researched. To have a better understanding of the hazardous contaminants
connected to microplastic, additional research is required, and they demand examination. Further
research must evaluate the behavior and contamination of microplastics in relation to drainage
geometry, changes in flow in the river, and other inputs in order to characterize the distribution and
abundance of microplastics in both open-bottom sediments. In addition to the polymers' long-term
consequences, nothing is known about their interactions with biota in the case of trophic transfers
and riverine settings. Overconsumption, manufacturing, and effective wastewater treatment are the
most effective means of addressing pollution issues. As a recommendation, following steps can be
prioritized by humans:

- Sampling methodologies
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- Obtaining and analyzing samples
- Movement and deposition
- Monitoring the influence on the food chain
- Fluid dynamics analysis
- It is possible to count microplastic concentrations in riverine environments accurately and without
bias.
Subsequent studies ought to concentrate on the uptake of microplastics, their interactions
with organisms and heavy metals, and their sources, movements, and destinations
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